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Background: It is controversial whether contralateral prophylactic central neck dissection 
(PCND) should be performed for patients with solitary and clinical lymph node negative 
(cN0) papillary thyroid carcinoma (PTC) although routine ipsilateral PCND is required.
Objective: The aim of this study was to develop an improved nomogram including clinical 
features, ultrasound, and acoustic radiation force impulse (ARFI) elastography for the 
prediction of contralateral central lymph node metastasis (CLNM) in patients with solitary 
and cN0 PTC in the preoperative period.
Materials and Methods: A total of 340 patients were retrospectively included as the training 
cohort and 170 patients as the external validation cohort. Patients were grouped according to the 
pathological results of contralateral CLNM. The association between the clinical characteristics, 
ultrasound, and ARFI elastography and the risk for contralateral CLNM were analyzed. 
A nomogram was established based on the result of multivariable logistic analysis to predict 
the risk of contralateral CLNM, which was assessed by internal and external validation.
Results: CLNM was found in 213 patients (41.8%), among whom 142 (27.8%) had ipsilateral 
CLNM and 95 (18.6%) had contralateral CLNM (including 68 (13.3%) with bilateral CLNM). 
Multivariable analysis revealed that patients with younger age, male gender, larger tumor size, 
closer distance from the capsule, microcalcification, and larger SWVmean were independent 
predictors associated with the contralateral CLNM (P < 0.05), which was served as the basis 
of the nomogram. It showed good discrimination (C-index: 0.856) and calibration (χ2 = 9.028, 
P = 0.340, Hosmer–Lemeshow test) in the training cohort, and good discrimination was 
maintained in the external validation cohort (C-index: 0.792).
Conclusion: The nomogram utilizing the features of ultrasound combined with ARFI 
elastography in preoperatively predicting the risk of contralateral CLNM in patients with 
solitary and cN0 PTC was established, which showed superior performance both in internal 
and external validation.
Keywords: prophylactic central neck dissection, papillary thyroid carcinoma, central lymph 
node metastasis, acoustic radiation force impulse, nomogram

Introduction
Several studies have reported that the prevalence of central lymph node metastasis 
(CLNM) was 30%-60% in patients with clinical lymph node negative (cN0) papillary 
thyroid carcinoma (PTC).1–4 Although, routine ipsilateral prophylactic central neck 
dissection (PCND) is required.5 A controversial topic is whether contralateral PCND 
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should be performed in cN0 PTC patients with a solitary 
lesion in the unilateral lobe. It seemed to have little prognos
tic benefit but is supposed to increase morbidities such as 
hypoparathyroidism and recurrent laryngeal nerve injury.6–8

Due to the low accuracy of preoperative ultrasonography 
or CT in detecting CLNM,9–11 more and more studies have 
tried to predict CLNM by evaluating the clinicopathological 
characteristics of PTC. Previous studies have constructed 
several nomograms to predict CLNM by assessing clinico
pathological features, including, but not limited to, younger 
age, male gender, larger tumor size, extrathyroid invasion, 
multifocality, and gene mutations, etc.12–15 Although these 
nomograms achieved good discrimination and calibration, 
they are limited in detecting CLNM in the preoperative 
period to avoid unnecessary PCND since most pathological 
factors are determined after surgery. Moreover, there are few 
studies on the prediction of the contralateral CLNM in 
patients with solitary and cN0 PTC (most studies focused 
on whether patients with low-risk PTC should omit PCND).

Ultrasound elastography has been widely applied to 
quantitatively evaluate tissue stiffness. Several studies 
reported that a higher elasticity index in thyroid nodules 
on acoustic radiation force impulse (ARFI) elastography 
or shear-wave ultrasound elastography is helpful to predict 
CLNM as an adjunct to conventional ultrasonography.16–18 

However, to our knowledge, no nomogram includes elas
tography for predicting contralateral CLNM in patients 
with solitary and cN0 PTC preoperatively.

The purpose of this study was to establish an improved 
nomogram including clinical features, ultrasound, and ARFI 
elastography for the prediction of contralateral CLNM in 
patients with solitary and cN0 PTC in the preoperative period 
to help determine the extent of thyroid surgery.

Materials and Methods
Patients
This retrospective study was approved by the ethics com
mittee of Yunnan Kungang Hospital (EC-20200203-1013). 
Written informed consents were obtained from all partici
pants before surgery. This study was conducted in accor
dance with the declaration of Helsinki.

Preoperative ultrasonography and ARFI elastography 
for thyroid nodule has been routinely performed before 
the patients underwent surgery since 2015. From 
March 2015 to September 2019, 582 patients with cN0 

PTC were observed. cN0 was defined as the absence of 
any of the following ultrasound features suggesting lymph 

node metastasis:1) ratio between the maximum longitudinal 
and transverse diameters ≤ 2; 2) absence of echogenic 
hilum; 3) calcification; 4) cystic appearance; 5) focal cor
tical thickening; 6) granular parenchymal echoes; 7) hyper
echoic punctuations; 8) presence of a peripheral 
vascularization.5 Patients with tumors in the isthmus, cap
sular invasion, multifocal disease, lateral lymph node 
metastases, distant metastases, and incomplete preoperative 
imaging data were excluded in this study. Finally, 510 
patients with solitary and cN0 PTC were enrolled, which 
included 340 patients as the training cohort and 170 patients 
as the external validation cohort. All patients underwent 
thyroid lobectomy associated with bilateral PCND. The 
clinical variables, including age, gender, Hashimoto’s thyr
oiditis, and family history of thyroid cancer were recorded. 
All patients were grouped according to the postoperative 
pathological results of the contralateral CLNM (Figure 1).

Ultrasonography and ARFI Elastography
Ultrasound scans were performed by S2000 ultrasound sys
tem (Siemens Medical Solutions, Mountain View, CA) with 
a 4–9 MHz linear transducer and Aplio 500 color ultrasound 
system (Toshiba Medical Systems Corporation, Otawara, 
Japan) with a 5–14MHz transducer. The ultrasonic assess
ments were performed by 2 sonographers with more than 10 
years’ experience in ultrasonography. The following ultra
sound features were evaluated: tumor size (mm), location 
(left or right lobe), distance from the capsule, echogenicity 
(hypo- or others), shape (regular or irregular), margin (well 
or poorly defined), halo sign, and calcification (microcalcifi
cations, <2 mm in diameter; macrocalcifications, ≥2 mm in 
diameter with shadowing, rim or eggshell calcification, or no 
calcification)19 (Figures 2A and 2a). Besides, the internal 
flow was assessed by superb microvascular imaging (SMI) 
(classified as rich internal flow, rare internal flow, or no 
visible flow) since color Doppler was insensitive in low- 
speed vascular signal (Figures 2B and 2b).

ARFI elastography was subsequently evaluated for the 
selected tumor. The elastic images were stored on 
a longitudinal plane. Under virtual touch tissue (VTI) 
mode, VTI and grayscale ultrasound were displayed simul
taneously. The VTI area ratio (VAR) was obtained by the 
ratio of nodule areas on VTI and grayscale ultrasound 
(area on VTI/grayscale ultrasound) (Figures 2C and 2c). 
Quantitative measurement of elasticity was achieved on 
each virtual touch tissue quantification (VTIQ) image with 
a rectangular region of interest (ROI) located over the 
stiffest part of the lesion after a high shear wave quality 
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was obtained (Figures 2D and 2d). The shear wave velo
city (SWV, m/s) in the ROI was calculated automatically 
(Figures 2E and 2e). The mean SWV value (SWVmean) 
was obtained after averaging each SWV values in the ROI.

Statistical Analysis
The statistical analyses were performed with SPSS (version 
22.0; SPSS Inc., Chicago, IL, USA), Medcalc software (ver
sion 11.0, Ostend, Belgium), and R package version 3.6.2. The 
numerical data were expressed as median (interquartile range) 
for abnormal distribution, and the categorical variables were 
expressed as number (percentage). In the training cohort, 
clinical and ultrasonic variables were first analyzed by uni
variate logistic regression analysis. The predictors that were 
significant at P < 0.05 in the univariate analysis included in the 
multivariate logistic regression. A nomogram was established 
based on the independent predictors identified by the multi
variable analysis to predict the risk of contralateral CLNM. 
The performance of the nomogram was internally validated 
with Bootstrap resampling (1000 times) analysis.20 Hosmer– 
Lemeshow test was used for calibration. To evaluate the 
internal and external discrimination of the nomogram, the 
area under the curve (AUC) of receiver operating character
istic curve (ROC), also known as Harrell’s concordance index 
(C-index)21 was assessed in both internal and external valida
tion (based on the validation cohort).

Results
Clinical Characteristics of Patients with 
Solitary and cN0 PTC in the Training and 
Validation Cohorts
A total of 510 patients with solitary and cN0 PTC were 
confirmed after surgery. CLNM was present in 213 patients 

(41.8%), among whom 142 (27.8%) had ipsilateral CLNM, 
and 95 (18.6%) had contralateral CLNM (including 68 
(13.3%) with bilateral CLNM). The training cohort consisted 
of 340 patients, of which 63 patients with contralateral 
CLNM were included in the CLNM+ group, while the 
remained 277 patients were included in the CLNM-group. 
The validation cohort included 170 patients, of which 32 
patients were included in the CLNM+ group and 138 patients 
in the CLNM-group. The clinical features of PTC patients in 
both training and validation cohorts are shown in Table 1. No 
significant difference was found in the basic clinical charac
teristics between the training and validation cohorts, which 
verified homogeneous baseline data between the two cohorts.

Univariate and Multivariable Analysis on 
the Predictors of Contralateral CLNM
Univariate analysis indicated that the predictors such as 
younger age, male gender, closer distance from the cap
sule, larger tumor size, and microcalcification were sig
nificantly associated with the risk of contralateral CLNM 
(Table 2). The tumor stiffness of the CLNM+ group was 
generally greater than that of the CLNM-group, and the 
VAR of the lesion was generally larger than in the grays
cale image. Table 2 shows that SWVmean and VAR >1 
were associated with the risk for contralateral CLNM.

Multivariable analysis conducted using a logistic regres
sion model further revealed that patients with younger age 
(OR = 0.876, P < 0.001), male gender (OR = 2.372, 
P = 0.029), larger tumor size (OR = 2.814, P < 0.001), closer 
distance from the capsule (OR = 0.176, P < 0.001), micro
calcification (OR = 2.648, P = 0.037), and SWVmean 

(OR = 9.516, P < 0.001) were found to be independent 
predictors associated with the contralateral CLNM (Table 2).

Figure 1 Postoperative histopathology of the contralateral CLNM (haematoxylin–eosin stain, ×100 magnification). CLNM was not found in figure (A) but confirmed in 
figure (B) (marked by arrows). 
Abbreviation: CLMN, central lymph node metastasis.
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Nomogram for Predicting Contralateral 
CLNM in Patients with Solitary and cN0 

PTC
A nomogram with the 6 independent predictors associated 
with contralateral CLNM was constructed (Figure 3). Each 

predictor was proportionally assigned a specific number 
within a 0- to 100-point scale. By adding the total score 
and locating it on the total point scale, the estimated 
incidence of contralateral CLNM in patients with solitary 
and cN0 PTC was determined.

Internal and External Validation of the 
Nomogram
The bia-corrected C-index of the nomogram created from 
the training cohort was 0.856 (95% CI 0.814 to 0.891), 
demonstrating good discrimination (>0.75) (Figure 4A). 
The test of calibration indicated no significant lack of 
departure (χ2=9.028, P=0.340, Hosmer–Lemeshow test), 
which demonstrated good calibration of the nomogram. 
To validate the usefulness of the nomogram, the external 
validation cohort consisted of 170 patients with a 19% 
overall rate of contralateral CLMN. When applied to the 
original model, the C-index generated from the external 
validation data was 0.792 (95% CI, 0.793 to 0.857), 
demonstrating good discrimination power in the validation 
cohort (Figure 4B).

Discussion
The present study revealed that higher stiffness of PTC 
was associated with contralateral CLNM, which demon
strated the utility of preoperative ARFI elastography for 
contralateral CLNM in patients with solitary and cN0 PTC. 
This study included 15 variables from clinical character
istics, ultrasound, and ARFI elastography as potential pre
dictors for contralateral CLNM. The results indicated that 
the presence of contralateral CLNM was associated with 
the features such as younger age, male gender, larger 
tumor size, closer distance from the capsule, microcalcifi
cation, as well as larger SWVmean. The developed nomo
gram based on the training cohort showed good 
discrimination and satisfied calibration. Good discrimina
tion was maintained when applying this nomogram to 
predict the contralateral CLMN of the external validation 
cohort. These results validated that the nomogram showed 
good performance for predicting contralateral CLNM in 
patients with solitary and cN0 PTC.

Presence of Ipsilateral and Contralateral 
CLNM in Patients with Solitary and cN0 

PTC
CLNM usually occurs first in the ipsilateral central compart
ment and then spread to the contralateral central and 

Figure 2 Ultrasound and ARFI elastography images of patients with solitary and 
cN0 PTC. Figures (A–E) are images of contralateral CLMN in patients with solitary 
and cN0 PTC, while Figures (a) to (e) are images without contralateral CLMN. 
Grayscale ultraound, SMI, VAR displayed on VTI, ARFI quality mode, VTIQ are 
showed in figures (A) and (a), (B) and (b), (C) and (c), (D) and (d), and (E) and (e). 
The images of grayscale ultrasound, SMI, and VAR are similar between patients with 
or without contralateral CLMN. However, the SWVmean of patient with contral
ateral CLMN (3.17 m/s) displayed on VTIQ is higher than that of patient without 
contralateral CLMN (2.54 m/s). 
Abbreviations: ARFI, acoustic radiation force impulse; cN0, clinical lymph node 
negative; PTC, papillary thyroid carcinoma; CLMN, central lymph node metastasis; 
SMI, superb microvascular imaging; VTI, virtual touch tissue; VTIQ, virtual touch 
tissue quantification; VAR, virtual touch tissue area ratio; SWV, shear wave velocity.
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ipsilateral lateral compartments.22 It is controversial whether 
contralateral PCND is needed if patients with solitary and 
cN0 PTC.23 The result of this study revealed that 27.8% of 
patients with solitary and cN0 PTC found ipsilateral CLNM 
while 18.6% of patients had contralateral CLNM, which is 
similar to the meta-analysis by Sun et al24 (25%-63.83% for 
ipsilateral CLNM and 9.24%-30.6% for contralateral 
CLNM). Thus, we believe that ipsilateral PCND should be 
routinely performed. Meanwhile, it is significant that 
patients should be stratified according to the risk of contral
ateral CLNM, and bilateral PCND was performed only in 

high-risk patients with contralateral CLNM to reduce the 
possibility of recurrence and reoperation.

Predictors of Contralateral CLNM in 
Patients with Solitary and cN0 PTC
Until now, few nomograms are developed to predict the 
contralateral CLNM of patients with low-risk PTC. Most of 
the researches utilized nomograms for the prediction of the 
risk of CLNM to help surgeons make appropriate decisions 
on whether PCND is warranted.12–15 Hei et al25 constructed 
a nomogram integrating 3 variables such as tumor size, 

Table 1 Clinical, Ultrasonic, and ARFI Elastographical Characteristics of PTC Patients in the Training and Validation Cohorts

Variables Training Cohort Validation Cohort

Overall 
(n=340)

CLNM- Group 
(n=277)

CLNM+ Group 
(n=63)

Overall 
(n=170)

CLNM- Group 
(n=138)

CLNM+ Group 
(n=32)

Age 36 (31, 42) 38 (33, 43) 32 (27, 34) 36 (31.8, 42) 37 (33, 42) 31.5 (26.35)

Gender Female 272 (80.0%) 228 (82.3%) 44 (69.8%) 137 (80.6%) 115 (83.3%) 22 (68.7%)
Male 68 (20.0%) 49 (17.7%) 19 (30.2%) 33 (19.4%) 23 (16.7%) 10 (31.3%)

Hashimoto’s thyroiditis 102 (30.0%) 89 (32.1%) 13 (20.6%) 51 (30.0%) 46 (33.3%) 5 (15.6%)

Family history of thyroid cancer 34 (10.0%) 28 (10.1%) 6 (9.5%) 14 (8.2%) 11 (8.0%) 3 (9.4%)

Tumor size (mm) 6 (5, 8) 6 (5, 7) 8 (7, 10) 6 (5, 9) 6 (4, 7) 8 (7, 11)

Location Left 163 (47.9%) 138 (49.8%) 25 (39.7%) 83 (48.8%) 65 (47.1%) 18 (56.3%)
Right 177 (52.1%) 139 (50.2%) 38 (60.3%) 87 (51.2%) 73 (52.9%) 14 (43.8%)

Distance from the capsule (mm) 1.5 (1.1, 1.9) 1.6 (1.1, 2.0) 1.1 (0.7, 1.6) 1.5 (1.0, 2.1) 1.6 (1.1, 2.1) 1.2 (0.7, 1.6)

Echogenicity Hypo- 323 (95.0%) 262 (94.6%) 61 (96.8%) 159 (93.5%) 129 (93.5%) 30 (93.8%)
Others 17 (5.0%) 15 (5.4%) 2 (3.2%) 11 (6.5%) 9 (6.5%) 2 (6.3%)

Shape Regular 171 (50.3%) 140 (50.5%) 31 (49.2%) 83 (48.8%) 70 (50.7%) 13 (40.6%)
Irregular 169 (49.7%) 137 (49.5%) 32 (50.8%) 87 (51.2%) 68 (49.3%) 19 (59.4%)

Margin Well defined 114 (33.5%) 89 (32.1%) 25 (39.7%) 48 (28.2%) 41 (29.7%) 7 (21.9%)
Pooly defined 226 (66.5%) 188 (67.9%) 38 (60.3%) 122 (71.8%) 97 (70.3%) 25 (78.1%)

Halo sign 28 (8.2%) 21 (7.6%) 7 (11.1%) 15 (8.8%) 13 (9.4%) 2 (6.3%)

Calcification Microcalcification 86 (25.3%) 64 (23.1%) 22 (34.9%) 39 (22.9%) 27 (19.6%) 12 (37.5%)
Macrocalcification 15 (4.4%) 11 (4.0%) 4 (6.3%) 9 (52.9%) 7 (5.1%) 2 (6.3%)

Eggshell 

calcification

0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)

No calcification 239 (70.3%) 202 (72.9%) 37 (58.7%) 122 (71.8%) 104 (75.4%) 18 (56.3%)

SMI No visible flow) 25 (7.4%) 21 (7.6%) 4 (6.3%) 17 (10.0%) 14 (10.1%) 3 (9.4%)
Rare internal flow 248 (72.9%) 202 (72.9%) 46 (73.0%) 126 (74.1%) 103 (74.6%) 23 (71.9%)

Rich internal flow 67 (19.7%) 54 (19.5%) 13 (20.6%) 27 (15.9%) 21 (15.2%) 6 (18.8%)

SWVmean 2.99 (2.53, 

3.38)

2.85 (2.46, 3.27) 3.44 (3.07, 3.95) 2.72 (2.37, 

3.18)

2.58 (2.26, 3.07) 3.12 (2.95, 3.68)

VAR >1 264 (77.6%) 209 (75.5%) 55 (87.3%) 129 (75.9%) 102 (73.9%) 27 (84.4%)

Abbreviations: ARFI, acoustic radiation force impulse; PTC, papillary thyroid carcinoma; SMI, superb microvascular imaging; SWV, shear wave velocity; VAR, virtual touch 
tissue area ratio.
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number of positive lymph nodes, and extranodal extension in 
the ipsilateral central neck to estimate the risk of contralateral 
CLNM in patients with unilateral PTC, which obtained good 
discrimination and calibration. However, the pathological 
predictor (extranodal extension in the ipsilateral central) is 
determined postoperatively. It is difficult to help surgeons 
determine the extent of thyroid surgery.

The nomogram developed in our study utilized 6 avail
able variables in the preoperative setting such as age, gender, 
tumor size, distance from the capsule, microcalcification, and 
SWVmean to predict the probability of contralateral CLNM in 
patients with solitary and cN0 PTC. Age, gender, and tumor 
size have been repeatedly confirmed as the independent pre
dictors of CLNM.26–28 Although the tumor size in this study 

was only 4–11mm (most of them were papillary thyroid 
microcarcinoma), the nomogram confirmed the increase of 
tumor size as a large contributor to scores. Lim et al3 and Roti 
et al29 also demonstrated the predictive value of increasing 
tumor size in papillary thyroid microcarcinoma. Previous 
studies have confirmed that capsular invasion of PTC is 
closely related to CLNM.30,31 Hence, PTC patients with 
capsular invasion were excluded in this study and the dis
tance from the capsule was observed. Our results indicated 
that the distance from the capsule was predictive for contral
ateral CLNM, which was in accordance with the study of 
Seong et al,32 who reported that a distance from the capsule 
<1.9 mm was associated with CLNM in cN0 PTC patients. 
The presence of calcification is known to identify benign and 

Table 2 Univariate and Multivariable Logistic Analysis for Predicting Contralateral CLMN in Patients with Solitary and cN0 PTC

Predictors Univariate Analysis Multivariable Analysis

P OR 95% CI P OR 95% CI

Age <0.001 0.865 0.823–0.909 <0.001 0.876 0.830–0.924

Gender Female Reference Reference
Male 0.027 2.009 1.081–3.736 0.029 2.372 1.092–5.152

Hashimoto’s thyroiditis 0.075 0.549 0.284–1.063

Family history of thyroid cancer 0.889 0.936 0.370–2.367

Tumor size (mm) <0.001 2.942 2.206–3.923 <0.001 2.814 1.940–4.084

Location Left Reference
Right 0.148 1.509 0.865–2.634

Distance from the capsule (mm) <0.001 0.178 0.096–0.329 <0.001 0.176 0.070–0.446

Echogenicity Hypo- Reference
Others 0.472 0.576 0.128–2.593

Shape Regular Reference
Irregular 0.801 1.073 0.619–1.861

Margin Well defined Reference
Pooly defined 0.224 0.703 0.399–1.241

Halo sign 0.331 1.569 0.633–3.891

Calcification No calcification Reference Reference
Microcalcification 0.039 1.877 1.032–3.412 0.037 2.648 1.060–6.618

Macrocalcification 0.261 1.985 0.600–6.570

SMI No visible flow Reference
Rare internal flow 0.754 1.196 0.392–3.650

Rich internal flow 0.709 1.264 0.370–4.319

SWVmean <0.001 6.756 3.835–11.903 <0.001 9.516 3.959–22.876

VAR >1 0.046 2.237 1.015–4.931 0.562 1.391 0.456–4.239

Abbreviations: cN0, clinical lymph node negative; PTC, papillary thyroid carcinoma; CLMN, central lymph node metastasis; SMI, superb microvascular imaging; SWV, shear 
wave velocity; VAR, virtual touch tissue area ratio; 95% CI, 95% confidence interval.
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malignant thyroid tumors. However, its association with 
CLNM is still uncertain.15,16,18 In our study, microcalcifica
tion was an independent predictor for contralateral CLNM.

ARFI elastography as a supplement to ultrasonography is 
capable of evaluating the tissue stiffness non-invasively. The 
association between the stiffness of thyroid tumor and the 
risk of lymph node metastasis has been reported.18 In the 
present study, SWVmean and VAR were associated with con
tralateral CLNM in univariate analysis. SWVmean and VAR 
reveal the stiffness of the tumor itself and the adjacent thyroid 
parenchyma. On pathology, tissue fibrosis influences tumor 
progression by regulating soluble factors that induce inflam
mation and angiogenesis and stimulate cell growth and inva
sion. Tumor progression with cell proliferation and fibrosis 
would affect both tumor stiffness and aggressiveness 

including lymphatic metastasis.33 The invasion of adjacent 
tissues may lead to increased stiffness around the tumor. 
Hence, the area on VTI is larger than that on grayscale 
ultrasound. A positive association between the increased 
stiffness of thyroid tumor and LNM has been reported.16,34 

However, VAR was not associated with contralateral CLNM 
after adjustment for other predictors by multivariate logistic 
analysis. The possible reason may be that the VAR is plotted 
manually, and the inevitable operating error may cause inac
curate measurement.

Advantages of the Nomogram
The principal advantage of our nomogram is that all the 
predictors are convenient to obtain from regular examina
tions preoperatively, which means a good application value 

Figure 4 ROC for the discrimination of the nomogram. (A) for discrimination in the training cohort. The C-index is 0.856 (95% CI 0.814 to 0.891), demonstrating very 
good discrimination. (B) for discrimination in the external validation set. The C-index is 0.792 (95% CI 0.723 to 0.850), again demonstrating good discrimination. 
Abbreviations: ROC, receiver operating characteristic curve; C-index, Harrell’s concordance index; 95% CI, 95% confidence interval.

Figure 3 Nomogram for predicting the risk of contralateral CLMN in patients with solitary and cN0 PTC. The top row shows the point assignment for each variable. Rows 
2–7 indicate the variables included in the nomogram. The bottom row shows the risk of contralateral CLMN. For example, when a 8 mm PTC with microcalcification is 
diagnosed in a 40-year-old male patient. The distance between the tumor and capsule is 1 mm, and the SWVmean of the tumor is 3.5m/s. The total score is about 195, which 
indicates that the probability of contralateral CLMN is about 80%. cN0: clinical lymph node negative. 
Abbreviations: PTC, papillary thyroid carcinoma; CLMN, central lymph node metastasis; SWV, shear wave velocity.
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in the clinical setting. Furthermore, this nomogram was 
verified to have good discrimination both in the training 
cohort (C-index, 0.856) and validation cohort (C-index, 
0.792), which allows a wise and customized decision on the 
performance of contralateral CLNM in patients with solitary 
and cN0 PTC in the preoperative period.

Limitations
Some limitations are inevitable due to the retrospective study. 
The selection bias might present since only patients who 
underwent surgery were recruited. ARFI elastography was 
performed only for patients with suspicious PTC preopera
tively. In addition, the interobserver variabilities of VAR and 
SWV on ARFI elastography were not assessed. The associa
tion between ARFI elastography and the status of contral
ateral CLNM needs to be validated on further studies.

Conclusion
In conclusion, we established a nomogram utilizing the 
features of ultrasound combined with ARFI elastography 
in predicting the likelihood of contralateral CLNM in 
patients with solitary and cN0 PTC preoperatively. The 
nomogram showed superior performance both in the train
ing and validation cohort. Based on the quantified risk 
stratification, contralateral PCND may be considered 
when the patient has a high nomogram score.
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