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a b s t r a c t 

Background: A high proportion of cytologically indeterminate, Afirma-suspicious thyroid nodules are be- 

nign. The Thyroid Imaging Reporting and Data System was proposed by the American College of Radiol- 

ogy in 2015 to determine appropriate management of thyroid nodules in a standardized fashion. Our aim 

was to determine the diagnostic value of the Thyroid Imaging Reporting and Data System in cytologically 

indeterminate and Afirma-suspicious nodules. 

Methods: We retrospectively queried cytopathology archives for retrospectively for thyroid fine-needle 

aspiration specimens obtained between February 2012 and September 2016 that were associated with 

the following: (1) indeterminate diagnosis, (2) ultrasonographic imaging at our institution, (3) an Afirma 

Gene Expression Classifier–suspicious result, and (4) surgery at our institution. We then calculated the 

diagnostic value of the Thyroid Imaging Reporting and Data System in predicting surgical pathology. 

Results: Our cohort consisted of 133 nodules among 131 patients who underwent thyroid surgery for 

cytologically indeterminate, Afirma-suspicious nodules. A total of 9 nodules (6.8%) were assigned TR2 “not 

suspicious,” 25 (18.8%) TR3 “mildly suspicious,” 81 (60.9%) TR4 “moderately suspicious,” and 18 (13.5%) 

TR5 “highly suspicious.” Among our cohort, the sensitivity, specificity, positive predictive value, negative 

predictive value, and accuracy of the Thyroid Imaging Reporting and Data System was 71.4%, 38.1%, 40.2%, 

69.6%, and 50.4%, respectively. 

Conclusion: Among cytologically indeterminate and Afirma-suspicious nodules, the Thyroid Imaging and 

Reporting and Data System was a poor predictor of final surgical pathology. Additional prospective studies 

are needed to validate these findings. 

© 2018 Published by Elsevier Inc. 
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ntroduction 

Accurately predicting benign versus malignant thyroid nodules

as been an ongoing clinical challenge. The widespread use of

igh-resolution ultrasonography for the detection of thyroid nod-

les has led to the increased detection of thyroid nodules, with

n estimated prevalence as high as 67% in the general popula-

ion. 1–3 Despite the additional diagnostic value of fine-needle as-
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iration (FNA), over 30% of thyroid FNAs with wide institutional

ariability 4,5 will be assigned to an indeterminate cytopathologic

ategory only. These latter categories include Bethesda III or atypia

f undetermined significance (AUS) and Bethesda IV or suspicious

or follicular neoplasm (SFN). Over the past decade, molecular

arker panels, such as Afirma Gene Expression Classifier (GEC),

ave been developed and utilized widely as adjuncts in the dif-

erential diagnosis of these lesions. Despite reported high sensitiv-

ty (Se; 92%) of the Afirma GEC, it has a low positive predictive

alue (PPV; 47%) with benign surgical pathology in more than half

f those identified as Afirma-suspicious. 6 Therefore, additional and

ore robust means are needed to assist in identifying benign nod-

les and subsequently decrease the number of unnecessary opera-

ions performed. 
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Table 1 

TIRADS classification. 

TIRADS criteria Nodule description 

Composition Cystic (0) 

Spongiform (0) 

Mixed cystic and solid (1) 

Solid (2) 

Echogenicity Anechoic (0) 

Hyperechoic or isoechoic (1) 

Hypoechoic (2) 

Very hypoechoic (3) 

Shape Wider-than-tall (0) 

Taller-than-wide (3) 

Margin Smooth (0) 

Ill-defined (0) 

Lobulated or irregular (2) 

Extra-thyroidal extension (3) 

Echogenic foci None or large comet-tail artifacts (0) 

Macrocalcifications (1) 

Peripheral (rim) calcification (2) 

Punctate echogenic foci (3) 

TIRADS classification 

(points) 

Description Management 

TIRADS 1 (0) Benign No FNA 

TIRADS 2 (2) Not suspicious No FNA 

TIRADS 3 (3) Mildly suspicious FNA if ≥2.5 cm; active 

surveillance if ≥1.5 cm 

TIRADS 4 (4–6) Moderately suspicious FNA if ≥1.5 cm; active 

surveillance if ≥1 cm 

TIRADS 5 ( ≥7) Highly suspicious FNA if ≥1.0 cm; active 

surveillance if ≥0.5 cm 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2 

Patient ( n = 131) and thyroid nodule characteristics 

( n = 133). 

Age 

Mean (SD, range) 52.2 (13.9, 17–80) 

Race, no. (%) 

Asian 2 (1.5) 

Black 21 (15.8) 

Hispanic 1 (0.8) 

White 96 (72.2) 

Other 13 (9.8) 

Sex, n (%) 

Male 38 (28.6) 

Female 95 (71.4) 

Hashimoto thyroiditis, n (%) 10 (7.5) 

Nodules 

Size on ultrasonography, cm 

Mean (range) 2.4 (0.5–8.0) 

Nodule size, no. of nodules (%) 

< 1 cm 3 (2.2) 

1.0–1.9 cm 58 (43.6) 

2.0–2.9 cm 37 (27.8) 

3.0–3.9 cm 21 (15.8) 

≥4.0 cm 14 (10.5) 

Bethesda category 

III 104 (78.2) 

IV 29 (21.8) 

SD , standard deviation 
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In 2015, the Thyroid Imaging Reporting and Data System

(TIRADS), a new ultrasonographic classification system for thy-

roid nodules, was proposed by the American College of Radiology

to determine when to use FNA or when to recommend active

surveillance of nodules. 7 In response to conflicting recommenda-

tions from several societies, the American College of Radiology pro-

posed that TIRADS could provide clinicians with evidence-based

recommendations, defined by sonographic features of a given nod-

ule, to improve both patient management and cost-effectiveness by

avoiding unnecessary FNAs and to decrease variation in the report-

ing of thyroid nodules. 8 TIRADS includes a standardized scoring

system using several thyroid ultrasonographic characteristics: com-

position, echogenicity, shape, margin, and echogenic foci. TIRADS

has 5 different categories (TR1–TR5), each level is associated with

an increased likelihood of malignancy and therefore more aggres-

sive recommended clinical management ( Table 1 ). 7 

Given the high proportion of cytologically indeterminate,

Afirma-suspicious nodules that ultimately are benign on final

pathology, our study sought to evaluate the accuracy and predic-

tive value of TIRADS in this subset of nodules to differentiate be-

tween benign and malignant pathology. 

Methods 

The current study was approved by the Institutional Review

Board of the Johns Hopkins University School of Medicine. We

searched retrospectively a prospectively maintained cytopathology

database for consecutive thyroid FNA specimens obtained at the

Johns Hopkins Hospital between February 2012 and September

2016. Thyroid nodules with an indeterminate diagnosis (AUS or

SFN), available ultrasonographic imaging results, and Afirma GEC

testing with a suspicious result were included. Patients who did

not undergo operation or did not have ultrasonography performed

at our institution were excluded. Onsite evaluation of FNA sam-

ples are performed routinely by either an experienced cytotechnol-

ogist or an attending cytopathologist for each case. Afirma GEC was

performed after the final cytologic diagnosis of either AUS or SFN
as made. Additional information collected and recorded included

atient demographics, history of Hashimoto’s disease, ultrasonog-

aphy, cytology and pathology reports, and clinic and operative

otes. 

Our primary endpoint was to assess the diagnostic value of

IRADS, including sensitivity, specificity, PPV, and negative predic-

ive value (NPV), in predicting surgical pathology. We also assessed

hether the TIRADS ultrasonography classification would have

hanged the management of cytologically indeterminate, Afirma-

uspicious thyroid nodules, the inference being that a benign read-

ng would have led to no further workup (ie, whether the pre-

iously described nodules would otherwise have not undergone

esection because of their corresponding TIRADS classification). All

nalyses were performed using STATA 14.0/MP for Linux (College

tation, Texas). 

athology slide re-review 

For cases diagnosed as Follicular variant of papillary thyroid

arcinoma (FVPTC) on surgical resection specimens, all histopatho-

ogic slides were retrieved and re-reviewed separately by 2 pathol-

gists to identify tumors that would now be classified as Non-

nvasive follicular thyroid neoplasm with papillary-like nuclear fea-

ures (NIFTP). The diagnostic criteria for NIFTP were based on the

ew consensus guidelines and 20 of FVPTC met criteria. 9 For the

urposes of our statistical analysis, pathology was considered ei-

her benign or malignant. Because of the indolent nature of NIFTP

nd current debate about whether it should be considered benign

r malignant, we performed 2 analyses, with NIFTP considered as

ither benign or malignant. 

eview of the ultrasonography imaging 

For all cytologically indeterminate and Afirma-suspicious thy-

oid nodules, ultrasonographic imaging was retrieved and reviewed

etrospectively in a blinded fashion by an experienced radiolo-

ist (S.S.) at our institution to stage the nodules according to

he TIRADS classification. The nodules of interest were matched

arefully according to the information regarding location and size

ecorded in the FNA and histopathologic reports. A search of the
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Table 3 

Ultrasonographic characteristics of overall cohort. 

Ultrasound characteristics All patients, n Surgical pathology 

Benign ∗ Malignant 

Composition 

Mixed 12 11 1 

Solid 121 92 29 

Echogenicity 

Hyper/iso 41 36 5 

Hypo 86 62 24 

Very hypo 5 5 0 

Unknown 1 0 1 

Shape 

Wider-than-tall 126 102 24 

Taller-than-wide 7 1 6 

Margin 

Smooth 118 95 23 

Ill-defined 3 1 2 

Lobulated or irregular 12 7 5 

Echogenic foci 

None or large comet-tail artifacts 109 90 19 

Macrocalcifications 7 4 3 

Peripheral (rim) calcifications 4 3 1 

Punctate echogenic foci 13 6 7 

∗ NIFTP considered benign 
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Table 6 

Thyroid nodule surgical pathology ( n = 133). 

Benign, no. of nodules; n = 103, (77.4%) 

Nodular hyperplasia 18 (13.5) 

Adenomatoid nodule 25 (18.8) 

Follicular adenoma 38 (28.6) 

Hürthle cell adenoma 1 (0.8) 

Lymphocytic thyroiditis 2 (1.5) 

NIFTP 19 (14.3) 

Malignant, no. of nodules; n = 30, (22.6%) 

Papillary carcinoma, conventional 13 (9.8) 

Papillary carcinoma, follicular variant 8 (6.0) 

Follicular carcinoma 8 (5.3) 

Hürthle cell carcinoma 1 (0.8) 
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urgical pathology database was performed to identify the corre-

ponding histopathologic diagnosis and operative procedure. 

esults 

atient characteristics 

Our cohort consisted of 133 nodules among 131 patients. The

ean patient age was 52.2 years (range 17–80 years), and the ma-

ority of patients were white (72.2%) and female (71.4%). A total

f 104 nodules (78.2%) were Bethesda III on FNA, and 29 (21.8%)

ere Bethesda IV. Table 2 lists the patient demographics of our

tudy population. A total of 10 patients (7.5%) had a history of

ashimoto’s thyroiditis. 

ltrasound characteristics 

Sonographic features are summarized in Table 3 . Tables 4 and

 show the association between TIRADS classification and pathol-

gy; surgical pathology is summarized in Table 6 . The mean thy-

oid nodule size was 2.4 cm, ranging from 0.5 cm to 8.0 cm.
Table 4 

TIRADS classification of overall cohort and risk of mali

TIRADS All patients, n Cy

III 

Benign (TR1) 0 0 

Not suspicious (TR2) 9 8 

Mildly suspicious (TR3) 25 19

Moderately suspicious (TR4) 81 62

Highly suspicious (TR5) 18 15

Table 5 

TIRADS classification of overall cohort and risk of mali

TIRADS All patients, n Cy

III 

Benign (TR1) 0 0 

Not suspicious (TR2) 9 8 

Mildly suspicious (TR3) 25 19

Moderately suspicious (TR4) 81 62

Highly suspicious (TR5) 18 15

fi  
gnancy (ROM), NIFTP benign. 

topathology Surgical pathology ROM 

IV Benign Malignant 

0 0 0 

1 8 1 11.1% 

 6 23 2 8.0% 

 19 63 18 22.2% 

 3 9 9 50.0% 

gnancy (ROM), NIFTP malignant. 

topathology Surgical pathology ROM 

IV Benign Malignant 

0 0 0 0.0% 

1 7 2 22.2% 

 6 18 7 28.0% 

 19 53 28 34.6% 

 3 6 12 66.7% 

he vast majority of nodules were solid (121, 91.0%), hypoechoic

86, 64.7%), wider-than-tall (126, 94.7%), had a smooth margin

118, 88.7%), and had no echogenic foci or large comet-tail arti-

acts (109, 82.0%). The majority of nodules were assigned a TR4 or

moderately suspicious” classification (81, 60.9%), followed by TR3

r “mildly suspicious” (25, 18.8%), TR5 or “highly suspicious” (18,

3.5%), and TR2 or “not suspicious” (9, 6.8%). No thyroid nodules

mong our cohort were assigned a TR1 or “benign” classification. 

istopathologic diagnosis 

Considering NIFTP as benign, the majority of nodules had a be-

ign pathology (103, 77.4%) as depicted in Table 6 . The most com-

on benign pathology was follicular adenoma (38, 28.6%) followed

y adenomatoid nodule (25, 18.8%), NIFTP (19, 14.3%), nodular hy-

erplasia (18, 13.5%), lymphocytic thyroiditis (2, 1.5%), and Hürthle

ell adenoma (1, 1.5%). Malignant pathology was found in 30 nod-

les (22.6%). Among the malignancies, the most common pathol-

gy was classic papillary thyroid cancer (13, 9.8%) followed by fol-

icular variant FVPTC (8, 6.0%), follicular carcinoma (8, 6.0%), and

ürthle cell carcinoma (1, 0.8%). Conversely, classifying NIFTP as

alignant, 63.8% of thyroid nodules were benign and 36.8% of thy-

oid nodules were malignant. 

pplying TIRADS 

Considering NIFTP as benign ( Table 7 ), the sensitivity, speci-

city, PPV, NPV, and accuracy of TIRADS was 73.3% (95% confidence
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Table 7 

TIRADS’ diagnostic value in predicting surgical pathology (NIFTP benign). 

Surgical pathology 

Benign Malignant Diagnostic value 

TIRADS No workup 38 8 Se 73.3 (95% CI: 54.1%–87.7%) PPV 25.3 (95% CI: 20.7%–30.5%) 

Workup 65 22 Sp 36.9 (95% CI: 27.6%–47.0%) NPV 82.6 (95% CI: 71.4%–90.1%) 

Accuracy 45.1% (95% CI: 36.5%–54.0%) 

Sp , specificity 

Table 8 

TIRADS’ diagnostic value in predicting surgical pathology (NIFTP malignant). 

Surgical pathology 

Benign Malignant Diagnostic value 

TIRADS No workup 32 14 Se 71.4 (95% CI: 56.7%–83.4%) PPV 40.2 (95% CI: 34.5%–46.2%) 

Workup 52 35 Sp 38.1 (95% CI: 27.7%–49.3%) NPV 69.6 (95% CI: 57.6%–79.4%) 

Accuracy 50.4% (95% CI: 41.6%–59.2%) 

Sp , specificity 
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interval [CI]: 54.1%–87.7%), 36.9% (95% CI: 27.6%–47.0%), 25.3% (95%

CI: 20.7%–30.5%), 82.6% (95% CI: 71.4%–90.1%), and 45.1% (95% CI:

36.5%–54.0%), respectively, in predicting malignancy. Applying the

TIRADS criteria to our patient cohort, 46 nodules (34.6%) would

not have been further evaluated because of their ultrasonographic

characteristics or size, and hence would not have undergone re-

section ( Table 3 ). Of those 46 nodules, 8 (17.4%) were malignant

and the application of TIRADS criteria alone would have resulted

in failing to diagnose them as malignant. All 8 nodules that would

not have undergone resection according to TIRADS were Bethesda

III on FNA and included 1 TR2, 2 TR3, 4 TR4, and 1 TR5 nodules;

however, 38 benign nodules (82.6%) would have been spared fur-

ther FNA evaluation and thus ultimate resection. 

Considering NIFTP as malignant ( Table 8 ), the sensitivity, speci-

ficity, PPV, NPV, and accuracy of TIRADS in predicting malignancy

would have been 71.4% (95% CI: 56.7%–83.4%), 38.1% (95% CI:

27.7%–49.3%), 40.2% (95% CI: 34.5%–46.2%), 69.6% (95% CI: 57.6%–

79.4%), and 50.4% (95% CI: 41.6%–59.2%), respectively. Of those 46

nodules (34.6%) that would not have undergone further workup,

14 (30.4%) were malignant. Of those malignant nodules that would

not have undergone resection, 13 (92.9%) were Bethesda III on FNA

and according to TIRADS were classified as 2 TR2, 4 TR3, 7 TR4,

and 1 TR5. The application of TIRADS would have resulted in fail-

ing to diagnose 14 malignant nodules; however, 32 benign nodules

(24.0%) would have not undergone FNA and been resected. 

Discussion 

To the best of the authors’ knowledge, our study represents

the first investigation in the literature addressing the utility of the

TIRADS classification in patients with cytologically indeterminate,

Afirma-suspicious thyroid nodules. Because of the novelty of the

TIRADS classification, its clinical utility in relation to either cy-

topathology or surgical pathology is still under investigation with

varying results. Our results show that, among cytologically inde-

terminate and Afirma-suspicious nodules, TIRADS would not have

been a reliable indicator for further workup of the nodule. En-

dorsement of the TIRADS classification system by the American

College of Radiology is intended to allow for an accurate clinical–

pathologic correlation, but further evidence is needed. 

The majority of published literature evaluates the diagnos-

tic value of TIRADS and thyroid nodule cytopathology. Contrary

to our findings, a prospective study by Friedrich-Rust et al in-

cluding 114 patients showed a high NPV (92%–100%) for TIRADS

categories 4 and 5 in excluding malignancy in the diagnostic

workup of thyroid nodules, but only a “fair” degree of interob-
erver agreement (Cohen’s kappa = 0.27, P < .05) was reported

etween 3, blinded, independent observers. 10 Moreover, a retro-

pective study of 100 consecutive cases comparing single-surgeon–

erformed ultrasonographic TIRADS findings to cytopathology, in-

luding all Bethesda categories, found a concordance rate of 83%

ith a sensitivity, specificity, and NPV of 70.6%, 90.4%, and 93.8%,

espectively. 11 Similar to our findings, another study including 180

atients with the aim of determining the level of concordance be-

ween TIRADS and cytopathology found the greatest concordance

mong TIRADS 2 and 4 and Bethesda II and IV to be only 23.3%

nd 18.3%, respectively. 12 The differences between our reported re-

ults and those discussed in the literature may also be magni-

ed because of the reported variable success of TIRADS prediction

mong AUS/Follicular Lesion of Undetermined Significance (FLUS)

ategories. 13 A study by Yoon et al observed that suspicious ul-

rasonographic features are useful in predicting malignancy among

US subcategories but not in FLUS subcategories. For this reason,

urther subcategorization into separate AUS and FLUS cytology may

e helpful in deciding on appropriate management of thyroid nod-

les when using TIRADS. 13 

There is a paucity of literature evaluating the association of

IRADS and surgical pathology. A prospective study by Horvath et

l of 210 patients with 502 nodules comparing TIRADS to final

athology reported a risk of malignancy among TIRADS 2, 3, 4, and

 to be 0%, 1.8%, 76.1%, and 98.9%, respectively. Using TIRADS 4–5

o perform FNA, the authors reported a sensitivity, specificity, PPV,

nd NPV of 99.6%, 74.35%, 82.1%, and 99.4%. 14 The difference in the

iagnostic value of our results may be explained by our inclusion

f parameters of nodule size based on the recommendations of the

merican College of Radiology as opposed to other variations of

IRADS that do not take into account nodule size ( Table 1 ). 7 

Our study has several limitations. First, our report is a single-

nstitutional study. An inherent weakness in this study also is its

etrospective nature. Despite having an experienced radiologist, the

se of more than 1 radiologist for interpretation of the ultrasono-

raphic -imaging may have been helpful because image analysis

an differ among radiologists and the extent of interobserver vari-

bility regarding TIRADS classification is unknown. As previously

entioned, there is active research regarding the diagnostic value

f TIRADS among Bethesda category III versus category IV nodules;

owever, our cohort only included 29 Bethesda category IV nod-

les and, for this reason, a clinically meaningful comparison of the

IRADS diagnostic value between the 2 categories cannot be deter-

ined accurately. 

In conclusion, our results show that among the subset of cyto-

ogically indeterminate and Afirma-suspicious nodules, TIRADS was
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ot a reliable indicator of malignancy. Because of its low sensi-

ivity (71.4%–73.3%) for predicting malignancy and low specificity

36.9%–38.1%) for predicting benign pathology, our study showed

o clinical benefit to using the TIRADS classification in this par-

icular cohort of patients. Large prospective studies are needed to

valuate the diagnostic value of TIRADS in this subset of thyroid

odules. Based on our findings, we suggest that the TIRADS re-

ults be correlated with a gold standard—whether cytopathology

r surgical pathology—before adoption of TIRADS becomes more

idespread among clinicians. 
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n the operating room. That provides a sixth dimension that is not

aptured in TIRADS. 

Have you given that some consideration? Perhaps as you look

owards a prospective study, are you going to use surgeon-based

IRADS interpretation as the next evolution of your research? 

Dr Zeyad T. Sahli : I think 1 of the things that we would want

o look at is the extent of interobserver variability which has been

eported from fair to good, depending on specific criteria in the

IRADS scoring system. 

In relation to how we could use TIRADS, I think that’s a great

dea and something that we would love to pursue. 

Dr Shelby Holt (Dallas, TX): I wonder how the TIRADS classifi-

ation relates to the sonographic patterns that are well-described

n the latest iteration of the ATA guidelines. 

Dr Zeyad T. Sahli : Are you asking how TIRADS compares to the

TA guidelines? 

Dr Shelby Holt (Dallas, TX): The sonographic patterns that are

lucidated in the ATA guidelines—are they similar to TIRADS? Do

hey correlate with those patterns? Or is it different? Have you

ooked at the ATA-described sonographic patterns alone in your co-

ort of patients? 

Dr Zeyad T. Sahli : This study in particular did not look at the

ifferences between the ATA and TIRADS scores, but there have

een studies that show that they do have similar correlation. This

asn’t in the scope of our study. 

Dr Dina Elaraj (Chicago, IL): Thank you for that very interesting

resentation. 

Your cohort was a group of patients who had undergone FNA

iopsy with indeterminate cytology and Afirma testing in whom

http://refhub.elsevier.com/S0039-6060(18)30629-9/sbref0001
http://refhub.elsevier.com/S0039-6060(18)30629-9/sbref0001
http://refhub.elsevier.com/S0039-6060(18)30629-9/sbref0001
http://refhub.elsevier.com/S0039-6060(18)30629-9/sbref0002
http://refhub.elsevier.com/S0039-6060(18)30629-9/sbref0002
http://refhub.elsevier.com/S0039-6060(18)30629-9/sbref0002
http://refhub.elsevier.com/S0039-6060(18)30629-9/sbref0002
http://refhub.elsevier.com/S0039-6060(18)30629-9/sbref0002
http://refhub.elsevier.com/S0039-6060(18)30629-9/sbref0003
http://refhub.elsevier.com/S0039-6060(18)30629-9/sbref0003
http://refhub.elsevier.com/S0039-6060(18)30629-9/sbref0003
http://refhub.elsevier.com/S0039-6060(18)30629-9/sbref0003
http://refhub.elsevier.com/S0039-6060(18)30629-9/sbref0003
http://refhub.elsevier.com/S0039-6060(18)30629-9/sbref0004
http://refhub.elsevier.com/S0039-6060(18)30629-9/sbref0004
http://refhub.elsevier.com/S0039-6060(18)30629-9/sbref0004
http://refhub.elsevier.com/S0039-6060(18)30629-9/sbref0005
http://refhub.elsevier.com/S0039-6060(18)30629-9/sbref0005
http://refhub.elsevier.com/S0039-6060(18)30629-9/sbref0005
http://refhub.elsevier.com/S0039-6060(18)30629-9/sbref0005
http://refhub.elsevier.com/S0039-6060(18)30629-9/sbref0005
http://refhub.elsevier.com/S0039-6060(18)30629-9/sbref0005
http://refhub.elsevier.com/S0039-6060(18)30629-9/sbref0005
http://refhub.elsevier.com/S0039-6060(18)30629-9/sbref0005
http://refhub.elsevier.com/S0039-6060(18)30629-9/sbref0006
http://refhub.elsevier.com/S0039-6060(18)30629-9/sbref0006
http://refhub.elsevier.com/S0039-6060(18)30629-9/sbref0006
http://refhub.elsevier.com/S0039-6060(18)30629-9/sbref0006
http://refhub.elsevier.com/S0039-6060(18)30629-9/sbref0006
http://refhub.elsevier.com/S0039-6060(18)30629-9/sbref0006
http://refhub.elsevier.com/S0039-6060(18)30629-9/sbref0006
http://refhub.elsevier.com/S0039-6060(18)30629-9/sbref0006
http://refhub.elsevier.com/S0039-6060(18)30629-9/sbref0007
http://refhub.elsevier.com/S0039-6060(18)30629-9/sbref0007
http://refhub.elsevier.com/S0039-6060(18)30629-9/sbref0007
http://refhub.elsevier.com/S0039-6060(18)30629-9/sbref0007
http://refhub.elsevier.com/S0039-6060(18)30629-9/sbref0007
http://refhub.elsevier.com/S0039-6060(18)30629-9/sbref0007
http://refhub.elsevier.com/S0039-6060(18)30629-9/sbref0007
http://refhub.elsevier.com/S0039-6060(18)30629-9/sbref0007
http://refhub.elsevier.com/S0039-6060(18)30629-9/sbref0008
http://refhub.elsevier.com/S0039-6060(18)30629-9/sbref0008
http://refhub.elsevier.com/S0039-6060(18)30629-9/sbref0008
http://refhub.elsevier.com/S0039-6060(18)30629-9/sbref0008
http://refhub.elsevier.com/S0039-6060(18)30629-9/sbref0008
http://refhub.elsevier.com/S0039-6060(18)30629-9/sbref0008
http://refhub.elsevier.com/S0039-6060(18)30629-9/sbref0008
http://refhub.elsevier.com/S0039-6060(18)30629-9/sbref0008
http://refhub.elsevier.com/S0039-6060(18)30629-9/sbref0009
http://refhub.elsevier.com/S0039-6060(18)30629-9/sbref0009
http://refhub.elsevier.com/S0039-6060(18)30629-9/sbref0009
http://refhub.elsevier.com/S0039-6060(18)30629-9/sbref0009
http://refhub.elsevier.com/S0039-6060(18)30629-9/sbref0009
http://refhub.elsevier.com/S0039-6060(18)30629-9/sbref0009
http://refhub.elsevier.com/S0039-6060(18)30629-9/sbref0009
http://refhub.elsevier.com/S0039-6060(18)30629-9/sbref0009
http://refhub.elsevier.com/S0039-6060(18)30629-9/sbref0010
http://refhub.elsevier.com/S0039-6060(18)30629-9/sbref0010
http://refhub.elsevier.com/S0039-6060(18)30629-9/sbref0010
http://refhub.elsevier.com/S0039-6060(18)30629-9/sbref0010
http://refhub.elsevier.com/S0039-6060(18)30629-9/sbref0010
http://refhub.elsevier.com/S0039-6060(18)30629-9/sbref0010
http://refhub.elsevier.com/S0039-6060(18)30629-9/sbref0010
http://refhub.elsevier.com/S0039-6060(18)30629-9/sbref0010
http://refhub.elsevier.com/S0039-6060(18)30629-9/sbref0011
http://refhub.elsevier.com/S0039-6060(18)30629-9/sbref0011
http://refhub.elsevier.com/S0039-6060(18)30629-9/sbref0011
http://refhub.elsevier.com/S0039-6060(18)30629-9/sbref0011
http://refhub.elsevier.com/S0039-6060(18)30629-9/sbref0011
http://refhub.elsevier.com/S0039-6060(18)30629-9/sbref0012
http://refhub.elsevier.com/S0039-6060(18)30629-9/sbref0012
http://refhub.elsevier.com/S0039-6060(18)30629-9/sbref0012
http://refhub.elsevier.com/S0039-6060(18)30629-9/sbref0012
http://refhub.elsevier.com/S0039-6060(18)30629-9/sbref0013
http://refhub.elsevier.com/S0039-6060(18)30629-9/sbref0013
http://refhub.elsevier.com/S0039-6060(18)30629-9/sbref0013
http://refhub.elsevier.com/S0039-6060(18)30629-9/sbref0013
http://refhub.elsevier.com/S0039-6060(18)30629-9/sbref0013
http://refhub.elsevier.com/S0039-6060(18)30629-9/sbref0013
http://refhub.elsevier.com/S0039-6060(18)30629-9/sbref0014
http://refhub.elsevier.com/S0039-6060(18)30629-9/sbref0014
http://refhub.elsevier.com/S0039-6060(18)30629-9/sbref0014
http://refhub.elsevier.com/S0039-6060(18)30629-9/sbref0014
http://refhub.elsevier.com/S0039-6060(18)30629-9/sbref0014
http://refhub.elsevier.com/S0039-6060(18)30629-9/sbref0014
http://refhub.elsevier.com/S0039-6060(18)30629-9/sbref0014
http://refhub.elsevier.com/S0039-6060(18)30629-9/sbref0014
http://crossmark.crossref.org/dialog/?doi=10.1016/j.surg.2018.04.103&domain=pdf


74 Z.T. Sahli et al. / Surgery 165 (2019) 69–74 

 

 

 

 

 

 

 

 

 

 

 

 

h  

b  

e  

o

 

h  

D  

s  

m

 

c

 

t  

i  

t

you tried to use the TIRADS classification to inform risk of malig-

nancy. 

Can you comment as to how the decision for molecular testing

is made at your institution? And would it be possible instead to

use the TIRADS classification to help inform the decision to pursue

gene expression testing after that? 

Dr Zeyad T. Sahli : It depends on patient and surgeon prefer-

ence. Ultimately, the move will be towards following the TIRADS

classification. If the nodule does not meet TIRADS criteria, there is

some hesitance to perform an FNA. 

But for this particular subset of patients, there were multiple

surgeons involved, so it did differ by surgeon and patient prefer-

ence for the decision to do so. 

Dr Mahsa Javid (Charleston, SC): Having spoken to a couple

of the radiologists involved in the TIRADS guideline development,

there seems to be a different philosophy about what’s going on
ere. It seems to me that they think we are doing far too many

iopsies. And it’s not just the fact that we are trying to pick up ev-

ry malignancy. Perhaps low-risk malignancies can be followed up

n future ultrasounds. 

Of the malignancies that you found at pathology, did these have

igh-risk characteristics? Did they have lymph node metastases?

o you agree that we are doing too many biopsies and perhaps we

hould have a less-aggressive approach if the patient has a small

icrocarcinoma? 

Dr Zeyad T. Sahli : That’s exactly why TIRADS was initiated, be-

ause 1 of the aims was to decrease unnecessary FNAs. 

In terms of the extent of malignancy and extent of metastases,

hat was not something that we analyzed because we were study-

ng the nodule features in particular. But that would be something

hat we could go back and take a look at. 
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