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Disclaimer 

The recommendations in this guideline represent the view of NICE, arrived at after careful 
consideration of the evidence available. When exercising their judgement, professionals are 
expected to take this guideline fully into account, alongside the individual needs, preferences 
and values of their patients or service users. The recommendations in this guideline are not 
mandatory and the guideline does not override the responsibility of healthcare professionals 
to make decisions appropriate to the circumstances of the individual patient, in consultation 
with the patient and, where appropriate, their carer or guardian. 

Local commissioners and providers have a responsibility to enable the guideline to be 
applied when individual health professionals and their patients or service users wish to use it. 
They should do so in the context of local and national priorities for funding and developing 
services, and in light of their duties to have due regard to the need to eliminate unlawful 
discrimination, to advance equality of opportunity and to reduce health inequalities. Nothing 
in this guideline should be interpreted in a way that would be inconsistent with compliance 
with those duties. 

NICE guidelines cover health and care in England. Decisions on how they apply in other UK 
countries are made by ministers in the Welsh Government, Scottish Government, and 
Northern Ireland Executive. All NICE guidance is subject to regular review and may be 
updated or withdrawn. 
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© NICE 2019.  All rights reserved. See Notice of rights. 
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1 Imaging for Fine Needle Aspiration 

1.1 Review question: Which imaging tests should be requested 
(for thyroid enlargement)? Which people with structural 
abnormalities should have a fine-needle aspiration? 

1.2 Introduction 

Patients with thyroid enlargement usually present due to mass effect symptoms or cosmetic 
embarrassment or are identified following incidental imaging findings on investigation of other 
pathology. With the knowledge that the majority of thyroid disease is benign, imaging of 
enlargement is usually only performed if there are features of concern – for example vocal 
cord palsy, prior radiation or risk factors for malignancy. With incidental thyroid enlargement 
identified on prior cross sectional imaging, ultrasound is recommended where there is extra 
thyroidal extension, invasion of adjacent structures or abnormal local neck nodes. 

The aim of imaging is to assess risk of malignancy, guide percutaneous sampling if it is 
indicated and assess the extent of glandular enlargement in patients where surgical 
intervention is considered. Ultrasound, performed by appropriately trained and practiced 
specialists is readily available, inexpensive and a sensitive modality for gland assessment. 
Neither computerized tomography (CT) nor Magnetic resonance imaging (MRI) are as 
sensitive at gland assessment (nor do they allow for real time image guided tissue sampling 
when desired) although CT may be used to assess mass effect on the trachea and 
retrosternal extension. 

Tissue sampling is routinely performed when malignancy is suspected although there are a 
number of different assessment criteria to suggest malignant potential on ultrasound. 

1.3 PICO table 

For full details see the review protocol in Appendix A:. 

Table 1: PICO characteristics of review question 

Population People presenting with euthyroid thyroid enlargement being investigated for 
possible malignancy. 

Target condition Malignancy 

Index tests  Ultrasound scan 

CT scan 

MRI scan 

Reference 
standard 

Malignant status as confirmed by biopsy/subsequent development of cancer in 
case of false negatives that do not receive biopsy 

Statistical 
measures [or] 
Outcomes 

Sensitivity 

Specificity 

PPV 

NPV 

 

Sensitivity prioritised 

Study design Diagnostic accuracy studies 

Prospective studies prioritised, retrospective studies included if insufficient 
prospective studies identified.  
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1.4 Clinical evidence 

1.4.1 Included studies 

Forty two observational (prospective and retrospective) studies were included in the review;6, 

9, 36, 48, 67, 80, 86, 87, 92, 94, 97, 114, 116, 122, 129, 133, 138, 150, 166, 170, 175, 179, 187, 188, 190, 207, 215, 218, 231, 276, 281, 309, 323, 

324, 329, 331, 332, 346, 353, 354, 363, 367. Evidence from these studies is summarised in the clinical 
evidence summary below (Table 3). All studies looked at the diagnostic accuracy of 
ultrasound using different sonographic criteria.  

Thirty-nine studies conducted in adults assessed ultrasound classified according to the 
British Thyroid Association (BTA, 2 studies), different version of the Kim criteria (10 studies), 
Society of Radiologists in Ultrasound (SRU, 3 studies), American Association of Clinical 
Endocrinologists/American College of Endocrinology/Associazione Medici Endocrinologi 
(AACE/ACE/AME, 5 studies), American Thyroid Association (ATA, 13 studies), Korean 
Society of Thyroid Radiology (KSThR, 3 study), different versions of the Thyroid Imaging 
Reporting and Data System (TIRADS, 31 studies), TIRADS combined with contrast-
enhanced US (CEUS) parameter ratios (2 studies) and National Comprehensive Cancer 
Network (NCCN, 1 study).  Of those, two studies assessed the diagnostic accuracy of gray-
scale ultrasound combined with power Doppler ultrasound using the Kim criteria.  One study 
assessed the diagnostic accuracy of ultrasound combined with elastography using the Kim 
criteria combined with the Rago and Asteria criteria.  

Three studies assessed the diagnostic accuracy of ultrasound using Kwak’s TIRADS (one 
study) and the ATA guidelines (three studies) in children. 

See also the study selection flow chart in Appendix C:, sensitivity and specificity forest plots 
in Appendix E:, and study evidence tables in Appendix D: 

1.4.2 Excluded studies 

See the excluded studies list in Appendix I:. 
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1.4.3 Summary of clinical studies included in the evidence review 

Table 2: Summary of studies included in the evidence review 

Study Population Target condition Index test Reference standard Comments 

Ahn 2010 6 Patients: n=1318 mean 
age 46.3 years; 1398 
nodules confirmed with 
FNAB or surgery 

 

 

 

South Korea 

Thyroid cancer Ultrasound (that should 
lead to FNAB) under 
different criteria: 

• Kim 

• Society of 
Radiologists in 
Ultrasound 

• American 
association of 
Clinical 
Endocrinologists 

Surgical or cytologic 
findings if the patient 
did not undergo 
surgery (FNAB or 
surgery) 

 

Surgery was performed 
for 455 nodules 

 

Alahm 2014 9 Patients: n=100; mean 
age (SD) 41.77 (12.31) 

 

Pakistan 

Thyroid cancer Ultrasound FNAB  

Chen 2019 36 Patients: n=1092; mean 
age (SD): 46.92 (13.59) 

 

Mean nodule size (SD): 
19.63 (13.90)mm 

 

China 

Thyroid cancer Ultrasound  

 

Classified using the 
ACR-TI-RADS 

FNAB  

Creo 2018 48 Children: n=112; mean 
age (SD): 15.5 (3.2) 
years 

 

USA 

Thyroid cancer US+ USD (Gray-scale 
US with colour 
Doppler) 

 

Classified using the 
2015 ATA TIRADS 

UG FNA 

 

Using the Bethesda 
System for Reporting 
Thyroid Cytology 

Children 
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Study Population Target condition Index test Reference standard Comments 

 

 

Grani 2019 80 Patients: n=477; mean 
age (SD): 55.9 (13.9) 
years 

 

Italy 

Thyroid cancer Ultrasound 

 

Classified using the 
ACR TIRADS, 
AACE/ACE/AME, ATA, 
EU-TIRADS, K-
TIRADS 

UGFNAB 

 

Using the Italian 
Consensus for Thyroid 
Cytopathology 

 

Histological 
examination for 
nodules that had 
undergone surgery. 

 

FNA cytology for 
nodules that had not 
been managed 
surgically; using the 
Bethesda System 

 

Farihah 2018 67 Patients: n=91 (104 
nodules) ; mean age 
(range): 54.7 (27-80) 

 

Malaysia 

Thyroid cancer Ultrasound 

 

Classified using the 
BTA Guidelines (test 
positive: U4-5; test 
negative U2-3) 

UGFNAC and 
histopathology (for 
cases that were 
inadequate, 
indeterminate or 
suspicious of 
malignancy) 

 

Ha 2016 86 Patients: n=750 (902 
nodules); mean age 
(range): 49.2 (9-81) 

 

Mean nodule size (SD; 
range): 1.5 cm (1.1; 0.5-
10 cm) 

Thyroid cancer Ultrasound 

 

Classified using K-
TIRADS 

FNA or core needle 
biopsy (CNB) or 
surgery 

 

Using the Bethesda 
System for Cytological 
classification of Thyroid 

Multicentre study (4 
hospitals) 

 

Nodules >5mm 
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Study Population Target condition Index test Reference standard Comments 

 

South Korea 

Nodules for FNA; a six-
tier pathology reporting 
system for CNB 

 

Ha 2018 87  Patients: n= 750 (902 
nodules); mean age 
(range): 49.2 (9-81) 
years  

Thyroid cancer Ultrasound 

 

Classified using 2015 
ATA, 2016 
KTA/KSThR, 2017 
ACR guidelines 

Surgical resection 
(n=191/266 malignant 
nodules); surgery 
(n=36 benign nodules); 
FNA or core needle 
biopsy (n=75 malignant 
nodules) 

 

Using the Bethesda 
system  

Multicentre study 

Hoang 2018 92 Patients: n=92 (100 
nodules); mean age (SD; 
range): 52 (14; 19-82) 

 

Mean nodule size (SD; 
range): 2.7cm (1.3; 0.7-
5.9 cm) 

 

USA 

Thyroid cancer Ultrasound 

 

Classified using ACR-
TIRADS, ATA, K-
TIRADS, F-TIRADS  

FNAB or surgery 

 

Using the Bethesda 
System for Cytological 
classification of Thyroid 
Nodules 

 

Hobbs 2014 94 Patients: n=350 (360 
biopsies); mean age 
(range): 55 (7-91) 

 

Mean nodule size (SD): 
26 mm (14) 

 

USA 

Thyroid cancer Ultrasound 

 

Classified using the 
SRU guidelines 

FNA or surgery 

 

Using the Bethesda 
System for Cytological 
classification of Thyroid 
Nodules 
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Study Population Target condition Index test Reference standard Comments 

Horvath 2009 
97  

1097 nodules 

 

Nodule size range: 4-60 
mm 

 

Chile 

Thyroid cancer Ultrasound 

 

Classified using TI-
RADS (taking BI-
RADS as a model) 

FNAB 

 

Classified as: benign, 
intermediate/suspiciou
s (follicular lesions), or 
malignant according to   
standardised criteria 
(Clark et al 2005) 

8 year prospective study. 
Malignant nodules 
received surgery; Benign 
nodules were followed up.  

 

Mean follow-up (range): 
3.9 years (2.1-5.8) 

Kim 2002 114 Patients: n=132 mean 
age (range) 48 (22-77); 
155 nonpalpable solid 
nodules 

 

South Korea 

Thyroid cancer Sonography 

 

Sonographic 
characteristics used to 
classify malignancy 
were based on 
nonpublished criteria 
from authors’ 
retrospective study.  

Histology: 

 

FNAB and follow-up 
(>24 months) of 83 
benign nodules; 
FNAB+ surgery of 44 
malignant and 15 
benign nodules; 
surgery alone on five 
malignant and 8 
benign nodules.  

 

Kim 2013 116 Patients: n=686; mean 
age 49.7 ; 713 nodules 

 

South Korea 

Thyroid cancer Ultrasound (US) 

 

Need for FNAB 
determined by US 
characteristics of the 
ATA 2009 guidelines 

FNAB Subcentimetre nodules 

Kim 2013 122 Patients: n=925 (1419 
nodules); mean age 
(range): 51.87 (14-85) 

 

South Korea 

Thyroid cancer Ultrasound 

 

Classified using Kim 
and modified Kim 
criteria 

UGFNA Suggests new US-based 
guideline system.  
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Study Population Target condition Index test Reference standard Comments 

Koh 2018 129 Patients: n=363 (370 
nodules);  mean age 
(SD; range): 53.1 (13; 
19-86) 

 

Nodule mean size (SD; 
range): 20.8 mm (9.8; 
10-44mm) 

 

South Korea 

Thyroid cancer Ultrasound 

 

Classified using Kim, 
K-TIRADS, 2015 ATA 

UGFNA or surgery 
(n=57 nodules) 

 

Koseoglu Atilla 
133 

Patients n=2614; mean 
age (SD): 51.01 (13.86) 

 

Turkey 

Thyroid cancer Ultrasound 

 

Classified using the 
ACR TI-RADS 

FNAB 

 

Interpreted using the 
Bethesda System for 
Reporting Thyroid 
Cytopathology  

 

Lauria Pantano 
2018 138 

Patients: n=946 (1169 
nodules); mean age (SD; 
range): 56 (13.3; 16-88) 

 

Nodule media size 
(range): 14mm (4-56 
mm) 

 

Italy 

Thyroid Cancer Ultrasound 

 

Classified according to 
the ATA, 
AACE/ACE/AME and 
ACR-TI-RADS by an 
automated algorithm 

FNA 

 

Classified based on 
Italian Reporting 
System for Thyroid 
Cytology 

 

Lim-Dunham 
2017 150 

Children: n=33 (39 
nodules); median age 
(range): benign: 16 years 
(8-18); malignant: 16.5 
years (9-18) 

 

Median nodule size: 
malignant: 25.5 mm; 

Thyroid cancer Ultrasound 

 

Classified using the 
2015 ATA Guidelines 
for Children  

UGFNA or surgery 
(n=14 nodules) 
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Study Population Target condition Index test Reference standard Comments 

benign: 21mm 

 

USA 

Macedo 2018 
166 

Patients: n= 178 median 
age (range) 59 (49-66); 
195 nodules 

 

Brazil 

Thyroid cancer Ultrasonography (US) 

 

Classified using 
modified TI-RADS 
(malignancy classified 
in the categories 4 or 
5) and ATA risk 
assessment systems 
(malignancy classified 
in the intermediate or 
high suspicion risk) 

Cytology (UGFNAB) 

 

Classified based on 
the Bethesda System 
for Cytological 
classification of Thyroid 
Nodules 

 

Histopathology 
(available for 45 cases 
after surgery) 

 

Diagnostic accuracy 
findings reported 
separately for TI-RADS 
and ATA.  

Maino 2018 114, 

170 
Patients: 340 (432 
nodules), mean age (SD, 
range): 57 years (14.3, 
16-86) 

 

Median nodules 
diameter: 20mm (9 - 83 
mm) 

 

Italy 

Thyroid cancer Ultrasonography (US) 

 

Classified based on 
the ATA risk 
assessment and the 
EU-TIRADS (based on 
the  ETA US)   

US-guided FNAC 

 

Using the British 
Thyroid Association 
criteria 

 

Martinez-Rios 
2018 175 

Children: n=124 (123 
nodules); age mean (SD, 
range): 13.6 (3.1, 3.3-
17.7) 

 

Mean nodules size (SD, 
range): 27.5 (14.6mm, 

Thyroid cancer Ultrasound 

 

Classified using the 
ATA (high, 
intermediate suspicion 
classifications 
considered as probably 

Histopathology/cytolog
y or 2-year follow-up of 
clinical outcome for 
nonoperative cases 

Retrospective 
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Study Population Target condition Index test Reference standard Comments 

10-94 mm) 

 

Canada 

malignant; low, very 
low suspicion and 

benign considered as 
probably malignant) 
and TI-RADS (4a, 4b, 
4c, 5 considered as 
probably malignant; 2, 
3 as probably benign) 

risk assessment 
systems.  

 

Middleton 2017 
179 

Patients: n=3315 (3822 
nodules); mean age 
(range): 54.4 (18-97) 

 

USA 

Thyroid cancer Ultrasound 

 

Classified using 
TIRADS 

UGFNA Patients from six 
geographically diverse 
medical centres.  

Moon 2010 187 Patients: n=1024 (1083 
nodules); median age 
(range): 51 (16-83) 

 

539 nodules ≤10mm; 
544 >10mm 

 

South Korea 

Thyroid cancer Ultrasound + USD 
(gray-scale + power 
Doppler US) 

 

Classified using the 
Kim criteria, Kim+USD, 
AACE/AME 

UGFNA  

Moon 2012 188 Patients: n=676 (703 
nodules); mean age 
(range): 49.7 (18-79) 

 

308 nodules > 10mm; 
395 were ≤10mm; 577 
nodules > 5mm; 126 
nodules ≤5mm 

Thyroid cancer Ultrasound + USE 
(gray-scale US + 
elastography) 

 

Classified using the 
Kim criteria, Kim+USE 
Rago, Kim+USE 
Asteria 

UGFNA or Surgery  

 

Surgery performed 
after FNA in 221 
nodules (202 patients); 
UGFNA for two 
nodules in 27 patients 
and one nodule in 649 
patients. 

Solid thyroid nodules 
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Study Population Target condition Index test Reference standard Comments 

 

South Korea 

 

 

Na 2016 190 Patients: n=1802 (2000 
nodules); mean age 
(SD): 51.2 (12.2) 

 

Mean nodule size (SD, 
range): 20 mm (11.4, 10-
100 mm) 

 

South Korea 

Thyroid cancer Ultrasound 

 

Classified using the K-
TIRADS 

UGFNA (Bethesda 
System for Reporting 
Thyroid Cytopathology) 
or CNB (diagnosed 
with a six-tier 
pathology reporting 
system) or surgery 

 

Surgery:690 nodules 

CNB: 3 nodules 

Repeated FNA or 
CNB: 381 nodules 

FNA or CNB and 
follow-up US: 926 
nodules 

Patients enrolled from low 
and high cancer volume 
institutions (two primary 
medical centres, two 
tertiary hospitals)  

 

Final diagnoses were 
determined by surgical 
resections in 15.5% of 
benign nodules, 99.3% of 
malignant nodules and by 
CNB in 0.7% of malignant 
nodules.  

Pandya 2018 
207 

Patients: n=1947 (1947 
nodules); mean age 
(range): 56 (26 to 86 
years) 

 

Mean nodule diameter 
(SD): 1.7 cm (0.9cm) 

 

USA 

Thyroid cancer Ultrasound 

 

Classified based on 
the 2015 ATA 
categories of risk 

UGFNA 

 

Classified according to  
the Bethesda System 
for Cytological 
classification of Thyroid 
Nodules 

 

 

Park 2016 215 Patients: n=592 (622 
nodules); mean age 
(range): 49.8 (14-86) 

 

Mean nodules size 

Thyroid cancer Ultrasound 

 

Classified using the 
Korea Society of 
Thyroid radiology 

UG-FNAB 

 

Classified based on 
the Bethesda System 
for Cytological 

Nodules followed up for at 
least 2 years or that 
underwent surgery.  
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Study Population Target condition Index test Reference standard Comments 

(range): 1.61 cm (0.6-7 
cm) 

 

South Korea 

(KSThR) guidelines  classification of Thyroid 
Nodules 

 

Persichetti 
2018 218 

Patients: n=789 (1100 
nodules); mean age 
(SD): 55 (14) 

 

Mean nodule size (SD; 
range): 21.2mm (13.4, 6-
75mm) 

 

Italy 

Thyroid cancer Ultrasound 

 

Classified using the 
BTA, ATA, 
AACE/ACE/AME 
systems.  

UGFNA  

Rahal 2016 231 Patients: n=906 (n=1000 
nodules) 

 

Brazil 

Thyroid cancer Ultrasound 

 

Classified using TI-
RADS 

UGFNA 

 

Using the Bethesda 
System for Cytological 
classification of Thyroid 
Nodules 

 

Tae 2007 276 Patients: n=580 (1255 
nodules); mean age 
(SD): 47.8 (13.9)  

 

Mean nodule size (SD): 
2.1 cm (1)  

 

South Korea 

Thyroid cancer Ultrasound 

 

Classified using the 
Kim criteria 

FNAB and surgery 
(n=78 patients) 

Palpable or non-palpable 
thyroid nodules 

Tang 2017 281 Patients: n= 199; 206 
nodules 

 

USA 

Thyroid cancer US  

 

Classified using the 
ATA risk assessment 
system 

FNAB  

 

Using the Bethesda 
System for reporting 
thyroid cryopathology 
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Study Population Target condition Index test Reference standard Comments 

(TBSRTC) 

Weiss 2018 309 Patients: n=57 (61 
nodules <1cm); mean 
age (range) 52 (19-81) 

 

Mean nodule size 
(range): 7.8 mm (5-9 
mm) 

 

USA 

 

 

Thyroid cancer US 

 

Classified using the 
ACR TI-RADS risk 
assessment system 

FNAB 

 

Using TBSRTC criteria 

Subcentimeter nodules (<1 
cm) 

Xu 2017 323 Patients: n= 734 (962 
nodules); mean age 
(SD): 46.75 (14.09) 

 

Mean nodule diameter 
(SD): 17.7 (12.8)mm 

 

China 

Thyroid cancer US 

 

Classified using TI-
RADS (d<10mm)  and  
2015 ATA (d=10-
20mm and 
d>20mm)guidelines 

Surgery (n=703 
nodules); >1 year 
follow-up (repeated 
cytology; n=259) 

Multicentre study (eight 
tertiary hospitals) 

 

Diagnostic accuracy 
stratified by nodule 
diameter (d>20mm, d=10-
20 mm, d<10mm) and 
reported separately 

Xu 2018 324 Patients: n = 2031 (2465 
nodules); mean age 
(SD):  47.7 (13.38) years 
 
Mean nodule size (SD): 
16.63 (11.78) mm 

 

China 

Thyroid cancer US 

 Classified based on 
patterns and US 
features of KSThR-
TIRADS, ACR-
TIRADS, EU-TIRADS 

FNAB or surgery  Included lesions 
undergoing examinations 
from three tertiary 
hospitals around JiangSu 
Province. 
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Study Population Target condition Index test Reference standard Comments 

Yoon 2017 329 Patients: n= 4585 (4696 
nodules); mean age (SD; 
range): 51 (11.9; 17-94) 

 

Mean nodules size (SD, 
range): 13.3 mm (2.7, 
10-19mm) 

 

South Korea 

Thyroid cancer US 

 

Classification 
according to six 
different guidelines: 
SRU, NCCN, 2015 
ATA, F- TI-RADS, Kim, 
K-TIRADS 

Surgery (1072 
nodules) or  UGFNAB 
(3624 nodules) 

 

Using TBSRTC from 
December 2009 
onwards and the 
following categories 
before that: 
inadequate, benign, 
intermediate suspected 
of papillary carcinoma 
and malignant  

Thyroid nodules 1-2 cm 

Yoon 2016 331 Patients: n=1241 (1293 
nodules); mean age (SD; 
range): 50.8 (13.5; 18-
87) 

 

Mean nodule size (SD, 
range): 21.5 mm (11.4, 
10-113mm) 

 

South Korea  

Thyroid cancer US 

 

Classified using 
TIRADS (Category 3 
was considered 
negative; categories 4a 
to 5 positive) and ATA 
(Very-low suspicion 
were considered 
negative; low-to-high 
suspicion positive)  

 

 

 

(UG)FNAB (1051 
nodules) or surgery 
(234 nodules) 

 

Using TBSRTC criteria 

Nodules measured at least 
10 mm 

 

 

  

Yoon 2015 332 Patients: n=1257 (1309 
nodules); mean age (SD; 
range): 50.1 (12.1; 18-
83) 

 

Mean nodules size (SD; 

Thyroid cancer US 

 

US+ vascularity pattern 
(2-D Doppler US) 

 

Classified using  Kim 

UG-FNAB or surgery 
(347 nodules) 

 

Using TBSRTC 
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Study Population Target condition Index test Reference standard Comments 

range): 15.1mm (10.3 ; 
5-66mm) 

 

South Korea 

criteria 

Zhang 2018 353 Patients: n-162 (243 
nodules); mean age 
(range): 54.7 (21-79) 
 
China 

Thyroid cancer US 

 

Classified using Russ 
TI-RADS 

FNAB and pathological 
tests, surgery (n=82 
nodules)  

Nodules more than 1cm in 
largest diameter 

Zheng 2018 363 Patients: n=1013 (1033 
nodules); mean age (SD; 
range): 45.3 (13; 15-81) 
 

Thyroid cancer US 

 

Classified using ACR 
TI-RADS 

FNA (n=506 nodules) 
or surgery (n=527 
nodules) 

 

Zhang 2017 354 Patients: n=246 (319 
nodules); mean age (SD; 
range): 46.1 (15.2; 19-
74)  
 
Mean nodule size (SD; 
range): 11.9 mm (3.3; 
2.5-46 mm)  
 
China 

Thyroid cancer US 

 

Classified using TI-
RADS, TI-
RADS+CEUS 

FNAB (n=230 nodules) 
or surgery (n=89 
nodules) 

 

Zhang 2015 346 Patients: n = 2921 (3980 
nodules) 
 
Mean nodules diameter 
(SD; range): 15.7 mm 
(11 mm; 2.0-70.0mm) 
 
China 
 

Thyroid cancer US 

 

Classified using 
Kwak’s TI-RADS 

FNA (628 nodules) 

 

Surgery (partial or total 
thyroidectomy) 
performed in all 
nodules with benign or 
suspicious cytology 
and 55 nodules with 
inconclusive cytology 
and 10 benign 
nodules. Remaining 
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Study Population Target condition Index test Reference standard Comments 

737 nodules 
underwent surgery 
without FNA. 

 

Pathological diagnosis 
by surgery (971 
nodules) 

Zhou 2018 367  Patients: n=161 (167 
nodules); mean age 
(SD): 44.14 (12.01) 
 
Mean nodule size 
(SD):1.31 cm (0.96)  
 
China 

Thyroid cancer US 

 

Classified using 
conventional TI-RADS 
and a novel 
classification system 
using TI-RADS+ 
contrast-enhanced US 
parameter ratios 

FNA or surgery 

 

Using TBSRTC 

Solitary thyroid nodules 

See Appendix D: for full evidence tables. 

 

1.4.4 Quality assessment of clinical studies included in the evidence review 

Table 3: Clinical evidence summary: ultrasound in adults 

Index Test N
u

m
b

e
r 

o
f 

s
tu

d
ie

s
 

n Quality Sensitivity %  (95% CI) Specificity %  (95% CI) 

BTA  2 1091 VERY LOWa,b,c 

due to risk of bias, serious 
inconsistency and serious 

imprecision 

100% (74-100) 

90% (85-95) 

35% (25-45) 

63% (60-67) 

Kim 10 11694 VERY LOWa,b,c 91% (84-96) 67% (47-82) 
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Index Test N
u

m
b

e
r 

o
f 

s
tu

d
ie

s
 

n Quality Sensitivity %  (95% CI) Specificity %  (95% CI) 

due to risk of bias, serious 
inconsistency and serious 

imprecision 

Modified Kim 1 945 LOWa  

due to risk of bias 

 

96% (91-98%) 85% (82-87%) 

Kim + Doppler 2 2392 MODERATEa  
due to risk of bias 

91% (87-94%) 
91% (88-94%) 

52% (49-56%) 

62% (59-65%) 

Kim + USE (Rago) 1 703 MODERATEa  
due to risk of bias 

92% (88-95%) 65% (61-69%) 

Kim + USE (Asteria) 1 703 MODERATEa  
due to risk of bias 

94% (91-97%) 48% (43-52%) 

SRU 3 6454 VERY LOWa,b,c 

due to risk of bias, very serious 
inconsistency and very serious 
imprecision 

58% (17-92%) 51% (12-88%) 

AACE/ACE/AME 5 5019 VERY LOWb,c 

due to very serious inconsistency 
and very serious imprecision 

93% (75-98%) 51% (15-87%) 

ATA 13 13786 LOWb,c 

due to serious inconsistency and 
serious imprecision 

92% (87-95%) 50% (37-63%) 

ATA (subcentimetre) 1 713 MODERATEa 

due to risk of bias 

97% (94-98%) 27% (22-31%) 

KSThR 3 3837 VERY LOWb,c 

due to very serious inconsistency 
and serious imprecision 

95% (85 to 99%) 76% (20-97%) 

TIRADS (ACR) 10 13249 LOWb,c 

due to serious inconsistency and 
serious imprecision 

94% (86 to 98%) 54% (45-62%) 

TIRADS (French) 7 8494 VERY LOWa,b,c 

due to risk of bias, serious 

94% (87 to 98%) 53% (35-70%) 
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Index Test N
u

m
b

e
r 

o
f 

s
tu

d
ie

s
 

n Quality Sensitivity %  (95% CI) Specificity %  (95% CI) 

inconsistency and serious 
imprecision 

TIRADS (Kwak) 7 12905 VERY LOWa,b,c 

due to risk of bias, very serious 
inconsistency, very serious 
imprecision 

97% (94 to 99%) 53% (27 to 78%) 

TIRADS (Korean) 4 3504 VERY LOWb,c 

due to very serious inconsistency, 
very serious imprecision 

91% (74-97%) 38% (10-76%) 

TIRADS (Horvath) 2 2028 VERY LOWa,b,c 

due to risk of bias, serious 
inconsistency, serious imprecision 

88% (85-91%) 
83% (79-87%) 
 

49% (45-52%) 

73% (69-76%) 

TIRADS (Zhang) 1 319 VERY LOWa,c 

due to risk of bias, serious 
imprecision 

87% (77-93%) 91% (87-95%) 

TIRADS (Zhang + 
CEUS) 

1 319 LOWa 

due to risk of bias 

97% (91-100%) 96% (93-98%) 

TIRADS (Kwak + 
CEUS) 

1 161 LOWa,c 

due to risk of bias, serious 
imprecision 

98% (92-100%) 78% (66-87%) 

NCCN 1 4696 MODERATEa 

due to risk of bias 

93% (91-95%) 40% (38-41%) 

The assessment of the evidence quality was conducted with emphasis on sensitivity as this was identified by the committee as the primary measure in guiding decision-
making. 
(a) Risk of bias was assessed using the QUADAS-2 checklist. The evidence was downgraded by 1 increment if the majority of studies were rated at high risk of bias, and 

downgraded by 2 increments if the majority of studies were rated at very high risk of bias. 
(b) Inconsistency was assessed by inspection of the sensitivity and specificity plots. Particular attention was placed on the sensitivity threshold set by the committee as an 

acceptable level to recommend a test. The evidence was  

• downgraded by 1 increment if the individual study values varied across 2 areas: where values of individual studies are both above and below 50%, or both above and 
below the acceptable threshold 90%  

• downgraded by 2 increments if the individual study values varied across 3 areas, where values of individual studies are above and below 50%, and also above and 
below the acceptable threshold 90%  
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(c) Imprecision was assessed based on inspection of the credible intervals of sensitivity in the diagnostic meta-analysis or, where diagnostic meta-analysis has not been 

conducted, assessed according to the range of confidence intervals in the individual studies 
 
 

Table 4: Clinical evidence summary: ultrasound in children 

Index Test N
u

m
b

e
r 

o
f 

s
tu

d
ie

s
 

n Quality Sensitivity %  (95% CI) Specificity %  (95% CI) 

ATA 3 301 VERY LOWa,b 

due to very serious inconsistency 
and serious imprecision 

91% (69-98%) 53% (19-85%) 

TIRADS (Kwak) 1 123 HIGH 100% (93-100%) 18% (10-29%) 

The assessment of the evidence quality was conducted with emphasis on sensitivity as this was identified by the committee as the primary measure in guiding decision-
making. 
(a) Inconsistency was assessed by inspection of the sensitivity and specificity plots. Particular attention was placed on the sensitivity threshold set by the committee as an 

acceptable level to recommend a test. The evidence was  

• downgraded by 1 increment if the individual study values varied across 2 areas: where values of individual studies are both above and below 50%, or both above and 
below the acceptable threshold 90%  

• downgraded by 2 increments if the individual study values varied across 3 areas, where values of individual studies are above and below 50%, and also above and 
below the acceptable threshold 90%  

 (b) Imprecision was assessed based on inspection of the credible intervals of sensitivity in the diagnostic meta-analysis or, where diagnostic meta-analysis has not been 
conducted, assessed according to the range of confidence intervals in the individual studies 
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1.5 Economic evidence 

1.5.1 Included studies 

No relevant health economic studies were identified. 

1.5.2 Excluded studies 

No health economic studies that were relevant to this question were excluded due to 
assessment of limited applicability or methodological limitations. 

See also the health economic study selection flow chart in Appendix F:. 

1.5.3 Health economic modelling 

This area was not prioritised for new cost-effectiveness analysis. 

1.5.4 Resource costs 

Relevant unit costs are provided below to aid consideration of cost effectiveness. 

Table 5: UK costs of imaging tests 

Imaging test Unit costs 

Ultrasound scan (USS) (a) £53.22 

Computerised Tomography (CT) (b) £85.78 

Magnetic Resonance Imaging Scan (MRI) (c) £138.38 

Source[s]: NHS reference costs 2016-17, total HRG schedule 54. 
(a) Ultrasound Scan with duration of less than 20 minutes and over 20 minutes, without contrast, RD40Z, RD42Z 
(b) Computerised Tomography Scan of One Area, without contrast, all age groups, RD20A, RD20B and RD20C 
(c) Magnetic Resonance Imaging Scan of One Area, without contrast, all age groups,  RD01A, RD01B and 

RD01C 

1.6 Evidence statements 

1.6.1 Clinical evidence statements 

Thirty-four studies that evaluated ultrasound under different criteria were included in the 
review. Of these, two studies were conducted in children. The evidence was of very low to 
moderate quality for adults and low to high quality for children.  

1.6.1.1 Ultrasound in adults 

• BTA: very low quality evidence from 2 studies with 1091 participants showed that 
ultrasound using the BTA guidelines has a sensitivity range of 90 -100% and a 
specificity of 35-63% 

• Kim: very low quality evidence from 10 studies with 11694 participants showed that 
ultrasound using the Kim criteria has a sensitivity of 91% and a specificity of 67%. 

• Modified Kim: low quality evidence from 1 study with 945 participants showed that 
ultrasound using modified Kim criteria has a sensitivity of 96% and a specificity of 
85%. 

• Kim + Doppler: moderate quality evidence from 2 studies with 2392 participants 
showed that ultrasound combined with power Doppler using the Kim criteria has a 
sensitivity of 91% and a specificity of 52%.  
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• Kim + USE (Rago):moderate quality evidence from 1 study with 703 participants 
showed that ultrasound using the Kim criteria combined with elastography (USE) 
using the Rago criteria has a sensitivity of 92% and a specificity of 65% 

• Kim + USE (Asteria): moderate quality evidence from 1 study with 703 participants 
showed that ultrasound using the Kim criteria combined with elastography (USE) 
using the Asteria criteria has a sensitivity of 94% and a specificity of 48% 

• SRU: very low quality evidence from 3 studies with 6454 participants showed that 
ultrasound using the SRU criteria has a sensitivity of 58% and a specificity of 51%.  

• AACE/ACE/AME: very low quality evidence from 5 studies showed that ultrasound 
using the AACE/ACE/AME criteria has a sensitivity of 93% and a specificity of 51%. 

• ATA: low quality evidence from 13 studies with 13786 participants showed that 
ultrasound using the ATA guidelines has a sensitivity of 92% and a specificity of 50%. 

• ATA (subcentimeter): moderate quality evidence from 1 study with 713 participants 
showed that for subcentimeter nodules, ultrasound using the ATA criteria has a 
sensitivity of 97% and a specificity of 27%.  

• KSThR: very low quality evidence from 3 studies with 3837 participants showed that 
ultrasound using the KSThR criteria has a sensitivity of 95% and a specificity of 76%. 

• TIRADS (ACR): low quality evidence from 10 studies with 13249 participants showed 
that ultrasound using ACR-TIRADS has a sensitivity of 94% and a specificity of 54%.  

• TIRADS (French): very low quality evidence from 7 studies with 8494 participants 
showed that ultrasound using French-TIRADS has a sensitivity of 94% and a 
specificity of 53%. 

• TIRADS (Kwak): very low quality evidence from 7 studies with 12905 participants 
showed that ultrasound using Kwak’s TIRADS has a sensitivity of 97% and a 
specificity of 53%. 

• TIRADS (Korean): very low quality evidence from 4 studies with 3504 participants 
showed that ultrasound using the Korean TIRADS has a sensitivity of 91% and a 
specificity of 38%. 

• TIRADS (Horvath): very low quality evidence from 2 studies with 2028 participants 
showed that ultrasound using Horvath’s version of the TIRADS has a sensitivity range 
of 83-88% and a specificity range of 49-73%.  

•  TIRADS (Zhang): very low quality evidence from 1 study with 319 participants 
showed that ultrasound using Zhang’s version of the TIRADS has a sensitivity of 87% 
and a specificity of 91%.  

• TIRADS (Zhang + CEUS): low quality evidence from 1 study with 319 participants 
showed that ultrasound using Zhang’s TIRADS and CEUS classification has a 
sensitivity of 97% and a specificity of 96%.  

• TIRADS (Kwak + CEUS): low quality evidence from 1 study with 161 participants 
showed that ultrasound using Kwak’s TIRADS combined with CEUS classification 
has a sensitivity of 98% and a specificity of 78%. 

• NCCN: moderate quality evidence from 1 study with 4696 participants showed that 
ultrasound using the NCCN criteria has a sensitivity of 93% and a specificity of 40%.  

1.6.1.2 Ultrasound in children 

• ATA: very low quality evidence from 3 studies with 301 participants showed that 
ultrasound using the ATA guidelines has a sensitivity of 91% and a specificity range 
of 53% in children. 

• TIRADS (Kwak): high quality evidence from 1 study with 123 participants showed 
that ultrasound using Kwak’s TIRADS has a sensitivity of 100% and a specificity of 
18% in children.  

1.6.2 Health economic evidence statements 

• No relevant economic evaluations were identified. 
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1.7 The committee’s discussion of the evidence 

1.7.1 Interpreting the evidence 

1.7.1.1 The diagnostic measures that matter most 

The diagnostic measures of sensitivity, specificity, positive and negative predictive value of 
the ultrasound scan for diagnosing malignancy under different sonographic criteria were 
considered for this review. Sensitivity was deemed the most important measure by the 
committee and hence it was prioritised for decision making.  

1.7.1.2 The quality of the evidence 

The quality of the evidence for adults ranged from very low to moderate; the majority being of 
very low quality, and was downgraded due to risk of bias, inconsistency and imprecision. In 
children, the quality of the evidence ranged from very low to high and was downgraded for 
inconsistency and imprecision. No evidence was identified for the diagnostic accuracy of CT 
and MRI scan. Across studies, the diagnostic accuracy of ultrasound was based on 
histopathological confirmation that was mostly fine-needle aspiration (FNA) and/or surgery.  

The committee noted that the majority of studies excluded participants whose FNA results 
were not definitive (i.e. included if benign or malignant result but anything else excluded). 
They agreed that in reality there will be a considerable number of FNA results that fall 
between these ends of the spectrum and specified that the appropriate management of these 
results is outside the scope of this guideline. However, it is unlikely to have a significant 
effect on the choice of optimal imaging option and ultrasound criteria. 

The committee agreed that the breadth of evidence for the various ultrasound criteria was 
dictated by their novelty. The older criteria (for example Kim) have been available since the 
early 2000s whereas criteria like the BTA and some of the TIRADS have only been available 
for around 5 years. This inevitably impacts the number of studies available assessing their 
accuracy. 

1.7.1.3 Benefits and harms 

1.7.1.3.1 Ultrasound scan in adults 

Evidence suggested that in adults, both measures of sensitivity and specificity were similarly 
high for the use of ultrasound under the majority of the different criteria identified. The only 
ultrasound criteria for which diagnostic accuracy was considerably lower compared to the 
other criteria were the SRU (58% sensitivity). The committee noted that the reason for this 
discrepancy is likely to be that the size of nodules is taken into account when assessing the 
likelihood of malignancy according to the SRU guidelines. They specified that nodule size is 
irrelevant in predicting malignancy and using size criteria can result in less sensitivity. 
Evidence suggested that the diagnostic accuracy of ultrasound is increased when a modified 
version of the Kim criteria is used compared to the conventional version (96 vs 91% 
sensitivity; 85 vs 67% specificity). However, the committee noted that this was shown by only 
one study and as the modified criteria essentially involved a raise of threshold which makes 
the benefit in both sensitivity and specificity counter intuitive, this was not likely to reflect a 
true difference in diagnostic accuracy.  Gray-scale ultrasound combined with power Doppler 
ultrasound under the Kim criteria did not lead to increased diagnostic accuracy compared to 
conventional gray-scale ultrasound under the Kim criteria alone (both 91% sensitivity). 

Studies using ultrasound imaging based on the TIRADS, showed that diagnostic accuracy 
was high for all the different versions of the guidelines identified. Evidence also showed that 
when using the TIRADS criteria, ultrasound combined with contrast-enhanced US parameter 
ratios (CEUS) may result in higher sensitivity and specificity compared to ultrasound without 
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CEUS. Similarly, it was evident that under the Kim criteria, ultrasound had a minor increase 
in diagnostic accuracy when combined with elastography (USE). The committee noted that 
combining elastography with ultrasound is not current practice and would require specialised 
equipment, training and expertise and would thus be likely to have a significant economic 
impact. Based on the small number of studies for CEUS and USE and the small magnitude 
of the benefit in diagnostic accuracy introduced, the committee agreed that the current 
evidence did not justify a change in current practice.  

There was a lack of evidence for the diagnostic accuracy of CT and MRI. The committee 
noted that CT is not good at discriminating structures of the thyroid gland and that the MRI 
has no consistent ability to examine malignancy. There was agreement that ultrasound 
constitutes the only good existing imaging technique for the first assessment of thyroid 
enlargement. However, the committee emphasised that further imaging may be useful in 
other circumstances, for example CT scanning in the case of enlargement causing 
compression symptoms. 

The committee discussed the role of incidental findings of thyroid enlargement from other 
imaging. They noted that these are frequent reasons for referral but in line with their 
experience and based on their awareness of other evidence, agreed that incidental findings 
rarely indicate malignancy. Despite this, further investigation is often done due to concerns 
around medicolegal risk. The committee agreed that in some cases incidental findings may 
need further investigation but that healthcare professionals should consider the overall 
likelihood of malignancy in a person before continuing on the investigative pathway. The 
committee also noted that the likelihood of malignancy will be dependent on the imaging 
modality. For example, incidental findings on CT scans are less concerning but rates of 
malignancy may be higher in incidental findings on FDG-PET scans. 

1.7.1.3.2 Ultrasound scan in children  

The imaging evidence identified for children in the review showed that ultrasound had high 
diagnostic accuracy both when using the ATA guidelines and the TIRADS proposed by 
Kwak. No evidence for the diagnostic accuracy of the CT and the MRI scan was identified in 
children. The committee agreed that similarly to adults, this was likely to be due to ultrasound 
being the only good existing imaging technique and that the imaging recommendations made 
for adults would be applicable to children as well. 

1.7.2 Cost effectiveness and resource use 

No health economic evidence was identified for this question. The committee was therefore 
not able to assess the cost effectiveness of which imaging tests should be requested (for 
thyroid enlargement) and which people with structural abnormalities should have a fine-
needle aspiration biopsy. Unit costs for the US, CT and MRI, obtained from the NHS 
reference cost 2016-17, were presented to the committee. The cheapest imaging test was 
the US scan costing £53.22 (RD40Z, RD42Z), CT cost £85.78 (RD20A, RD20B and RD20C), 
and MRI was £138.38 (RD01A, RD01B and RD01C).  

Although evidence was not identified to support the use of CT or MRI, the clinical evidence 
identified suggested that ultrasound had good diagnostic accuracy and being the cheapest 
option the committee recommended its use.  

The committee also noted that using an established grading system that did not take into 
account the nodular size for referring patients to have FNAB, is likely to reduce the number 
of patients being referred to FNAB and therefore it is likely to be cost saving. In addition, by 
correctly reporting these findings, repeats could be avoided, and money saved.     

Ultrasound to assess likelihood of thyroid malignancy is current practice. The most 
commonly used ultrasound criteria are those of the British Thyroid Association, which are in 
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line with the recommendations made above. Therefore, overall these recommendations are 
not expected to have a substantial resource impact to the NHS in England. 

1.7.3 Other factors the committee took into account 

Although not a focus of this evidence review, the committee raised a need for US images to 
be recorded and stored to enable review in cases such as multi-disciplinary team meetings 
and referral to secondary care. They raised the importance for US reports to be explicit in 
terms of the criteria based on which the likelihood of malignancy was determined, including 
the specific nodule features examined, to facilitate clinicians in cases where re-visiting 
imaging is warranted. Within this framework the committee specified that confirmation that 
both lobes have been assessed as well as the assessment of cervical lymph nodes should 
also be documented in US reports.  
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Appendices 

Appendix A: Review protocols 

Table 6:  

ID Field Content 

I Review 
question 

Which imaging tests should be requested (for thyroid enlargement)? 

 

Which people with structural thyroid abnormalities should have a fine-
needle aspiration biopsy? 

II Type of review 
question 

Diagnostic accuracy 

 

A review of health economic evidence related to the same review 
question was conducted in parallel with this review. For details see the 
health economic review protocol for this NICE guideline. 

III Objective of 
the review 

Determine which imaging tests are most accurate and therefore 
appropriate for people with thyroid enlargement 

IV Eligibility 
criteria – 
population / 
disease / 
condition / 
issue / domain 

• People presenting with euthyroid thyroid enlargement being 
investigated for possible malignancy 

V Eligibility 
criteria – 
intervention(s) 
/ exposure(s) / 
prognostic 
factor(s) 

• Ultrasound scan 

• CT scan 

• MRI scan 

VI Eligibility 
criteria – 
comparator(s) 
/ control or 
reference 
(gold) 
standard 

• Reference standard will be malignant status as confirmed by 
biopsy/subsequent development of cancer in case of false negatives 
that do not receive biopsy 

VII Outcomes and 
prioritisation 

• Sensitivity, specificity, PPV, NPV of tests for diagnosing thyroid cancer 

 

Sensitivity prioritised  

VIII Eligibility 
criteria – study 
design  

• Diagnostic accuracy studies 

• Prospective studies prioritised, retrospective studies included if 
insufficient prospective studies identified 

IX Other inclusion 
exclusion 
criteria 

• Excluding two gate study design 

• Excluding studies that only assess results of those who go on to have 
surgery as not a representative population 

• Studies assessing ultrasound only included if full criteria used (as 
opposed to accuracy of single feature) 

• Studies assessing variants of ultrasound (for example elastography) 
only included if combined with conventional criteria 

X Proposed 
sensitivity / 
subgroup 
analysis, or 

Stratifications 

• Criteria used (for example Kim, TIRADS, AACE, ATA, BTA for US) 

• CT with contrast vs CT without contrast 
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meta-
regression 

XI Selection 
process – 
duplicate 
screening / 
selection / 
analysis 

• A sample of at least 10% of the abstract lists were double-sifted by a 
senior research fellow and discrepancies rectified, with committee 
input where consensus could not be reached, for more information 
please see the separate Methods report for this guideline. 

XII Data 
management 
(software) 

• EndNote was used for reference management, sifting, citations and 
bibliographies. 

• Pair forest plots were constructed using Cochrane Review Manager 
(RevMan5). 

• WinBUGS was used for diagnostic meta-analysis 

XIII Information 
sources – 
databases and 
dates 

 

• Medline, Embase and the Cochrane library 

XIV Identify if an 
update 

Not an update 

XV Author 
contacts 

https://www.nice.org.uk/guidance/indevelopment/gid-ng10074 

XVI Highlight if 
amendment to 
previous 
protocol  

Not an amendment 

XVI
I 

Search 
strategy – for 
one database 

For details please see Appendix B: 

XVI
II 

Data collection 
process – 
forms / 
duplicate 

A standardised evidence table format will be used and published as 
Appendix D: of the evidence report. 

XIX Data items – 
define all 
variables to be 
collected 

For details please see evidence tables in Appendix D: (clinical evidence 
tables) or Appendix G: (health economic evidence tables). 

XX Methods for 
assessing bias 
at outcome / 
study level 

QUADAS-2 checklists were used to critically appraise individual studies.  

The risk of bias across all available evidence was evaluated for each 
index test using an adaptation of the ‘Grading of Recommendations 
Assessment, Development and Evaluation (GRADE) toolbox’ developed 
by the international GRADE working group 
http://www.gradeworkinggroup.org/ 

XXI Criteria for 
quantitative 
synthesis 

For details please see section 6.4 of Developing NICE guidelines: the 
manual. 

XXI
I 

Methods for 
quantitative 
analysis – 
combining 
studies and 
exploring 
(in)consistency 

For details please see the separate Methods report for this guideline. 

XXI
II 

Meta-bias 
assessment – 
publication 
bias, selective 

For details please see section 6.2 of Developing NICE guidelines: the 
manual.  

 

http://www.gradeworkinggroup.org/
https://www.nice.org.uk/article/pmg20/chapter/6-Reviewing-research-evidence#assessing-the-quality-of-the-evidence
https://www.nice.org.uk/article/pmg20/chapter/6-Reviewing-research-evidence#assessing-the-quality-of-the-evidence
https://www.nice.org.uk/article/pmg20/chapter/6-Reviewing-research-evidence#assessing-the-quality-of-the-evidence
https://www.nice.org.uk/article/pmg20/chapter/6-Reviewing-research-evidence#assessing-the-quality-of-the-evidence
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reporting bias 

XXI
V 

Confidence in 
cumulative 
evidence  

For details please see sections 6.4 and 9.1 of Developing NICE 
guidelines: the manual. 

 

XX
V 

Rationale / 
context – what 
is known 

For details please see the introduction to the evidence review. 

XX
VI 

Describe 
contributions 
of authors and 
guarantor 

A multidisciplinary committee developed the evidence review. The 
committee was convened by the National Guideline Centre (NGC) and 
chaired by Sarah Fishburn in line with section 3 of Developing NICE 
guidelines: the manual. 

Staff from NGC undertook systematic literature searches, appraised the 
evidence, conducted meta-analysis and cost-effectiveness analysis 
where appropriate, and drafted the evidence review in collaboration with 
the committee. For details please see Developing NICE guidelines: the 
manual. 

XX
VII 

Sources of 
funding / 
support 

NGC is funded by NICE and hosted by the Royal College of Physicians. 

XX
VIII 

Name of 
sponsor 

NGC is funded by NICE and hosted by the Royal College of Physicians. 

XXI
X 

Roles of 
sponsor 

NICE funds NGC to develop guidelines for those working in the NHS, 
public health and social care in England. 

XX
X 

PROSPERO 
registration 
number 

Not registered 

 

 
  

https://www.nice.org.uk/article/pmg20/chapter/1-Introduction-and-overview
https://www.nice.org.uk/article/pmg20/chapter/1-Introduction-and-overview
https://www.nice.org.uk/guidance/ng145/documents
https://www.nice.org.uk/article/pmg20/chapter/1%20Introduction%20and%20overview
https://www.nice.org.uk/article/pmg20/chapter/1%20Introduction%20and%20overview
https://www.nice.org.uk/article/pmg20/chapter/1-Introduction-and-overview
https://www.nice.org.uk/article/pmg20/chapter/1-Introduction-and-overview
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Table 7: Health economic review protocol 

Review 
question 

All questions – health economic evidence 

Objectives To identify health economic studies relevant to any of the review questions. 

Search 
criteria 

• Populations, interventions and comparators must be as specified in the clinical 
review protocol above. 

• Studies must be of a relevant health economic study design (cost–utility analysis, 
cost-effectiveness analysis, cost–benefit analysis, cost–consequences analysis, 
comparative cost analysis). 

• Studies must not be a letter, editorial or commentary, or a review of health 
economic evaluations. (Recent reviews will be ordered although not reviewed. The 
bibliographies will be checked for relevant studies, which will then be ordered.) 

• Unpublished reports will not be considered unless submitted as part of a call for 
evidence. 

• Studies must be in English. 

Search 
strategy 

A health economic study search will be undertaken using population-specific terms 
and a health economic study filter – see Appendix B: below.  

Review 
strategy 

Studies not meeting any of the search criteria above will be excluded. Studies 
published before 2003, abstract-only studies and studies from non-OECD countries 
or the USA will also be excluded. 

Each remaining study will be assessed for applicability and methodological limitations 
using the NICE economic evaluation checklist which can be found in appendix H of 
Developing NICE guidelines: the manual (2014).193 

 

Inclusion and exclusion criteria 

• If a study is rated as both ‘Directly applicable’ and with ‘Minor limitations’ then it will 
be included in the guideline. A health economic evidence table will be completed, 
and it will be included in the health economic evidence profile. 

• If a study is rated as either ‘Not applicable’ or with ‘Very serious limitations’ then it 
will usually be excluded from the guideline. If it is excluded, then a health economic 
evidence table will not be completed, and it will not be included in the health 
economic evidence profile. 

• If a study is rated as ‘Partially applicable’, with ‘Potentially serious limitations’ or 
both then there is discretion over whether it should be included. 

 

Where there is discretion 

The health economist will make a decision based on the relative applicability and 
quality of the available evidence for that question, in discussion with the guideline 
committee if required. The ultimate aim is to include health economic studies that are 
helpful for decision-making in the context of the guideline and the current NHS 
setting. If several studies are considered of sufficiently high applicability and 
methodological quality that they could all be included, then the health economist, in 
discussion with the committee if required, may decide to include only the most 
applicable studies and to selectively exclude the remaining studies. All studies 
excluded on the basis of applicability or methodological limitations will be listed with 
explanation in the excluded health economic studies appendix below. 

 

The health economist will be guided by the following hierarchies. 

Setting: 

• UK NHS (most applicable). 

• OECD countries with predominantly public health insurance systems (for example, 
France, Germany, Sweden). 

• OECD countries with predominantly private health insurance systems (for example, 
Switzerland). 
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• Studies set in non-OECD countries or in the USA will be excluded before being 
assessed for applicability and methodological limitations. 

Health economic study type: 

• Cost–utility analysis (most applicable). 

• Other type of full economic evaluation (cost–benefit analysis, cost-effectiveness 
analysis, cost–consequences analysis). 

• Comparative cost analysis. 

• Non-comparative cost analyses including cost-of-illness studies will be excluded 
before being assessed for applicability and methodological limitations. 

Year of analysis: 

• The more recent the study, the more applicable it will be. 

• Studies published in 2003 or later but that depend on unit costs and resource data 
entirely or predominantly from before 2003 will be rated as ‘Not applicable’. 

• Studies published before 2003 will be excluded before being assessed for 
applicability and methodological limitations. 

Quality and relevance of effectiveness data used in the health economic analysis: 

• The more closely the clinical effectiveness data used in the health economic 
analysis match with the outcomes of the studies included in the clinical review the 
more useful the analysis will be for decision-making in the guideline. 
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Appendix B: Literature search strategies 
The literature searches for this review are detailed below and complied with the methodology 
outlined in Developing NICE guidelines: the manual 2014, updated 2018 
https://www.nice.org.uk/guidance/pmg20/resources/developing-nice-guidelines-the-manual-
pdf-72286708700869 

For more detailed information, please see the Methodology Review.] 

B.1 Clinical search literature search strategy 

Searches were constructed using a PICO framework where population (P) terms were 
combined with Intervention (I) and in some cases Comparison (C) terms. Outcomes (O) are 
rarely used in search strategies for interventions as these concepts may not be well 
described in title, abstract or indexes and therefore difficult to retrieve. Search filters were 
applied to the search where appropriate. 

Table 8: Database date parameters and filters used 

Database Dates searched Search filter used 

Medline (OVID) 1946 – 07 January 2019  

 

  

Exclusions 

Randomised controlled trials  

Systematic review studies 

Observational studies 

Diagnostic tests studies 

Embase (OVID) 1974 – 07 January 2019  

 

 

Exclusions 

Randomised controlled trials  

Systematic review studies 

Observational studies 

Diagnostic tests studies 

The Cochrane Library (Wiley) Cochrane Reviews to 2019 
Issue 1 or 12 

CENTRAL to 2019 Issue 1 or 
12 

DARE, and NHSEED to 2015 
Issue 2 of 4 

HTA to 2016 Issue 2 of 4 

None 

Medline (Ovid) search terms 

1.  exp thyroid diseases/ 

2.  hyperthyroid*.ti,ab. 

3.  hypothyroid*.ti,ab. 

4.  thyrotoxicosis.ti,ab. 

5.  (thyroid adj3 (swell* or dysfunction* or enlarg* or nodule* or node* or disease* or 
condition* or disorder*)).ti,ab. 

6.  or/1-5 

7.  letter/ 

8.  editorial/ 

9.  news/ 

10.  exp historical article/ 

11.  Anecdotes as Topic/ 

12.  comment/ 

https://www.nice.org.uk/guidance/pmg20/resources/developing-nice-guidelines-the-manual-pdf-72286708700869
https://www.nice.org.uk/guidance/pmg20/resources/developing-nice-guidelines-the-manual-pdf-72286708700869
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13.  case report/ 

14.  (letter or comment*).ti. 

15.  or/7-14 

16.  randomized controlled trial/ or random*.ti,ab. 

17.  15 not 16 

18.  animals/ not humans/ 

19.  exp Animals, Laboratory/ 

20.  exp Animal Experimentation/ 

21.  exp Models, Animal/ 

22.  exp Rodentia/ 

23.  (rat or rats or mouse or mice).ti. 

24.  or/17-23 

25.  6 not 24 

26.  Ultrasonography/ 

27.  Magnetic Resonance Imaging/ 

28.  Tomography, X-Ray Computed/ 

29.  (ultrasonograph* or ultrasound* or ultra sound or sonograph* or sonogram* or 
echograph* or echotomograph* or doppler).ti,ab. 

30.  magnetic resonance.ti,ab. 

31.  (MR or MRI).ti,ab. 

32.  (diffusion weighted imag* or DWI).ti,ab. 

33.  (computed adj3 tomography).ti,ab. 

34.  (CT or CAT).ti,ab. 

35.  or/26-34 

36.  25 and 35 

37.  limit 36 to English language 

38.  randomized controlled trial.pt. 

39.  controlled clinical trial.pt. 

40.  randomi#ed.ti,ab. 

41.  placebo.ab. 

42.  randomly.ti,ab. 

43.  Clinical Trials as topic.sh. 

44.  trial.ti. 

45.  or/38-44 

46.  exp "sensitivity and specificity"/ 

47.  (sensitivity or specificity).ti,ab. 

48.  ((pre test or pretest or post test) adj probability).ti,ab. 

49.  (predictive value* or PPV or NPV).ti,ab. 

50.  likelihood ratio*.ti,ab. 

51.  likelihood function/ 

52.  ((area under adj4 curve) or AUC).ti,ab. 

53.  (receive* operat* characteristic* or receive* operat* curve* or ROC curve*).ti,ab. 

54.  (diagnos* adj3 (performance* or accurac* or utilit* or value* or efficien* or 
effectiveness)).ti,ab. 

55.  gold standard.ab. 

56.  or/46-55 
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57.  Epidemiologic studies/ 

58.  Observational study/ 

59.  exp Cohort studies/ 

60.  (cohort adj (study or studies or analys* or data)).ti,ab. 

61.  ((follow up or observational or uncontrolled or non randomi#ed or epidemiologic*) adj 
(study or studies or data)).ti,ab. 

62.  ((longitudinal or retrospective or prospective or cross sectional) and (study or studies or 
review or analys* or cohort* or data)).ti,ab. 

63.  Controlled Before-After Studies/ 

64.  Historically Controlled Study/ 

65.  Interrupted Time Series Analysis/ 

66.  (before adj2 after adj2 (study or studies or data)).ti,ab. 

67.  or/57-66 

68.  exp case control study/ 

69.  case control*.ti,ab. 

70.  or/68-69 

71.  67 or 70 

72.  Cross-sectional studies/ 

73.  (cross sectional and (study or studies or review or analys* or cohort* or data)).ti,ab. 

74.  or/72-73 

75.  67 or 74 

76.  67 or 70 or 74 

77.  Meta-Analysis/ 

78.  exp Meta-Analysis as Topic/ 

79.  (meta analy* or metanaly* or metaanaly* or meta regression).ti,ab. 

80.  ((systematic* or evidence*) adj3 (review* or overview*)).ti,ab. 

81.  (reference list* or bibliograph* or hand search* or manual search* or relevant 
journals).ab. 

82.  (search strategy or search criteria or systematic search or study selection or data 
extraction).ab. 

83.  (search* adj4 literature).ab. 

84.  (medline or pubmed or cochrane or embase or psychlit or psyclit or psychinfo or 
psycinfo or cinahl or science citation index or bids or cancerlit).ab. 

85.  cochrane.jw. 

86.  ((multiple treatment* or indirect or mixed) adj2 comparison*).ti,ab. 

87.  or/77-86 

88.  37 and (45 or 56 or 87 or 76) 

Embase (Ovid) search terms 

1.  exp thyroid disease/ 

2.  hyperthyroid*.ti,ab. 

3.  hypothyroid*.ti,ab. 

4.  thyrotoxicosis.ti,ab. 

5.  (thyroid adj3 (swell* or dysfunction* or enlarg* or nodule* or node* or disease* or 
condition* or disorder*)).ti,ab. 

6.  or/1-5 

7.  letter.pt. or letter/ 
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8.  note.pt. 

9.  editorial.pt. 

10.  case report/ or case study/ 

11.  (letter or comment*).ti. 

12.  or/7-11 

13.  randomized controlled trial/ or random*.ti,ab. 

14.  12 not 13 

15.  animal/ not human/ 

16.  nonhuman/ 

17.  exp Animal Experiment/ 

18.  exp Experimental Animal/ 

19.  animal model/ 

20.  exp Rodent/ 

21.  (rat or rats or mouse or mice).ti. 

22.  or/14-21 

23.  6 not 22 

24.  limit 23 to English language 

25.  echography/ 

26.  nuclear magnetic resonance imaging/ 

27.  computer assisted tomography/ 

28.  (ultrasonograph* or ultrasound* or ultra sound or sonograph* or sonogram* or 
echograph* or echotomograph* or doppler).ti,ab. 

29.  magnetic resonance.ti,ab. 

30.  (MR or MRI).ti,ab. 

31.  (diffusion weighted imag* or DWI).ti,ab. 

32.  (computed adj3 tomography).ti,ab. 

33.  (CT or CAT).ti,ab. 

34.  or/25-33 

35.  24 and 34 

36.  exp "sensitivity and specificity"/ 

37.  (sensitivity or specificity).ti,ab. 

38.  ((pre test or pretest or post test) adj probability).ti,ab. 

39.  (predictive value* or PPV or NPV).ti,ab. 

40.  likelihood ratio*.ti,ab. 

41.  ((area under adj4 curve) or AUC).ti,ab. 

42.  (receive* operat* characteristic* or receive* operat* curve* or ROC curve*).ti,ab. 

43.  (diagnos* adj3 (performance* or accurac* or utilit* or value* or efficien* or 
effectiveness)).ti,ab. 

44.  diagnostic accuracy/ 

45.  diagnostic test accuracy study/ 

46.  gold standard.ab. 

47.  or/36-46 

48.  random*.ti,ab. 

49.  factorial*.ti,ab. 

50.  (crossover* or cross over*).ti,ab. 

51.  ((doubl* or singl*) adj blind*).ti,ab. 
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52.  (assign* or allocat* or volunteer* or placebo*).ti,ab. 

53.  crossover procedure/ 

54.  single blind procedure/ 

55.  randomized controlled trial/ 

56.  double blind procedure/ 

57.  or/48-56 

58.  systematic review/ 

59.  meta-analysis/ 

60.  (meta analy* or metanaly* or metaanaly* or meta regression).ti,ab. 

61.  ((systematic* or evidence*) adj3 (review* or overview*)).ti,ab. 

62.  (reference list* or bibliograph* or hand search* or manual search* or relevant 
journals).ab. 

63.  (search strategy or search criteria or systematic search or study selection or data 
extraction).ab. 

64.  (search* adj4 literature).ab. 

65.  (medline or pubmed or cochrane or embase or psychlit or psyclit or psychinfo or 
psycinfo or cinahl or science citation index or bids or cancerlit).ab. 

66.  cochrane.jw. 

67.  ((multiple treatment* or indirect or mixed) adj2 comparison*).ti,ab. 

68.  or/58-67 

69.  Clinical study/ 

70.  Observational study/ 

71.  family study/ 

72.  longitudinal study/ 

73.  retrospective study/ 

74.  prospective study/ 

75.  cohort analysis/ 

76.  follow-up/ 

77.  cohort*.ti,ab. 

78.  76 and 77 

79.  (cohort adj (study or studies or analys* or data)).ti,ab. 

80.  ((follow up or observational or uncontrolled or non randomi#ed or epidemiologic*) adj 
(study or studies or data)).ti,ab. 

81.  ((longitudinal or retrospective or prospective or cross sectional) and (study or studies or 
review or analys* or cohort* or data)).ti,ab. 

82.  (before adj2 after adj2 (study or studies or data)).ti,ab. 

83.  or/69-75,78-82 

84.  exp case control study/ 

85.  case control*.ti,ab. 

86.  or/84-85 

87.  83 or 86 

88.  cross-sectional study/ 

89.  (cross sectional and (study or studies or review or analys* or cohort* or data)).ti,ab. 

90.  or/88-89 

91.  83 or 90 

92.  83 or 86 or 90 

93.  35 and (47 or 57 or 68 or 92) 
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Cochrane Library (Wiley) search terms 

#1.  MeSH descriptor: [Thyroid Diseases] explode all trees 

#2.  hyperthyroid*:ti,ab  

#3.  hypothyroid*:ti,ab  

#4.  thyrotoxicosis:ti,ab  

#5.  (thyroid near/3 (swell* or dysfunction* or enlarg* or nodule* or node* or disease* or 
condition* or disorder*)):ti,ab  

#6.  (or #1-#5)  

#7.  MeSH descriptor: [Ultrasonography] explode all trees 

#8.  MeSH descriptor: [Magnetic Resonance Imaging] explode all trees 

#9.  MeSH descriptor: [Tomography, X-Ray Computed] explode all trees 

#10.  (ultrasonograph* or ultrasound* or ultra sound or sonograph* or sonogram* or 
echograph* or echotomograph* or doppler):ti,ab  

#11.  magnetic resonance:ti,ab  

#12.  (MR or MRI):ti,ab  

#13.  (diffusion weighted imag* or DWI):ti,ab  

#14.  (computed near/3 tomography):ti,ab  

#15.  (CT or CAT):ti,ab  

#16.  (or #7-#15)  

#17.  #6 and #16 

B.2 Health Economics literature search strategy 

Health economic evidence was identified by conducting a broad search relating to a thyroid 
disease population in NHS Economic Evaluation Database (NHS EED – this ceased to be 
updated after March 2015) and the Health Technology Assessment database (HTA) with no 
date restrictions. NHS EED and HTA databases are hosted by the Centre for Research and 
Dissemination (CRD). Additional searches were run on Medline and Embase for health 
economics, economic modelling and quality of life studies. 

Table 9: Database date parameters and filters used 

Database Dates searched  Search filter used 

Medline 2014 – 07 January 2019  

 

Exclusions 

Health economics studies 

Health economics modelling 
studies 

Quality of life studies 

Embase 2014 – 07 January 2019  

 

Exclusions 

Health economics studies 

Health economics modelling 
studies 

Quality of life studies 

Centre for Research and 
Dissemination (CRD) 

HTA - Inception – 07 January 
2019 

NHSEED - Inception to March 
2015 

None 

Medline (Ovid) search terms 

1.  exp thyroid diseases/ 

2.  hyperthyroid*.ti,ab. 
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3.  hypothyroid*.ti,ab. 

4.  thyrotoxicosis.ti,ab. 

5.  (thyroid adj3 (swell* or dysfunction* or enlarg* or nodule* or node* or disease* or 
condition* or disorder*)).ti,ab. 

6.  or/1-5 

7.  letter/ 

8.  editorial/ 

9.  news/ 

10.  exp historical article/ 

11.  Anecdotes as Topic/ 

12.  comment/ 

13.  case report/ 

14.  (letter or comment*).ti. 

15.  or/7-14 

16.  randomized controlled trial/ or random*.ti,ab. 

17.  15 not 16 

18.  animals/ not humans/ 

19.  exp Animals, Laboratory/ 

20.  exp Animal Experimentation/ 

21.  exp Models, Animal/ 

22.  exp Rodentia/ 

23.  (rat or rats or mouse or mice).ti. 

24.  or/17-23 

25.  6 not 24 

26.  limit 25 to English language 

27.  Economics/ 

28.  Value of life/ 

29.  exp "Costs and Cost Analysis"/ 

30.  exp Economics, Hospital/ 

31.  exp Economics, Medical/ 

32.  Economics, Nursing/ 

33.  Economics, Pharmaceutical/ 

34.  exp "Fees and Charges"/ 

35.  exp Budgets/ 

36.  budget*.ti,ab. 

37.  cost*.ti. 

38.  (economic* or pharmaco?economic*).ti. 

39.  (price* or pricing*).ti,ab. 

40.  (cost* adj2 (effective* or utilit* or benefit* or minimi* or unit* or estimat* or 
variable*)).ab. 

41.  (financ* or fee or fees).ti,ab. 

42.  (value adj2 (money or monetary)).ti,ab. 

43.  or/27-42 

44.  exp models, economic/ 

45.  *Models, Theoretical/ 
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46.  *Models, Organizational/ 

47.  markov chains/ 

48.  monte carlo method/ 

49.  exp Decision Theory/ 

50.  (markov* or monte carlo).ti,ab. 

51.  econom* model*.ti,ab. 

52.  (decision* adj2 (tree* or analy* or model*)).ti,ab. 

53.  or/44-52 

54.  quality-adjusted life years/ 

55.  sickness impact profile/ 

56.  (quality adj2 (wellbeing or well being)).ti,ab. 

57.  sickness impact profile.ti,ab. 

58.  disability adjusted life.ti,ab. 

59.  (qal* or qtime* or qwb* or daly*).ti,ab. 

60.  (euroqol* or eq5d* or eq 5*).ti,ab. 

61.  (qol* or hql* or hqol* or h qol* or hrqol* or hr qol*).ti,ab. 

62.  (health utility* or utility score* or disutilit* or utility value*).ti,ab. 

63.  (hui or hui1 or hui2 or hui3).ti,ab. 

64.  (health* year* equivalent* or hye or hyes).ti,ab. 

65.  discrete choice*.ti,ab. 

66.  rosser.ti,ab. 

67.  (willingness to pay or time tradeoff or time trade off or tto or standard gamble*).ti,ab. 

68.  (sf36* or sf 36* or short form 36* or shortform 36* or shortform36*).ti,ab. 

69.  (sf20 or sf 20 or short form 20 or shortform 20 or shortform20).ti,ab. 

70.  (sf12* or sf 12* or short form 12* or shortform 12* or shortform12*).ti,ab. 

71.  (sf8* or sf 8* or short form 8* or shortform 8* or shortform8*).ti,ab. 

72.  (sf6* or sf 6* or short form 6* or shortform 6* or shortform6*).ti,ab. 

73.  or/54-72 

74.  26 and (43 or 53 or 73) 

Embase (Ovid) search terms 

1.  exp thyroid diseases/ 

2.  hyperthyroid*.ti,ab. 

3.  hypothyroid*.ti,ab. 

4.  thyrotoxicosis*.ti,ab. 

5.  (thyroid adj3 (swell* or dysfunction* or enlarg* or nodule* or node* or disease* or 
condition* or disorder*)).ti,ab. 

6.  or/1-5 

7.  letter.pt. or letter/ 

8.  note.pt. 

9.  editorial.pt. 

10.  case report/ or case study/ 

11.  (letter or comment*).ti. 

12.  or/7-11 



 

 

Thyroid Disease:  FINAL 
Imaging for Fine Needle Aspiration 

© NICE 2019.  All rights reserved. See Notice of rights. 
68 

13.  randomized controlled trial/ or random*.ti,ab. 

14.  12 not 13 

15.  animal/ not human/ 

16.  nonhuman/ 

17.  exp Animal Experiment/ 

18.  exp Experimental Animal/ 

19.  animal model/ 

20.  exp Rodent/ 

21.  (rat or rats or mouse or mice).ti. 

22.  or/14-21 

23.  6 not 22 

24.  limit 23 to English language 

25.  health economics/ 

26.  exp economic evaluation/ 

27.  exp health care cost/ 

28.  exp fee/ 

29.  budget/ 

30.  funding/ 

31.  budget*.ti,ab. 

32.  cost*.ti. 

33.  (economic* or pharmaco?economic*).ti. 

34.  (price* or pricing*).ti,ab. 

35.  (cost* adj2 (effective* or utilit* or benefit* or minimi* or unit* or estimat* or 
variable*)).ab. 

36.  (financ* or fee or fees).ti,ab. 

37.  (value adj2 (money or monetary)).ti,ab. 

38.  or/25-37 

39.  statistical model/ 

40.  exp economic aspect/ 

41.  39 and 40 

42.  *theoretical model/ 

43.  *nonbiological model/ 

44.  stochastic model/ 

45.  decision theory/ 

46.  decision tree/ 

47.  monte carlo method/ 

48.  (markov* or monte carlo).ti,ab. 

49.  econom* model*.ti,ab. 

50.  (decision* adj2 (tree* or analy* or model*)).ti,ab. 

51.  or/41-50 

52.  quality adjusted life year/ 
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53.  "quality of life index"/ 

54.  short form 12/ or short form 20/ or short form 36/ or short form 8/ 

55.  sickness impact profile/ 

56.  (quality adj2 (wellbeing or well being)).ti,ab. 

57.  sickness impact profile.ti,ab. 

58.  disability adjusted life.ti,ab. 

59.  (qal* or qtime* or qwb* or daly*).ti,ab. 

60.  (euroqol* or eq5d* or eq 5*).ti,ab. 

61.  (qol* or hql* or hqol* or h qol* or hrqol* or hr qol*).ti,ab. 

62.  (health utility* or utility score* or disutilit* or utility value*).ti,ab. 

63.  (hui or hui1 or hui2 or hui3).ti,ab. 

64.  (health* year* equivalent* or hye or hyes).ti,ab. 

65.  discrete choice*.ti,ab. 

66.  rosser.ti,ab. 

67.  (willingness to pay or time tradeoff or time trade off or tto or standard gamble*).ti,ab. 

68.  (sf36* or sf 36* or short form 36* or shortform 36* or shortform36*).ti,ab. 

69.  (sf20 or sf 20 or short form 20 or shortform 20 or shortform20).ti,ab. 

70.  (sf12* or sf 12* or short form 12* or shortform 12* or shortform12*).ti,ab. 

71.  (sf8* or sf 8* or short form 8* or shortform 8* or shortform8*).ti,ab. 

72.  (sf6* or sf 6* or short form 6* or shortform 6* or shortform6*).ti,ab. 

73.  or/52-72 

74.  24 and (38 or 51 or 73) 

NHS EED and HTA (CRD) search terms  

#1.  
MeSH DESCRIPTOR Thyroid Diseases EXPLODE ALL TREES 

#2.  
hyperthyroid* 

#3.  
hypothyroid* 

#4.  
thyrotoxicosis* 

#5.  (thyroid adj3 (swell* or dysfunction* or enlarg* or nodule* or node* or disease* or 
condition* or disorder*)) 

#6.  
#1 OR #2 OR #3 OR #4 or #5 

Appendix C: Clinical evidence selection 
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Figure 1: Flow chart of clinical study selection for the review of imaging and who to FNAB 

 

 

 

Records screened, n=11841 

Records excluded, 
n=11479 

Papers included in review, n=42 
 
 

Papers excluded from review, 
n=320 
 
Reasons for exclusion: see 
Appendix I: 

Records identified through 
database searching, n=11841 

Additional records identified through 
other sources, n=0 

Full-text papers assessed for 
eligibility, n=362 
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Appendix D: Clinical evidence tables 
 
Reference Ahn 2010 6 

Study type Retrospective review 

Study 
methodology 

Data source: patients biopsied under ultrasound guidance from September 2002 through July 2004 at the Institute of Radiological Science 
at Yosnei University 
 
Recruitment: unclear 
 

Number of 
patients 

n = 1318 (1398 nodules) 
 

Patient 
characteristics 

Age, mean (range): 46.3 (9-82) 
 
Gender (male to female ratio): 101:1217 
 
Ethnicity: not specified 
 
Setting: Department of radiology and Research Institute of Radiological Science, Yosnei University, College of Medicine.  
 
Country: South Korea 
 
Inclusion criteria: Ultrasound was performed on the largest of nodules with similar ultrasound features but on each nodule when multiple 
nodules had several different ultrasound features. Nodules with benign (n=1016) or malignant (n=244) cytologic findings were included.  
 
Exclusion criteria: 128 of 161 nodules with nondiagnostic cytology, 25 of 52 nodules with cytologic findings of follicular neoplasm and 32 of 
110 nodules suspicious for papillary carcinoma were excluded.  
 

Target 
condition(s) 

Thyroid cancer 

Index test(s) 
and reference 
standard 

Index test: Ultrasound 
Ultrasound was performed with a 7-to 12- MHz transducer prospectively by one experienced radiologist who described the sonographic 
characteristics of thyroid nodules with respect to size, multiplicity, composition, echogenicity, margin, calcification, shape, and abnormal 
cervical lymph nodes. All images were sent to the local PACS for review.  Size was measured at the maximum dimension. Substantial 
growth was retrospectively assessed in 287 nodules examined with ultrasound at least 6 months before FNAB. 
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Reference Ahn 2010 6 

Reference standard: Surgery or cytology if no surgery 
Surgery was performed for 455 nodules (of 1583), including 33 with nondiagnostic cytologic findings, 111 benign nodules, 27 follicular 
neoplasms, 78 nodules suspicious for papillary carcinoma and 206 malignant nodules.  
 
Ultrasound-guided FNAB was performed by one experienced radiologist using a 23-gauge needle attached to a 20-mL disposable plastic 
syringe and aspirator.  Each lesion was aspirated at least twice. The cytopathologist was not on site during the biopsy.  
 
 
Time between measurement of index test and reference standard: unclear, FNAB was performed after surgery.  
 

2×2 table 
 

Kim Reference standard + Reference standard − Total  Notes: Final diagnosis was based on surgical 
pathologic findings or on cytologic findings if the 
patient did not undergo surgery 

Index test + 303 205 508 

Index test − 24 866 890 

Total 
 

327 1071 1398 

2×2 table 
 

SRU Reference standard + Reference standard − Total  Notes: Final diagnosis was based on surgical 
pathologic findings or on cytologic findings if the 
patient did not undergo surgery 

Index test + 116 489 605 

Index test − 211 582 793 

Total 
 

327 1071 1398 

2×2 table 
 

AACE Reference standard + Reference standard − Total Notes: Final diagnosis was based on surgical 
pathologic findings or on cytologic findings if the 
patient did not undergo surgery 

Index test + 259 98 357 

Index test − 68 973 1041 

Total 
 

327 1071 1398 

Statistical 
measures 

Index text: Ultrasound (Kim criteria) 
Sensitivity: 92.7% 
Specificity: 80.9% 
PPV: 59.6% 
NPV: 97.3% 

AUC: 0.868 
 
Index text Ultrasound (Society of radiologists in ultrasound criteria) 
Sensitivity: 35.5% 
Specificity: 54.3% 
PPV: 19.2% 
NPV: 80.8% 
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Reference Ahn 2010 6 

AUC: 0.551 
 
Index text Ultrasound (AACE) 
Sensitivity: 79.2% 
Specificity: 90.8% 
PPV: 72.3% 
NPV: 93.5% 

AUC: 0.850 
 
 

Source of 
funding 

Not stated 

Limitations Risk of bias: serious; high risk of bias in patient selection; flow and timing 
Indirectness: none 

Comments  

 
Reference Alam 2014 9 

Study type Cross-sectional prospective 

Study 
methodology 

Data source: patients referred to radiology department for thyroid ultrasound followed by FNAB from December 2010 to December 2012 
 
Recruitment: non-probability consecutive sampling 
 

Number of 
patients 

n = 100 
 

Patient 
characteristics 

Age, mean (SD): 41.77 (12.31) 
 
Gender (male to female ratio): 24:76 
 
Ethnicity: not specified 
 
Setting: Department of Radiology, Aga Khan University Hospital, Karachi (AKUH) 
 
Country: Pakistan 
 
Inclusion criteria: patients with palpable thyroid nodules diagnosed by primary physician in clinical examination,  referred to radiology 
department of AKUH  for  thyroid ultrasound followed by fine-needle aspiration cytology of thyroid nodules 
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Reference Alam 2014 9 

 
Exclusion criteria: proven thyroid malignancy, US or FNAC conducted outside the study institution.  

Target 
condition(s) 

Thyroid cancer 

Index test(s) 
and reference 
standard 

Index test: Ultrasound 
All ultrasounds were performed by a single radiologist on Nemio XG ultrasound machine equipped with 3.5-5 MHz Curvilinear and 7.5-15 
MHz Linear probe. Transverse and longitudinal images were taken and send to the Picture and Archiving System (PACS) for later review 
 
A nodule was considered positive or malignant if one or more than one of the following sonographic features were found: micro 
calcification defined as punctuate (less than 2mm) hyper echoic foci either with or without acoustic shadows; micro-lobulation was 
characterized as presence of many small lobules on surface of a nodule or irregular margins; marked hypo echogenicity demarcated as 
decreased echogenicity compared with surrounding neck muscle; shape characterised as taller than wider.  
 
A nodule was categorised as negative (malignancy not found) if none of the above feature was seen.  
 
Reference standard: Fine-needle aspiration cytology 
FNAC followed all ultrasounds; conducted by a single consultant radiologist with more than 5 years of experience in performing the 
procedure. FNAC specimen was analysed by cryopathologist with 5 years of experience who was blinded to US diagnosis.  FNAC 
diagnosis of malignancy was acquired from medical record system.  
 
Time between measurement of index test and reference standard: 
 

2×2 table 
 

 Reference standard + Reference standard − Total   

Index test + 22 16 38 

Index test − 2 60 62 

Total 
 

24 76 100 

Statistical 
measures 

Index text Ultrasound 
Sensitivity : 91.7% 
Specificity: 78.94% 
PPV: 57.9% 
NPV: 96.8% 
 

Overall accuracy: 82% 
 

Source of 
funding 

Not stated 
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Reference Alam 2014 9 

Limitations Risk of bias: none 
Indirectness: none 

Comments  

 

 
Reference Chen 2019 36 

Study type Retrospective 

Study 
methodology 

Data source: patients with thyroid nodules seen at Guangdong Province Hospital of Chinese Medicine from  January  2014 to  September 
2012 
 
Recruitment: not specified 
 

Number of 
patients 

n = 1092  

 

Patient 
characteristics 

Age, mean (SD): 46.92 (13.59) 
 
Gender (male to female ratio): 240:825 
 
Ethnicity: Chinese 
 
Setting: Guangdong Province Hospital of Chinese Medicine 
 
Country: China 
 
Inclusion criteria: a single round or oval nodule with a diameter of 3-93 mm on ultrasound; complete clinical data and thyroid ultrasound 
imaging data; pathological confirmation of the status of all nodules 
 
Exclusion criteria: multiple enlarged neck lymph nodes on ultrasound; findings of inflammation on imaging and distant metastasis identified 
on auxiliary examination 

Target 
condition(s) 

Thyroid cancer 

Index test(s) 
and reference 
standard 

Index test: Ultrasound 
A GE LOGIQ E9 ultrasound system with a linear array probe was used to acquire ultrasound images in the frequency range of 6-15 MHz. 
Thyroid glands and the surrounding area were scanned while patients were in the supine position with the neck fully exposed. The size, 
shape, internal structure, echogenicity, features of the border and presence of calcifications were carefully observed and recorded.  
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Reference Chen 2019 36 

 
ACR-TIRADS classification, based on ultrasound indicators including the internal structure, echogenicity, morphology, boundary features 
and focal echogenicity of the nodules was applied. Scored for each indicator were determined according  to the ACR TI-RADS guidelines, 
and the sum of scores for each nodule was calculated to determine the TI-RADS level for the respective nodule. Ultrasound images were 
independently reviewed by two doctors. When doctors’ opinions differed, the decision was made by senior doctors.  
 
Reference standard: Fine-needle aspiration cytology (and occasionally Surgery) 
Pathology of all thyroid cases included in the study was confirmed by fine-needle aspiration biopsy. Patients were divided into benign and 
malignant thyroid nodules groups according to cytological results. Surgery was performed in these patients according to the ATA guideline 
 
Time between measurement of index test and reference standard: not specified 
 

2×2 table 
 

ACR-TIRADS Reference standard + Reference standard − Total   

Index test + 385 313 698 

Index test − 10 384 394 

Total 
 

395 697 1092 

Statistical 
measures 

Index text Ultrasound (ACR-TIRADS) 
Sensitivity : 96% 
Specificity: 53 % 

Source of 
funding 

Department development foundation of Guangdong Province Hospital of Chinese Medicine, Grant/Award number; 2017-01 

Limitations Risk of bias: serious risk due to potential bias in the interpretation of index test and reference standard results 
Indirectness: none 

Comments Diagnostic accuracy of ACR-TIRADS 

 

 
Reference Creo 2018 48 

Study type Retrospective 

Study 
methodology 

Data source: Paediatric patients (≤21 years old) presenting at tertiary centre with a thyroid nodule between 1996 and 2015 
 
Recruitment: not specified 
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Reference Creo 2018 48 

Number of 
patients 

n = 112 (145 thyroid nodules) 

 

Patient 
characteristics 

Age, mean (SD): 15.5 (3.2) 
 
Gender (male to female ratio): 16:96 
 
Ethnicity: not specified 
 
Setting: Division of Paediatric Endocrinology and Metabolism 
 
Country: USA 
 
Inclusion criteria: patients <21 years of age, initial US performed at Mayo Clinic followed by either: 1) histopathology results after 
thyroidectomy, 2) FNA biopsy cytology results with a follow-up FNA performed at the institution ≥1 year after initial biopsy, 3)US FNA 
biopsy cytology results with a stable follow-up US performed at the institution ≥1 year after initial biopsy, 4) stable follow-up US performed 
at the institution ≥1 year after initial US; 2 largest nodules in patients with more than 1 nodule. 
 
Exclusion criteria: patients with a genetic syndrome known to increase thyroid cancer risk, patients with history of radiation exposure.  

Target 
condition(s) 

Thyroid cancer 

Index test(s) 
and reference 
standard 

Index test: Ultrasound + USD 
Diagnostic gray-scale US with colour Doppler was obtained using high-frequency linear array transducers. Both cine and still imaging 
were recorded using longitudinal and transverse views. All images were reviewed on the same imaging system by 2 paediatric radiologists 
with a combined experience of 27 years after paediatric radiology fellowship training. The radiologists described specific nodule features 
based upon the TIRADS description for reporting thyroid nodule features. After radiologists recorded the features, an independent  
reviewer  assigned each nodule a level of suspicion for malignancy based on the 2015 ATA Adult risk Classification Guidelines. 
Radiologists were simply asked to provide their overall impression and were given the descriptive choices of benign, indeterminate, or 
malignant, which was informed by the presence of absence of calcifications, the type of margins, as well as the size and composition of 
nodules.  
 
Reference standard: Cytology and Histology 
FNA was performed by institutional radiologists by free-hand technique with US guidance. Cytology results were reported using the 
Bethesda System for Reporting Thyroid Cytology. This includes (I) nondiagnostic,(II)  benign, (III) atypia of undetermined significance, (IV) 
suspicious for follicular neoplasm, (V) suspicious for malignancy, and (VI) malignant categories. In a child with concerning cytology results 
who underwent thyroidectomy, appropriate follow-up with repeat FNA or repeat US≥ 1 year was used to ensure the nodule was accurately 
classified as benign. 
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Reference Creo 2018 48 

Time between measurement of index test and reference standard: not specified 
 

2×2 table 
 

2015 ATA Reference standard + Reference standard − Total   

Index test + 46 63 109 

Index test − 4 32 36 

Total 
 

50 95 145 

Statistical 
measures 

Index text Ultrasound (2015 ATA) 
Sensitivity :  92% 
Specificity: 32% 

Source of 
funding 

Not specified 

Limitations Risk of bias: none 
Indirectness: none 

Comments Diagnostic accuracy of 2015 ATA TIRADS 

 
Reference Grani 2019 80 

Study type Retrospective 

Study 
methodology 

Data source: patients referred for FNA cytology of a thyroid nodule at the Thyroid cancer Unit of a large academic referral centre between 
1 November 2015 and 30 May 2018  
 
Recruitment: prospective 
 

Number of 
patients 

n = 477 (502 thyroid nodules) 

 

Patient 
characteristics 

Age, mean (SD): 55.9 (13.9) 
 
Gender (male to female ratio): 119:358 
 
Ethnicity: not specified 
 
Setting: Thyroid Cancer Unit of academic referral centre (Sapienza, University of Rome) 
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Reference Grani 2019 80 

Country: Italy 
 
Inclusion criteria: all patients consecutively referred to the unit for FNA cytology of a thyroid nodule between 1 November 2015 and 30 
May 2018 
 
Exclusion criteria: subcentimeter nodules, nodules with an inconclusive reference standard diagnosis were excluded 

Target 
condition(s) 

Thyroid cancer 

Index test(s) 
and reference 
standard 

Index test: Ultrasound  
Each nodule was carefully examined with a HI VISION Avius ultrasound system and a 13-MHz linear-array transducer. Two clinicians 
experienced in thyroid sonography recorded their consensus judgment of the sonographic features of each nodule on a standardized 
rating form, internally developed and based on published recommendations, based on nodule diameter, margin, structure/composition, 
echogenicity, calcification, other hypoechoic foci, suspected extra thyroidal extension, as well as location of the solid component for 
mixed-content nodules. For each nodule, the consensus rating of each ultrasound feature was used to classify the risk of malignancy 
according to the following risk stratification criteria: AACE/ACE/AME, the ACR-TIRADS, the ATA, the EU-TIRADS, and the K-TIRADS.     
 
Reference standard: UGFNAB/ Histology 
Biopsies were conducted under ultrasound-guidance by clinicians (endocrinologists trained in thyroid sonography using 23- to 25-gauge 
needles, using the non-aspiration technique in most cases. Direct smears of each specimen were analysed by experienced thyroid 
cytopathologists and classified according to criteria published in the Italian Consensus for Thyroid Cytopathology.  
 
When surgery had been performed, the reference standard diagnosis was based on histological examinations of the respected nodule.  
 
When the nodule had been managed non-surgically the reference standard was FNA cytology: nodules were considered malignant when 
they had been classified as TIR4 or TIR5 (suspected malignancy or malignancy, corresponding to the Bethesda classes V and VI) and 
benign when they had been classified as TIR 2, corresponding to Bethesda class II.  
 
Time between measurement of index test and reference standard: not specified 
 

2×2 table 
 

ACR TIRADS Reference standard + Reference standard − Total  In 34 malignant cases, the diagnosis was 
based on histological findings while the 
remaining 2 were classified cytologically as 
TIR4/ Bethesda V.  

Index test + 30 204 234 

Index test − 6 262 268 

Total 
 36 466 502 

2×2 table 
 

AACE/ACE/AME Reference standard + Reference standard − Total  In 34 malignant cases, the diagnosis was 
based on histological findings while the Index test + 31 296 327 
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Reference Grani 2019 80 

Index test − 5 170 175 remaining 2 were classified cytologically as 
TIR4/ Bethesda V. Total 

 36 466 502 

2×2 table 
 

ATA Reference standard + Reference standard − Total  In 34 malignant cases, the diagnosis was 
based on histological findings while the 
remaining 2 were classified cytologically as 
TIR4/ Bethesda V. 
 
Excluding 90 not classifiable nodules. 

Index test + 27 255 282 

Index test − 9 211 220 

Total 
 36 466 502 

2×2 table 
 

EU-TIRADS Reference standard + Reference standard − Total  In 34 malignant cases, the diagnosis was 
based on histological findings while the 
remaining 2 were classified cytologically as 
TIR4/ Bethesda V. 

Index test + 31 317 348 

Index test − 5 149 154 

Total 
 36 466 502 

2×2 table 
 

K-TIRADS Reference standard + Reference standard − Total  In 34 malignant cases, the diagnosis was 
based on histological findings while the 
remaining 2 were classified cytologically as 
TIR4/ Bethesda V. 

Index test + 33 383 416 

Index test − 3 83 86 

Total 
 36 466 502 

Statistical 
measures 

Index text Ultrasound (ACR TIRADS) 
Sensitivity : 83.3 % 
Specificity:  56.2% 
 
Index text Ultrasound (AACE/ACE/AME) 
Sensitivity : 86.1 % 
Specificity: 36.5 % 
 
Index text Ultrasound (ATA) 
Sensitivity : 75 % 
Specificity:  45.3% 
 
Index text Ultrasound (EU-TIRADS) 
Sensitivity : 86.1 % 
Specificity:  32% 
 
Index text Ultrasound (K-TIRADS) 
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Reference Grani 2019 80 

Sensitivity : 91.7 % 
Specificity:  17.8% 

Source of 
funding 

Not specified 

Limitations Risk of bias: serious due to potential risk of bias in the interpretation of the reference standard;  flow and timing.  
Indirectness: none 

Comments Diagnostic accuracy of the ACR TIRADS, AACE/ACE/AME, ATA, EU-TIRADS, K-TIRADS 

 

 
Reference Farihah 2018 67 

Study type Cross-sectional retrospective 

Study 
methodology 

Data source: patients who underwent US-guided FNAC for US-detected focal thyroid nodules from January 2014 to May 2016, with 
available pathology results 
 
Recruitment: not specified 
 

Number of 
patients 

n = 91 (104 nodules) 
 

Patient 
characteristics 

Age, mean (range): 54.7 (27-80) 
 
Gender (male to female ratio): 21:83 
 
Ethnicity:  51(49%) Malay, 25 (33.7%) Chinese, 13 (12.5%) Indian, 5 (4.8%) other races.  
 
Setting: Radiology Department of Universiti Kebangsaan Malaysia Medical Centre (UKMMC) 
 
Country: Malaysia 
 
Inclusion criteria: nodules with benign or malignant results at cytology or histology examination; patients who underwent thyroid surgery 
after specimens from cytology examination were classified as suspicious for thyroid carcinoma, indeterminate, or inadequate.  
 
Exclusion criteria: patients who had nodules cytologically diagnosed as suspicious for thyroid carcinoma, indeterminate or inadequate but 
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Reference Farihah 2018 67 

did not undergo surgery; patients with previous history of total or partial thyroidectomy, with or without radioiodine ablation.    

Target 
condition(s) 

Thyroid cancer 

Index test(s) 
and reference 
standard 

Index test: Ultrasound 
All available US scans of the thyroid gland  and neck areas were performed using a linear-array transducer (5-12 MHz) on ultrasound 
scanners HD11/ HD11 XE/ iU22 Phillips Medical Systems or Toshiba Xario200 using an optimized gain.  
The radiologist, using Osirix workstation or Medweb, reviewed all images. All thyroid nodules were characterised according to the relevant 
nodule size, composition, cystic component, echogenicity, margins, evidence of calcifications, taller than wide, halo, colour flow and 
lymphadenopathy.  
Nodules were given a U1-U5 score based on the features described by the BTA Guidelines i.e. normal (U1), benign (U2), 
equivocal/indeterminate (U3), suspicious (U4) and malignant (U5) 
 
U2 and U3 were classified as negative; U4 and U5 as positive 
 
Reference standard: US-guided Fine-needle aspiration cytology and histopathology 
US-guided FNAC was performed in either the thyroid nodule with suspicious US features or the largest thyroid nodule if no suspicious US 
features were detected.  US-guided FNAC was performed with a 23-gauge needle attached to a 10 ml disposable plastic syringe. 
Cytopathology reports were classified as benign, indeterminate, suspicious of malignancy, malignant or inadequate. Histopathology 
reports were obtained for cases that were cytologically reported as inadequate, indeterminate or suspicious of malignancy.  
 
Time between measurement of index test and reference standard: not specified 
 

2×2 table 
 

 Reference standard + Reference standard − Total  Using BTA recommendations to biopsy U3 
upwards Index test + 12 60 72 

Index test − 0 32 32 

Total 
 

12 92 104 

Statistical 
measures 

Index text Ultrasound 
Sensitivity : 100% 
Specificity: 35% 

Source of 
funding 

Not stated 
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Reference Farihah 2018 67 

Limitations Risk of bias: very serious due to patient selection; risk of bias in the interpretation of the index test and reference standard 
Indirectness: none 

Comments Diagnostic accuracy of BTA guidelines 

 

 
Reference Ha 2016 86 

Study type Prospective multicentre 

Study 
methodology 

Data source: patient data collected from four different hospitals from June 2013 to May 2015 
 
Recruitment: consecutive 
 

Number of 
patients 

n = 750 (902 nodules) 
 

Patient 
characteristics 

Age, mean (range): 49.2 (9-81) 
 
Gender (male to female ratio): 156:594 
 
Ethnicity:  not specified 
 
Setting: four different hospitals 
 
Country: South Korea 
 
Inclusion criteria: nodules >5mm in patients from four different hospitals who had undergone thyroid US from June 2013 to May 2015 
 
Exclusion criteria: nodules with no final diagnosis obtained (n=198); entirely calcified nodules with US characteristics that could not be 
analysed (n=9) 

Target 
condition(s) 

Thyroid cancer 

Index test(s) 
and reference 
standard 

Index test: Ultrasound 
All US examinations were performed with a 10-16 MHz linear probe and a real-time US system, by five board-certified radiologists, in four 
different hospitals specialising in thyroid imaging. Nodules were classified according to K-TIRADS. 
 
Malignancy risk was stratified into the 5 categories of K-TIRADS according to US patterns by combining solidity, echogenicity, and 
suspicious US features as follows: 1=normal; 2=benign; 3= low suspicion; 4=intermediate suspicion; 5=high suspicion 



 

 

Im
a
g

in
g

 fo
r F

in
e
 N

e
e

d
le

 A
s
p
ira

tio
n

 

T
h
y
ro

id
 D

is
e

a
s
e

:  F
IN

A
L

 

©
 N

IC
E

 2
0
1

9
.  A

ll rig
h
ts

 re
s
e
rv

e
d
. S

e
e
 N

o
tic

e
 o

f rig
h
ts

. 

8
4
 

Reference Ha 2016 86 

 
Reference standard: US-guided Fine-needle aspiration or Core needle biopsies (CNBs) or surgery  
US-guided FNAs or CNBs were performed by the same radiologists who performed the thyroid US. US-guided FNAs were performed with 
23-gauge needles and a combination of capillary and aspiration FNA techniques. CNB was performed using a disposable 18-gauge, 
single -or double-action spring-activated needle. FNA was usually performed for thyroid nodules > 1 cm, with exception of pure cystic 
nodules, partially cystic nodules with comet-tail artifacts, and spongiform nodules that usually underwent FNA for therapeutic cyst 
aspiration, ethanol or radiofrequency ablation therapy, or nodule size of >2cm in case of spongiform nodule. FNA was performed for 
thyroid nodules <1 cm in case of suspicious US features, or for decisions on surgical planning. 
The interpretation of FNA was based on the Bethesda system for reporting thyroid cytopathology and CNB results were diagnosed with a 
six-tier pathology reporting system  
 
Time between measurement of index test and reference standard: not specified 

2×2 table 
 

 Reference standard + Reference standard − Total  FNA or CNB biopsy on 409 nodules (n=75 
malignant, n=334 benign) ; repeated FNA or 
CNB biopsy on 256 nodules (benign); Surgery 
on 237 nodules (n=191 malignant, n=46 benign) 

Index test + 254 263 517 

Index test − 12 373 385 

Total 
 

266 636 902 

Statistical 
measures 

Index text Ultrasound 
Sensitivity : 95.5% 
Specificity: 58.6% 
PPV: 44.5% 
NPV: 96.9% 
 

Overall accuracy: 69.5% 
 

Source of 
funding 

Not stated 

Limitations Risk of bias: none 
Indirectness: none 

Comments Diagnostic accuracy of K-TIRADS guidelines 

 

 
Reference Ha 2018 87 

Study type Retrospective multicentre 

Study Data source: patient data collected from four different hospitals from June 2013 to May 2015 
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Reference Ha 2018 87 

methodology  
Recruitment: consecutive 
 

Number of 
patients 

n = 750 (902 nodules) 
 

Patient 
characteristics 

Age, mean (range): 49.2 (9-81) 
 
Gender (male to female ratio): 156:594 
 
Ethnicity:  not specified 
 
Setting: four different hospitals (one primary medical centre and three tertiary hospitals) 
 
Country: South Korea 
 
Inclusion criteria: nodules >5mm in patients from four different hospitals who had undergone thyroid US from June 2013 to May 2015 
 
Exclusion criteria: nodules with no final diagnosis obtained (n=198); entirely calcified nodules with US characteristics that could not be 
analysed (n=9) 

Target 
condition(s) 

Thyroid cancer 

Index test(s) 
and reference 
standard 

Index test: Ultrasound 
All US examinations were performed with a 10-16 MHz linear probe and a real-time US system, by five board-certified radiologists, in four 
different hospitals specialising in thyroid imaging (with 8-20 years of clinical experience with thyroid US). Nodules were classified 
according to  
 
Malignancy risk was stratified into different categories for the different criteria used based on US patterns by combining solidity, 
echogenicity, calcification as follows: high, intermediate, low, very low suspicion, benign or not specified for the ATA 2015 guidelines; 
highly, moderately, mildly, not suspicious or benign for the ACR 2017 guidelines; high, intermediate, low suspicion or benign for the 
KTA/KAThR 2016 guidelines 
 
Reference standard:  
Final diagnoses were determined via surgical resection in 191 of 266 malignant nodules, 36 benign nodules were confirmed by surgery, 
75 malignant nodules were diagnosed via FNA or core-needle biopsy. 
 
Final diagnosis was determined by the cytopathologic results of on the Bethesda system and surgical findings. 
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Reference Ha 2018 87 

 
Time between measurement of index test and reference standard: not specified 

2×2 table 
 

ATA  Reference standard + Reference standard − Total  Calculated considering ATA 2015 categories of 
high, intermediate as malignant; low suspicion, 
very low suspicion, benign  as benign and 
excluding ‘not specified’ nodules not meeting 
criteria for any pattern of malignancy 

Index test + 247 202 449 

Index test − 12 372 384 

Total 
 

259 574 833 

 ACR Reference standard + Reference standard − Total  Calculated considering ACR 2017 categories of 
highly, moderately suspicious as malignant; 
mildly not suspicious and benign as benign.  

Index test + 255 297 552 

Index test − 11 339 350 

Total 
 

266 636 902 

 KTA/KSThR Reference standard + Reference standard − Total  Calculated considering KTA/KSThR 2016 
categories of high and  intermediate suspicion as 
malignant; low  suspicion and  benign as benign.  

Index test + 254 263 517 

Index test − 12 373 385 

Total 
 

266 636 902 

Statistical 
measures 

Index text Ultrasound (ATA) 1 
Sensitivity : 95.4% 
Specificity: 64.8% 
 
Index text Ultrasound (ACR) 
Sensitivity : 95.8% 
Specificity: 53.3% 
 
Index text Ultrasound (KTA/KSThR) 
Sensitivity : 95.5% 
Specificity:  58.6% 
  

Source of 
funding 

Not stated 

Limitations Risk of bias: none 
Indirectness: none 

Comments Diagnostic accuracy of ATA, KTA/KSThR, ACR guidelines 
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Reference Hoang 2018 92 

Study type Retrospective 

Study 
methodology 

Data source: patients undergoing FNAB with definitive cytology results or surgical resection from April 2009 to May 2010 
 
Recruitment: consecutive 
 

Number of 
patients 

n = 92 (100 nodules) 
 

Patient 
characteristics 

Age, mean (SD; range): 52 (14; 19-82) 
 
Gender (male to female ratio):  
 
Ethnicity: not specified 
 
Setting: unspecified institution  
 
Country: USA 
 
Inclusion criteria: patients undergoing FNAB with definitive cytology results or surgical resection from April 2009 to May 2010 at a single 
institution 
 
Exclusion criteria: absence of a dedicated video clip of the biopsied nodule 
 

Target 
condition(s) 

Thyroid cancer 

Index test(s) 
and reference 
standard 

Index test: Ultrasound 
The US examinations were performed by using a variety of commercially available units equipped with 5-15-MHz linear array transducers. 
In all cases, images of the biopsied nodules were obtained in transverse and longitudinal planes. Video clips of the biopsied nodules were 
obtained in at least one plane. 11 radiologists from nine different institutions evaluated the nodules on the ACR portal. Readers were 
blinded to the pathology results. Three expert readers, that were on the ACR TI-RADS committee and had between 26 and 34 years of 
post-training experience, interpreted the sonograms independently and their consensus was used as the truth for the nodule imaging 
features. The other eight radiologists were test readers who had no knowledge of ACR TIRADS. All reported thyroid US in their clinical 
practice. All radiologists assessed the nodules for the five feature categories in the ACR TI-RADS lexicon (composition, echogenicity, 
shape, margin, and echogenic foci) after reviewing two to four static US images and one or two video images of the same nodule. Test 
readers also assigned a malignancy risk that matched the five risk stratification levels used in the ACR TI-RADS guidelines (highly 
suspicious, moderately suspicious, mildly suspicious, not suspicious or benign). Expert and test readers’ feature assignments for nodules 
and maximum nodules size were then used to retrospectively assign an ACR TI-RADS risk stratification level and biopsy 
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Reference Hoang 2018 92 

recommendation. ATA and Korean and French TI-RADS guidelines were retrospectively applied.  
 
Reference standard: Cytology and Pathology 
 
 
Time between measurement of index test and reference standard: not specified 
 
 

2×2 table 
 

ACR-TIRADS Reference standard + Reference standard − Total   

Index test + 14 48 62 

Index test − 1 37 38 

Total 
 

15 85 100 

2×2 table 
 

ATA Reference standard + Reference standard − Total   

Index test + 13 70 83 

Index test − 2 15 17 

Total 
 

15 85 100 

2×2 table 
 

F-TIRADS Reference standard + Reference standard − Total   

Index test + 13 57 70 

Index test − 2 28 30 

Total 
 

15 85 100 

2×2 table 
 

K-TIRADS Reference standard + Reference standard − Total   

Index test + 13 71 84 

Index test − 2 14 16 

Total 
 

15 85 100 

Statistical 
measures 

Index text Ultrasound (ACR-TIRADS) 
Sensitivity: 92% 
Specificity: 44% 

Accuracy: 52% 
 
Index text Ultrasound (ATA) 
Sensitivity: 87% 
Specificity: 18% 
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Reference Hoang 2018 92 

Accuracy: 28% 
 
Index text Ultrasound (F-TIRADS) 
Sensitivity: 87% 
Specificity: 33% 

Accuracy: 41% 
 
Index text Ultrasound (K-TIRADS) 
Sensitivity: 87% 
Specificity: 16% 

Accuracy: 27% 
 

Source of 
funding 

Not specified 

Limitations Risk of bias: serious risk due to reference standard; flow and timing 
Indirectness: none 

Comments Diagnostic performance of  ATA, ACR-TIRADS, K-TIRADS, F-TIRADS 

 
Reference Hobbs 2014 94 

Study type Retrospective 

Study 
methodology 

Data source: 400 consecutive records of US-guided FNA encounters through the department of radiology  from July  2010  to June 2011 
 
Recruitment: consecutive 
 

Number of 
patients 

n = 350 (360 biopsy encounters) 
 

Patient 
characteristics 

Age, mean (range): 55 (7-91) 
 
Gender (male to female ratio): 60:290 
 
Ethnicity:  not specified  
 
Setting: Department of Radiology, Division of Neuroradiology, Duke University Medical Centre, Durham  
 
Country: USA 
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Reference Hobbs 2014 94 

Inclusion criteria: US-guided FNA encounters through the department of radiology , defined as presentation to the department of radiology 
on a given date for FNA of one or more thyroid nodules during a 12-month period from July  2010  to June 2011. 
 
Exclusion criteria: patients without definitive pathology results    

Target 
condition(s) 

Thyroid cancer 

Index test(s) 
and reference 
standard 

Index test: Ultrasound 
Diagnostic ultrasound images of the thyroid nodules were obtained before the biopsy using a 12 MHz transducer. Thyroid nodules were 
measured on the ultrasound unit by the technologist or radiologist at the time of imaging and were documented in the examination report. 
These sizes were used, and nodules were not measured retrospectively. A board-certified radiologist (7 years of experience) reviewed 
ultrasound images on PACS workstation for findings according to the SRU recommendations which were met if the biopsied nodule had 
any of the following characteristics: size 10 mm or larger with microcalcifications, size 15 mm or larger with solid composition or coarse 
calcifications, size 20 mm or larger with mixed solid-cystic composition, or substantial growth since the prior ultrasound. Biopsy 
encounters were categorised on the basis of sonographic findings as meeting the SRU recommendations for biopsy, referred to as ‘SRU-
positive’ or not (‘SRU-negative’).  
 
Reference standard: US-guided Fine-needle aspiration cytopathology (n=253 patients) or surgery (n=87 patients) 
FNA cytopathology was characterised by the Bethesda class categories. FNAs included Bethesda class II or VI cytopathologic results or 
final surgical pathology (n=360 biopsy encounters). 40 patients were excluded because FNA cytopathologic results revealed Bethesda 
class I, III, IV or V without repeat FNA or surgery for definitive pathology results.  
 
Time between measurement of index test and reference standard: one day for almost all patients 
 

2×2 table 
 

 Reference standard + Reference standard − Total   

Index test + 24 250 274 

Index test − 5 81 86 

Total 
 

29 331 360 

Statistical 
measures 

Index text Ultrasound 
Sensitivity : 83% 
Specificity: 25% 
PPV: 8.76% 
NPV: 94.2% 

Source of Not stated 
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Reference Hobbs 2014 94 

funding 

Limitations Risk of bias: Serious due to risk of bias in the interpretation of the index test results.  
Indirectness: none 

Comments Diagnostic accuracy of SRU guidelines 

 
Reference Horvath  2009 97 

Study type Prospective 

Study 
methodology 

Data source: 1959 thyroid nodules submitted for FNAB 
 
Recruitment: not specified 
 

Number of 
patients 

n = 1097 nodules 
 

Patient 
characteristics 

Age, mean (range): not specified 
 
Gender (male to female ratio): not specified 
 
Ethnicity:  not specified  
 
Setting: not specified 
 
Country: Chile 
 
Inclusion criteria: not specified 
 
Exclusion criteria: not specified 

Target 
condition(s) 

Thyroid cancer 

Index test(s) 
and reference 
standard 

Index test: Ultrasound 
Us equipment used was the ATL HDI 5000 and the Philips IU22 with a 5-12 and 5 to 17-MHz probe and colour Doppler. Nodules were 
classified based on the TI-RADS categories as follows: TIRADS 2: benign findings; TIRADS 3: probably benign; TIRADS 4A: 
undetermined; TIRADS 4B: suspicious; TIRADS 5: consistent with malignancy; TIRADS 6: malignant  
 
Reference standard: Fine-needle aspiration biopsy 
FNAB was performed by five specialising radiologists, under US guidance using a 19 or 21-gauge needle attached to a 10-cc syringe. 
Two experience pathologists read all the samples. The histological result of the FNAB was classified as either benign, 
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Reference Horvath  2009 97 

indeterminate/suspicious (follicular lesions) or malignant, according to standard pathological criteria. For the TI-RADS evaluation, two 
groups were considered: benign and non-benign (including malignant and follicular lesions).  
 
All nodules with malignant FNAB results were submitted to surgery. Benign lesions were followed-up.  
 
Time between measurement of index test and reference standard: not specified 
 

2×2 table 
 

 Reference standard + Reference standard − Total   

Index test + 349 360 709 

Index test − 46 342 389 

Total 
 

394 703 1097 

Statistical 
measures 

Index text Ultrasound 
Sensitivity : 88% 
Specificity: 49% 
PPV: 49% 
NPV: 88% 
Accuracy: 94% 

Source of 
funding 

Not stated 

Limitations Risk of bias: Very serious due to patient selection; flow and timing 
Indirectness: none 

Comments Diagnostic accuracy of TI-RADS guidelines, using BI-RADS as a model 

 

 
Reference Kim 2002 114 

Study type Prospective 

Study 
methodology 

Data source:  patients undergoing sonography of the thyroid  for non-thyroid indications between December 1997 and May 1998 
 
Recruitment: unclear, patients with solid nodules. 
 

Number of 
patients 

n = 132 (155 nodules) 
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Reference Kim 2002 114 

Patient 
characteristics 

Age, mean (range): 48 (20-77) 
 
Gender (male to female ratio): 12:120 
 
Ethnicity: Not specified 
 
Setting: Department of Diagnostic radiology, Severance Hospital, Yosnei University College of Medicine 
 
Country: Korea 
 
Inclusion criteria: solid nonpalpable thyroid nodules 
 
Exclusion criteria: not specified; excluded cystic nodules, nodules with mixed cystic and solid portions. 
 

Target 
condition(s) 

Thyroid cancer 

Index test(s) 
and reference 
standard 

Index test: Sonography 
Performed by one radiologist with an HDI 3000 scanner using electronically focused near-field probes with a bandwidth of 7-12 MHz.  
 
Nodules were classified as positive (malignant) if one of the following sonographic features was present: micro calcifications, an irregular 
or microlobulated margin, marked hypoechogenicity, a shape that is taller than it is wide.  
If a nodule had no suspicious features was classified as negative (benign) .  
 
Reference standard: Fine-needle aspiration biopsy (with or without surgery or surgery alone) 
All solid nodules were aspirated in patients with two or more solid nodules. Further details of the FNAB were not specified. 
 
Time between measurement of index test and reference standard: not specified 
 

2×2 table 
 

 Reference standard + Reference standard − Total  Reference standard was: FNAB and follow-up 
(>24 months) of 83 benign nodules; follow up by 
FNAB and surgery on 44 malignant and 15 
benign lesions; surgery alone on five malignant 
and eight benign lesions.  

Index test + 46 36 82 

Index test − 3 70 73 

Total 
 

49 106 155 
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Reference Kim 2002 114 

Statistical 
measures 

Index text Sonography: 
Sensitivity : 93.8% 
Specificity: 66% 
PPV: 56.1% 
NPV: 95.9% 

 
Overall accuracy: 74.8% 
 

Source of 
funding 

Not stated 

Limitations Risk of bias: serious risk of bias due to potential bias in patient selection, interpretation of the index test and/or the reference standard 
Indirectness: none 

Comments  

 

 

 
Reference Kim 2013 114 

Study type Prospective (review of retrospective data) 

Study 
methodology 

Data source:  patients biopsied under ultrasound guidance from September 2007 to March 2008 
 
Recruitment: unclear, patients meeting inclusion criteria 
 

Number of 
patients 

n =  686 (713 nodules) 
 

Patient 
characteristics 

Age, mean (range): 49.7 
 
Gender (male to female ratio): 87:599 
 
Ethnicity: Not specified 
 
Setting: Department of radiology, Research Institute of Radiological Science, Yosnei University College of Medicine 
 
Country: South Korea 
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Reference Kim 2013 114 

Inclusion criteria: nodules 6-10 mm biopsied under ultrasound guidance that were operated on for nondiagnostic, indeterminate, malignant 
or suspicious cytological results and that were operated on or showed no interval change for at least 1 year of follow-up for benign 
cytology.  
 
Exclusion criteria: nodules with insufficient cytological results for deciding whether benign or malignant  

Target 
condition(s) 

Thyroid cancer 

Index test(s) 
and reference 
standard 

Index test: Ultrasound (US) 
US images were obtained using 5-12 MHz linear transducers (HDI 5000 and IU-22, respectively). Real-time ultrasound was performed by 
seven radiologists (four faculty members with 5-13 years of experience and three fellows).  
 
US features of all thyroid nodules that underwent UGFNAB were prospectively recorded according to internal component, echogenicity, 
margin, calcification, shape and vascularity at the time of the FNAB. 
 
Reference standard: UG-FNAB  
Performed with a 23 gauge needle attached to either a 2mL or 20 mL disposable plastic syringe. Aspiration was done at least twice in 
each nodule and aspirated material was expelled onto glass slides and smeared.  
 
 
Time between measurement of index test and reference standard: not specified 
 

2×2 table 
 

ATA Reference standard + Reference standard − Total   

Index test + 286 306 592 

Index test − 10 111 121 

Total 
 

296 417 713 

Statistical 
measures 

Index text: Ultrasound ATA 
Sensitivity : 96.6% 
Specificity: 26.6% 
PPV: 48.3% 
NPV: 91.7% 
AUC:0.616% 
 

Source of 
funding 

Not stated 

Limitations Risk of bias: serious risk of bias due to potential risk in the conduct or interpretation of the index test and/or reference standard 
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Reference Kim 2013 114 

Indirectness: none 

Comments Diagnostic accuracy of ultrasonographic features of the ATA 2009 guidelines 

 
Reference Kim 2013 114 

Study type Retrospective 

Study 
methodology 

Data source:  patients having undergone US and US-guided FNA between March 2010 and July 2011 
 
Recruitment: unclear 
 

Number of 
patients 

n =  925  (1419 nodules) 
 

Patient 
characteristics 

Age, mean (range): 51.87 (14-85) 
 
Gender (male to female ratio): 104:821 
 
Ethnicity: Not specified 
 
Setting: Department of Surgery, Wonju Christian Hospital 
 
Country: South Korea 
 
Inclusion criteria: patients having undergone US and US-guided FNA between March 2010 and July 2011 at the Department of Surgery, 
Wonju Christian Hospital 
 
Exclusion criteria: not specified 

Target 
condition(s) 

Thyroid cancer 

Index test(s) 
and reference 
standard 

Index test: Ultrasound (US) 
All neck ultrasounds were performed by a surgeon under the supervision of three experienced endocrine surgeons using high frequency 
linear array transducers 7.5-13 MHz.   
 
Nodules were classified according to new US guidelines which were established via discussions among experienced physicians who 
participated in the study. Each nodule was classified by standard US characteristics: suspicious for malignancy, intermediate, probably 
benign.  
 
Reference standard: UG-FNAB  
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Reference Kim 2013 114 

FNA was performed by the same single surgeon following US evaluation. 
Benign cytological results were defined by the Bethesda classification system including histopathology consistent with benign follicular 
nodule, Hashimoto thyroiditis, and subacute thyroiditis. The intermediate category included results consistent with atypical cells of 
undetermined significance, follicular neoplasms, and suspicion of malignancies.  Malignant category was defined as all histopathology 
positive for malignancy 
 
 
Time between measurement of index test and reference standard: not specified 
 

2×2 table 
 

 Reference standard + Reference standard − Total   

Index test + 147 354 501 

Index test − 0 127 127 

Total 
 

147 481 628 

2×2 table 
 

New 
guidelines 

Reference standard + Reference standard − Total   

Index test + 142 121 263  

Index test − 6 676 682  

Total 
 

148 797 945  

Statistical 
measures 

Index text: Ultrasound (current guidelines) 
Sensitivity : 99.3% 
Specificity: 62.6% 
PPV: 25% 
NPV: 99.8% 
Accuracy: 24.1% 
 
Index text: Ultrasound (new guidelines) 
Sensitivity : 96% 
Specificity: 86.7% 
PPV: 47.7% 
NPV: 99.4% 
Accuracy: 66% 
 

Source of 
funding 

Not stated 

Limitations Risk of bias: very serious due to risk of bias in patient selection, in the conduct or interpretation of the index test, flow and timing 
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Reference Kim 2013 114 

Indirectness: none 

Comments Diagnostic accuracy of US features of current and new guidelines 

 
Reference Koh 2018 114 

Study type Retrospective 

Study 
methodology 

Data source:  thyroid nodules with benign or malignant diagnosis confirmed by surgery or  US-guided FNA between November 2013 to 
July 2014 
 
Recruitment: consecutive 
 

Number of 
patients 

n =  363  (370 nodules) 
 

Patient 
characteristics 

Age, mean (SD; range): 53.1 (13; 19-86) 
 
Gender (male to female ratio): 65:298 
 
Ethnicity: Not specified 
 
Setting: Department of Radiology, Severance Hospital, Research Institute of Radiological Science, Yosnei University, College of Medicine 
 
Country: South Korea 
 
Inclusion criteria: nodules ≥10 mm in size, proven to be benign or malignant by surgery or diagnosed as benign or malignant on US-FNA 
wither on initial aspiration or repeat US-FNA after initial non-diagnostic or indeterminate cytology results.  
 
Exclusion criteria: Symptomatic thyroid cysts that were aspirated for symptom relief 

Target 
condition(s) 

Thyroid cancer 

Index test(s) 
and reference 
standard 

Index test: Ultrasound (US) 
Gray-scale US was performed with a 5-12 MHz linear probe by 14 board-certified radiologists with 1-19 years of experience in thyroid 
imaging (four staff radiologists, 10 fellows), including four study observers. One radiologist captured transverse and longitudinal images of 
each thyroid nodule from the picture PACS. Four observers with 19, 15, two and one years of experience in thyroid imaging, 
independently reviewed the images and filled out data interpretation forms. All four observers were blind to the clinical information of the 
patient or cytologic results during the image review.   
 
After assessing US features, final assessment of nodules was based on the Kim criteria, TI-RADS by Kwak et al, and the 2015 ATA 
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Reference Koh 2018 114 

guidelines.  
Test positive: Suspicious malignant for Kim; categories 4 and 5 for TI-RADS; low, intermediate and high suspicion for the 2015 ATA 
guidelines.  
 
Reference standard: UG-FNAB or surgery (n=57) 
US-fine needle aspiration cytology either on initial aspiration or repeat US-FNA after initial non-diagnostic or indeterminate cytology 
results.  
 
Time between measurement of index test and reference standard: not specified 
 

2×2 table 
 

Kim Reference standard + Reference standard − Total   

Index test + 158 303 461 

Index test − 54 965 1019 

Total 
 

212 1268 1480 

2×2 table 
 

K-TIRADS Reference standard + Reference standard − Total   

Index test + 193 759 952 

Index test − 19 509 528 

Total 
 

212 1268 1480 

2×2 table 
 

2015 ATA Reference standard + Reference standard − Total   

Index test + 197 999 1196 

Index test − 15 269 284 

Total 
 

212 1268 1480 

Statistical 
measures 

Index text: Ultrasound (Kim) 
Sensitivity : 74.5% 
Specificity: 76.1% 
PPV: 34.3% 
NPV: 94.7% 
AUC:0.753 
Accuracy: 75.9% 
 
Index text: Ultrasound (Kwak-TIRADS) 
Sensitivity : 91% 
Specificity: 40.1% 
PPV: 20.3% 
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Reference Koh 2018 114 

NPV: 96.4% 
AUC:0.809 
Accuracy: 47.4% 
 
Index text: Ultrasound (2015 ATA) 
Sensitivity : 92.9% 
Specificity: 21.2% 
PPV: 16.5 % 
NPV: 94.7% 
AUC:0.804 
Accuracy: 31.5% 
 
 

Source of 
funding 

No funding 

Limitations Risk of bias: none 
Indirectness: none 

Comments Diagnostic accuracy of US using Kim, K-TIRADS, 2015 ATA guidelines 

 

 
Reference Koseoglu Atilla 2018 133 

Study type Retrospective  

Study 
methodology 

Data source: patients with thyroid nodules who underwent  FNA between 2010 and 2014 in Tepecik Training and Research Hospital 
 
Recruitment: consecutive 
 

Number of 
patients 

n = 2847 patients; 2614 finally included 
 

Patient 
characteristics 

Age, mean (SD): 51.01 (13.86) 
 
Gender (male to female ratio): 2263/351 
 
Ethnicity:  not specified 
 
Setting: Tepecick Training and Research Hospital 
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Reference Koseoglu Atilla 2018 133 

 
Country: Turkey 
 
Inclusion criteria: consecutive patients with thyroid nodules undergoing FNA between 2010 and 2014;  i.e. patients with solid nodules 
≥1cm, or with mixed cystic nodules ≥1.5-2cm and songiform nodules ≥2cm and patients with high risk history who had nodules ≥5mm 
 
 
Exclusion criteria: patients with non-diagnostic FNABs 

Target 
condition(s) 

Thyroid cancer 

Index test(s) 
and reference 
standard 

Index test: Ultrasound 
US was performed by using high-spatial resolution US machines equipped with a 5.5-12.5 MHz linear probe.  
 
Nodules were classified according to the ACR TI-RADS guideline based on composition, echogenicity, shape, and margin characteristics 
of the nodules as bening (TR1), not suspicious (TR2), mildly suspicious (TR3), moderately suspicious (TR4) and highly suspicious (TR5).  
 
 
Reference standard: US-guided FNA 
FNAB was performed according was performed according to the 2009 ATA guideline. Cytopathological interpretation of FNAB samples 
was done using the Bethesda System for reporting Thyroid Cytopathology. 
 
Time between measurement of index test and reference standard: not specified 
 

2x2 table ACR TI-RADS Reference standard + Reference standard − Total  Patients with non-diagnostic FNABs 
(Bethesda I) were excluded (n=233) Index test + 79 880 959 

Index test − 22 1633 1655 

Total 
 

101 2513 2614 

Statistical 
measures 

Index text Ultrasound (ACR-TIRADS) 
Sensitivity : 78.22% 
Specificity: 65% 

Source of Not specified 
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Reference Koseoglu Atilla 2018 133 

funding 

Limitations Risk of bias: none 
Indirectness: none 

Comments Diagnostic accuracy of US using ACR-TI-RADS 

 

 
Reference Lauria Pantano 2018 138 

Study type Retrospective (cross-sectional) 

Study 
methodology 

Data source: nodules undergoing FNA from January 2015 to May 2016 
 
Recruitment: not specified 
 

Number of 
patients 

n = 946 (1169  nodules) 
 

Patient 
characteristics 

Age, mean (SD): 56(13.3) 
 
Gender (male to female ratio): 199:946 
 
Ethnicity:  not specified 
 
Setting: Unit of Endocrinology and Diabetes of the Campus Bio-Medico University 
 
Country: Italy 
 
Inclusion criteria: All nodules undergoing FNA from January 2015 to May 2016 
 
Exclusion criteria: nodules with TIR1 (non-diagnostic cytology)  

Target 
condition(s) 

Thyroid cancer 

Index test(s) 
and reference 
standard 

Index test: Ultrasound 
US of the thyroid gland and neck area was performed by experienced physicians at a frequency range of 10-12 MHz on a MyLab 50. 
Nodules were then classified according to the ATA, AACE/ACE/AME US and ACR TI-RADS risk stratification by an automated algorithm. 
Based on the description retrieved from medical records, a yes or no answer to each of the following features were input for each nodule 
into a Microsoft excel worksheet: purely cystic, more than 50% cystic, eccentric solid area, spongiform, spongiform with internal 
vascularisation, mixed cystic and solid, solid hypoechoic, solid marked (or very hypoechoic), solid isoechoic, hyperechoic, 
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Reference Lauria Pantano 2018 138 

macrocalcifications, microcalcifications, internal hyperechoic spots, calcified rim, irregular margins, taller than wide shape, rim 
calcifications with small extrusive soft tissue component, evidence of extrathyroidal extension/ suspicious nodes. Then, by using a pre-
specified coding developed according to the above-mentioned guidelines, the software combined all the yes or no answers and 
automatically assigned one ATA, one AACE/ACE/AME and one ACR TI-RADS category to each nodule 
 
 
Reference standard: US-guided FNA 
US-guided FNA was performed by experienced physicians. All FNAs were performed based on an impartial clinical indication, 
independent from the study. FNA was performed by free-hand technique under US guidance, using a 23- or 25-gauge needle. Cytology 
specimens were evaluated by expert cytopathologists conforming to the Italian Reporting System for Thyroid Cytology as follows: TIR1 
(non-diagnostic), TIR1C (nondiagnostic cystic), TIR2 (non-malignant/benign), TIR3a (low-risk indeterminate lesion), TIR3b (high-risk 
indeterminate lesion), TIR4 (suspicious of malignancy) or TIR 5 (malignant). TIR1 nodules were excluded from the study. Nodules with 
TIR1c cytology were considered clinically non-malignant/benign. TIR3b, TIR4 and TIR5 were classified as cytologically high risk of 
malignancy. TIR1c, TIR2 and TIR3a were considered cytologically benign.  
 
Time between measurement of index test and reference standard: not specified 
 

2×2 table 
 

ATA Reference standard + Reference standard − Total  N=54 nodules did not match the ATA 
sonographic patterns and were categorised as 
‘ATA unclassified’,  n=9 of those were 
cytologically high risk 

Index test + 87 525 612 

Index test − 17 394 411 

Total 
 

104 919 1023 

2x2 table AACE/ACE/AME Reference standard + Reference standard − Total  N=28 did not match the AACE/ACE/AME 
categories and were categorised as 
‘AACE/ACE/AME unclassified’ ; of these n=1 
was cytologically high risk 

Index test + 109 786 895 

Index test − 3 151 154 

Total 
 

112 937 995 

2x2 table ACR TI-RADS Reference standard + Reference standard − Total   

Index test + 93 525 618 

Index test − 20 439 459 

Total 
 

113 964 1077 
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Reference Lauria Pantano 2018 138 

Statistical 
measures 

Index text Ultrasound (ATA) 
Sensitivity : 83.7% 
Specificity: 42.9% 
PPV: 14.2% 
NPV: 95.9% 
 
Index text Ultrasound (AACE/ACE/AME) 
Sensitivity : 97.3% 
Specificity: 16.1% 
PPV: 12.2% 
NPV: 98.1% 
 
 
Index text Ultrasound (ACR-TIRADS) 
Sensitivity : 82.3 % 
Specificity: 45.5% 
PPV: 15% 
NPV: 96.6% 

Source of 
funding 

No funding 

Limitations Risk of bias: none 
Indirectness: none 

Comments Diagnostic accuracy of US using ATA, AACE/ACE/AME, ACR-TI-RADS 

 
Reference Lim-Dunham 2017 150 

Study type Retrospective study 

Study 
methodology 

Data source: paediatric patients who underwent US fine-needle aspiration biopsy 
 
Recruitment: consecutive  
 

Number of 
patients 

n = 33 (39 nodules) 
 

Patient 
characteristics 

Age, median (range): Benign nodules 16 ( 8-18); malignant 16.5 (9-18) 
 
Gender (male to female ratio): 5:28 
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Reference Lim-Dunham 2017 150 

Ethnicity: not specified 
 
Setting: Department of Radiology, Loyola University Chicago Stritch School of Medicine  
 
Country: USA 
 
Inclusion criteria: patients ages 18 years and younger who were referred to the radiology department for US-FNAB of one or more thyroid 
nodules at authors’ medical centre between 1996 and 2016 
 
Exclusion criteria: lack of preliminary US images (n=29), uncertainty in correlating the identity of the nodule on US with pathology (n= 3) 
and poor US image quality (n=14). 
 

Target 
condition(s) 

Thyroid cancer 

Index test(s) 
and reference 
standard 

Index test: Ultrasound 
All individuals underwent diagnostic gray-scale US with colour Doppler using high frequency (8-15 MHz) linear array transducers.  
Based on US features, each nodule was assigned a level of suspicion of malignancy based on the 2015 ATA management guidelines: 
benign very low suspicion, low suspicion intermediate suspicion, high suspicion. 
 
Reference standard: UG-FNAB or surgery (n=14) 
Two board-certified paediatric radiologists each with more than 10 years’ experience performed the FNAB procedures in the radiology 
department by free-hand technique with US guidance using a 25-gauge needle. Nodules less than 5 mm or located adjacent to the 
common carotid artery or internal jugular vein were not considered for UG-FNAB. Between two and eight samples were taken from the 
solid component of each nodule. A staff pathologist was present during the procedure to verify diagnostic adequacy of the sample.  
A decision to proceed with surgical thyroidectomy was made by the endocrine surgeon. If a patient did not undergo surgery, the 
cytopathology from the UG-FNAB was used to classify nodules.  
Nodules were classified according to the Bethesda System for reporting Thyroid Cytopathology as follows: Class I, nondiagnostic; Class II 
benign; Class III, atypia or follicular lesion of undetermined significance; Class IV, follicular neoplasm/suspicion for a follicular neoplasm; 
Class V, suspicious for malignancy; and Class VI, malignant. Bethesda Class II and III were considered benign and Class IV, V and VI 
were considered malignant.  
 
 
Time between measurement of index test and reference standard: not specified 
 

2×2 table 
 

 Reference standard + Reference standard − Total  Notes: 14 nodules were classified based on 
surgical pathology (n=2 benign, n=12 malignant) 
 

Index test + 12 9 21 

Index test − 0 12 12 
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Reference Lim-Dunham 2017 150 

Total 
 

12 21 33 Analysis included each patient’s largest nodule 
observation.  

Statistical 
measures 

Index text Ultrasound 
Sensitivity : 100% 
Specificity: 57.1% 
PPV: 57.1% 
NPV: 100% 
 

Source of 
funding 

Not specified 

Limitations Risk of bias: none 
Indirectness: none 

Comments Diagnostic accuracy of US in children using the 2015 ATA guidelines 

 

 
Reference Macedo 2018 114 

Study type Prospective  

Study 
methodology 

Data source:  patients with thyroid nodules attending tertiary university-based hospital between July 2014 to August 2015 
 
Recruitment: consecutive unselected patients 
 

Number of 
patients 

n = 178 (195 nodules) 
 

Patient 
characteristics 

Age, median (range): 59 (49-66) 
 
Gender (male to female ratio): 9:169 
 
Ethnicity: Not specified 
 
Setting: Endocrinology Division, Santa Casa de Misericordia de Porto Alegre (tertiary, university-based hospital)  
 
Country: Brazil (Southern iodine-replete area) 
 
Inclusion criteria: unselected patients with thyroid nodules attending hospital between July 2014 and August 2015 
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Reference Macedo 2018 114 

 
Exclusion criteria: Patients with known thyroid cancer and/or purely cystic nodules 

Target 
condition(s) 

Thyroid cancer 

Index test(s) 
and reference 
standard 

Index test: Ultrasound (US) (using TI-RADS & ATA) 
Thyroid Ultrasound Conventional B-mode and Doppler images of the neck and thyroid gland were obtained by ultrasound machine 
(ACUSON S2000, Siemens and ACUSON Antares, Siemens HealthCare, Erlangen, Germany) using a high-frequency probe (12 MHz). All 
US examinations were performed by the same radiologist (RFI) who has more than 10 years of experience in thyroid ultrasound. 
All images were examined on real-time two-dimensional gray-scale and Doppler imaging.  
 
Findings that were considered in favour of malignancy were hypoechoic or markedly hypoechoic in echogenicity; irregular, micro 
lobulated, or ill-defined margins; presence of micro calcification; round shape and the presence of lymphadenopathy.  
 
Prospective evaluation using the modified Russ classification was performed. Each nodule was classified into a TI-RADS category (2, 3, 4 
and 5) based on US features. Benign patterns: category 3 or 2; Suspect patterns: category 5 or 4.  
 
Posteriorly, the same radiologist (RFI), blind about pathological results, scored all evaluated nodules based on new ATA thyroid nodule 
guideline. Based on the number of features suspicious for malignancy four different sonographic patterns were considered: ‘very low 
suspicion’; ‘low suspicion’; ‘intermediate’ and ‘high suspicion’. Benign patterns: low risk and very low risk category; Suspect patterns: high 
risk and intermediate risk category. 
 
Reference standard: FNA, cytology, histology 
All 195 nodules were submitted to FNA performed by using a capillary US-guided technique with a 23-gauge needle attached to a 10 mL 
disposable plastic syringe. Only one needle pass was made per lesion in most cases. Cytology smears were prepared on four to six 
slides. One cytopathologist from the institution with vast experience in thyroid pathology interpreted the smears.  
A thyroid FNA specimen was considered satisfactory if at least 6 groups of follicular cells were present, and each group comprised at least 
10 cells.  
The Bethesda System for Cytological classification of Thyroid Nodules was used to interpret smears as: 1) non-diagnostic or 
unsatisfactory,2)  benign, 3) atypia of undetermined significance, 4) follicular neoplasm or suspicious for a follicular neoplasm, 5) 
suspicious for malignancy and 6) malignant.  
 
Histology was available for 45 cases: Surgery was indicated based on cytopathological results (Bethesda 4,5 and 6), or when the nodule 
was benign (Bethesda 2) but larger than 2-3 cm and causing compressive symptoms. Anatomopathological examinations of tissue 
samples obtained at thyroidectomy were carried out according to the World Health organization Guidelines and the pathology reports 
pertaining to these samples were considered identical to the gold standard for the diagnosis of thyroid cancer.  
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Reference Macedo 2018 114 

Time between measurement of index test and reference standard: not specified 
 

2×2 table 
 

TIRADs Reference standard + Reference standard − Total  Notes: Only Bethesda categories 2 and 6 were 
used (n=138) to compare TI-RADS and ATA 
score with cytological results.  
 
 

Index test + 5 51 56 

Index test − 0 82 82 

Total 
 

5 133 138 

2×2 table 
 

ATA Reference standard + Reference standard − Total  Notes: Only Bethesda categories 2 and 6 were 
used (n=138) to compare TI-RADS and ATA 
score with cytological results.  
 

Index test + 5 33 38 

Index test − 0 100 100 

Total 
 

5 133 138 

Statistical 
measures 

Index text: Ultrasound (TI-RADS) 
Sensitivity : 100% 
Specificity: 61.6% 
NPV: 100% 
Accuracy: 63% 
 
Index text: Ultrasound (ATA) 
Sensitivity : 100% 
Specificity: 75 % 
NPV: 100% 
Accuracy: 76% 
 

Source of 
funding 

Not stated 

Limitations Risk of bias: serious risk of bias due to flow and timing, potential bias in the interpretation of the reference standard 
Indirectness: none 

Comments Diagnostic accuracy of ultrasonography using ATA and TI-RADS risk stratification.  

 
Reference Maino 2018 114, 170 

Study type Prospective  

Study 
methodology 

Data source:  patients with nodules submitted to FNAC from November 2016 to June 2017 
 
Recruitment: not specified 
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Reference Maino 2018 114, 170 

Number of 
patients 

n = 340 (432 nodules) 
 

Patient 
characteristics 

Age, mean (SD, range): 57 (14.3, 16-86) 
 
Gender (male to female ratio): 77:263 
 
Ethnicity: Not specified 
 
Setting: Department of Medical, Surgical and Neurological Sciences, University of Sienna 
 
Country: Italy 
 
Inclusion criteria: all nodules submitted to FNAC for diagnostic purposes 
 
Exclusion criteria: not specified; nodules with non-diagnostic cytology were finally excluded from analysis 

Target 
condition(s) 

Thyroid cancer 

Index test(s) 
and reference 
standard 

Index test: Ultrasound (US)  
Neck US was performed by the same experienced endocrinologist of our staff using a high-resolution US colour Doppler apparatus with a 
7.5 MHz linear transducer. US features of each thyroid nodule were described and recorded in the database by the endocrinologist who 
performed the examination and nodules were stratified using sonographic patterns as described and published in the 2015 ATA guidelines 
into: benign, very low suspicion, low suspicion, intermediate suspicion and high suspicion categories  and as described  in the ETA US 
risk stratification system into: EU-TIRADS 2 (benign), EU-TIRADS 3 (low risk), EU-TIRADS 4 (intermediate risk) and EU-TIRADS 5 (high 
risk) 
 
 
Reference standard: FNA, cytology, histology 
US-guided FNAC was performed for at least two separate passes for each thyroid nodule by using a 23/25-gauge needle. Material was air 
dried, trained with May-Grunwald Giemsa and interpreted by the same experienced cytologist. Cytology reports from US-guided FNAC of 
thyroid nodules were based on the five categories according to the criteria of the British Thyroid Association (Thy 1: nondiagnostic; Thy2: 
benign, Thy 3: undetermined  significance; Thy 4: suspicious for malignancy; and Thy 5: malignant)  
 
All patients with Thy4/Thy5 cytologies were send to surgery; in Thy2 only those with compressive symptoms were send to surgery and the 
remaining were observed by annual follow-up .  
 
 
Time between measurement of index test and reference standard: not specified 
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Reference Maino 2018 114, 170 

 

2×2 table 
 

ATA Reference standard + Reference standard − Total  Notes: 381 nodules finally included, excluding 
Thy 1 nodules: nondiagnostic ; 2x2 calculated 
excluding Thy3 nodules with undetermined 
significance (n=31) 
 
 

Index test + 11 64 75 

Index test − 3 272 275 

Total 
 

14 336 350 

2×2 table 
 

EU TIRADs Reference standard + Reference standard − Total  Notes: 381 nodules finally included, excluding 
Thy 1 nodules: nondiagnostic; 2x2 calculated 
excluding Thy 3 nodules with undetermined 
significance (n=31) 
 

Index test + 11 66 77 

Index test − 3 270 273 

Total 
 

14 336 350 

Statistical 
measures 

Index text: Ultrasound (ATA) 
Sensitivity : 78.6% 
Specificity: 80.9% 
 
Index text: Ultrasound (EU-TI-RADS) 
Sensitivity : 78.6% 
Specificity:  80.4% 
 

Source of 
funding 

Ministero Italiano dell’Universita e Ricerca 

Limitations Risk of bias: serious risk due to patient selection, potential bias in the interpretation of index test results, flow and timing  
Indirectness: none 

Comments Diagnostic accuracy of ultrasonography using ATA and EU TI-RADS risk stratification.  

 

 
Reference Martinez-Rios 2018 175 

Study type Retrospective cohort 

Study 
methodology 

Data source:  children referred to Hospital for Sick Children, Toronto with US and clinical data from January 1992 to October 2015 
 
Recruitment: not specified, children referred to hospital for the evaluation of thyroid nodules 
 

Number of 
patients 

n = 124 (125 nodules) 
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Reference Martinez-Rios 2018 175 

Patient 
characteristics 

Age, mean (SD, range): 13.6 (3.1, 3.3-17.7)  
 
Gender (male to female ratio): 40: 84 
 
Ethnicity: Not specified 
 
Setting: Hospital of Sick Children, Toronto 
 
Country: Canada 
 
Inclusion criteria: patients younger than 18 years; benign or malignant thyroid nodules with confirmed histology and or cytology or no 
histology available but a minimum 2-year follow-up with clinical sonographic stability of the nodule; thyroid nodules measuring more than 
10 mm.  
 
Exclusion criteria: poor image quality/no US imaging available; previous exposure to irradiation; previous oncological conditions; known 
family history of RET, DICERI or PTEN gene mutations.  

Target 
condition(s) 

Thyroid cancer 

Index test(s) 
and reference 
standard 

Index test: Ultrasound (US) (using TI-RADS & ATA) 
US findings of a combination of gray-scale and colour Doppler US images of the thyroid gland and the bilateral cervical lymph nodes 
compartments were analysed. Imaging was performed with iU22 and Alpio ultrasound equipment. US examinations were performed 
according to the standards protocols for thyroid gland/neck protocols of the research department. All examinations were performed with 
high-frequency linear-array transducers in longitudinal and transverse planes. The entire US examination was reviewed and background 
echogenicity of the thyroid gland, number of thyroid nodules, nodule location within the gland, and size of nodules in mm.   
 
US data were reviewed by three radiologists using the ATA and TI-RADS methods. US studies were initially scored by a consensus of two 
paediatric radiologists (each with 2 years’ experience) and then a score by an independent paediatric radiologist (with 37 years’ 
experience) was obtained. Readers were blinded to final diagnoses and clinical data.  
 
For the purposes of assigning test characteristics, when assessing the ATA method: high and intermediate suspicion classifications were 
considered as probably malignant; low suspicion, very low suspicion and benign were considered as probably benign.  
For TI-RADS: categories 4a, 4b, 4c and 5 were considered as probably malignant; categories 2 and 3 were considered as probably 
benign.  
 
Reference standard: histopathology/cytology or 2-year follow-up of clinical outcome for non-operative cases 
The reference standard was surgical histopathology or cytology or at least 2 years’ clinical follow-up without evolution of malignant 
features 
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Reference Martinez-Rios 2018 175 

 
Time between measurement of index test and reference standard: not specified 
 

2×2 table 
 

TIRADs Reference standard + Reference standard − Total  Notes: excluded 1 histologically indeterminate 
nodule 
 
 

Index test + 52  58  110  

Index test − 0  13  13  

Total 
 

52 71  123 

2×2 table 
 

ATA Reference standard + Reference standard − Total  Notes: excluded 1 histologically indeterminate 
nodule 
 

Index test + 45  22 67  

Index test − 7 49 56  

Total 
 

52 71 123 

Statistical 
measures 

Index text: Ultrasound (TI-RADS) 
Sensitivity : 100% 
Specificity: 18.3% 
PPV: 47.3% 
NPV: 100% 
 
Index text: Ultrasound (ATA) 
Sensitivity :86.5 % 
Specificity: 69% 
PPV:67.2 % 
NPV: 87.5% 
 

Source of 
funding 

Not stated 

Limitations Risk of bias: none 
Indirectness: none 

Comments Diagnostic accuracy of ultrasonography using ATA and TI-RADS risk stratification.  

 
Reference Middleton 179 

Study type Prospective 

Study 
methodology 

Data source: patients who had undergone US and US-guided FNA of a focal nodule between August 2006 and May 2010 
 
Recruitment: not specified 
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Reference Middleton 179 

 

Number of 
patients 

n = 3315 (3822 nodules) 
 

Patient 
characteristics 

Age, mean (SD): 54.4(18-97) 
 
Gender (male to female ratio): 766:3056 
 
Ethnicity:  not specified 
 
Setting: Mallinckordt Institute of Radiology, Washington University St Louis; Department of Diagnostic radiology, Mayo Clinic, Rochester; 
Department of Radiology, The Parelman school of medicine at the University of Pennsylvania; department of Diagnostic imaging, Rhode 
island hospital, Brown University; Department of Radiology, University of Kentucky College of Medicine; Department of radiology, Stanford 
University Medical Centre 
 
Country: USA 
 
Inclusion criteria: All patients 18 years or older who had undergone diagnostic thyroid ultrasound examinations and US-guided FNA of a 
focal nodule between August 2006 and May 2010. 
 
Exclusion criteria: non-diagnostic findings by FNA, surgical histologic analysis or both (n=173), or results that were indeterminate or 
suspicious for malignancy with no subsequent definitive diagnosis (n=227). 

Target 
condition(s) 

Thyroid cancer 

Index test(s) 
and reference 
standard 

Index test: Ultrasound 
Images of the biopsied nodules were obtained using a variety of commercially available ultrasound units, with specific attention 
prospectively directed to nodule characteristics (e.g. composition, echogenicity, margins, echogenic foci) similar to those used int the ACR 
lexicon to describe thyroid nodules. The sonographic images and cine clips of thyroid nodules were saved and sent to a central reading 
site. Nodules were analysed at the central study site by two radiologists who had access to the original ultrasound report but had no 
knowledge of the findings of cytologic analysis.  
Points were assigned to each nodule for the separate categories of composition, echogenicity, margins, and echogenic foci on the basis of 
the TIRADS guidelines. Nodule shape (i.e. taller than wide) was included in TIRADS but not in the present analysis. The sum of the points 
in each category determined the TIRADS level assigned to each nodule, with TR1 indicating 0 points; TR2, 2 points, TR3, 3 points, TR4, 
4-6 points; TR5 7 or more points. 
 
Reference standard: US-guided Fine-needle aspiration  
A total of one to three nodules were biopsied for each patient. The procedure used for specimen procurement was left to the discretion of 
the physician performing the FNA. The physician was free to perform the number of needle passes deemed appropriate at their institution. 
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Reference Middleton 179 

Cytopathologic interpretations from each institution were used to distinguish between benign and malignant nodules. The results of the 
FNA were divided into five categories: malignant, suspicious for malignancy, indeterminate, benign and nondiagnostic. Nodules for which 
results were suspicious for malignancy, indeterminate or nondiagnostic were excluded from the study unless they were followed by 
diagnostic FNA or surgical resection that provided histologic confirmation of malignancy or benignancy.  
 
Time between measurement of index test and reference standard: not specified 
 
 

2×2 table 
 

 Reference standard + Reference standard − Total  Notes: 303 malignant nodules were diagnosed 
on the basis of cytologic analysis, were 
resected and had histologically confirmed 
diagnosis. 

Index test + 297 1488 1785 

Index test − 55 1582 1637 

Total 
 

352 3070 3422 

Statistical 
measures 

Index text Ultrasound (ACR-TIRADS) 
Sensitivity : 84.4% 
Specificity: 51.5% 
PPV: 16.6% 
NPV: 96.6 % 
 

Source of 
funding 

Not specified 

Limitations Risk of bias: none 
Indirectness: none 

Comments Diagnostic accuracy of US using TIRADS classification 

 

 
Reference Moon 2010 187 

Study type Retrospective 

Study 
methodology 

Data source: patients that underwent US and US-guided FNAB  from June 2007 to August 2007 
 
Recruitment: consecutive 
 

Number of n = 1024 (1083  nodules) 
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Reference Moon 2010 187 

patients  

Patient 
characteristics 

Age, median (range): 50(16-83) 
 
Gender (male to female ratio): 138:886 
 
Ethnicity:  not specified 
 
Setting: Severance Hospital (reference centre)  
 
Country: South Korea 
 
Inclusion criteria: nodules with benign or malignant results at cytologic evaluation, or with thyroid surgery performed after cytologic results 
suggestive of papillary thyroid carcinoma, indeterminate results, or with benign or malignant results at cytologic examination or with 
surgery in case of indeterminate results or inadequate cytologic results.  
 
Exclusion criteria: not specified 

Target 
condition(s) 

Thyroid cancer 

Index test(s) 
and reference 
standard 

Index test: gray-scale Ultrasound, elastography 
All gray-scale and power Doppler US examinations were performed by using a 5-12 MHz linear probe. Power Doppler examinations were 
performed by using the standard equipment settings for thyroid glands. US examinations were performed by one of five radiologists with 7 
to 13 years of experience. US features of all thyroid nodules that underwent US-guided FNA were prospectively recorded according to the 
internal component, echogenicity, margin, calcifications, shape, and final assessment at the time of FNA by the radiologists who 
performed the US examination and US-guided FNAB. Vascularity was determined at power Doppler US. Three types of vascularity were 
identified: type 1, no vascularity; type 2, peripheral vascularity; type 3, intranodular vascularity.   
Suspicious malignant gray-scale US features were classified by using criteria of marked hypoechogenicity, non-circumscribed margin, 
microcalcifications and taller than wide shape. When thyroid nodules showed one or more of these suspicious malignant features, they 
were classified as suspicious. When thyroid nodules showed none of these suspicious features, they were classified as probably benign.  
  
To compare the diagnostic performance of the combination of only gray-scale US features and the combination of gray-scale and power 
Doppler US features, six criteria were assigned as follows: criterion 1, any single suspicious gray-scale US-feature; criterion 2, addition of 
peripheral and intranodular vascularities as one of suspicious features to criterion 1; criterion 3, addition of peripheral vascularity as a 
suspicious feature to criterion 1; criterion 4, addition of intranodular vascularity as a suspicious feature to criterion 1; criterion 5, addition of 
no vascularity as a suspicious feature to criterion1; and criterion 6, AACE and AME guidelines-all hypoechoic nodules with at least one of 
the following additional US features: irregular margins, intranodular vascular spots, taller-than-wide shape, or microcalcifications.  
 
Reference standard: US-guided Fine-needle biopsy 
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Reference Moon 2010 187 

US-guided FNABs were performed by the same radiologist who performed US examinations, by using a 5-12 MHz linear probe. US-
guided FNAB was performed on either thyroid nodules with suspicious US features or the largest thyroid nodules without suspicious US 
features. It was not performed on entirely cystic nodules. US-guided FNAB was performed with a 23-gauge needle and a 2-mL disposable 
plastic syringe.  
 
Time between measurement of index test and reference standard: not specified 
 
 

2×2 table 
 

Kim Reference standard + Reference standard − Total   

Index test + 227 115 342 

Index test − 42 699 741 

Total 
 

269 814 1083 

2x2 Kim+USD Reference standard + Reference standard − Total   

Index test + 245 387 632 

Index test − 24 427 451 

Total 
 

269 814 1083 

2x2 AACE/AME Reference standard + Reference standard − Total   

Index test + 220 168 388 

Index test − 49 646 695 

Total 
 

269 814 1083 

Statistical 
measures 

Index text Ultrasound (Kim) 
Sensitivity : 84.4% 
Specificity: 85.9% 
PPV: 66.4% 
NPV: 94.3 % 
 
Index text Ultrasound (Kim+ USD) 
Sensitivity : 91.1% 
Specificity: 52.5% 
PPV: 38.8% 
NPV: 94.7% 
 
Index text Ultrasound (AACE/AME) 
Sensitivity : 81.8 % 
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Reference Moon 2010 187 

Specificity: 79.4 % 
PPV: 56.7% 
NPV: 92.9% 

Source of 
funding 

Not specified 

Limitations Risk of bias: serious due to risk of bias in the interpretation of the index test and reference standard test results 
Indirectness: none 

Comments Diagnostic accuracy of gray-scale US and power Doppler US (USD) using Kim, Kim +USD Rago, AACE/AME classification 

 

 
Reference Moon 2012 188 

Study type Retrospective 

Study 
methodology 

Data source: thyroid nodules imaged at gray-scale US, elastography and US-guided FNA from June to November 2009 
 
Recruitment: not specified 
 

Number of 
patients 

n = 676 (703  nodules) 
 

Patient 
characteristics 

Age, mean (range): 49.7(18-79) 
 
Gender (male to female ratio): 120:556 
 
Ethnicity:  not specified 
 
Setting: Department of Radiology, Yosnei University College of Medicine 
 
Country: South Korea 
 
Inclusion criteria: nodules with benign or malignant results at cytologic evaluation, with thyroid surgery performed after obtaining cytologic 
results suspicious for papillary thyroid carcinoma or indeterminate results, or with benign or malignant results at follow-up US-guided FNA 
or thyroid surgery after cytologic results of inadequate specimen. 
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Reference Moon 2012 188 

 
Exclusion criteria: nodules containing cystic components (n=101), unsuccessful elastography (n=17), nodules suspicious for papillary 
thyroid carcinoma or with indeterminate or inadequate results (n=43) at cytologic evaluation that had not undergone surgery or repeat US-
guided FNA 

Target 
condition(s) 

Thyroid cancer 

Index test(s) 
and reference 
standard 

Index test: gray-scale Ultrasound, elastography 
All gray-scale US images were obtained by using a 6-14 MHz linear array transducer. Real time gray-scale US was performed by one of 
eight radiologists with 1 to 15 years of experience. Gray-scale US features of thyroid nodules that underwent US-guided FNA were 
prospectively recorded according to the internal component, echogenicity, margin, calcifications, shape, and final assessment at the time 
of FNA by the radiologists who performed the US examination and FNA.  
Suspicious malignant gray-scale US features included marked hypoechogenicity, poorly defined margin, microcalcifications and taller than 
wide shape. When thyroid nodules showed one or more of these suspicious malignant features, they were assessed as suspicious. When 
thyroid nodules showed no suspicious features, they were assessed as probably benign.  
 After gray-scale examination, elastography was routinely performed by the same radiologists who performed gray-scale US, in thyroid 
nodules detected at gray-scale US and targeted for US-guided FNA by using the same US machine and probe, using a free-hand 
technique. Elastography images were classified according to the scores by Rago et al and Asteria et al. According to Rago elasography 
score were classified on a scale from 1 to 5; score of 4 and 4 were classified as suspicious for malignancy. According to Asteria et al 
elastography scores were classified on a scale from 1 to 4; nodules with score of 3 and 4 were classified as suspicious for malignancy. 
 
Reference standard: US-guided Fine-needle biopsy 
US-guided FNA biopsy was performed by the same radiologist who performed gray-scale US and elastography, by using a 23-gauge 
needle and a 2-mL disposable plastic syringe with a freehand technique.  
 
Time between measurement of index test and reference standard: not specified 
 

2×2 table 
 

Kim Reference standard + Reference standard − Total  Surgery performed after FNA in 221 
nodules (202 patients); UGFNA for two 
nodules in 27 patients and one nodule in 
649 patients. 

Index test + 199 162 361 

Index test − 18 324 342 

Total 
 

217 486 703 

2x2 Kim+USE Rago Reference standard + Reference standard − Total  Surgery performed after FNA in 221 
nodules (202 patients); UGFNA for two 
nodules in 27 patients and one nodule in 
649 patients. 

Index test + 200 170 370 

Index test − 17 316 333 

Total 
 

217 486 703 

2x2 Kim+USE Asteria Reference standard + Reference standard − Total  Surgery performed after FNA in 221 
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Reference Moon 2012 188 

Index test + 205 255 460 nodules (202 patients); UGFNA for two 
nodules in 27 patients and one nodule in 
649 patients. 

Index test − 12 231 243 

Total 
 

217 486 703 

Statistical 
measures 

Index text Ultrasound (Kim) 
Sensitivity : 91.7% 
Specificity: 66.7 % 
PPV: 55.1% 
NPV: 94.7 % 
Accuracy: 74.4% 
 
Index text Ultrasound (Kim+ USE Rago) 
Sensitivity : 92.2% 
Specificity: 65% 
PPV: 54.1% 
NPV: 94.9% 
Accuracy: 73.4% 
 
Index text Ultrasound (Kim+ USE Asteria) 
Sensitivity : 94.5% 
Specificity: 47.5% 
PPV: 44.6% 
NPV: 95.1% 
Accuracy: 62% 

Source of 
funding 

Not specified 

Limitations Risk of bias: serious due to risk of bias in the interpretation of the index test and reference standard test results 
Indirectness: none 

Comments Diagnostic accuracy of gray-scale US  and elastography (USE) using Kim, Kim +USE Rago, Kim+USE Asteria classification 

 

 
Reference Na 2016 190 

Study type Retrospective 

Study 
methodology 

Data source: patients with thyroid nodules with final diagnosis who had FNA or core needle biopsy (CNB)  at low and high cancer volume 
institutions, from January  2010 to May 2011 
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Reference Na 2016 190 

 
Recruitment: consecutive enrolment of predetermined number of 2000 nodules (1000 from each low and high cancer volume institutions) 
 

Number of 
patients 

n = 1802  (2000 nodules) 
 

Patient 
characteristics 

Age, mean (SD): 51.2 (12.2) 
 
Gender (male to female ratio): 415:1387 
 
Ethnicity:  not specified 
 
Setting: low and high cancer volume institutions (two primary medical centres, two tertiary hospitals) 
 
Country: South Korea 
 
Inclusion criteria: patients enrolled from low and high cancer volume institutions from January 2010 to May 2011, with thyroid nodules 
(≥1cm) with final diagnosis, who had undergone FNA or CNB.  
 
Exclusion criteria: no final diagnosis (n=1242), entirely calcified nodules for which US characteristics could not be analysed (n=14) 

Target 
condition(s) 

Thyroid cancer 

Index test(s) 
and reference 
standard 

Index test: Ultrasound 
A high resolution US scan using a 10-12MHz or 5-14MHz linear-array transducer was employed. US images were retrospectively 
reviewed by one of three experienced radiologists with 19, 16 and 12 years of experience. All reviewers with no knowledge of FNA results 
or final diagnosis assessed the following US features of thyroid nodules: internal content, echogenicity, margin, shape, calcification, 
nodule vascularity, spongiform appearance, and comet-tail artefact. Colour Doppler US images were available in 1295 nodules.  
Risk stratification of nodules was according to K-TIRADS and was based on solidity and echogenicity. Nodules were classified into 5 
categories: 1. no nodule, 2. Benign, 3. Low suspicion, 4.intermediate suspicion, 5. High suspicion.  
 
Reference standard: US-guided Fine-needle aspiration or Core-needle biopsy 
FNA was performed with a conventional method and at least two samplings were performed for each nodule. CNB was performed using a 
disposable 18-gauge, single-or-double action spring-activated needle. The interpretation of FNA was based on the Bethesda System for 
Reporting Thyroid Cytopathology, and CNB results were diagnosed with a six-tier pathology reporting system. 
In case of a nondiagnostic result from the initial FNA, the results of repeated FNA or CNB were used.  
 
Final diagnoses were determined by surgical resections in 239/1546 (15.5%) benign nodules, 451/454 (99.3%) malignant nodules and by 
CNB in three cases (0.7%)  
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Reference Na 2016 190 

 
Time between measurement of index test and reference standard: not specified 
 

2×2 table 
 

 Reference standard + Reference standard − Total  Surgery:690 nodules 

CNB: 3 nodules 

Repeated FNA or CNB: 381 nodules 

FNA or CNB and follow-up US: 926 
nodules 

Index test + 367 462 829 

Index test − 87 1084 1171 

Total 
 

454 1546 2000 

Statistical 
measures 

Index text Ultrasound (Korean-TIRADS) 
Sensitivity : 80.8% 
Specificity:70.6 % 
PPV: 44.6% 
NPV: 92.6 % 
Accuracy: 72.9% 

Source of 
funding 

Not specified 

Limitations Risk of bias: none 
Indirectness: none 

Comments Diagnostic accuracy of K-TIRADS US classification 

 

 
Reference Pandya 2018 207 

Study type Retrospective 

Study 
methodology 

Data source: subjects undergoing first-time FNA of a thyroid nodule between October 2009 and February 2016, identified via the 
electronic medical record system and Department of Radiology records. 
 
Recruitment: consecutive 
 

Number of 
patients 

n = 1947 
 

Patient 
characteristics 

Age, mean (range): 56 (26-86) 
 
Gender (male to female ratio): 475:1472 
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Reference Pandya 2018 207 

 
Ethnicity:  not specified 
 
Setting: Department of Radiology, University of Michigan Health Systems 
 
Country: USA 
 
Inclusion criteria: subjects undergoing first-time FNA of a thyroid nodule between October 2009 and February 2016, identified via the 
electronic medical record system and Department of Radiology records, for patients that had undergone repeat procedural visits of FNA of 
a thyroid nodule only the most recent procedure was included 
 
Exclusion criteria:  

Target 
condition(s) 

Thyroid cancer 

Index test(s) 
and reference 
standard 

Index test: Ultrasound 
The diagnostic thyroid ultrasound was performed with electronically focused linear transducers ranging in frequency  from 6 to 15 mHz. 
One radiologist, with 9 years’ experience, retrospectively reviewed the diagnostic thyroid ultrasound images on a picture archiving and 
communication workstation, determined whether each nodule had microcalcifications, assigned each nodule one of 14 morphologic 
descriptors according to the 2015 ATA guidelines, and placed each nodule into one of five 2015 ATA categories of risk (ATA 1, 2, 3, 4, 5), 
based on echogenicity, margins, shape, cystic nature and presence of microcalcifications.  
 
 
Reference standard: US-guided Fine-needle aspiration  
US-FNA was performed by a member of the cross-sectional interventional service of the radiology department at the University of 
Michigan. The diagnostic FNA was performed with electronically focused linear transducers ranging in frequency  from 6 to 15 mHz. 
Aspirations were performed with a series of 25-gauge needles and free-hand technique under direct sonographic visualization. The needle 
was inserted into the targeted nodules, and aspirations were performed with a capillary method. Varying areas of the nodule were 
sampled in each pass. A minimum of six passes were performed unless a cytopathologist was present. In these latter cases, cellular 
adequacy was obtained. The maximum number of passes was 12.  
 
 All thyroid FNAS were interpreted according to the Bethesda System for Reporting Thyroid Cytopathology in the categories as follows. 
Nondiagnostic, benign, atypia of undetermined significance, suspicious for malignancy and malignancy. 
 
For subjects whose initial FNA results were inconclusive (i.e. nondiagnostic, atypia or follicular lesion of undetermined significance, or 
suspicious for neoplasm) the electronic medical record was reviewed to determine whether a subsequent targeted FNA or surgery was 
performed to enable a more definitive diagnosis within a year of the initial FNA. In such cases that final diagnosis was recorded. In cases 
where no definitive diagnosis was obtained, the initial cytopathology was considered the final result.  
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Reference Pandya 2018 207 

 
Time between measurement of index test and reference standard: not specified 
 

2×2 table 
 

 Reference standard + Reference standard − Total  Nodules identified as indeterminate by US were 
treated as benign Index test + 85 546 631 

Index test − 13 706 719 

Total 
 

98 1252 1350 

Statistical 
measures 

Index text Ultrasound  
Sensitivity : 86.7% 
Specificity: 56.4% 
 

 

Source of 
funding 

Not specified 

Limitations Risk of bias: none 
Indirectness: none 

Comments  

 

 
Reference Park 2016  215 

Study type Retrospective 

Study 
methodology 

Data source: thyroid nodules assessed by US-guided FNA  between August and October 2010 at tertiary referral centre 
 
Recruitment: not specified 
 

Number of 
patients 

n = 592 (622 nodules) 
 

Patient 
characteristics 

Age, mean (range): 49.8 (14-86) 
 
Gender (male to female ratio): 119:473 
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Reference Park 2016  215 

Ethnicity:  not specified 
 
Setting: tertiary referral centre 
 
Country: South Korea 
 
Inclusion criteria: thyroid nodules assessed by US-guided FNA  between August and October 2010 at tertiary referral centre 
 
Exclusion criteria: nonthyroidal lesions, nodules smaller than 0.5cm, and nodules with no acceptable follow-up or operation 

Target 
condition(s) 

Thyroid cancer 

Index test(s) 
and reference 
standard 

Index test: Ultrasound 
Thyroid US was performed at a frequency range of 7 to 15 MHz on an iU22 by one of 7 radiologists. All radiologists had 1 to 11 years of 
experience in thyroid imaging. The US features were prospectively analysed by the radiologist who performed the US examination. All 
nodules were classified into one of three categories: benign, intermediate, malignant according to the KSThR guidelines. Taking into 
account internal components, echogenicity, margin, calcification, shape, and orientation of the thyroid nodule, based on the KSThR 
nodules were classified as follows: Probable benign, indeterminate or suspicious malignant. 
 
 
Reference standard: US-guided Fine-needle aspiration  
US-FNA was performed by one of the seven trained radiologists who conducted the US examinations. US-FNA was performed manually 
with a 23-gauge needle attached to a 2-mL disposable syringe. On average 1-2 passes were performed for each nodule. One of six 
cytopathologists interpreted the FNA specimens. All cases were reported using a six-tiered diagnostic system according to the Bethesda 
System for Reporting Thyroid Cytopathology. 
 
Nodules were considered benign if they met at least one of the following conditions: 1. They were pathologically confirmed as benign by 
thyroidectomy or core needle biopsy; 2. Had US-follow up of at least 2 years with either no interval change or a decrease in size  after an 
initial benign cytology finding; and 3. Had benign cytology in more than two FNAs. Nodules were malignant if they were confirmed as 
malignant thyroid carcinoma by two serial FNAs or by thyroidectomy.  
 
Time between measurement of index test and reference standard: not specified 
 

2×2 table 
 

 Reference standard + Reference standard − Total  Nodules identified as indeterminate by US were 
treated as benign Index test + 140 16 156 

Index test − 11 303 314 

Total 
 

151 319 470 
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Reference Park 2016  215 

Statistical 
measures 

Index text Ultrasound  
Sensitivity : 93% 
Specificity: 95% 
 

 

Source of 
funding 

Samsung Medical Centre 

Limitations Risk of bias: serious due to risk of bias in the interpretation of the index test results 
Indirectness: none 

Comments Diagnostic accuracy of KSThR US classification 

 

 
Reference Persichetti  2018 218 

Study type Prospective 

Study 
methodology 

Data source: patients referred for US-guided FNA  from January to September 2016 
 
Recruitment: consecutive 
 

Number of 
patients 

n = 789 (1100 nodules) 
 

Patient 
characteristics 

Age, mean (SD): 55 (14) 
 
Gender (male to female ratio): 181:608 
 
Ethnicity:  white 
 
Setting: Regina Apostolorum Thyroid Centre 
 
Country: Italy 
 
Inclusion criteria: nodules from patients referred for US-guided FNA at the Regina Apostolorum Thyroid Centre from seven endocrine 
clinics from January to September 2016  
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Reference Persichetti  2018 218 

Exclusion criteria: patients with class I of the Bethesda System for Reporting Thyroid Cytopathology or an incomplete assessment i.e. 
patients who after the first cytological evaluation did not repeat a second FNA or who did not undergo surgery and were lost at follow-up 

Target 
condition(s) 

Thyroid cancer 

Index test(s) 
and reference 
standard 

Index test: Ultrasound 
All sonographic examinations were performed with two identical state-of-the art US machines equipped with a 5-to 15-MHz linear 
transducer and with colour Doppler, power Doppler, and elastography software. US images were independently evaluated by four 
examiners for the assignment of the malignancy risk according to the ATA, BTA, AACE/ACE/AME guidelines on the basis of US features 
described in their classification systems. The operators had specific experience in endocrine neck US examination for a time that ranged 
from 9 to 21 years.  
Based on the ATA, nodules were classified as: benign, low suspicion, intermediate suspicion or high suspicion 
Based on the BTA, nodules were classified as: U1 Normal, U2 benign, U3 intermediate, U4 suspicious and U5 Malignant.  
Based on the AACE/ACE/AME, nodules were classified as: low risk, intermediate risk and  high risk 
 
To compare the diagnostic accuracy of the different classification systems, three major US categories were generated pooling together the 
classes characterised by a similar estimated risk of cancer. The comparison of the high-risk US classes vs low-intermediate risk 
categories and of the high-and intermediate-risk vs the low-risk categories was performed. 
 
Reference standard: US-guided Fine-needle aspiration  
FNA was performed under US guidance according to the US procedure described previously, and cytological samples were classified in 
six diagnostic categories according to the TBSRTC. To decrease the risk of false-negative results, patients had a second FNA 6 to 8 
months after the first cytological assessment. Confirmed class III cytology nodules with positive immunocytochemical and clinical features 
or any suspicious finding were submitted to surgery. Class IV, V and VI nodules were committed to surgical treatment.  
 
Time between measurement of index test and reference standard: not specified 
 

2×2 table 
 

BTA Reference standard 
+ 

Reference standard − Total  987 nodules were included in the analysis; 
n=39 patients with incomplete assessment and 
n=74 with Bethesda class I were excluded 
 
U2 as benign, U3/4/5 as malignant 

Index test + 141 304 445 

Index test − 15 527 542 

Total 
 

156 831 987 

2×2 table 
 

ATA Reference standard 
+ 

Reference standard − Total  987 nodules were included in the analysis; 
n=39 patients with incomplete assessment and 
n=74 with Bethesda class I were excluded 
 
ATA: high/intermediate vs benign, very low and 

Index test + 145 399 544 

Index test − 11 432 443 

Total 156 831 987 
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Reference Persichetti  2018 218 

 low suspicion  

2×2 table 
 

AACE/ACE/AME Reference standard 
+ 

Reference standard − Total  987 nodules were included in the analysis; 
n=39 patients with incomplete assessment and 
n=74 with Bethesda class I were excluded 
 
High vs low-intermediate risk for 

AACE/ACE/AME: high/intermediate-risk vs 
low- risk 

Index test + 154 653 807 

Index test − 2 178 180 

Total 
 

156 831 987 

Statistical 
measures 

Index text Ultrasound (BTA) 
Sensitivity : 90% 
Specificity: 63% 
 
Index text Ultrasound (ATA) 
Sensitivity : 93% 
Specificity: 52% 

 
Index text Ultrasound (AACE/ACE/AME) 
Sensitivity : 99% 
Specificity: 21% 

 
Source of 
funding 

Not stated 

Limitations Risk of bias: none 
Indirectness: none 

Comments Diagnostic accuracy of BTA, ATA, AACE/ACE/AME US classification 

 

 
Reference Rahal 2016 231 

Study type Retrospective 

Study 
methodology 

Data source: patients with thyroid nodules undergoing US scan of thyroid gland and neck area and US-guided FNA from November 2011 
to February 2014 
 
Recruitment: prospective; not specified.  
 

Number of n = 906 (1000 nodules) 
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Reference Rahal 2016 231 

patients  

Patient 
characteristics 

Age, mean (SD): not specified 
 
Gender (male to female ratio): not specified 
 
Ethnicity: not specified 
 
Setting: Hospital Israelita Albert Einstein 
 
Country: Brazil 
 
Inclusion criteria: thyroid nodules in patients who underwent sonographic evaluation, followed by fine needle aspiration. 
 
Exclusion criteria: not specified; nodules with a non-diagnostic or inadequate Bethesda classification were excluded from analysis  
 

Target 
condition(s) 

Thyroid cancer 

Index test(s) 
and reference 
standard 

Index test: Ultrasound (TI-RADS) 
US scan of thyroid gland and neck area was performed by experienced physicians, using the ATL HDI 5000, IU 22 Philips, Aplio 500 
Platinum and My Lab 75 and the acquired images stored in the PACS System. 
Nodules were classified according to TI-RADS system as follows: 1 negative finding, 2 Benign, 3 probably benign, 4A low suspicion, 4B 
intermediate suspicion, 4C moderate suspicion, 5 High suspicion and 6 known proved malignancy. 
The US features associated to higher malignancy risks were irregular margins, hipoechogenicity, marked hypoechogenicity, morphology 
taller than wide and microcalcifications.  
 
Reference standard: US-guided FNA  
FNA was performed by freehand technique under US guidance, using a 23-gauge needle attached to a 20cc syringe. Experienced 
pathologists evaluated all samples according to Bethesda system: I non-diagnostic or inadequate, II benign, III atypia/follicular lesion of 
undetermined significance, IV follicular neoplasm or suspicious for follicular neoplasm, V suspicious of malignancy, VI malignant. Nodules 
classified as IV, V and VI were considered suspicious for malignancy.  
 
Time between measurement of index test and reference standard: not specified 
 

2×2 table 
 

 Reference standard + Reference standard − Total  There were 976 nodules included, 24 were 
classified as Bethesda I and excluded Index test + 114 274 388 

Index test − 9 579 588 

Total 123 853 976 
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Reference Rahal 2016 231 

 

Statistical 
measures 

Index text Ultrasound (TI-RADS) 
Sensitivity: 92.7% 
Specificity: 67.9% 
PPV: 29.4% 
NPV:98.5 % 

 

Source of 
funding 

Not specified 

Limitations Risk of bias: serious due to risk of bias in patient selection 
Indirectness: none 

Comments Diagnostic performance of TI-RADS. 

 

 
Reference Tae 2007 276 

Study type Prospective study 

Study 
methodology 

Data source: 1170 patients who underwent thyroid ultrasonography between January 2003 and January 2005  
 
Recruitment: not specified 
 

Number of 
patients 

n = 580 (1255 nodules) 
 

Patient 
characteristics 

Age, mean (SD): 47.8 (13.9) 
 
Gender (male to female ratio): 77:503 
 
Ethnicity: not specified 
 
Setting: St Mary’s Hospital, Seoul, Republic of Korea  
 
Country: South Korea 
 
Inclusion criteria: patients who underwent thyroid ultrasonography at St Mary’s Hospital, Seoul, Republic of Korea between January 2003 
and January 2005;  
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Reference Tae 2007 276 

 
Exclusion criteria: not specified; patients with unsatisfactory specimen (n=38) were excluded from analysis 
 

Target 
condition(s) 

Thyroid cancer 

Index test(s) 
and reference 
standard 

Index test: Ultrasound 
All thyroid ultrasonography was performed by one radiologist, using an HDI 5000 ultrasound scanner equipped with a 5-12 MHz linear-
array transducer. Nodules were classified based on the Kim criteria. If a single feature suggestive of malignancy was present, the nodule 
was classified as category 3, if the nodule showed no suspicious features it was classified as category 2. Anechoic, cystic lesions were 
classified as category 1. Category 3 was classified as malignant, categories 1, 2 as benign. 
 
Reference standard: FNAB or surgery (n=78 patients) 
FNAs were performed using 22-gauge needles. Palpable, single or dominant nodules >1cm nodules were aspirated by palpation (n=412). 
Aspiration was performed by sonographic guidance if the nodule was nonpalpable or cystic with a solid portion (n=168). The results of 
aspiration cytology were categorised as benign, suspicious of malignancy, malignant, and nondiagnostic. A cytology suspicious of 
follicular or Hurthle cell neoplasm or uncertain findings that could not rule out malignancy were included in a ‘suspicious of malignancy’ 
category.   
 
Time between measurement of index test and reference standard: not specified 
 

2×2 table 
 

 Reference standard + Reference standard − Total  Notes: 78 cases diagnosed as malignant by 
ultrasonography received surgical treatment. 
  
Patients with unsatisfactory specimen 
(n=38) were excluded from analysis 

Index test + 60 64 124 

Index test − 9 409 418 

Total 
 

69 473 542 

Statistical 
measures 

Index text Ultrasound 
Sensitivity: 87% 
Specificity: 86.5% 
PPV: 48.4% 
NPV: 97.8% 

Accuracy: 86.5% 

Source of 
funding 

Not stated 

Limitations Risk of bias: serious due high risk of bias in the interpretation of the index test, reference standard results, flow and timing 
Indirectness: none 
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Reference Tae 2007 276 

Comments Diagnostic accuracy of US using the Kim criteria 

 

 

 

 
Reference Tang 2017 281 

Study type Prospective study 

Study 
methodology 

Data source: patients with thyroid nodules consenting to UGFNA  
 
Recruitment: consecutive patients meeting inclusion criteria from March 2015 to May 2016 
 

Number of 
patients 

n = 199 (206 nodules) 
 

Patient 
characteristics 

Age, mean (SD): not specified 
 
Gender (male to female ratio): 54:157 
 
Ethnicity: not specified 
 
Setting: Department of Pathology and Laboratory Medicine, University of Cincinnati College of Medicine  
 
Country: USA 
 
Inclusion criteria: having a dominant or suspicious nodule seen on office US and been recommended for UGFNA.  
 
Exclusion criteria: patients with known thyroid malignancy or previous benign biopsy and patients who do not meet criteria for biopsy 
 

Target 
condition(s) 

Thyroid cancer 

Index test(s) 
and reference 
standard 

Index test: Ultrasound 
Patients underwent an office US using a high resolution machine. Real-time US was performed by senior author, and nodules were 
stratified using sonographic patterns as described and published in the 2015 ATA guidelines. Nodules were classified into the best fit 
category of high, intermediate, low, very low suspicion or benign based on specific sonographic patterns. 
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Reference Tang 2017 281 

 
Reference standard: UG-FNAB or surgery 
UGFNAB was performed by the same clinician using three to four separate passes with a 22-to 25-gauge needle utilizing capillary and 
aspiration techniques.  
Cytology results were reported based upon the Bethesda System for Reporting Thyroid Cytopathology i.e. benign, atypia of undetermined 
significance/ follicular lesion of undetermined significance, follicular neoplasm, suspicious for malignancy, malignant and non-diagnostic, 
reported by trained cytopathologists   
64 patients with cytology deemed malignant, indeterminate or benign with large nodules underwent surgical excision with subsequent 
permanent final histological diagnosis. The index nodules undergoing US-FNA were assessed as benign or malignant.  
65 nodules were surgically removed and used for analysis.  
 
 
Time between measurement of index test and reference standard: not specified 
 

2×2 table 
 

 Reference standard + Reference standard − Total   

Index test + 11 30 41 

Index test − 1 86 87 

Total 
 

12 116 128 

Statistical 
measures 

Index text: Ultrasound (ATA) 
Sensitivity : 91.7% 
Specificity: 74.1% 
PPV: 26.8% 
NPV: 98.9% 

 

Source of 
funding 

Not specified 

Limitations Risk of bias: none 
Indirectness: none 

Comments Diagnostic accuracy of US using the 2015 ATA guidelines 

 

 
Reference Weiss 2018 309 

Study type Retrospective chart review 
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Reference Weiss 2018 309 

Study 
methodology 

Data source: patients with thyroid nodules consenting to UGFNA  
 
Recruitment: consecutive thyroid FNAs during  an 18 month period (2016-2017) 
 

Number of 
patients 

n = 1157 (1491 nodules); US in n=57 (61 sub-nodules <1cm) 
 

Patient 
characteristics 

Age, mean (range): 52 (19-81) 
 
Gender (male to female ratio): 5:42 
 
Ethnicity: not specified 
 
Setting: Department of Pathology, Microbiology and Immunology, Vanderbilt University School of Medicine 
 
Country: USA 
 
Inclusion criteria: sub-centimeter nodules identified by radiographic information. Ultrasound studies obtained before FNAs included.  
 
Exclusion criteria: not specified.  
 
Further population details: Patients with nodules <1 cm identified through radiographic information; biopsied because of: concomitant 
larger companion nodule (44%); personal history of cancer (19%); family history of cancer (9%) or suspicious sonogram that included 
calcification and/ or irregular contours (16%); unclear reason (14%). 40% of patients who had sub-centimeter nodules were under the care 
of an endocrine specialist.  
 

Target 
condition(s) 

Thyroid cancer 

Index test(s) 
and reference 
standard 

Index test: Ultrasound (TI-RADS) 
51 ultrasound studies were reviewed by a blinded board-certified radiologist subspecialising in thyroid ultrasonography, with 30 years’ 
experience of performing thyroid ultrasound. High TI-RAD score included TR4 and TR5, intermediate TI-RAD score was TR3; low TI-RAD 
score included TR1 and TR2. 
 
 
Reference standard: FNAB  
All nodules were interpreted using the TBSRTC criteria. 
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Reference Weiss 2018 309 

Time between measurement of index test and reference standard: not specified 
 

2×2 table 
 

 Reference standard + Reference standard − Total  Radiographic information for 61 sub-
centimeter nodules from 51 patients 
 
(Ultrasound obtained before FNAB was 
available for 51 nodules) 

Index test + 5 9 14 

Index test − 0 28 28 

Total 
 

5 37 42 

Statistical 
measures 

Index text Ultrasound 
Sensitivity : 100% 
Specificity: 75.7% 
PPV: 35.7% 
NPV: 100% 

Source of 
funding 

Not specified 

Limitations Risk of bias: none 
Indirectness: none 

Comments Risk of malignancy in sub-centimeter nodules using the ACR TI-RADS scoring system 

 

 
Reference Xu 2017 323 

Study type Retrospective (multicentre) 

Study 
methodology 

Data source: patient data collected from eight tertiary hospitals from January 6,2014 to December 20,2014 
 
Recruitment: consecutive 
 

Number of 
patients 

n = 734 (962 nodules) 
 

Patient 
characteristics 

Age, mean (SD): 46.8 (14.09)  
 
Gender (male to female ratio): 156:578 
 
Ethnicity: not specified 
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Reference Xu 2017 323 

 
Setting: eight tertiary hospitals around Jiangsu province 
 
Country: China 
 
Inclusion criteria: patients who underwent thyroid surgery regardless of cytologic results, patients who underwent FNAB at least two times 
within a 1-year interval for benign thyroid lesions, patients who had benign results on cytology and showed no change or decreased size 
at follow-up US for at least a year. 
 
Exclusion criteria: Inadequate data of HRUS, FNAC or postoperative pathology; BSRTC I, III, IV; BSRTC II without repeated FNAC or 
follow-up US; BSRTC II with follow-up FNAC or US, but follow-up interval no more than one year. 
 

Target 
condition(s) 

Thyroid cancer 

Index test(s) 
and reference 
standard 

Index test: Ultrasound (TI-RADS; 2015 ATA) 
All US images were obtained by using a 4-13 MHz linear array transducer. The scanning protocol in all cases included both transverse 
and longitudinal real-time imaging of the thyroid nodules. The features used in the analysis of thyroid nodules included size, composition, 
echogenicity of solid portion, orientation, shape, margin, and calcifications. All US patterns were diagnosed by a radiologist with 10 years 
of experience in thyroid imaging. 
 
 931 patterns were categorised based on the TI-RADS classification (2,3, 4A, 4B, 5)  
 
906 patterns were categorised based on the ATA ultrasound patterns (benign, very low suspicion, low suspicion, intermediate suspicion, 
high suspicion.  
 
Reference standard: Histopathology (surgery, n=703)/ follow-up (n=259) 
 
 
Time between measurement of index test and reference standard: not specified 
 

2×2 table 
 

TI-RADS Reference standard + Reference standard − Total  Histopathological confirmation available for 703 
nodules (375 malignant and 328 benign); 259 
nodules regarded as benign due to repeated 
benign cytology or follow-up ultrasound after the 
first benign cytology 
 
31 nodules could not be categorised by TI-RADS 

Index test + 301 156 363 

Index test − 62 412 568 

Total 
 

363 568 931 
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Reference Xu 2017 323 

2×2 table 
 

ATA Reference standard + Reference standard − Total  Histopathological confirmation available for 703 
nodules (375 malignant and 328 benign); 259 
nodules regarded as benign due to repeated 
benign cytology or follow-up ultrasound after the 
first benign cytology 
 
56 nodules could not be categorised by ATA 

Index test + 336 321 657 

Index test − 23 226 249 

Total 
 

359 547 906 

Statistical 
measures 

Index text Ultrasound (TI-RADS) 
Sensitivity: 83.2% 
Specificity: 71.5% 

AUC: 0.826 
 
Index text Ultrasound (2015 ATA) 
Sensitivity: 94% 
Specificity: 41% 

 
Source of 
funding 

Not specified 

Limitations Risk of bias: none 
Indirectness: none 

Comments Diagnostic performance of TI-RADS and 2015 ATA scoring systems based on nodule size.  

 

 
Reference Xu 2018 324 

Study type Retrospective 

Study 
methodology 

Data source: 3210 lesions that underwent thyroid US examination and FNA and/or surgery between January 2014 to October 2017 
 
Recruitment:  consecutive 
 

Number of 
patients 

n = 2031 (2465 nodules) 
 

Patient 
characteristics 

Age, mean (SD):  47.7 (13.38) 
 
Gender (male to female ratio): 415: 1616 
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Reference Xu 2018 324 

Ethnicity: not specified 
 
Setting: three tertiary hospitals around JiangSu Province 
 
Country: China 
 
Inclusion criteria: nodules with definite histopathology results, nodules with complete Bethesda system for reporting thyroid cytopathology 
results (BSRTC) 
 
Exclusion criteria: nodules without postoperative pathology except for BSRTC II cytology results, nodules of BSRTC II cytology whose US 
follow-up interval less than one year or during which increase in size (defined as more than 50% change in volume or a 20% increase in at 
least two nodule dimensions with a minimal increase of 2mm in solid nodules or in the solid portion of mixed-cystic solid nodule) or change 
in US features  
 

Target 
condition(s) 

Thyroid cancer 

Index test(s) 
and reference 
standard 

Index test: Ultrasound (TI-RADS;) 
All US images were obtained by using a 4-13 MHz linear array transducer. The scanning protocol in all cases included both transverse 
and longitudinal real-time imaging of the thyroid nodules. Designated radiologists from three centres were asked to assess the thyroid 
nodules using one set of standards according to published literature.  The features used in the analysis of thyroid nodules included size, 
composition, echogenicity of solid portion, echotexture, vascularity, shape, margin and calcification. One specialist from each centre 
extracted US features based on static US patterns and description of features and then input these features into database. One 
experience radiologist in thyroid imaging did all classifications according to the database. 
 
All nodules were scored based on patterns and US features of KSThR-TIRADS as followed. Category  2 Benign, category 3 low suspicion, 
category 4 intermediate suspicion, category 5 high suspicion. 
All nodules were scored based on ACR-TI-RADS: TR1, TR2, TR3, TR4, TR5 
All nodules were scored based on patterns and US-features of EU-TIRADS as follows: EU-TIRADS 2, 3, 4, 5 
 
 
Reference standard: FNA and or surgery 
Among nodules, 505 benign nodules and 1005 malignant nodules were confirmed by histopathology; the remaining 955 benign lesions 
were diagnosed based on the benign cytology and follow-up ultrasound. 
 
 
Time between measurement of index test and reference standard: not specified 
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Reference Xu 2018 324 

2×2 table 
 

KSThR- TI-
RADS 

Reference standard + Reference standard − Total   

Index test + 966 671 1637 

Index test − 39 789 828 

Total 
 

1005 1460 2465 

2×2 table 
 

ACR-TIRADS Reference standard + Reference standard − Total   

Index test + 971 687 1658 

Index test − 34 773 807 

Total 
 

1005 1460 2465 

 EU-TIRADS Reference standard + Reference standard − Total   

Index test + 986 810 1796  

Index test − 19 650 669 

Total 
 

1005 1460 2465 

Statistical 
measures 

Index text Ultrasound (KSThR TI-RADS) 
Sensitivity: 96.1% 
Specificity: 54% 

 
Index text Ultrasound (ACR- TI-RADS) 
Sensitivity: 96.6% 
Specificity: 52.9% 
 
Index text Ultrasound (EU- TI-RADS) 
Sensitivity: 98.1% 
Specificity: 44.5% 

 
Source of 
funding 

Not specified 

Limitations Risk of bias: none 
Indirectness: none 

Comments Diagnostic performance of TI-RADS  

 

 



 

 

Im
a
g

in
g

 fo
r F

in
e
 N

e
e

d
le

 A
s
p
ira

tio
n

 

T
h
y
ro

id
 D

is
e

a
s
e

:  F
IN

A
L

 

©
 N

IC
E

 2
0
1

9
.  A

ll rig
h
ts

 re
s
e
rv

e
d
. S

e
e
 N

o
tic

e
 o

f rig
h
ts

. 

1
3
9
 

Reference Yoon 2017 329 

Study type Retrospective 

Study 
methodology 

Data source: patient data collected from March 2007 to February 2010 
 
Recruitment: not specified 
 

Number of 
patients 

n = 4585 (4696 nodules) 
 

Patient 
characteristics 

Age, mean (SD; range): 51 (11.9; 17-94) 
 
Gender (male to female ratio): 3836:749 
 
Ethnicity: not specified 
 
Setting: tertiary referral centre 
 
Country: Korea 
 
Inclusion criteria: patients who underwent US-guided FNA for diagnosis of thyroid nodules at a tertiary referral centre from March 2007 to 
February 2010.  
 
Exclusion criteria: lack of follow-up after results of initial nondiagnostic results, atypia or follicular lesion of undetermined significance, 
follicular neoplasm or suspicion of follicular neoplasm, or suspicion of malignancy 
 

Target 
condition(s) 

Thyroid cancer 

Index test(s) 
and reference 
standard 

Index test: Ultrasound 
Real-time US examinations of both thyroid glands and the cervical regions were performed by using a 6-13-MHz or 5-12-MHz linear 
transducer. Examinations were performed by one of 14 radiologists (four faculty and 10 fellows) with 1-12 years of experience in thyroid 
imaging. US features of the thyroid nodules that underwent US-guided FNA were prospectively re-corded by each radiologist who had 
performed the US and /or US-guided FNA according to composition, echogenicity, margin, calcifications and shape. Solid, 
hypoechogenicity or marked hypoechogenicity, microlobulated or irregular margins, presence of microcalcifications and nonparallel shape 
were considered to be US features suspicious for malignancy.  
 
Reference standard: Histopathology: surgery( n=1072), initial UGFNA (n=3443), repeat UGFNA (n=181) 
US-guided FNA was performed on nodules that showed US features that were suspicious of malignancy or on the largest nodule when 
none of the multiple thyroid nodules manifested with US features suspicious for malignancy.  The decision to perform FNA was at the 
discretion of the interpreting radiologist who used the aforementioned criteria. Examinations were performed by one of 14 radiologists 



 

 

Im
a
g

in
g

 fo
r F

in
e
 N

e
e

d
le

 A
s
p
ira

tio
n

 

T
h
y
ro

id
 D

is
e

a
s
e

:  F
IN

A
L

 

©
 N

IC
E

 2
0
1

9
.  A

ll rig
h
ts

 re
s
e
rv

e
d
. S

e
e
 N

o
tic

e
 o

f rig
h
ts

. 

1
4
0
 

Reference Yoon 2017 329 

(four faculty and 10 fellows) with 1-12 years of experience in thyroid imaging, by using a 23-gauge needle attached to a 2-mL disposable 
syringe either by using an aspirator or the freehand technique, depending on the performer’s preference. Each nodule was aspirated at 
least twice and local anaesthesia was not routinely applied. Aspirated material was expelled on glass slides, which were immediately 
placed in 95% alcohol for Papanicolaou staining. One of eight cytopathologists reviewed the slides. Until 2009 cytology reports were 
categorised into: inadequate, benign, intermediate suspected of papillary carcinoma and malignant; From December 2009 onwards the 6 
categories of the Bethesda System have been used to report results from thyroid cytologic analysis. 
 
Total or near-total thyroidectomy was performed in patients over the age of 45 years, who had multiple tumors, with the presence of 
extrathyroidal extension or lymph node (LN) metastasis on either pre-or intraoperative findings. Hemithyroidectomy was performed in 
patients under the age of 45 years, without finding of multiple tumors, extrathyroidal extension, or LN metastasis.  
 
Time between measurement of index test and reference standard: not specified 
 

2×2 table 
 

SRU Reference standard + Reference standard − Total   

Index test + 564 921 1485 

Index test − 480 2731 3211 

Total 
 

1044 3652 4696 

2×2 table 
 

NCCN Reference standard + Reference standard − Total   

Index test + 973 2200 3173 

Index test − 71 1452 1523 

Total 
 

1044 3652 4696 

2×2 table 
 

ATA Reference standard + Reference standard − Total   

Index test + 999 2165 3164 

Index test − 45 1487 1532 

Total 
 

1044 3652 4696 

2×2 table 
 

F-TIRADS Reference standard + Reference standard − Total   

Index test + 994 1754 2748 

Index test − 50 1898 1948 

Total 
 

1044 3652 4696 

2×2 table 
 

Kim Reference standard + Reference standard − Total   

Index test + 908 616 1524 

Index test − 136 3036 3172 
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Reference Yoon 2017 329 

Total 
 

1044 3652 4696 

2×2 table 
 

K-TIRADS Reference standard + Reference standard − Total   

Index test + 1031 2719 3750 

Index test − 13 933 946 

Total 
 

1044 3652 4696 

Statistical 
measures 

Index text Ultrasound (SRU) 
Sensitivity: 54% 
Specificity: 74.8% 
PPV: 38% 
NPV: 85.1% 

Accuracy: 70.2% 
 
Index text Ultrasound (NCCN) 
Sensitivity: 93.2% 
Specificity: 39.8% 
PPV: 30.7% 
NPV: 95.3% 

Accuracy: 51.6% 
 
Index text Ultrasound (ATA) 
Sensitivity: 95.7% 
Specificity: 40.7% 
PPV: 31.6% 
NPV: 97.1% 

Accuracy: 52.9% 
 
Index text Ultrasound (F-TIRADS) 
Sensitivity: 95.2% 
Specificity: 52% 
PPV: 36.2% 
NPV: 97.4% 

Accuracy: 61.6% 
 
Index text Ultrasound (Kim) 
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Reference Yoon 2017 329 

Sensitivity: 87.0% 
Specificity: 83.1% 
PPV: 59.6% 
NPV: 95.7% 

Accuracy: 84% 
 
Index text Ultrasound (K-TIRADS) 
Sensitivity: 98.8% 
Specificity: 25.6% 
PPV: 27.5% 
NPV: 98.6% 

Accuracy: 41.8% 
 
 

Source of 
funding 

Not specified 

Limitations Risk of bias: serious risk due to potential bias in the interpretation of the index test results; flow and timing 
Indirectness: none 

Comments Diagnostic performance of SRU, NCCN, 2015 ATA, F- TI-RADS, Kim, K-TIRADS 

 
Reference Yoon 2016 331 

Study type Retrospective 

Study 
methodology 

Data source: patient data collected from November  2013 to July 2014 at a tertiary referral centre  
 
Recruitment: not specified 
 

Number of 
patients 

n = 1241 (1293 nodules) 
 

Patient 
characteristics 

Age, mean (SD; range): 50.8 (13.5; 18-87) 
 
Gender (male to female ratio): 257:1036 
 
Ethnicity: not specified 
 
Setting: tertiary referral centre 
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Reference Yoon 2016 331 

Country: Korea 
 
Inclusion criteria: nodules of patients who underwent US-guided FNA for diagnostic purposes at a tertiary referral centre from November  
2013 to July 2014;  nodules were included if they had: undergone surgery, definitive diagnostic cytologic findings of benignity or 
malignancy at US-guided FNA, or inconclusive cytologic findings at initial US-guided FNA but definitive cytologic findings of benignity or 
malignancy at follow-up US-guided FNA. 
 
Exclusion criteria: aspiration of cysts for symptom relief of typically benign thyroid cysts or for diagnosis of perithyroidal lesions such as 
parathyroid cysts, thyroglossal duct cysts, or other cystic masses arising in the cervical region (n=21); maximal diameter less than 10 mm 
(n=913); non-mass forming lesions (n=6); and inadequate follow-up (n=353) because nodules were lost to follow-up after inconclusive 
diagnostic cytologic findings.  
 

Target 
condition(s) 

Thyroid cancer 

Index test(s) 
and reference 
standard 

Index test: Ultrasound 
US examinations were performed by using a 6-13-MHz linear array transducer. Real-time US and subsequent US-guided FNA were 
performed by one of 10 radiologists (four faculty and six fellows) with 1-15 years of experience in thyroid imaging. US features of each 
thyroid nodule that were described and re-corded by one of the 10 radiologists who performed the examinations according to composition, 
echogenicity, margin, calcifications and shape. Marked hypoechogenicity, non-circumscribed margins, microcalcifications or mixed 
calcifications and nonparallel shape were considered to be US features suspicious for malignancy on the basis of published criteria.  
 Nodules were retrospectively classified according to the 2014 ATA guidelines, by one radiologist with 7 years of experience in thyroid 
imaging, as showing high, intermediate, low, or very low suspicion of malignancy.  
For TIRADS, nodules were classified on the basis of the number of suspicious US features present as follows: solidity, hypoechogenicity 
or marked hypoechogenicity, microlobulated to irregular margin, microcalcifications or mixed calcifications, and nonparallel shape. Thyroid 
nodules without any suspicious features were classified as TIRADS category 3. Nodules showing one, two, three or four, or five 
suspicious US features were classified as category 4a, 4b, 4c, or 5 respectively.  
 
Reference standard: UGFNA (n=1051) and surgery (n=242) 
Ultrasound guided fine needle aspiration was performed in nodules measuring more than 5 mm in maximum diameter, nodules with at 
least one suspicious US feature, or the largest mass when none of the multiple thyroid nodule detected at US showed any suspicious US 
features. UGFNA was performed at least twice for each thyroid nodule using a 23-gauge needle attached to a 2-mLsyringe without an 
aspirator. Local anaesthesia was not routinely applied. Aspirated material was expelled on glass slides, which were immediately placed in 
95% alcohol for Papanicolaou staining. Cytopathologists were not present during procedures. One of five cytopathologists interpreted the 
slides and cytology reports were based on the 6 categories of the Bethesda System for Reporting Thyroid Cytopathology.  
 
Time between measurement of index test and reference standard: not specified 
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Reference Yoon 2016 331 

2×2 table 
 

ATA (2014) Reference standard + Reference standard − Total  Very-low suspicion nodules were considered 
negative and low-to-high suspicion as positive.  
 
44 of the 1293 nodules did not meet the criteria 
for any pattern and were classified as not 
specified. 
 
242 nodules (18.7%) underwent surgery and 
1051 (81.3%) was diagnosed on the basis of 
cytologic findings and follow-up US. 

Index test + 223 663 886 

Index test − 11 396 407 

Total 
 

234 1059 1293 

2×2 table 
 

TIRADS Reference standard + Reference standard − Total  Category 3 was considered as negative and 
categories 4a to 5 as positive. 
 
242 nodules (18.7%) underwent surgery and 
1051 (81.3%) was diagnosed on the basis of 
cytologic findings and follow-up US. 

Index test + 228 749 977 

Index test − 6 310 316 

Total 
 

234 1059 1293 

Statistical 
measures 

Index text Ultrasound (ATA) 
Sensitivity: 95.3% 
Specificity: 37.4% 
PPV: 25.2% 
NPV: 97.3% 

Accuracy: 47.9% 
 
Index text Ultrasound (TIRADS) 
Sensitivity: 97.4% 
Specificity: 29.3% 
PPV: 23.3% 
NPV: 98.1% 

Accuracy: 41.6% 
Source of 
funding 

Not specified 

Limitations Risk of bias: serious risk of bias due to potential bias in the interpretation of the index test results; flow and timing 
Indirectness: none 

Comments Diagnostic performance of 2014 ATA and  TI-RADS 

 
Reference Yoon 2015 332 
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Reference Yoon 2015 332 

Study type Retrospective 

Study 
methodology 

Data source: data of patients undergoing US-FNA at tertiary referral centre collected from December  2010 to July 2011  
 
Recruitment: not specified 
 

Number of 
patients 

n = 1257 (1309 nodules) 
 

Patient 
characteristics 

Age, mean (SD; range): 50.1 (12.1; 18-83) 
 
Gender (male to female ratio): 192: 1065 
 
Ethnicity: not specified 
 
Setting: tertiary referral centre 
 
Country: South Korea 
 
Inclusion criteria: thyroid nodules with diagnosis confirmed by surgery after inadequate AUS/FLUS, FN or suspicion of malignancy results 
on cytology, or nodules definitively diagnosed as benign or malignant nodules on US-FNA cytology. 
 
Exclusion criteria: nodules with inadequate cytology that had not been followed with either US-FNA or US examinations (n=227) and 
nodules diagnosed as atypia of undetermined significance/follicular lesions of undetermined significance (n=84), follicular neoplasm (n=9) 
or suspicious for malignancy (n=19) on cytology that had not been followed by US-FNA or surgery.  

Target 
condition(s) 

Thyroid cancer 

Index test(s) 
and reference 
standard 

Index test: Ultrasound 
US examinations were performed by using a 5-12-MHz linear array transducer. Real-time US was performed by one of 12 radiologists 
(four faculty and eight fellows) with 1-15 years of experience in thyroid imaging.  
US features of each thyroid nodule that were prospectively  re-corded by one of the radiologists who performed  the US examinations and 
subsequent US-FNA. Each nodule was described according to tumour composition, echogenicity, margin, calcifications and shape. 
Marked hypoechogenicity, non-circumscribed margins, microcalcifications or mixed calcifications and nonparallel shape were considered 
to be malignant features based on the Kim criteria. The final assessment was ‘probably benign’ when none of the aforementioned 
suspicious US features were present and ‘suspicious malignant’ when one or more of the malignant features was present in a thyroid 
nodule.  
 
Index test: Ultrasound+ vascularity pattern 
 Vascularity was evaluated on 2-D Doppler US images acquired during US examinations. The same US scanner setting and the same 2-D 
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Reference Yoon 2015 332 

power Doppler colour map were used throughout the study to minimise the effect of machine settings on data acquisition. Vascularity was 
classified into three patterns: no vascularity, peripheral vascularity, intra-nodular vascularity 
 
Reference standard: UGFNA (n=962) or surgery (n=347) 
Ultrasound guided fine needle aspiration was performed on nodules with suspicious US features or on the largest mass when none of the 
multiple thyroid nodule detected had suspicious US features. UGFNA was performed with a freehand technique by the same radiologist 
who had performed the US examinations; 23-gauge needle attached to a 2-mL disposable plastic syringe without an aspirator were used. 
Each nodule was aspirated at least twice. Samples obtained were expelled on glass slides, which were smeared and immediately placed 
in 95% alcohol for Papanicolaou staining. Cytopathologists were not present during the US-FNA procedure. One of five experienced 
cytopathologists reviewed the slides and cytology reports were based on the 6 categories of the Bethesda System for Reporting Thyroid 
Cytopathology. 
 
Time between measurement of index test and reference standard: not specified 
 

2×2 table 
 

Kim Reference standard + Reference standard − Total  Surgery (n=347): benign (n=19), malignant 
(n=328) 
 
FNA (n=962): benign (n=910), malignant (n=52) 

Index test + 340 238 578 

Index test − 42 689 731 

Total 
 

382 927 1309 

2×2 table 
 

Kim+USD Reference standard + Reference standard − Total  Surgery (n=347): benign (n=19), malignant 
(n=328) 
 
FNA (n=962): benign (n=910), malignant (n=52) 

Index test + 349 351 700 

Index test − 33 576 609 

Total 
 

382 927 1309 

Statistical 
measures 

Index text Ultrasound (Kim) 
Sensitivity: 89% 
Specificity: 74.3% 
PPV: 58.8% 
NPV: 94.3% 

AUC: 0.821% 
 
Index text Ultrasound (Kim + USD) 
Sensitivity: 91.4% 
Specificity: 62.1% 
PPV: 49.9% 
NPV: 94.6% 

Accuracy: 0.766% 
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Reference Yoon 2015 332 

Source of 
funding 

Not specified 

Limitations Risk of bias: high due to potential risk of bias in the interpretation of the index test and reference standard results; flow and timing 
Indirectness: none 

Comments Diagnostic performance of US using the Kim criteria and Kim +USD 

 
Reference Zhang 2018 353 

Study type Prospective 

Study 
methodology 

Data source: patients with thyroid nodules more than 1cm in diameter from July  2011 to October 2017 
 
Recruitment: not specified.  
 

Number of 
patients 

n = 162 (243 nodules) 
 

Patient 
characteristics 

Age, mean (range): 54.7 (21-79) 
 
Gender (male to female ratio): 41: 121 
 
Ethnicity: not specified 
 
Setting: Nanjing integrated traditional Chinese and western medicine hospital, Nanjing University of Chinese medicine 
 
Country: China 
 
Inclusion criteria: Patients with thyroid nodules more than 1cm in largest diameter, patients agreed to surgery if FNAB results are 
malignant, suspicious for malignancy and indeterminate follicular lesions, patients agreed to initial US-guided FNAB and US follow-up 
(>12 months after US-guided FNAB) for benign thyroid lesions (except for adenomas); and patients agreed to US-guided FNAB for benign 
thyroid lesions at least twice within one-year interval.  
 
Exclusion criteria: not specified 

Target 
condition(s) 

Thyroid cancer 

Index test(s) 
and reference 
standard 

Index test: Ultrasound (TI-RADS) 
Us evaluation was performed by clinically experienced radiologist with 18 years of thyroid US experience or by residents and fellows 
under his supervision .  
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Reference Zhang 2018 353 

US findings were classified according to TIRADS system as described by Russ et al. into the following categories: 1= normal thyroid 
tissue without any nodular aspect; 2=simple cyst, spongiform nodules, ‘white knight’, isolated macrocalcification, nodular hyperplasia; 3= 
no signs of high suspicion, isoechoic or hyperechoic, partial in capsulated; 4a= no signs of high suspicion, mildly isoechoic, encapsulated 
nodule; 4B= irregular shape, taller than wide, irregular borders, microcalcifications, markedly hypoechoic, high stiffness with elastography, 
1 or 2 signs and no lymph node metastasis; 5= irregular shape, taller than wide, irregular borders, microcalcifications, markedly 
hypoechoic, high stiffness with elastography: strain ratio >4, 3 to 5 signs and/or lymph node metastasis.  
TIRADS categories were interpreted as follows: category 1=normal thyroid findings; category 2= constantly benign aspects, category 
3=very probably benign, category  4A= undetermined, 4B=suspicious and 5= highly suspicious.  
 
Reference standard: pathological examination or FNAB  
US-guided FNAB was performed by LQ.H, with 16 years of pathological diagnosis experience, routinely using a 23- gauge needle. A 21-
gauge needle was chosen when a nodule had a large cystic portion and for second-needle passage when the first FNA failed due to 
severe nodule stiffness. Direct smears were made, immediately fixed with alcohol after FNA and stained with Papanicolaou stain. The 
adequacy of the specimens was assessed using visual inspection, classified into two groups: insufficient (fewer than six particles) or 
sufficient (more than 6 visible particles). Additional FNA procedures were performed when the lesion was considered inaccurately targeted 
in the case of small nodules or when an insufficient specimen was suspected by visual inspection.   
 
US-guided FNAB were performed at the hospital. Pathology results were obtained after surgery if FNAB results were malignant, 
suspicious for malignancy and indeterminate follicular lesions. For malignant nodules the pathological diagnosis was confirmed by 
surgery. A final diagnosis of benign nodule was made when one of the following parameters were met: repeated FNA confirmed at least 
twice; surgical specimen; and benign cytology findings on the FNA in confirmed with a stable size or reduced size during follow-up US 
(>12 months). If the nodule was surgically resected, the FNAB diagnosis was then compared to the surgical pathology diagnosis to 
evaluate concordance.  
 
Time between measurement of index test and reference standard: not specified 
 

2×2 table 
 

 Reference standard + Reference standard − Total  Resection was performed on 82 nodules 

Index test + 64 66 130 

Index test − 3 110 113 

Total 
 

67 176 243 
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Reference Zhang 2018 353 

Statistical 
measures 

Index text Ultrasound (F-TIRADS) 
Sensitivity: 92.5% 
Specificity: 68.2% 
PPV: 52.5% 
NPV: 96% 

Accuracy:74.9%  
 

Source of 
funding 

Not specified 

Limitations Risk of bias: very serious due to high risk of bias in patient selection; index test, reference standard, flow and timing 
Indirectness: none 

Comments Diagnostic performance of F- TIRADS. 

 
Reference Zhang 2017 354 

Study type Retrospective 

Study 
methodology 

Data source: patients with thyroid nodules who had received conventional US and CEUS examinations between December  2012  and  
December  2014 
 
Recruitment: retrospective; not specified.  
 

Number of 
patients n=246 (319 nodules) 

 
 

Patient 
characteristics 

Age, mean (SD; range): 46.1 (15.2; 19-74) 
 
Gender (male to female ratio): 85: 161 
 
Ethnicity: not specified 
 
Setting: Department of Ultrasound, The Third Xiangya Hospital, Central South University 
 
Country: China 
 
Inclusion criteria: Patients who had received conventional US and CEUS examinations and postoperative pathological diagnoses or 
FNABs between December 2012 and December 2014  
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Reference Zhang 2017 354 

 
Exclusion criteria: not specified  
 

Target 
condition(s) 

Thyroid cancer 

Index test(s) 
and reference 
standard 

Index test: Ultrasound (TI-RADS; TI-RADS+CEUS) 
Diagnosis was performed with a S2000 colour Doppler US system equipped with an 14L5 transducer for conventional US and equipped 
with an 9 L4 transducer for conventional transducer for CEUS. Every section of the thyroid was scanned. TI-RADS were used to evaluate 
and classify every nodule. The CPS technique and SonoVue contrast agent were used. A 20-G needle was inserted into the patients’ 
peripheral veins to establish intravenous access. All examinations were performed by an experienced radiologist with more than 10 years’ 
experience in US diagnosis and more than 1 years’ experience of performing CEUS of thyroid nodules.  US imaging data were ana lysed 
by two other experienced radiologists who performed blind independent analyses of the TI-RADS and CEUS images to retrospectively 
analyse the nature of the thyroid nodules.  
The 4a, 4b thyroid nodules which were categorised by TI-RADS and a combination of TI-RADS and CEUS were studied retrospectively. 
 
TI-RADS classification: score 1: normal thyroid; score 2: no malignant sign, benign lesions; score 3: one malignant sign, high probability of 
benignity; score 4a: two malignant signs, possible benignity;  score 4b: three malignant signs, high probability of malignancy; score 5: four 
to five malignant signs, highly suggestive of malignancy. Scores 1-4a diagnosed as benign; scores 4b-5 diagnosed as malignant.  
 
CEUS classification: circular enhancement; high enhancement; equal enhancement; low enhancement. High, circular or equal 
enhancement diagnosed as benign; low enhancement diagnosed as malignant.  
 
 
Reference standard: FNAB (230 nodules) or surgery (89 nodules):  
 
 
Time between measurement of index test and reference standard: not specified 
 

2x2 K TIRADS Reference standard + Reference standard − Total   

Index test + 75 176 251 

Index test − 0 68 68 

Total 
 

75 244 319 

2×2 table 
 

ZhangTI-RADS Reference standard + Reference standard − Total   

Index test + 65 21 86 

Index test − 10 223 233 

Total 75 244 319 
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Reference Zhang 2017 354 

 

2x2 table TIRADS+CEUS Reference standard + Reference standard − Total   

Index test + 73 10 83 

Index test − 2 234 236 

Total 
 

75 244 319 

Statistical 
measures 

Index text Ultrasound (K TI-RADS) 
Sensitivity: 96% 
Specificity: 67.6% 
PPV: 47.7% 
NPV: 98.2% 

Accuracy:73.8%  
 
Index text Ultrasound (Zhang TI-RADS) 
Sensitivity: 86.7% 
Specificity: 91.4% 
PPV: 75.6% 
NPV: 95.7% 

Accuracy:90.3%  
 
Index text Ultrasound (TI-RADS+CEUS) 
Sensitivity: 97.3% 
Specificity: 95.5% 
PPV: 88% 
NPV: 99.1% 

Accuracy:96.0%  
 
 

Source of 
funding 

No funding 

Limitations Risk of bias: serious risk due to patient selection, index test 
Indirectness: none 

Comments Diagnostic performance of TI-RADS; TI-RADS+ CEUS. 

 
Reference Zhang 2015 346 
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Reference Zhang 2015 346 

Study type Prospective 

Study 
methodology 

Data source: patients with thyroid nodules from October 2011 to June 2013 
 
Recruitment: prospective; not specified.  
 

Number of 
patients 

n = 2921 (3980 nodules) 
 

Patient 
characteristics 

Age, mean (SD): 51.6 (11.6, 16-78) 
 
Gender (male to female ratio): 951: 1970 
 
Ethnicity: not specified 
 
Setting: not specified/ Department of Medical Ultrasound, Shanghai Tenth People’s Hospital? 
 
Country: China 
 
Inclusion criteria: Patients with thyroid nodules 
 
Exclusion criteria: loss at follow-up, less than 12 month follow-up for benign nodules, no cytology/pathology results with TI-RADS category 
4 and 5, increase in size on follow-up US without further cytopathological evaluation.  
 
Nodule diameter ranged from 2.0 mm to 70.0 mm; mean (SD) 15.7 (11) mm.  
 
 

Target 
condition(s) 

Thyroid cancer 

Index test(s) 
and reference 
standard 

Index test: Ultrasound (TI-RADS) 
Us scanning was performed with an S2000 US system, using a 4-9 MHz linear-array transducer and a  Logiq E9 US system using a 9-15 
MHz linear-array transducer.  
 
All the image analysis and TI-RADS classification was performed by two board-certified investigators with consensus who were blind to 
the final results. TI-RADS category 2 and 3 were regarded as ‘test negative’; TI-RADS category 4 and 5 as ‘test positive’. Therefore, 
benign lesions classified as 2 and 3 were regarded as true negative and non-benign lesions classified as 4 or 5 as true positive 
 
 
Reference standard: pathological examination or FNA cytology 
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Reference Zhang 2015 346 

 
UGFNA was performed under sterile conditions. Three to four passes were made for each nodule using a 23-gauge needle. On-site 
accuracy was not performed in this study. Samples were submitted for cytology.  
 
Time between measurement of index test and reference standard: not specified 
 

2×2 table 
 

 Reference standard + Reference standard − Total  Final diagnosis based on FNA (n-628 nodules); 
Surgery (partial or total thyroidectomy) 
performed in all nodules with benign or 
suspicious cytology and 55 nodules with 
inconclusive cytology and 10 benign nodules. 
Remaining 737 nodules underwent surgery 
without FNA. 971 had pathological results. 

Index test + 222 339 561 

Index test − 6 3413 3419 

Total 
 

228 3752 3980 

Statistical 
measures 

Index text Ultrasound (TI-RADS) 
Sensitivity: 97% 
Specificity: 90% 
PPV: 40% 
NPV: 99% 

Accuracy:91%  
 

Source of 
funding 

Shanghai Hospital Development Centre; Shanghai Human Resource and Social security Bureau; National Natural Science foundation of 
China 

Limitations Risk of bias: serious risk due to flow and timing.  
Indirectness: serious due to indirect reference standard for some cases 

Comments Diagnostic performance of Kwak’s TI-RADS. 

 
Reference Zheng 2018 363 

Study type Retrospective 

Study 
methodology 

Data source: patients who had undergone sonography and had thyroid surgery or FNA  from January  2015 to December 2016 
 
Recruitment: retrospective; not specified.  
 

Number of 
patients 

n = 1163 (21189 nodules) 
 

Patient Age, mean (SD; range): 45.3 (13; 15-81) 
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Reference Zheng 2018 363 

characteristics  
Gender (male to female ratio): 308: 725 
 
Ethnicity: not specified 
 
Setting: Department of Ultrasound, Rui Jin Hospital, School of Medicine, Shanghai Jiao Tong University 
 
Country: China 
 
Inclusion criteria: Patients who had undergone sonography and had thyroid surgery or FNA at Rui Jin Hospital from January  2015 to 
December 2016 
 
Exclusion criteria: nodules without final histopathological or cytological results (n=27); with final histopathological or cytological results but 
not refer to the suspicious lesions in US (n=16); with typically benign US features (n=6); inadequate sonographic data acquisition (n=107) 

Target 
condition(s) 

Thyroid cancer 

Index test(s) 
and reference 
standard 

Index test: Ultrasound (TI-RADS) 
Conventional Us was performed with a 5 to 12 MHz linear array transducer. During scanning, patients lay on the bed in supine position 
with slight flexion of the head to fully expose the front area of the neck. Images of nodules were acquired by carefully scanning the thyroid 
and adjacent tissues both transversely and longitudinally. If multiple nodules were present, every suspicious one would be focused on. 
Ultrasound examination and image acquisition are performed by radiologists with more than 5 years of experience.  
 
Two reviewers with more than 5 years of experience in thyroid US independently performed retrospective analysis of ultrasonic images of 
the surgical nodules without knowing pathological or cytological results and other clinical information. Discordance was solved by another 
reviewer with more than 10 years of experience in thyroid US.  
 
When assessing nodules, 2 reviewers selected 1 feature from the first 4 categories of the e ACR TI-RADS: composition, echogenicity, 
shape, margins and all the features that apply from echogenic foci category. The sum of the points determined by TI-RADS level, with 
TR1 indicating 0 points, TR2, 2 points; TR3, 3 points; TR4 4 to 6 points and TR5, 7 or more points.  
 
 
Reference standard: surgery (n=527) or FNA (n=506)  
 
 
Time between measurement of index test and reference standard: not specified 
 

2×2 table  Reference standard + Reference standard − Total  Nodules with typically benign US features and 
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Reference Zheng 2018 363 

 Index test + 307 410 715 without any suspicious features  were excluded 

Index test − 1 315 318 

Total 
 

308 725 1033 

Statistical 
measures 

Index text Ultrasound (ACR-TIRADS) 
Sensitivity: 99% 
Specificity: 43.4% 
PPV: 42.7% 
NPV: 99.1% 

Accuracy:60%  
 

Source of 
funding 

Not specified 

Limitations Risk of bias: serious risk due to high risk of bias in the conduct of the reference standard; flow and timing 
Indirectness: none 

Comments Diagnostic performance of ACR TIRADS. 

 

 
Reference Zhou 2018 367 

Study type Prospective 

Study 
methodology 

Data source: patients with thyroid nodules from July to September 2016 
 
Recruitment: not specified.  
 

Number of 
patients 

n = 161 (167 nodules) 
 

Patient 
characteristics 

Age, mean (SD): 44.14 (12.01) 
 
Gender (male to female ratio): 43: 118 
 
Ethnicity: not specified 
 
Setting: Department of Ultrasound of the Third Xiangya Hospital 
 
Country: China 
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Reference Zhou 2018 367 

 
Inclusion criteria: Patients with solid  or mainly solid thyroid nodules, with at least 1 of the suspicious features (solid component, 
hypoechogenicity or marked hypoechogenicity, irregular margins, microcalcifications, and a taller than wide shape) on US imaging.  
 
Exclusion criteria: dominantly cystic nodules, pregnancy, suspicious thyroid nodules that were eggshell calcified.  
 

Target 
condition(s) 

Thyroid cancer 

Index test(s) 
and reference 
standard 

Index test: Ultrasound (TI-RADS) 
All Us examinations were performed with commercially available scanners equipped with L12-3E transducer for both conventional and 
contrast-enhanced US with ultra-wideband nonlinear contrast imaging. The following information was gathered with conventional US: echo 
(hypo, iso, or hyper level), composition (solitary or mixed), taller-than- wide shape, nodule margin and calcifications. After conventional 
US, the transducer was switched to the contrast-enhanced US mode. Images were quantitative analysed with Contrast Imaging QA 
software. The Region of Interest (ROI) was set in the most evident enhanced region and the same ROI area was copied in perinodule 
thyroid tissues and served as a control. A time-intensity curve and all of the quantitative parameters were generated to show the contrast-
enhanced US performance as follows: 1. Peak intensity; 2.ascend slope-compared to perinodule tissue; 3.descent slope- compared to 
perinodule tissue ; 4.time to peak- compared to perinodule tissue; 5. Time from peak to one-half- compared to perinodule tissue; 6. AUC - 
compared to perinodule tissue. The ratios of nodule and perinodule values were adopted to evaluate the thyroid nodules. 
 Ultrasound examinations was performed by a single experienced examiner, and the quantitative analysis of contrast-enhanced US was 
performed by trained sonographers, blinded to clinical data and other imaging findings.  
 
Nodules were classified based on the TI-RADS classification as levels: 3, 4a, 4b and 5. TI-RADS 4a nodules were supposed to be benign.  
 
Reference standard: FNA or surgery 
A cytological analysis was done based on the Bethesda classification system. 
 
Time between measurement of index test and reference standard: not specified 
 
 

2×2 table 
 

TI-RADS Reference standard + Reference standard − Total  Results for 161 patients with solid 
thyroid nodules.  Index test + 91 15 106 

Index test − 2 53 55 

Total 
 

93 68 161 

2×2 table 
 

TI-RADS+contrast-
enhanced US parameter 
ratios 

Reference standard + Reference standard − Total  Results for 161 patients with solid 
thyroid nodules. 
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Reference Zhou 2018 367 

Index test + 91 15 106 

Index test − 2 53 55 

Total 
 

93 68 161 

Statistical 
measures 

Index text Ultrasound (TI-RADS) 
Sensitivity: 98% 
Specificity: 78% 

 
Index text Ultrasound (TI-RADS+ contrast-enhanced US parameter ratios) 
Sensitivity: 98% 
Specificity: 78% 

 
 

Source of 
funding 

Not stated 

Limitations Risk of bias: serious due to risk of bias in reference bias and flow and timing 
Indirectness: none 

Comments Diagnostic performance of TI-RADS and TI-RADS+ contrast-enhanced US parameter ratios 
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Appendix E: Coupled sensitivity and 
specificity forest plots and sROC curves 

E.1 Coupled sensitivity and specificity forest plots 

Figure 2: BTA 

 

Figure 3: Kim 

 

Figure 4: Modified Kim 

 
 

Figure 5: Kim + Doppler 

 
 

Figure 6: Kim + USE (Rago) 

 
 

Figure 7: Kim + USE (Asteria) 
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Figure 8: SRU 

 
 

 

Figure 9: AACE/ACE/AME 

 
 

 

Figure 10: ATA 

 

Figure 11: ATA (subcentimetre) 

 

Figure 12: KSThR 

 

Figure 13: TIRADS (ACR) 
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Figure 14: TIRADS (French) 

 
 

 

Figure 15: TIRADS (Kwak) 

 
 

Figure 16: TIRADS (Korean)  

 
 

 

Figure 17: TIRADS (Horvarth) 

 
 

Figure 18: TIRADS (Zhang) 

 
 

Figure 19: TIRADS (Zhang + CEUS) 
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Figure 20: TIRADS (Kwak + CEUS) 

 
 

Figure 21: NCCN 

 
 

 

Figure 23: Children - ATA 

 
 

 

Figure 24: Children - TIRADS (Kwak) 
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Appendix F:   Health economic evidence 
selection 

Figure 22: Flow chart of health economic study selection for the guideline 

  

 

Records screened in 1st sift, n=2689 

Full-text papers assessed for eligibility 
in 2nd sift, n=69 

Records excluded* in 1st sift, n=2620 

Papers excluded* in 2nd sift, n=65 

Papers included, n=2 (0 
studies) 
 

• Information: n=0 

• TFTs: n=0 

• Indication for testing: n=0 

• Imaging for FNA n=0 

• FNA±US n=1 

• Antibodies Hypo: n=0 

• Antibodies Hyper: n=0 

• Enlargement mang: n=0 

• Hypothyroidism mang: n=0 

• Thyrotoxicosis ATDs n=0 

• Thyrotoxicosis surgery n=0 

• Thyrotoxicosis RAI n=0 

• Thyrotoxicosis 3 modalities 
and RAI safety n=1 

• SCH n=0 

• SCT n=0 

• Monitoring n=0 

Papers selectively excluded, 
n=2 (0 studies) 
 

• Information: n=0 

• TFT: n=0 

• Indication for testing: n=0 

• Imaging for FNA n=0 

• FNAB±US n=1 

• Antibodies Hypo: n=0 

• Antibodies Hyper: n=0 

• Enlargement mang: n=0 

• Hypothyroidism mang: n=0 

• Thyrotoxicosis ATDs n=0 

• Thyrotoxicosis surgery n=0 

• Thyrotoxicosis RAI n=0 

• Thyrotoxicosis 3 modalities 
and RAI safety n=1 

• SCH n=0 

• SCT n=0 

• Monitoring n=0 
 
 

Records identified through database 
searching, n=2689 

Additional records identified through other sources: 
n=0 

Full-text papers assessed for 
applicability and quality of 
methodology, n=4 

Papers excluded, n=0 (0 
studies) 
 

• Information: n=0 

• TFT: n=0 

• Indication for testing: n=0 

• Imaging for FNA n=0 

• FNAB±US n=0 

• Antibodies Hypo: n=0 

• Antibodies Hyper: n=0 

• Enlargement mang: n=0 

• Hypothyroidism mang: n=0 

• Thyrotoxicosis ATDs n=0 

• Thyrotoxicosis surgery n=0 

• Thyrotoxicosis RAI n=0 

• Thyrotoxicosis 3 modalities 
and RAI safety n=0 

• SCH n=0 

• SCT n=0 

• Monitoring n=0 
 

* Non-relevant population, intervention, comparison, design or setting; non-English language 
TFT; thyroid function test, FNA; fine-needle aspiration, US; ultrasound, RAI; radioactive iodine, ATDs; antithyroid 
drugs, Mang; management, SCH; Subclinical hypothyroidism, SCT; Subclinical thyrotoxicosis. 
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Appendix G: Health economic evidence tables 
None 
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Appendix H: Health economic analysis 
None 
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Appendix I: Excluded studies 

I.1 Excluded clinical studies 

Table 10: Studies excluded from the clinical review 

Reference Exclusion reason 

Abdel-Rahman 20161 Incorrect population 

Afifi 20172 USE not combined with US 
criteria 

Aggarwal 20173 No usable outcomes 

Aghaghazvini 20184 Incorrect population 

Ahn 20185 Inappropriate test 

Akhavan 20167 US no criteria 

Al Nofal 20168 SR, references checked 

Albair Ashamallah 201610 Incorrect population 

Algin 201011 USD not combined with US 
criteria 

Appetecchia 200612 No usable outcomes 

Asteria 200813 Inappropriate test 

Azizi 201314 Inappropriate tests 

Bae 201815 Erratum 

Bae 201816 Inappropriate study design 

Bhatia 201117 Inappropriate test 

Bhatia 201218 No usable outcomes 

Bojunga 201019 SR, references checked 

Brito 201420 SR, references checked 

Brophy 201621 No usable outcomes 

Cakal 201522 USE not combined with US 
criteria 

Cakir 201123 Inappropriate study design 

Cam 201424 No criteria used 

Camargo 200725 Inappropriate study design 

Cantisani 201426 No usable outcomes 

Cantisani 201527 Inappropriate study design 

Cappelli 200530 Inappropriate tests 

Cappelli 200629 Inappropriate study design 

Cappelli 200728 Inappropriate study design 

Cavallo 201731 Inappropriate tests 

Cetin 201532 Incorrect population 

Chandramohan 201633 Inappropriate study design 

Chen 201038 Inappropriate study design 

Chen 201439 Inappropriate tests 

Chen 201635 SR, references checked 

Chen 201637 Inappropriate study design 

Chen 201734 Inappropriate tests 

Cheng 201340 US no criteria 
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Reference Exclusion reason 

Cheng 201341 Inappropriate population 

Chi 201742 Inappropriate test 

Chiu 199843 Inappropriate tests 

Chng 201844 Surgery only 

Choi 201545 US no criteria 

Choi 201746 Inappropriate test 

Chong 201347 Inappropriate test 

Delfim 201750 Two gate study design 

Deng 201451 Inappropriate study design 

Deng 201753 Inappropriate population 

Deng 201852 Inappropriate tests, no 
combination 

Diao 201755 Inappropriate population 

Dighe 201056 Inappropriate study design 

Dighe 201357 Inappropriate tests 

Dilli 201258 No usable outcomes 

Ding 201159 Inappropriate study design 

Dobruch-Sobczak 201660 No usable outcomes 

D'Souza 201049 Inappropriate test 

Du 201861 Inappropriate population 

Duan 201662 Inappropriate population 

Dy 201763 Inappropriate study design 

Ebeed 201764 Inappropriate population 

El-Hariri 201465 Inappropriate test 

Elsayed 201666 Inappropriate test 

Fukunari 200468 Inappropriate test 

Gamme 201769 Inappropriate study design 

Gannon 201870 Inappropriate test 

Gao 201871 Inappropriate population 

Garcia-Monco Fernandez 201872 Inappropriate population 

Gietka-Czernel 201073 USE no combination 

Ginat 201074 US no criteria 

Giusti 201375 Inappropriate population 

Glogovsek 201576 No usable outcomes 

Goldfarb 201177 Inappropriate population 

Goldfarb 201278 Inappropriate population 

Gotzberger 201679 Inappropriate study design 

Gu 201282 Inappropriate study design 

Gu 201881 Inappropriate tests 

Guazzaroni 201483 Inappropriate tests 

Gul 200984 Inappropriate tests 

Gupta 201185 Inappropriate population 

Ha 201788 No usable outcomes 

Ha 201789 No usable outcomes 

Hamidi 201590 Inappropriate tests 

He 201691 Inappropriate study design 
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Reference Exclusion reason 

Hoang 201893 No usable outcomes 

Hong 200995 Inappropriate population 

Hong 201296 Inappropriate population 

Hu 201898 Inappropriate population 

Huan 201499 Inappropriate population 

Huang 2015100 Inappropriate study design 

Hughes 2017101 Inappropriate population 

Ianni 2016102 Inappropriate study design 

Ishigaki 2004103 Inappropriate study design 

Ito 2007104 Inappropriate tests 

Jiang 2015105 Inappropriate study design 

Jin 2014107 Inappropriate population 

Jin 2018106 Inappropriate tests 

Kagoya 2010108 Inappropriate tests 

Kakkos 2000109 Inappropriate tests 

Kamran 2013110 Inappropriate tests 

Kathuria 2003111 USD no combination 

Khamis 2017112 Inappropriate tests 

Kim 2008121 Inappropriate population  

Kim 2008123 Inappropriate study design 

Kim 2010125 Inappropriate study design 

Kim 2012118 USE no combination 

Kim 2013115 USE not validated criteria 

Kim 2013120 Inappropriate tests 

Kim 2015113 Inappropriate study design 

Kim 2015119 Inappropriate population  

Kim 2015126 USE no established criteria 

Kim 2016124 Inappropriate population 

Kim 2018117 Inappropriate study design 

Kizilkaya 2014127 Inappropriate population 

Ko 2012128 Inappropriate population 

Koh 2016130 Inappropriate tests 

Koike 2001131 Inappropriate tests 

Koltin 2016132 Inappropriate tests 

Kunz 2014134 Inappropriate population 

Kwak 2011135 No usable outcomes 

Kwak 2013136 No usable outcomes 

Lai 2016137 Inappropriate population 

Lee 2011139 Inappropriate tests 

Li 2014146 Inappropriate population 

Li 2015141 Inappropriate population 

Li 2015142 No usable outcomes 

Li 2015147 Inappropriate tests 

Li 2015148 Inappropriate tests 

Li 2016144 Inappropriate population 
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Reference Exclusion reason 

Li 2017140 Inappropriate tests 

Li 2017145 Inappropriate study design 

Li 2018143 Inappropriate tests, no 
combination 

Liang 2018149 Inappropriate population 

Lim 2008151 Inappropriate tests 

Lin 2005152 Inappropriate tests 

Lingam 2013153 Inappropriate tests 

Lippolis 2011154 Inappropriate population 

Liu 2011159 Inappropriate tests 

Liu 2014156 Inappropriate population 

Liu 2017155 USE no combination 

Liu 2017158 Inappropriate population 

Liu 2018157 Inappropriate population 

Lu 1994160 Inappropriate population 

Lu 2011161 US no criteria 

Luo 2011162 Inappropriate tests 

Luo 2012163 Inappropriate tests 

Lyshchik 2005164 Inappropriate tests 

Ma 2014165 US no criteria 

Maia 2011167 Inappropriate population 

Maia 2011168 Inappropriate population 

Maimaiti 2016169 Inappropriate population 

Majstorov 2015171 US no criteria 

Mallikarjunappa 2014172 US no criteria 

Mansor 2012173 USE no combination 

Marqusee 2000174 US no criteria 

Mehrotra 2013176 No usable outcomes 

Memon 2017177 Inappropriate tests 

Merino 2011178 US no criteria 

Migda 2018180 Inappropriate population 

Migda 2018181 SR, references checked 

Mohamed 2013182 USE no combination 

Mohammadi 2013183 US no criteria 

Mohey 2013184 US no criteria 

Moon 2007185 US no criteria 

Moon 2008189 Inappropriate test 

Moon 2011186 US no criteria 

Nam 2016192 USG no combination 

Nachiappan 2018191 USE no combination 

Nemec 2012194 Inappropriate test 

Nixon 2010195 No usable outcomes 

Nixon 2013196 No usable outcomes 

Nobrega 2007197 Inappropriate population 

Noda 2015198 Inappropriate population 

Nonchev 2017199 Not in English 
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Reference Exclusion reason 

Okamoto 1994201 US no criteria 

Okamoto 1995200 Erratum, not relevant 

Okasha 2018202 Inappropriate population 

Oliveira 2018203 Inappropriate tests 

Ozel 2012204 US no criteria 

Palaniappan 2016205 US no criteria 

Pandey 2017206 ARFI no combination 

Pang 2017208 US no criteria 

Papini 2002209 Inappropriate tests 

Park 2009212 Derivation of criteria 

Park 2009213 Inappropriate test 

Park 2012214 No usable outcomes 

Park 2015210 USE no established criteria 

Park 2017211 Inappropriate population 

Pathirana 2016216 Inappropriate population 

Peccin 2002217 Inappropriate test 

Petrone 2012219 Derivation of criteria 

Phuttharak 2009220 US no criteria 

Pompili 2018221 Inappropriate population 

Popli 2012222 No combination with conventional 
US 

Popowicz 2009223 Inappropriate population 

Ragazzoni 2012224 Inappropriate population 

Raggiunti 2011225 USE no combination 

Raghavendra 2017226 Inappropriate tests 

Rago 1998230 USE no combination 

Rago 2007227 Inappropriate population 

Rago 2007228 Inappropriate tests 

Rago 2017229 USE no combination 

Ram 2015232 US no criteria 

Rao 2014233 USD no combination 

Razavi 2013234 SR, not PICO 

Razek 2008235 Inappropriate population 

Refaat 2014236 Inappropriate population 

Reginelli 2014237 No usable outcomes 

Rios 2016239 Inappropriate tests 

Rios 2018238 Not in English 

Rivo-Vazquez 2013240 Inappropriate tests 

Rosario 2015242 USD no combination 

Rosario 2018241 Inappropriate population 

Russ 2011243 Abstract only 

Russ 2011244 Abstract only 

Sagazio 2014245 Abstract only 

Sahbaz 2017246 Abstract only 

Saito 2015247 Abstract only 

Sajjadieh 2005248 US no criteria 
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Reference Exclusion reason 

Salehi 2014249 US no criteria 

Salmaslioglu 2008250 Inappropriate population 

Samulski 2015251 US no criteria 

Sands 2011252 Inappropriate population 

Sarabia 2017253 Abstract only 

Schenke 2015254 Inappropriate study design 

Schenke 2019255 Inappropriate population 

Schueller-Weidekamm 2009256 Inappropriate population 

Sebag 2010257 USE no combination 

Seo 2012260 US no criteria 

Seo 2015258 Inappropriate tests 

Seo 2017259 Inappropriate tests 

Shankar 2015261 Abstract only 

Shao 2015262 Inappropriate population 

Shi 2013263 Inappropriate population 

Shimura 2005264 Inappropriate study design 

Shrestha 2012265 Inappropriate tests 

Shuzhen 2012266 Inappropriate population 

Siderova 2016267 Abstract only 

Simon 2017268 Abstract only 

Singaporewalla 2017269 Inappropriate tests 

Stacul 2007270 Inappropriate tests 

Stoian 2015271 Inappropriate population 

Sui 2016272 Inappropriate population 

Sun 2014273 SR, not matching PICO 

Swan 2017274 Inappropriate tests 

Szczepanek-Parulska 2013275 Inappropriate population 

Taghipour Zahir 2013277 Inappropriate population 

Taha Ali 2017278 Inappropriate tests 

Tahmasebi 2016279 US no criteria 

Tamsel 2007280 Inappropriate tests 

Tatar 2013282 USE no criteria 

Tatar 2014283 US no criteria 

Tezelman 2007284 Inappropriate population 

Trimboli 2012285 RTE not combined with validated 

Tugendsam 2018286 Inappropriate population 

Tunca 2007287 Inappropriate population 

Tuzun 2016288 Inappropriate population 

Unluturk 2012289 Inappropriate tests 

Vargas-Uricoechea 2017290 USE no combination 

Varverakis 2002291 USD no combination 

Veyrieres 2012292 USE no combination 

Vidal-Casariego 2012293 Inappropriate tests 

Vorlander 2010294 Inappropriate tests 

Wang 2006301 Inappropriate tests 
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Wang 2012299 USE no combination 

Wang 2013297 USE no combination 

Wang 2014298 Inappropriate tests 

Wang 2014304 US no criteria 

Wang 2015300 US no criteria 

Wang 2017295 USE no combination 

Wang 2017302 Only surgical 

Wang 2018296 USE no combination 

Wang 2018303 Inappropriate population 

Watters 1992305 Inappropriate tests 

Wei 2014306 SR, checked for references 

Wei 2016307 SR, checked for references 

Wei 2016308 Inappropriate tests 

Wharry 2014310 Only surgical 

Witczak 2016311 Inappropriate tests 

Wu 2013315 Inappropriate tests 

Wu 2016312 Inappropriate population 

Wu 2016314 Inappropriate tests 

Wu 2017313 Only indetermine on previous 
USE 

Xia 2017316 Machine learning 

Xing 2011318 Only surgical 

Xing 2016317 ARFI no combination 

Xu 2014319 Inappropriate study design 

Xu 2014321 ARFI no combination 

Xu 2015322 Only surgical 

Xu 2016320 VTI no combination 

Xue 2016326 Only surgical/core Bx 

Xue 2017325 Only surgical 

Yang 2017327 USE no combination 

Yerli 2017328 USE no combination 

Yoon 2014333 Inappropriate population 

Yoon 2018330 Inappropriate tests 

Yu 2017334 Inappropriate tests 

Yuan 2012335 Only surgical/core Bx 

Yuan 2015336 CEUS no combination 

Yunus 2010337 US no criteria 

Zayadeen 2016338 No usable outcomes 

Zhan 2017339 Inappropriate population 

Zhang 2010340 No usable outcomes 

Zhang 2012356 Only surgical 

Zhang 2013342 Inappropriate study design 

Zhang 2014343 ARFI, no combination with US 
criteria 

Zhang 2014345 ARFI no combination 

Zhang 2014347 Non-systematic review 
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Reference Exclusion reason 

Zhang 2014349 Only surgical 

Zhang 2014355 Only surgical 

Zhang 2015351 Not in English 

Zhang 2015357 ARFI, no combination with US 
criteria 

Zhang 2015358 Only high risk based on US 

Zhang 2016352 CEUS no combination 

Zhang 2016359 No combination with conventional 
US 

Zhang 2017341 Inappropriate population 

Zhang 2017344 VTUS, no combination with US 
criteria 

Zhang 2017348 Inappropriate population 

Zhang 2018350 Not in English 

Zhao 2018360 No combination with conventional 
US 

Zhao 2018361 Inappropriate population 

Zheng 2013362 No combination with conventional 
US 

Zhou 2014366 USD, no combination with US 
criteria 

Zhou 2016364 Inappropriate population 

Zhou 2017365 No combination with conventional 
US 

Zhu 2013368 Inappropriate tests 

 

I.2 Excluded health economic studies 

None 


