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Abstract
Introduction: A taller-than-wide (TTW) shape is a suspicious 
feature of thyroid nodules commonly defined as an antero-
posterior/transverse diameter (AP/T) ratio > 1. An intraob-
server variability of up to 18% in AP diameter evaluations has 
been described, which may lead to overreporting of this fea-
ture. To potentially improve the reliability of the TTW defini-
tion, we propose an arbitrary ratio of ≥1.2. Objective: The 
aim of this study was to estimate the impact of this definition 
on diagnostic performance. Methods: We prospectively ana-
lyzed 553 thyroid nodules referred for cytology evaluation at 
an academic center. Before fine-needle aspiration, two ex-
aminers jointly defined all sonographic features considered 
in risk stratification systems developed by the American Thy-
roid Association (ATA), the American Association of Clinical 
Endocrinologists (AACE), the American College of Radiol- 

ogy (ACR TIRADS), the European Thyroid Association (EU- 
TIRADS), and the Korean Society of Thyroid Radiology (K- 
TIRADS). TTW was defined according to the current defini-
tion (AP/T diameter ratio > 1) and an arbitrary alternative def-
inition (AP/T ratio > 1.2). Results: The alternative definition 
classified fewer nodules as TTW (28, 5.1% vs. 94, 17%). The 
current and proposed definitions have a sensitivity of 26.2 
and 11.9% (p = 0.03) and a specificity of 83.8 and 95.5% (p < 
0.001). Thus, as a single feature, the arbitrary definition has a 
lower sensitivity and a higher specificity. When applied to 
sonographic risk stratification systems, however, the pro-
posed definition would increase the number of avoided bi-
opsies (up to 58.2% for ACR TIRADS) and the specificity of all 
systems, without negative impact on sensitivity or diagnos-
tic odds ratio. Conclusions: Re-defining TTW nodules as 
those with an AP/T ratio ≥1.2 improves this marker’s specific-
ity for malignancy. Using this definition in risk stratification 
systems will increase their specificity, reducing the number 
of suggested biopsies without significantly diminishing their 
overall diagnostic performance.

© 2019 European Thyroid Association
Published by S. Karger AG, Basel
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Introduction

Currently available sonographic risk stratification sys-
tems for thyroid nodules were developed to more accu-
rately identify those for which fine-needle aspiration cy-
tology (FNAC) can safely be deferred [1–5]. The likeli-
hood that a nodule is malignant is indicated by the risk 
class it is assigned to on the basis of multiple sonograph-
ically defined features. Within each risk class, a size 
threshold is specified above which FNAC is recommend-
ed. For low-risk nodules, the size thresholds for FNA 
range from 1.5 to 3.0 cm, depending on the risk stratifica-
tion system used. For those assigned to high-risk classes, 
FNAC is generally recommended if the maximum diam-
eter is ≥1 cm [1–5]. To apply these systems, an essential 
prerequisite is the adoption of a uniform language and 
definition of suspicious features [6].

In two meta-analyses [7, 8], the thyroid nodule feature 
with the highest odds ratio for malignancy was a taller-
than-wide (TTW) shape – also referred to as non-parallel 
orientation – although the results across the studies in-
cluded in the analysis were quite heterogeneous. As shown 
in online supplementary Table 1 (for all online suppl. ma-
terial, see www.karger.com/doi/10.1159/000504219), the 
five sonographic systems most widely used to estimate the 
probability of thyroid nodule malignancy define TTW 
nodules as those with an anteroposterior (AP) diameter 
that exceeds the transverse (T) diameter [1–5], without 
specifying any minimum magnitude for the excess. As a 
result, the term TTW can potentially be applied to nodules 
whose AP and T diameters differ by only a few millime-
ters. Under these circumstances, the clinical impact of in-
ter- and/or intraobserver variability – a well-documented 
limitation of ultrasound-based measurements – is likely to 
be considerable: an intraobserver variability of up to 18% 
[9] and an interobserver variability of 20.9% were report-
ed for AP diameter measurements [10]. Indeed, in our re-
cent study of changes over time in risk-class assignments, 
nodules reclassified as TTW during follow-up accounted 
for almost half of those with a higher risk class at 5 years 
and almost two-thirds of those whose status change in-
cluded a recommendation for FNAC [11].

These considerations suggested that a slightly higher 
AP/T diameter ratio threshold for TTW nodules might 
improve the specificity of risk stratification systems in 
ruling out malignancy and, in particular, in pinpointing 
nodules for which FNAC can safely be deferred. The 
study described below was undertaken to explore this 
possibility.

Patients and Methods

This study was conducted as part of a prospective project aimed 
at characterizing the performances of the systems most widely 
used for the sonographic risk stratification of thyroid nodules. Par-
ticipants were recruited in the thyroid cancer unit of an academic 
healthcare center. Enrolment was offered to all individuals con-
secutively referred to the unit for FNAC of a thyroid nodule be-
tween November 1, 2015, and September 10, 2018. Subcentimeter 
nodules were excluded because their biopsy is generally not indi-
cated in any of these risk stratification systems (online suppl. 
Fig. 1).

Cytology was reported according to the Italian Consensus for 
Thyroid Cytopathology criteria [12, 13]. A composite reference 
standard was applied. If the nodule was resected, the final diagno-
sis was based on surgical histology. Otherwise, the reference stan-
dard was FNA cytology. Nodules were considered malignant if 
they were classified as TIR4 or TIR5 (suspected malignancy or ma-
lignancy, similar to Bethesda classes V and VI [14]), and benign if 
they were classified as TIR2, comparable to Bethesda class II. Un-
resected nodules without surgical histology and cytologically clas-
sified as nondiagnostic, low-risk indeterminate (TIR3A), or high-
risk indeterminate (TIR3B), similar to Bethesda classes I, III, and 
IV, respectively, were excluded due to the absence of a conclusive 
diagnosis (online suppl. Fig. 1).

Prior to aspiration, each nodule was explored jointly in real 
time by two clinicians using HI VISION Avius® equipment, and 
consensus decisions were reached to reduce interobserver vari-
ability, which has been documented in assessments of individual 
sonographic features of thyroid nodules [15, 16]. Full details on 
the procedures used for sonographic assessment, risk stratifica-
tion, and FNAC examination of the nodules have been published 
elsewhere [11, 17, 18]. Using a subset of this cohort, we previ-
ously conducted a study to compare the diagnostic performance 
of 5 sonographic stratification systems and to evaluate the role of 
nodule location, and those results have already been reported [18, 
19]. In summary, all nodule sonographic features were collected: 
diameters, margins, composition, echogenicity, presence of cal-
cifications and other hyperechoic foci, and suspected extrathy-
roidal extension. For mixed nodules, the location of the solid 
component (non-nodular, eccentric, and central) was also re-
corded. The malignancy risk of each nodule was estimated ac-
cording to five sonographic risk stratification systems: (1) the 
American Association of Clinical Endocrinologists/American 
College of Endocrinology/Associazione Medici Endocrinologi 
(AACE/ACE/AME) guidelines; (2) the American College of Ra-
diology (ACR) TIRADS; (3) the American Thyroid Association 
(ATA) guidelines; (4) the European Thyroid Association (EU-
TIRADS); and (5) the Korean TIRADS (K-TIRADS). For the 
purposes of this study, nodules that could not be classified ac-
cording to the ATA Guidelines (e.g., isoechoic nodules with oth-
er suspicious features such as microcalcification, irregular mar-
gins, and TTW shape) were considered intermediate-suspicion 
nodules.

The feature of interest in the present study – i.e., nodule  
shape – was assessed by on-screen caliper measurement of the T 
diameter (always made in the T plane) and the AP diameter (made 
in either the AP or T plane). For the present analysis, each nodule 
was classified as TTW or non-TTW using two definitions: the first 
based on the currently accepted AP/T diameter ratio threshold for 
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TTW (AP/T > 1.0), the second an arbitrarily selected alternative 
consisting of an AP/T diameter threshold of > 1.2; Fig. 1). The al-
ternative proposed was chosen arbitrarily based on reported vari-
ability in the sonographic measurement of thyroid nodule diam-
eters [9, 10].

The shape thus obtained was entered into each of the five risk 
stratification systems to estimate each nodule’s likelihood of ma-
lignancy and whether or not it required FNAC. For each system, 
we compared the results obtained with the current and alternative 
definitions of TTW; more specifically, the percentage of nodules 
classified as FNAC-deferrable and the appropriateness of this clas-
sification based on the reference standard.

Statistical Analysis
For each sonographic risk stratification system, the indication 

for FNAC under each of the test conditions (i.e., current vs. pro-
posed definition of TTW) was defined as a test positivity. We as-
sessed sensitivity, specificity, and the proportion of nodules classi-
fied as FNAC-deferrable (test negativity) by each of the five sys-
tems using both the current and the proposed definition of TTW. 
These parameters were compared with the McNemar test [20]. 
Analyses were done with the IBM SPSS Statistics package, version 
25.0 (IBM Corporation). We also calculated the areas under the 
receiver-operating characteristic (AUROC) curve that were com-
pared using the DeLong approach [21], utilizing the easyROC 
package [22].

Results

Overall, 917 thyroid nodules were sonographically 
evaluated prior to biopsy. Eighty-two nodules were ex-
cluded from the analysis because their maximum diam-
eter was > 1 cm, and 282 were excluded due to an incon-
clusive (nondiagnostic or indeterminate) diagnosis. The 
final cohort included 553 thyroid nodules (median maxi-

mum diameter 19.7 mm, interquartile range 14.5–27.5; 
online suppl. Fig. 1): 42 (7.6%) were classified as malig-
nant. Thirty-nine nodules were histologically confirmed 
as anaplastic thyroid cancer (n = 1); follicular thyroid can-
cer (n = 1); follicular-variant papillary thyroid cancer  
(n = 6); medullary thyroid cancer (n = 2); papillary thy-
roid cancer (n = 26); and metastases from other solid tu-
mors (n = 3). The other 3 nodules had cytological diagno-
ses of malignancy (TIR5, n = 1) or suspected malignancy 
(TIR4, n = 2) and were managed with active surveillance 
following patient preferences.

Applying the current definition, 94 (17%) nodules 
were defined as TTW, as opposed to 28 (5.1%) under the 
arbitrary definition. Classification of a nodule as TTW 
alone predicted a reference diagnosis of malignancy with 
26.2% sensitivity (95% CI 13.9–42.0) and 83.8% specific-
ity (95% CI 80.3–86.8) when the current definition of 
TTW was used. The positive likelihood ratio was 1.61 
(95% CI 0.93–2.78), the negative likelihood ratio was 0.88 
(95% CI 0.733–1.06), and the diagnostic odds ratio was 
1.83 (95% CI 0.88–3.78). The sensitivities and specificities 
according to different cutoff values of the AP/T ratio to 
define TTW shape are plotted in online supplementary 
Figure 2. When the alternative definition of TTW was 
used (AP/T ratio > 1.20), the specificity rose to 95.5% 
(95% CI 93.3–97.1, p < 0.001), whereas sensitivity dropped 
even lower to 11.9% (95% CI 4–25.6; p = 0.03). The posi-
tive likelihood ratio of the arbitrary definition was 2.64 
(95% CI 1.06–6.60), the negative likelihood ratio was 0.92 
(0.82–1.03), and the diagnostic odds ratio was 2.87 (95% 
CI 1.03–7.98).

a b

Fig. 1. Sonographic images of two nodules. 
Both were suspicious for papillary thyroid 
cancer, which was histologically con-
firmed. a This nodule would fulfill the cur-
rent definition only (TTW ratio = 1.15); 
however, applying TIRADS, it would still 
be submitted to biopsy, being predomi-
nantly solid, partially hypoechoic, with 
lobulated margins. b This nodule would 
fulfill the arbitrary definition (TTW ratio = 
1.35).
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Performance of Sonographic Classification Systems 
Applying the Proposed Definitions
The malignancy rates of the nodules classified in the 

intermediate and high-risk classes of the five systems ap-
plying the current and proposed definition of TTW shape 
are reported in Table 1. In particular, the proposed defini-
tion increased the malignancy rate of the highest risk class 
of all classifications.

This proposed definition had an impact on the num-
ber of indicated biopsies and the diagnostic accuracy of 

the sonographic risk stratification systems, significantly 
increasing the number of deferrable biopsies for all clas-
sifications (up to 58.2% of the nodules would avoid FNA 
indication according to ACR TIRADS), as reported in 
Table 2. Furthermore, the proposed TTW definition sig-
nificantly increased the specificity of all risk stratification 
systems (Table 2). On the other hand, the sensitivity of 
each sonographic system and the overall diagnostic ac-
curacy, evaluated according to the AUROC, did not sig-
nificantly change.

Discussion

Ultrasonography plays pivotal roles in the manage-
ment of thyroid nodules [23] by identifying those requir-
ing FNA cytology [1, 3] and guiding decisions on long-
term follow-up strategies [1, 3]. To improve reproduc-
ibility and simplify reporting, sonographic systems for 
risk stratification of thyroid nodules have been developed 
by several scientific societies [1–5], and their diagnostic 
performance has been explored and validated in numer-
ous studies [18, 24–32].

However, these systems still rely on the recognition of 
specific suspicious features. A TTW shape has proven to 
be significantly associated with malignancy, with a diag-
nostic odds ratio appreciably higher than those of other 
features acknowledged as suspicious [7, 8]. This feature 
was introduced for the first time in 2002, because, simi-
larly to the breast, the growth of benign nodules has been 
documented within normal tissue planes, while malig-
nancies grow across tissue planes [33]. However, the def-
inition of TTW is not consistent across systems (online 
suppl. Table 1), and because it depends on the measure-
ment (or at least the estimate) of nodule diameters, it is 
subjected to inter- and even intraobserver variability. In-
deed, shape displayed variable interobserver agreement 
(online suppl. Table 2) and has been demonstrated to be 
one of the features that frequently causes variation in the 
estimated malignancy risk of nodules over time [11]. 
Since an intraobserver variability of up to 18% has been 
reported for the AP diameter evaluation, we proposed 
that the TTW shape be defined as an AP/T diameter ratio 
of ≥1.2 (i.e., the AP diameter is at least 20% greater than 
the T diameter). Our results showed that although this 
proposed definition would reduce the number of nod-
ules with this feature by about 70%, it would not nega-
tively influence the diagnostic performance of sono-
graphic classification systems, additionally increasing 
the number of potentially avoidable biopsies. The main 

Table 1. Malignancy rate of the various classes of the five sono-
graphic risk stratification systems, applying the current and pro-
posed definition of TTW shape

Malignancy rate

current TTW 
definition

proposed TTW 
definition

ATA Guidelines
Benign 0 0
Very low suspicion 1.9 2
Low suspicion 3.5 3
Intermediate suspiciona 10.9 14
High suspicion 32.2 35.8

AACE/ACE/AME
Low risk 0 0
Intermediate risk 3.7 3.5
High risk 16.8 22.0

ACR TIRADS
TR1 benign 0 0
TR2 not suspicious 2 2.4
TR3 mildly suspicious 1.9 1.6
TR 4 moderately suspicious 6.4 6.5
TR 5 highly suspicious 28.9 37.5

EU-TIRADS
2 Benign 0 0
3 Low risk 2.3 2.3
4 Intermediate risk 7.7 7.2
5 High risk 17.2 22.8

K-TIRADS
2 Benign 0 0
3 Low suspicion 2.3 2.3
4 Intermediate suspicion 10.6 13.6
5 High suspicion 47.2 50.0

Values are percentages. AACE/ACE/AME, American Associa-
tion of Clinical Endocrinologists/American College of Endocri-
nology/Associazione Medici Endocrinologi; ACR, American Col-
lege of Radiology; ATA, American Thyroid Association; EU- 
TIRADS, European Thyroid Imaging Reporting and Data Sys-
tems; K-TIRADS, Korean Thyroid Imaging Reporting and Data 
Systems; TTW, taller-than-wide shape. a Intermediate suspicious 
nodules include not classifiable nodules.
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challenge in the clinical management of thyroid nodules 
nowadays is to avoid overdiagnosis in patients with be-
nign nodules (or low-risk disease) while promptly iden-
tifying those patients with clinically relevant malignan-
cies: the reduction in the number of biopsies is a desirable 
goal, particularly because, applying sonographic risk-as-
sessment systems, sensitivity is not significantly reduced 
(and the number of malignancy that would be missed is 
overall low, Table 2). In fact, even if 66 nodules would 
lose the TTW shape designation, no more than 35 would 
have deferred biopsy for this reason, while the remaining 
are still candidates for immediate biopsy due to other 
suspicious features.

It is important to recall that ours was a selected cohort 
of patients with thyroid nodules: all had been referred to 
our unit for FNAC, for reasons known only to the refer-
ring physician. However, the full range of sonographic 
risk classes was represented in this cohort, and the final 
malignancy rate was similar to that reported in unselected 
series [34]. Moreover, most (but not all) malignancy rates 
of diagnoses were surgical, but the possibility of false pos-
itives cannot be excluded for the 3 patients with cytologi-
cal evidence of malignancy who opted for nonsurgical 
management. For nodules classified as benign, the diag-
noses were cytological: thus, false-negative cases are pos-
sible, with a false-negativity rate of 3.7% reported in this 
setting [35]. Furthermore, subcentimeter nodules and le-
sions with inconclusive diagnosis were excluded. How-
ever, TTW rates using both definitions are unchanged by 
these exclusions. Finally, the visual assessment of TTW 
shape is commonly used in clinical practice: this study is 
not able to compare the performance of a quantitative 
evaluation to a qualitative one. The quantitative evalua-
tion, however, would avoid confusion about the TTW 
and taller-than-long shape (the latter is defined as an AP 
diameter longer than the longitudinal one) that some ear-
lier studies considered a single entity (online suppl. Table 
1). The arbitrary definition was proposed based on the 
described variability in AP diameter evaluation; however, 
its performance in improving reliability is yet to be deter-
mined.

In conclusion, adopting an arbitrary definition of 
TTW as an AP/T diameter ratio ≥1.2 would reduce the 
number of indicated biopsies according to five widely 
used sonographic risk stratification systems and improve 
specificity without negatively influencing overall diag-
nostic performance.
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