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Abstract: The aim of this prospective study was to propose a new

rating system using a risk model including conventional ultrasound (US)

and acoustic radiation force impulse (ARFI) elastography for predicting

central lymph node metastasis (LNM) in patients with papillary thyroid

microcarcinoma (PTMC).

A total of 252 patients with PTMCs were enrolled, who were

preoperatively evaluated by US and ARFI elastography including

virtual touch tissue imaging (VTI) and virtual touch tissue quantification

(VTQ). Risk factors of independent variables for central LNM were

analyzed by univariate and multivariate analyses. A multivariate

analysis was performed to create a predicting model and rating system.

Of the 252 patients, 72 (28.6%) had central LNMs. Multivariate

analysis revealed that rare internal flow (odds ratio [OR]: 4.454),

multiple suspicious foci on US (OR: 5.136), capsule involvement

(OR: 20.632), and VTI area ratio (VAR) > 1 (OR: 5.621) were

independent risk factors for central LNM. The final predicting model

was obtained and the risk score (RS) was defined as 1.5� (if rare

internal flow) þ 1.6� (if multiple suspicious foci on US) þ 1.7� (if

VAR > 1) þ 3.0� (if capsule involvement). The rating system was

divided into 5 stages. Stage I, <1.5; Stage II, 1.5 to 3.0; Stage III, 3.1 to

4.7; Stage IV, 4.8 to 6.3; and Stage V, 6.4 to 7.8. The risk rates of central
Li, MD, Xiao-Wa o-Hong Xu, MD,
in-Na Liu, MD, and Shen Qu, MD, PhD

The results indicated that rare internal flow, multiple suspicious foci,

capsule involvement on US, and VAR> 1 on ARFI elastography are the

risk factors for predicting central LNM. The risk model developed in the

study clearly predicts the risk of central LNM in patients with PTMC

and thus has a potential to avoid unnecessary central compartment node

dissection.

(Medicine 95(3):e2558)

Abbreviations: ARFI = acoustic radiation force impulse, CCND =

central compartment node dissection, CI = confidence interval, LN

= lymph node, LNM = lymph node metastasis, OR = odds ratio,

PTMC = papillary thyroid microcarcinoma, ROC = receiver-

operating characteristic, ROI = region of interest, RS = risk score,

SWV = shear wave velocity, TNM = tumor node metastasis, US =

ultrasound, US-FNAB = ultrasound-guided fine-needle aspiration

biopsy, VTI = virtual touch tissue imaging, VTQ = virtual touch

tissue quantification.

INTRODUCTION

P apillary thyroid microcarcinoma (PTMC) is defined as
papillary carcinoma measuring �1.0 cm diameter.1 With

the widespread use of thyroid ultrasound (US) and US-guided
fine-needle aspiration biopsy (US-FNAB), the incidence of
PTMC has increased remarkably.2 The prognosis of PTMC
patients is generally excellent.3 However, the frequency of
central lymph node metastasis (LNM) in PTMC is as high as
37% to 64% and is comparable with that of conventional
papillary thyroid carcinoma (PTC).4,5 The guidelines from
the American Thyroid Association (ATA) and European Thyr-
oid Association (ETA) recommended therapeutic central com-
partment node dissection (CCND) in high-risk thyroid cancer
patients, and prophylactic CCND in low-risk patients was
regarded as a useful strategy for guiding subsequent treatment
and follow-up.6,7 The routine prophylactic CCND suggested by
ATA guidelines is largely due to the low diagnostic accuracy of
imaging studies such as US and higher incidences of central
LNM. Although preoperative neck US has been shown to be
helpful for identifying the stage of PTMC, the sensitivities
(29–62%) of preoperative US for central LNM were lower than
those (sensitivities, 41–94%) for lateral LNM.8–10 However,
the improvement in locoregional control or disease-specific
survival is uncertain in PTMC patients with prophylactic
CCND.11 In addition, the risk of surgical complications such
as permanent hypoparathyroidism and recurrent laryngeal nerve
ed with prophylactic CCND.12,13 Thus,
ophylactic CCND or not is still contro-
ents. It has also been shown that the
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recurrence rate of PTMC is associated with central LNM
number, size, and the presence of extranodal extension.14,15

Therefore, a reliable predicting staging system of central LNM
is needed for identifying patients at risk for central LNM and
avoiding unnecessary CCND in PTMC patients with low risk of
central LNM.

The suspicious US features for LNM include loss of fatty
hilum, cystic change, round shape, calcification, hyper-echo-
genicity, and peripheral vascularization.16–18 On the other hand,
approximately 90% of cervical LNMs with false-negative US
characteristics cannot be detected preoperatively,6 especially
for central LNM.19 To improve the detection of central LNM
before operation, some authors explored the possibility of
predicting central LNM using preoperative US features of
PTMC and it was found that some US features of PTMC such
as larger tumor size (>5 mm), bilateral foci, capsular invasion,
and lateral LNM were reported to be related to central
LNM.20,21 In addition, based on the relationship between
clinicopathologic characteristics and tumor stiffness, it was
reported that US elastography was helpful to predict cervical
LNM or extrathyroidal extension.22–24

Acoustic radiation force impulse (ARFI) is a new US-
based elastography technique, of which acoustic radiation force
is emitted from the US transducer and the resultant tissue
displacement and transverse shear wave transmission within
the region of interest (ROI) is tracked. The former is denoted
with qualitative virtual touch tissue imaging (VTI) whereas the
latter is denoted with quantitative virtual touch tissue quanti-
fication (VTQ).25–30 In comparison with conventional US strain
elastography techniques, ARFI is more operator-independent
and reproducible.28–32 To our knowledge, no studies have been
carried out to investigate the association between ARFI elasto-
graphy findings and prognostic factors in patients with PTMC.
And it is supposed that ARFI elastography features of PTMC
might be helpful to predict central LNM as an adjunct to
conventional US. The purpose of our study was to identify
the risk factors for central LNM and then to propose a new
rating system using a risk model including conventional US and
ARFI elastography for predicting central LNM in patients
with PTMC.

MATERIALS AND METHODS

Patients
The institutional review board approved this prospective

study. Informed consent was obtained from all patients for their
data scientifically analyzed, US-FNAB and surgery before
each procedure.

Preoperative staging US and ARFI elastography for thyr-
oid nodule has been routinely performed at our institution
before the patients undergo US-FNAB or surgery since 2011.
From June 2012 to August 2014, 582 patients with suspicious
nodules on US were observed. The inclusion criteria for the
patients were as follows: the tumor size was 6 to 10 mm on US;
without macro-carcinoma larger than 10 mm on US; and the
tumor was confirmed by histopathology. Among the 582
patients, 309 patients had nodules with 6 to 10 mm in maximal
diameter. Excluded patients were as follows: 12 patients had
incomplete preoperative US and ARFI elastography data; 3
patients had undergone a previous head or neck operation; 3

Xu et al
patients had malignancies from other organs; 21 patients were
excluded because the PTMCs had internal macro-calcifications
(�2 mm in diameter)26; and 18 patients who were proven to be
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benign nodules by US-FNAB or surgery and CCND was not
performed. Two hundred three patients were diagnosed as
malignancy or suspicious of malignancy on preoperative US-
FNAB and 49 patients were diagnosed as suspicious malig-
nancy on US without preoperative FNAB because the patients
selected direct surgery. Finally, 252 patients (53 males and 199
females; mean age 48.8� 12.1 years, range 17–78 years) with
PTMCs were included in this study. The basic characteristics of
the patients were listed in Table 1.

Conventional US and ARFI Elastography
Conventional US and ARFI elastography were performed

by 1 of 2 board-certified investigators with 9 years’ experience
in head and neck imaging. All imaging were obtained using the
same S2000 US scanner (Siemens Medical Solutions, Mountain
View, CA) with a 6 to 15 MHz linear transducer for conventional
US and a 4 to 9 MHz linear transducer for ARFI elastography.
Suspicious nodule on US was selected for imaging. The suspi-
cious US features, as described in previous reports,6,26 were as
following: taller than wide shape, hypo- or marked hypo-
echogenicity, microcalcifications, poorly defined margin, and
capsule involvement. The most suspicious nodule or the largest
1 was selected when there were multiple nodules. Both longi-
tudinal and transverse scans were routinely performed and the
largest dimension of tumor was measured. Findings on con-
ventional US and ARFI elastography were prospectively
recorded. US parameters of the index tumor as following were
recorded: multiple or single suspicious foci, bilateral or unilat-
eral suspicious foci, location (upper-, mid-, low-third in the
lobe, and isthmus), echogenicity (hypo-, iso-, hyper-echogeni-
city, compared to surrounding thyroid tissue; marked hypo-
echogenicity, echogenicity lower than the nearby strap muscle;
mixed-echogenicity, containing 2 or more echogenic changes
within the tumor), micro-calcification (<2 mm in diameter),26

margin (poorly defined margin, including microlobulated or
speculated shape; well-defined margin, regular shape and dis-
tinct borderline between tumor and adjacent tissue), taller than
wide shape (greater anteroposterior diameter than transverse or
longitudinal diameter), halo sign (hypo-echoic rim at the per-
iphery of the tumor), internal flow (rich internal flow, more than
3 linear or tree-like signals on color Doppler US; rare internal
flow, dotted signals on color Doppler US; no internal flow,
without signals on color Doppler US), capsule contact (tumor in
contact with the adjacent thyroid capsule more than 25%), and
capsule involvement (a loss of echogenicity in the adjacent
thyroid capsule).

ARFI elastography was subsequently performed for the
index tumor, and elastography imaging was obtained on longi-
tudinal plane. Firstly, VTI mode was carried out. Under VTI
mode, the split-screen mode including VTI and gray scale
images are shown simultaneously. By comparing the nodule
and thyroid tissue nearby, the gray scale value in VTI image is
classified into black or white value. The scale ranges from
white, showing areas of greatest strain (ie, softest component),
to black, showing no strain (ie, hardest component). Based on
the Xu’s VTI grading method,26,28–30 VTI elastography images
were divided into 6 grades according to the proportion of
blackness and whiteness shown in the lesion, in which higher
grade of VTI elastography corresponds to harder tissue. Then,
the nodules area ratio was calculated using both VTI and B-
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mode images. The detailed method for measuring the ratio was
as follows according to Xu et al reported28: A1 is defined as the
area of the nodule drawn around the nodule margin on
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contact, SWV value on VTQ, and VTI grade were found to
be statistically significant in predicting central LNM in PTMC
patients (all P > 0.05; Table 2).

TABLE 2. Univariate Analyses of Clinical and US Factors fo
Predicting Central Lymph Node Metastasis

Odds Ratios 95% CI P

Age 0.954 0.932–0.977 <0.001
Multiple suspicious foci 4.344 2.279–8.279 <0.001
Bilateral suspicious foci 2.741 1.356–5.434 0.005
Tumor size on US 1.400 1.185–1.653 <0.001
Rare internal flow 3.233 1.636–6.391 0.001
Rich internal flow 3.297 1.154–9.415 0.026
Taller than wide shape 0.495 0.279–0.879 0.016
Capsule involvement 10.585 5.007–22.381 <0.001
conventional US image. And A2 is defined as the area of the
nodule drawn around the nodule margin on VTI. The VTI area
ratio (VAR) was obtained by the ratio of A2 to A1.

Then, VTQ measurement was performed. In general, ROI
was placed at the central portion of the tumor. The ARFI ROI is
fixed at 5� 6 mm so that for small tumor, it should be ensured
that the push line (ie, the left line of the sampling ROI box) is
within the tumor. The same site of tumor was measured 7 times
with SWVs, the values of which were expressed in m/s as unit.
For VTQ, the highest value and lowest values in the 7 measure-
ments were excluded and the left 5 values were used for the
average calculation. The higher the value of SWV is, the harder
the tissue is. The VTQ measurement results of ‘‘x.xx m/s’’
occasionally happened in some extremely hard MPTCs. With
excluding other factors such as improper pressing strength,
patient breath and movement, or inappropriate ROI placement,
the measurement result of ‘‘x.xx m/s’’ was assigned a value of
8.4 m/s per the suggestion of the equipment manufacturer and
relevant recent reports.26–30

Conventional US and ARFI elastography features were
prospectively reviewed by 1 investigator with more than 10
years’ experience in thyroid imaging. When multiple PTMCs
were confirmed in the surgical specimen, the nodule corre-
sponding to the index tumor on US was selected for analysis.

Thyroid Surgery and Reference Standard
The extent of thyroid surgery is determined in accordance

with the guidelines of the ATA.6 Patients with multiple, bilateral
tumors, and extrathyroidal invasion underwent total or near total
thyroidectomy. Central compartmental neck dissection for
lymph nodes, such as paratracheal, pretracheal, and prelaryn-
geal lymph nodes (LNs) was performed routinely when thyroid
malignancy was diagnosed by preoperative cytology or intrao-
perative frozen-section analysis.

The final reference was based on the histopathological
result. All histopathological findings were analyzed by the
board-certified pathologist with 20 years’ experience in thyroid
histopathology. Histopathological findings were initially ana-
lyzed according to intraoperative frozen-section, and then
hematoxylin–eosin staining and immunohistochemistry were
performed to determine the final result. Both histological sub-
types and tumor node metastasis (TNM) staging were evaluated
according to the American Joint Committee on Cancer/Inter-
national Union against Cancer pathologic TNM classification
criteria.33 Multifocality was defined as 2 or more malignant foci
in 1 lobe, and bilaterality was defined as 1 or more malignant
foci in both lobes. Extrathyroidal extension was defined when
there was extrathyroid infiltration or cervical LNM.

Statistical Analysis
Statistical analysis was performed with SPSS software

(version 13.0; SPSS Inc. Chicago, IL). Continuous quantitative
data were expressed as mean� standard deviation (SD) if in
normal distribution and otherwise as range. Patients were
divided into 2 groups according to the presence or absence
of central LNM. Categorical variables of clinical characteristics
were analyzed using Chi-squared test or Fisher exact test.
Continuous variables in 2 groups were analyzed with Student
t test. Univariate analysis was used to analyze the correlation
between the predicting factors and central LNM. Multivariate

Xu et al
logistic regression analysis was performed to determine the risk
factors for central LNM. Odds ratios (ORs) with 95% confi-
dence intervals (CIs) were calculated and the equation for

4 | www.md-journal.com
predicting central LNM was created based on the statistically
significant factors defined by multivariate analysis. Receiver-
operating characteristic (ROC) curve of a predictive equation
was measured to approve the reliability of multivariate analysis
result. Then a model of rating system was established to predict
the risk of central LNM. All tests were 2-sided and statistical
significance was defined as P< 0.05.

RESULTS

Histopathological Findings
Based on the histopathological examination, all the 252

patients were confirmed to have PTMCs. Among them, 63
(25.0%) patients had multifocal foci and 44 (17.5%) had
bilateral foci. Extrathyroidal extension was found in 2
(0.8%) of the patients. Cervical LNM was present in 73
(29.0%) patients, among whom 72 (28.6%) had central LNM
and 1 (0.4%) had both central and lateral LNMs. A total of 86
(34.1%) patients had chronic lymphocytic thyroiditis on path-
ology. The mean number of central LNM was 2.3� 1.9
(median, 2; range, 1–9). Distant metastasis was not found in
any of the patients. Among 252 patients, 20 patients had
suspicious features for LNMs on US before surgery, such as
loss of fatty hilum, cystic change, round shape, calcification,
hyper-echogenicity, and peripheral vascularization; whereas
only 11 (11/20, 55%) were confirmed by histology.

Univariate Analysis
Univariate analysis demonstrated that the predictors such

as multiple suspicious foci on US (OR: 4.344, P< 0.001),
bilateral suspicious foci on US (OR: 2.741, P¼ 0.005), tumor
size on US (OR: 1.400, P< 0.001), internal flow (rare internal
flow, OR: 3.233, P¼ 0.001; rich internal flow, OR: 3.297,
P¼ 0.026), capsule involvement (OR: 10.585, P< 0.001),
and VAR > 1 (OR: 4.375, P< 0.001) were significantly
associated with central compartment LNM. Age (OR: 0.954,
P< 0.001) and taller than wide shape (OR: 0.495, P¼ 0.016)
were significantly associated with low risk for central compart-
ment LNM. None of the predictive factors such as gender,
echogenicity, microcalcification, margin, halo sign, capsule
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VAR > 1 4.375 2.443–7.835 <0.001

CI¼ confidence interval, US¼ ultrasound, VAR¼ virtual touch tis
sue imaging area ratio.
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Multivariate Logistic Regression Analysis
Multivariate logistic regression analysis entering all inde-

pendent variables in this study was performed and determined
that the predictors such as multiple suspicious foci on US (OR:
5.136, P< 0.001), rare internal flow (OR: 4.454, P¼ 0.001),
capsule involvement (OR: 20.632, P< 0.001), and VAR > 1
(OR: 5.621, P< 0.001) were independent risk factors for pre-
dicting central compartment LNM (Figure 1). Age (OR: 0.942,
P< 0.001) and taller than wide shape (OR: 0.314, P¼ 0.006)
were significantly associated with low risk for central compart-
ment LNM (Table 3).

A multivariate logistic regression equation was then cre-
ated with the significant predictive variables and the ROC curve
was plotted. The equation was established as following: P¼ 1/1
þ ExpS [�0.09 þ 0.06� age (years) �1.636� (if multiple
suspicious foci on US) �1.494� (if rare internal flow) þ
1.158� (if taller than wide shape) �3.027� (if capsule invol-
vement) �1.727� (if VAR > 1)]. The diagnostic value of
predictive equation for the population was accurate and dis-
criminative with an area under the ROC curve of 0.888 (CIs,
0.844–0.932) (Figure 2). The sensitivity and specificity were
88.9% and 74.4%, respectively. The cut-off value for predicting
central LNM in the equation was 0.22.

Scoring System Using a Predicting Model
A final predicting model was created based on the 4 risk

factors selected by multivariate logistic regression analysis
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(Table 4). Risk score (RS) was defined as follows: RS¼ 1.5� (if
(if rare internal flow)þ 1.6� (if multiple suspicious foci on US)
þ 1.7� (if VAR > 1) þ 3.0� (if capsule involvement). The

FIGURE 1. Conventional ultrasound (US) and acoustic radiation for
metastasis (LNM) in a 36-year-old female patient with right papillary th
that a 10-mm PTMC invades thyroid capsule with a loss of echogenic
image of the PTMC. (C) A virtual touch tissue imaging (VTI) image show
SWV of 2.24 m/s is displayed on virtual touch tissue quantification (V

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
rating system was divided into 5 stages: Stage I was marked low-
risk group corresponding to those that the score was <1.5 and
none of 4 risk factors was enrolled, included 59 patients (23.4%);
Stage II was low-risk group corresponding to those that the score
was 1.5 to 3.0 and any 1 of 4 risk factors was enrolled, included 98
patients (38.9%); Stage III was intermediate-risk group corre-
sponding to those that the score was 3.1 to 4.7 and any 2 of 4 risk
factors were enrolled, included 72 patients (28.6%); Stage IV was
high-risk group corresponding to those that the score was 4.8 to
6.3 and any 3 of 4 risk factors were enrolled, included 18 patients
(7.1%); and Stage V was marked high-risk group corresponding
to those that the score was 6.4 to 7.8 and all of 4 risk factors were
enrolled, included 5 patients (2.0%). The risk rates of central
LNM were 3.4% (2/59) in Stage I, 13.3% (13/98) in Stage II,
54.2% (39/72) in Stage III, 72.2% (13/18) in Stage IV, and 100%
(5/5) in Stage V (P< 0.001).

DISCUSSION
The predictive factors for central LNM in patients with

PTMC have not been well defined; although some studies
reported that some clinical characteristics and US features were
associated with central LNM.20,21 The present study included
17 clinical characteristics, US features, and ARFI elastography
features as potential predictors for central LNM. The results
indicated that the presence of central LNM was depending on
the features such as rare internal flow, multiple suspicious foci,
and capsule involvement on US, as well as VAR > 1 on ARFI.

Predicting Model for CLNM of MPTC
Among those independent predictors, capsule involvement
(OR: 20.632, P< 0.001) on US was the most potent risk factor
for predicting central LNM, which was in agreement with

ce impulse (ARFI) elastography findings of central lymph node
yroid microcarcinoma (PTMC). (A) A longitudinal US image shows
ity (arrow). (B) Rare internal flow is found on color Doppler flow
s that the VTI area ratio (VAR) (linered/lineyellow) is larger than 1. (D)
TQ) image. SWV ¼ shear wave velocity.
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TABLE 3. Multivariate Analysis in Predicting Central Lymph Node Metastasis

Clinic Parameters B SE Odds Ratios 95% CI P

Age �0.060 0.017 0.942 0.911–0.974 <0.001
Multiple suspicious foci 1.636 0.442 5.136 2.161–12.210 <0.001
Rare internal flow 1.494 0.455 4.454 1.825–10.867 0.001
Taller than wide shape �1.158 0.423 0.314 0.137–0.720 0.006
Capsule involvement 3.027 0.525 20.632 7.380–57.681 <0.001

tissu
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previous studies.20,21 Rare internal flow (OR: 4.454, P¼ 0.001)
and multiple suspicious foci on US (OR: 5.136, P< 0.001) as
the other 2 US features were also associated with central LNM.
Until present, none of the studies had identified them as the
predictors for central LNM. Histopathological characteristics
such as the vascular infiltration, extension to the adjacent
parenchyma or the thyroid capsule, multiple foci, are all associ-
ated with metastatic spread, which may explain the above-
mentioned results.34,35

As a noninvasive technique, ARFI elastography including
VTI and VTQ is a complementary tool for conventional US to
evaluate the hardness of the tissue. In the present study, hard
tumor indicated by VTI grade and SWV value on VTQ was not
associated with central LNM. The findings were in agreement

VAR > 1 1.727 0.402

CI¼ confidence interval, SE ¼ standard error, VAR¼ virtual touch
with some previous studies, which showed that a hard malignancy
on elastography scores was not associated with central or lateral
LNM.22–24 On the other hand, VAR> 1 (OR: 5.621, P< 0.001),

FIGURE 2. Receiver operating characteristic (ROC) curve. The
equation for prediction of central lymph node metastasis (LNM)
was accurate and discriminating, with an area under the ROC curve
of 0.888. The point of cutoff value for predicting central LNM in the
equation was defined as 0.22. The sensitivity and specificity was
88.9% and 74.4%, respectively.
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as a new parameter on ARFI, was identified as a risk factor for
central LNM. In comparison with VTI or VTQ that only stiffness
of the PTMC is reflected, VAR reveals the stiffness of both the
target tumor and the surrounding thyroid parenchyma. On path-
ology, some PTMC may infiltrate the adjacent thyroid tissue,
which might be invisible on conventional US while visible on
ARFI. The infiltration into the surrounding thyroid tissue might
increase the stiffness of the surrounding tissue, which leads to
enlarge stiff area on VTI. Therefore, the area on VTI is larger than
that on conventional US and VAR > 1 is achieved. Recently, it
has been confirmed that there is a positive association between the
infiltrative margin found on histopathology and LNM.35–37 It
may be the potential mechanism for VAR > 1 as a significant
predictor for central LNM.

In the present study, age (OR: 0.942, P< 0.001) seemed to
be the predictors of low-risk central LNM, as found in previous
studies that central LNM is found more commonly in young
patients.20,21 Taller than wide shape as an independent predictor
of low-risk central LNM has not been reported before. The
histologic feature of lateral tubular growth is an independent
predictor of LNM in PTC, which may explain the result.35 In
univariate analyses, predictive factors of bilateral suspicious
foci on US, tumor size on US, and rich internal flow were
associated with central LNM; however, they were not indepen-
dent predictors after adjustment for other factors in multivariate
logistic analysis. In addition, a multivariate logistic regression
equation was established in the present study. The reliability of
multivariate analysis result was confirmed by measuring ROC
curve with an area under curve of 0.888, which was higher than
that of 0.772 reported by Yang et al.20

Although many studies have demonstrated that patients
with central LNM risk factors necessitate CCND,20,21 it is still

5.621 2.555–12.369 <0.001

e imaging area ratio.
difficult to decide which patients should undergo prophylactic
CCND because of variegated risk factors for central LNM
Therefore, we proposed a rating system using a risk mode

TABLE 4. Predicting Model for Central Lymph Node Metas
tasis

Assignment

B No Yes

Rare internal flow 1.494 0 1
Multiple suspicious foci 1.636 0 1
Capsule involvement 3.027 0 1
VAR > 1 1.727 0 1

VAR¼ virtual touch tissue imaging area ratio.
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including 4 predictive factors: rare internal flow, multiple
suspicious foci on US, capsule involvement, and VAR > 1
based on multivariate logistic regression analysis. To our
knowledge, there has been no such risk model so far.

By entering afore-mentioned 4 independent risk factors, a
risk model with 5 stages was established. The addition of ARFI
elastography feature may increase the discriminatory power.
The model analyses showed that for the PTMC patients at
Stages I, II, III, IV, and V, the risks of central LNM were 3.4%,
13.3%, 54.2%, 72.2%, and 100%, respectively. The results
indicated that none or 1 of 4 predictive factors was expected
to yield a low-risk stage of central LNM in patients with PTMC,
and more than 2 of 4 predictive factors led to a high-risk stage.
Thus, based on the model, prophylactic CCND was not
suggested in patients at Stage I and II, whereas was suggested
in patients at Stage IV and V. For Stage III patients, central
LNM was probably indeterminate, and combining other risk
factors such as male gender, larger tumor size (>5 mm),
bilateral foci reported by previous studies might be helpful
to determine the strategy of surgery.20,21 The risk model we
proposed here is potential to clinical practice.

There were several limitations in this study. First, a
selection bias may be present that only patients with 6 to
10 mm nodules enrolled in this prospective study because the
ARFI ROI is fixed at 5� 6 mm. On the other hand, many studies
suggested that in nodules<10 mm US-FNAB or thyroidectomy
might be not necessary. This viewpoint is controversial in that
although PTMCs generally have an excellent outcome, a con-
siderable percentage may have a more aggressive disease and
worse prognosis, particularly in a subset of patients with BRAF
(V600E) mutation and PTMCs >5 mm.38,39 Second, 6.3% (16/
252) nodules showed results of ‘‘X.XX m/s’’ on VTQ, thus the
true stiffness of those nodules were uncertain. Third, it is well
known that microscopic or macroscopic central LNMs have
different prognostic values. However, in this study, microscopic
or macroscopic central LNMs were not subclassified because
prophylactic CCND was routinely performed in all enrolled
patients. Until now, whether to perform prophylactic CCND or
not is still controversial in PTMC patients and many studies do
not advice CCND in PTMCs. In addition, the LNMs were not
evaluated by ARFI because the detection rate for central LNMs
by US before surgery is relatively low. Finally, tumor recur-
rence and survival after central compartment dissection was not
studied because long-term follow-up was not available in some
enrolled patients.

CONCLUSION
In summary, rare internal flow, multiple suspicious foci,

capsule involvement on US, and VAR > 1 on ARFI elasto-
graphy are the risk factors for predicting central LNM. The risk
model developed in the study could clearly predict the risk of
central LNM in patients with PTMC and thus might be helpful
to avoid unnecessary CCND.
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