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Abstract
Background Papillary thyroid carcinoma (PTC) is the most common pathological type of thyroid
carcinoma. We aim to evaluate the association of sonographic features of PTC and cervical lymph node
metastasis (CLNM) at the initial surgery.

Methods Clinical information, ultrasonographic measurements and features for 1335 patients were
acquired in data collection. Univariate analysis was performed to test CLNM by 7 independent variables.
Receiver operating characteristic (ROC) curve was created to evaluate the diagnostic performance.

Results Univariate analysis showed that gland, location, aspect ratio, margin and echogenic foci were
independently associated with CLNM metastatic status (P < 0.05). Binary linear regression analysis
showed that sex, age, tumour maximum diameter and volume, location, margin and echogenic foci were
independent correlative factors. The ROC curves were established based on the relevant factors, the AUC
of tumour maximum diameter, tumour volume and margin were 0.74, 0.73, and 0.71, respectively. The
multiple-variable linear regression model was constructed with AUC of 0.81, speci�city of 72.8%, and
sensitivity of 75.0%. ANOVA variance analysis for sub-positive groups, tumour maximum diameter,
tumour volume, margin and echogenic foci had statistical signi�cance (P < 0.05).

Conclusion Younger age, male, larger tumour, margin, and echogenic foci were high risk factors for CLNM
in PTC. Cross-sectional aspect ratio with value ≥ 1 had higher predictive value for CLNM in PTC patients
excluding papillary thyroid microcarcinoma (PTMC).

Key Points
Papillary thyroid carcinoma (PTC) is prone to cervical lymph node metastasis (CLNM), but
ultrasonography cannot detect it well. 

We use cohort study for 1335 patients, and �nd out that the location and size of the lesion, margin and
punctate echogenic foci are factors with high risk for CLNM. Cross-sectional aspect ratio with value≥1
had higher predictive value for CLNM in PTC patients excluding papillary thyroid
microcarcinoma (PTMC).

Nodular sonographic features are useful clues for routine thyroid scanning and can be utilized to improve
the detection rate of CLNM. 

Background
As a noninvasive imaging examination method, ultrasonography has been widely used in clinic, since the
ultrasonographic images of the benign and malignant thyroid nodules overlap to some extent, TI-RADS
regulates the classi�cation diagnostic criteria, which has a better guidance in judgement of thyroid
nodules. The TI-RADS white paper which was proposed by American College of Radiology (ACR) in 2017
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has been internationally recognized and used recently [1], it presented the characteristics of thyroid
nodules based on sonographic features such as composition, echogenicity, shape, margin and echogenic
foci.

PTC is the most common pathological type of thyroid carcinoma, among which unifocal tumour often
occurs and the incidence of multifocal is about 30% [2]. CLNM is prone to occur early, and there is a risk
of postoperative recurrence and distant metastasis [3]. However, there are many limitations in
ultrasonography of cervical lymph nodes, especially central lymph nodes metastasis, ultrasonography
has the detection rate of 18.8%-31%, it is limited because of the interference from trachea, esophagus,
osseous tissue, thyroid underlying diseases and the examiner’s experience [4–5]. In recent years,
preventive central lymph node dissection is executed for PTC patient [6–8], but according to 2015
American Thyroid Association (ATA) Management Guidelines [9], thyroidectomy without prophylactic
central neck dissection is appropriate for small (T1 or T2), noninvasive, clinically node-negative PTC
(cN0). We hope high risk factors of PTC nodules with CLNM could be strati�ed in routine ultrasound
examination, they can help head & neck surgeons and radiologists assess and complete preoperative
surgical planning, then prophylactic neck dissection (central/lateral) will be offered accordingly. It is
useful to improve treatment protocol and prognosis.

Ultrasonography is the primary inspection method for thyroid gland, nodular sonographic features are
easy to access according to the basic training. In this study, unifocal PTC was selected to analyze in
combination with clinical information, ultrasonographic features and ACR ti-radS. It is necessary for us to
�nd some clues to predict the risk of lymph node metastasis before surgery when we perform routine
thyroid and cervical lymph node ultrasonic screening.

Materials And Methods
Patients

The participants were symptomatic with palpable or incidental thyroid lumps, and all �nally underwent
thyroidectomy in Cancer Hospital of the University of Chinese Academy of Sciences (Zhejiang Cancer
Hospital) from July 2014 to September 2018 were enrolled. Inclusion criteria: 1. thyroidectomy performed
for the �rst time; 2. enhanced CT scan of neck and thorax to assess cervical lymph node and pulmonary
metastasis, and ultrasonography performed for thyroid and neck before operation; 3. PTC was con�rmed
by biopsy before surgery, all histologic types of PTC including classic and variant were enrolled in the
study. Exclusion criteria: 1. lung or other distant metastasis; 2. postoperative pathology diagnosed
multifocal PTC. Unilateral thyroid lobe plus isthmus excision or total thyroidectomy were performed for
the patients. If lateral lymph node metastasis were suspected by preoperative comprehensive evaluation,
and con�rmed by biopsy, lateral lymph node dissection would be performed [6-7]. All patients underwent
preventive central lymph node dissection [6-8]. whether the dissected lymph node metastasized or not,
metastatic lymph nodes were con�rmed by pathology. This study was approved by the Ethics Committee
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of Cancer Hospital of the University of Chinese Academy of Sciences (Zhejiang Cancer Hospital).
Informed consent was obtained from all enrolled patients to include the data for analysis.  

Instruments 

GE Logiq E9 ultrasonographic instrument (General Electric Healthcare, Milwaukee, WI, USA) with a high-
resolution linear probe (ML6-15) and Philips iU22 ultrasonographic instrument (Royal Dutch Philips
Electronics, Amsterdam, Noord-Holland, Netherlands) with a high frequency linear probe (L12-5) were
used for the examination. 

Protocol 

Patients were maintained at supine position with neck hyper-extended, then thyroid and double-sides
neck were scanned at multi-section. The three diameters (length, width and depth), lesion location,
composition, echogenicity, shape, margin and echogenic foci of the tumour were recorded and evaluated
from workstations. The ultrasonographic images were performed by two same professional physicians
with experience of more than 10 years, both of them were board-certi�ed physicians with training and
experience of thyroid US. The ultrasonographic images and reports were analyzed in a blind manner by
another two ultrasound specialists (with experience of more than 10 years) independently. All the imaging
data were compared to the pathological results from neck dissections. For measurements, the error was
less than 2mm for two ultrasound specialists, average value was applied. When the measurement error
exceeded 2mm, and any discordance for ultrasonographic features occurred, the completely separate
experienced sonologists (with experience of more than 20 years) in thyroid US reviewed the images and
the �nal decision was determined.

Clinical information, ultrasonographic measurements and features were used for data collection. Clinical
information included sex, age; ultrasonographic measurements included the tumour maximum diameter,
tumour volume (V=0.523*length *width*depth), cross-sectional and longitudinal aspect ratio;
ultrasonographic features included ACR TI-RADS, gland represented left/right/isthmus, location
represented upper and lower (longitudinal scan)/anterior and posterior (longitudinal scan)/inside and
outside (transversal scan) for each lobe. The three diameters of the tumour were stated precisely as the
following, we did a longitudinal scan of thyroid, selected the maximum section of the nodule, measured
the maximum long diameter, it was length, then measured vertical diameter of long diameter, it was
depth. Transversal scan of thyroid was executed, selected the maximum section of the nodule, measured
the maximum diameter from left to right, it was width. 

Cross-sectional aspect ratio=depth/width and longitudinal aspect ratio=depth/length. Sonographic
features according to ACR TI-RADS were carried out: composition (cystic, mixed cystic and solid, solid or
almost completely solid), echogenicity (anechoic, hyperechoic or isoechoic, hypoechoic), shape (aspect
ratio<1or≥1), margin (smooth or ill-de�ned/lobulated or irregular/extra-thyroid extension) and echogenic
foci (none or large comet-tail artifacts/ macro/ peripheral / punctate echogenic foci). 
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TI-RADS score was acquired from the sonographic features, according to the setting of ACR. TI-RADS
grade was clari�ed as the following: TR1=0 Points, TR2=2 Points, TR3=3 Points, TR4=4-6 Points, TR5=7
Points or More. 

Statistical analysis 

Patients were divided into two groups according to the presence or absence of CLNM. The obtained data
were statistically analyzed by SPSS 20.0 software. Continuous quantitative data were expressed as the
mean±standard deviation (SD). Data-counting were described statistically by the number of cases and
rates. In this study, total four steps for statistical analysis were adopted. 

Step1, we used Chi-square test and independent-sample T test to compare the categorical variables of
sonographic features, they were univariate analysis and 2-sided hypothesis tests. Step2, a forward binary
linear regression analysis was adopted with clinical information, ultrasonographic measurements and the
categorical variables if analysis index P<0.05 in the univariate analysis to further determine whether it
was an independent correlative factor for CLNM. 

Step3, Odds ratios (ORs) with 95% con�dence intervals (CIs) were calculated and receiver operating
characteristic curves (ROC) were analyzed for factors with signi�cance on binary linear regression
analysis. The corresponding area under the curve (AUC) and sensitivity and speci�city of each signi�cant
independent variable and binary linear regression analysis �tting equation were used to predict the risk of
CLNM. Multiple linear regression equation re�ects the relationship between independent variables and
covariates, covariates are originated from binary linear regression analysis which conform to P<0.05. 

Step4, the positive group were divided into three groups, including only central lymph node metastasis
group, only lateral lymph node metastasis group and both metastatic group. ANOVA variance analysis
was used between the three groups for pair-to-pair comparison in order to �nd out the differences in
clinical information, ultrasonographic measurements and features. The potential errors due to multiple
comparisons for secondary and sub-group were handled by adjusting signi�cance threshold. P<0.05 was
considered statistically signi�cant.

Results
The appropriate patients were selected retrospectively according to the inclusion and exclusion criteria, a
total of 1335 participants were enrolled with intact imaging data for the accurate assessment of PTC.
There were 299 males and 1036 females, withath mean age 45.3 years (range 12 to 84 years); the
average tumour maximum diameter was 10.3mm (range 3.5 to 64.7 mm). There were 874 cases of
PTMC and 461 cases of PTC patients excluding PTMC among all. 432 cases were in positive group
(32.4%), PTMC patients were 181 cases, PTC excluding PTMC were 251 cases. Among the positive group,
285 (21.4%) with only central lymph node metastasis, 54 (4.0%) with only lateral lymph node metastasis,
and 93 (7.0%) with metastasis both in central and lateral lymph node) were included. There were 903
cases included in negative group (67.6%), PTMC patients were 693 cases, PTC excluding PTMC were 210
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cases. 143 patients underwent lateral lymph node dissection due to the positive pre-operative biopsy.
Lateral neck lymph node dissection was performed in 5 cases with high imaging suspicion but negative
puncture results. 3 cases of them had lateral neck lymph node metastasis and 2 cases were con�rmed
negative during operation.

All cervical lymph node metastases were found out at the time of initial surgery, recurrent disease in
cervical lymph nodes were not included. By comparing ultrasonographic features of patients in positive
and negative group with Chi-square test and independent-sample T test, the results showed that gland,
location, aspect ratio, margin and echogenic foci showed signi�cant differences (Table 1).
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Table 1
Univariate analysis of PTC with CLNM

Variable   Positive group(n = 
432)

Negative group(n = 
903)

P

Gland       P = 
0.001

  Left 177(41.0) 414(45.8)  

  Right 213(49.3) 449(49.7)  

  Isthmus 42(9.7) 40(4.5)  

Location       P = 
0.002

  Upper anterior inside 119(27.6) 283(31.3)  

  Upper anterior outside 101(23.4) 185(20.5)  

  Upper posterior inside 42(9.7) 119(13.2)  

  Upper posterior outside 28(6.5) 59(6.5)  

  Lower anterior inside 23(5.3) 62(6.9)  

  Lower anterior outside 28(6.5) 36(4.0)  

  Lower posterior inside 23(5.3) 61(6.8)  

  Lower posterior outside 26(6.0) 58(6.4)  

  Isthmus 42(9.7) 40(4.4)  

Composition       P = 
0.09

  mixed cystic and solid 10(2.3) 10(1.1)  

  solid or almost completely
solid

422(97.7) 893(98.9)  

Echogenicity       P = 
0.19

  hypoechoic 424(98.1) 894(99.0)  

  hyperechoic or isoechoic 8(1.9) 9(1.0)  

Aspect ratio       P < 
0.001

  < 1 214(49.5) 322(35.7)  

  ≥ 1 218(50.5) 581(64.3)  
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Variable   Positive group(n = 
432)

Negative group(n = 
903)

P

Margin       P < 
0.001

  smooth or ill-de�ned 171(39.6) 732(81.1)  

  lobulated or irregular 229(53.0) 160(17.7)  

  extra-thyroid extension 32(7.4) 11(1.2)  

Echogenic
foci

      P < 
0.001

  none or large comet-tail
artifacts

174(40.3) 664(73.5)  

  macro 8(1.8) 21(2.3)  

  peripheral 38(8.8) 32(3.6)  

  punctate echogenic foci 212(49.1) 186(20.6)  

We divided two sub-groups in positive group, there were PTMC and PTC excluding PTMC. Compared
these two groups, cross-sectional aspect ratio ≥ 1 had signi�cant difference for PTC patients excluding
PTMC to predict CLNM (Table 2).

Table 2
Univariate analysis of PTMC and PTC excluding PTMC in the positive group

Variable Cross-
sectional

aspect ratio ≥ 
1

longitudinal section aspect ratio 
≥ 1

P

      P = 0.006

PTMC + CLNM (181) 118 93  

PTC excluding PTMC + CLNM
(251)

80 32  

The clinical information, ultrasonographic measurements and features were included in the binary linear
regression analysis. Aspect ratio was included in cross-sectional and longitudinal section aspect ratio.
The result showed that sex, age, maximum tumour diameter and volume, location, margin and echogenic
foci were independent risk factors for CLNM (Table 3).
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Table 3
Binary logistic regression analysis of PTC with CLNM

Variable OR 95%CIs P

Overall(N = 432, n = 903)

Sex 1.75 1.28 ~ 2.40 P = 0.001

Age 0.96 0.95 ~ 0.97 P < 0.001

Maximum tumour diameter 1.09 1.05 ~ 1.13 P < 0.001

Tumour volume 0.92 0.86 ~ 0.99 P = 0.03

Cross-sectional aspect ratio 1.92 0.87 ~ 4.26 P = 0.11

Longitudinal section aspect ratio 1.33 0.73 ~ 2.47 P = 0.38

Gland (left/right/ isthmus) 1.15 0.90 ~ 1.47 P = 0.25

Location 1.07 1.01 ~ 1.13 P = 0.02

Margin 2.04 1. 76 ~ 2. 37 P < 0.001

Echogenic foci 1.27 1. 14 ~ 1.42 P < 0.001

N The number of patients for positive group; n The number of patients for negative group

Binary linear regression analysis and the ROC curve were used to obtain the independent correlative
factors for CLNM. The AUC, speci�city, sensitivity of maximum tumour diameter was 0.74, 66.6%, and
69.9%, respectively. For tumour volume, the AUC, speci�city and sensitivity were 0.73, 67.6%, and 68.1%,
respectively. For margin, the AUC, speci�city and sensitivity were 0.71, 81.1%, and 60.4%, respectively. To
take CLNM in PTC patients as a dependent variable, independent risk factors as covariates, a regression
equation of CLNM was deduced from the parameters, Y=-2.633 + 0.561*X10.043*X2 + 0.086*X30.083*X4 
+ 0.066*X5 + 0.703*X6 + 0.219*X7 (Y represented as CLNM, X1 = sex, X2 = age, X3 = maximum tumour
diameter, X4 = tumour volume, X5 = location, X6 = margin, X7 = echogenic foci). The ROC curve was used
to evaluate the regression model constructed by combining seven independent correlative factors (sex,
age, maximum tumour diameter and volume, location, margin and echogenic foci), in which the value of
AUC, speci�city and sensitivity was 0.81, 72.8% and 75.0%, respectively (Table 4).
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Table 4
ROC analysis of the independent variables in identifying PTC with CLNM

Variable AUC 95%CIs Speci�city Sensitivity

Overall(N = 432, n = 903)        

Sex 0.55 0.52 ~ 0.59 81.0% 29.4%

Age 0.36 0.32 ~ 0.39 99.9% 0.2%

Tumor maximum diameter 0.74 0.71 ~ 0.77 66.6% 69.9%

Tumor volume 0.73 0.71 ~ 0.76 67.6% 68.1%

Location 0.53 0.50 ~ 0.56 95.6% 9.7%

Margin 0.71 0.68 ~ 0.74 81.1% 60.4%

Echogenic foci 0.67 0.64 ~ 0.70 75.9% 57.9%

Equation 0.81 0.79 ~ 0.84 72.8% 75.0%

N The number of patients for positive group; n The number of patients for negative group

According to the differences in clinical information, ultrasonographic measurements and features by
ANOVA variance analysis, the patients were divided into three sub-positive groups: only central lymph
node metastasis group, only lateral lymph node metastasis group and both metastatic group. The results
showed that signi�cant variables (P < 0.05) between only central and only lateral lymph node metastasis
group, between only central and both metastatic group were same, including tumour maximum diameter,
tumour volume, margin and Echogenic foci (Table 5).

Table 5
ANOVA variance analysis for CLNM in PTC

Variable Central vs lateral Central vs both Lateral vs both

Gender(male/female) P = 0.993 P = 0.155 P = 0.324

Age P = 0.476 P = 0.493 P = 0.147

Tumor maximum diameter P < 0.001a P < 0.001a P = 0.02a

Tumor volume P < 0.001 a P < 0.001a P = 0.322

Location P = 0.779 P = 0.766 P = 0.056

Margin P < 0.001a P < 0.001a P = 0.869

Echogenic foci P < 0.001a P < 0.001a P = 0.945

a represented P < 0.05
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Discussion
With the application of high frequency ultrasound, the incidence of thyroid lesions in adults can be up to
60 ~ 70% [10]. Fine-needle aspiration (FNA) has been the most effective diagnostic method for benign
and malignant thyroid neoplasms recently [11]. However, regular observation is one of the choices for
most benign nodules, even malignant nodules, especially malignant nodules < 1cm or selected patients
with contraindications for surgical procedure [12–13]. Therefore, the standardization of thyroid
ultrasonographic images by ti-rads can effectively improve the differential diagnosis of thyroid nodules.

PTC is the most common malignant thyroid tumour, lymph node metastasis of which were associated
with the diameter, location, number and invasive growth of primary tumour [14–15]. The sensitivity of
ultrasound for the evaluation of central and lateral compartment lymph nodes is around 60% [9], in this
study, compared with cN1 and pN1, the detection rate of cervical lymph node metastases was 64.8%
(280/432). CLNM in PTC generally �rst occurs in the central region and then to the lateral region [16],
which is more common in area VI, followed by area III and IV [17]. However, not all PTC lymph node
metastases follow this pattern, with some skip metastasis where lymph node metastasis occurs in the
lateral neck region and no metastasis in the ipsilateral central region [18]. Some studies have reported
that the rate of lymph node skip metastasis was 3 ~ 21.8% [19]. Due to only unifocal PTC included in this
study, the lymph node skip metastasis rate was 4.0% (54/432).

TI-RADS was mainly adopted in the differential diagnosis of benign and malignant thyroid neoplasms.
The consistent conclusion of the association between sex, age and sonographic features and lymph
node metastasis was di�cult to achieve [20–22]. This study only included unifocal PTC and conducted a
strati�ed study to comprehensively evaluate the risks of CLNM in PTC combined with clinical
information, ultrasonographic measurements and TI-RADS to obtain a more complete and effective
result.

PTC can occur in any part of thyroid, including bilateral lobes and isthmus. For isthmus, the incidence of
thyroid cancer is about 2.5%~9.2% [23]. Studies have found that isthmus PTC was more likely to invade
thyroid capsule and surrounding tissues, compared with the lateral lobe PTC [24–25]. This is mainly
because the area of the isthmus tumour in contact with thyroid capsule is relatively large, which is easy
to invade the capsule or break through the capsule and invade the surrounding tissues, thus CLNM would
happen. Previous studies [25–26] have suggested that when the tumour was located in the middle or
lower pole of thyroid, the risk of CLNM was increased. In this study, the incidence of PTC lymph node
metastasis in isthmus was larger than in the left and right lobes (51.2%(42/82)vs 29.9% 177/591 vs
32.2% 213/662 ), and the lobes were stereolocated by the upper and lower, anterior and posterior, inside
and outside, 43.8% (28/64) of lymph node metastasis occurred in the lower, anterior and outside location,
which were consistent with previous studies [25–26]. We recommend principle of stereo-position for
lesions, in one hand, we can assess the clearer location of the lesion, in other hand, for isthmus and lower
lesion, we should check the neck carefully for CLNM. However, more data should be provided to promote
and con�rm the result.
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Aspect ratio ≥ 1 is a highly speci�c index for the diagnosis of malignant thyroid nodules [27–28].
According to previous literature, the results of association between aspect ratio and CLNM in PTC were
not consistent. Part of literature [29–30] suggested that it was prone to occur CLNM when aspect ratio > 
1, and CLNM was the risk factor. The study [31] reported that no statistical signi�cance could be seen in
the prediction of lateral cervical lymph node metastasis in the case of aspect ratio ≥ 1. In this study,
aspect ratio had statistical signi�cance in univariate analysis, while we used the binary logistical
analysis, there was no signi�cant difference, the main reason was that PTMC patients were 65.5%
(874/1335) in the study, just 20.7% (181/874) were in the positive group. In addition, according to the
morphology of the thyroid lesion, it could be divided into cross-sectional aspect ratio and longitudinal
section aspect ratio. We compared cross-sectional aspect ratio and longitudinal section aspect ratio for
PTMC and PTC patients excluding PTMC, it could be concluded that cross-sectional aspect ratio had a
better predictive value for CLNM in PTC excluding PTMC, compared with the longitudinal aspect ratio.
There was less relevant literature with the association between cross-sectional and longitudinal section
aspect ratios in predicting cervical LN metastasis, especially for PTC patients excluding PTMC. We will
collect more data for further research in the future.

Malignant tumour grows rapidly, the cancer cells continue to invade outward, then the incidence of lymph
node metastasis is relatively increased [32–33]. Margin is one of the invasive characteristics of the
tumour. The nodules with high invasiveness showed irregular and lobulated boundaries, while smooth
boundaries generally indicate low invasiveness and slow growth [34]. In this study, univariate analysis
and logistic regression analysis both showed a good association between margin and CLNM in PTC, the
lesions with lobular/irregular or extension more occurred CLNM than smooth or ill-de�ned (60.4%
(261/432) vs 39.6% (171/432)). This is consistent with the results reported in the literature [21, 26].
Margin had statistical signi�cance (P < 0.001) between only central lymph node metastasis group and
only lateral lymph node metastasis group, between only central lymph node metastasis group and both
metastatic group by ANOVA variance analysis.

Echogenic foci are divided into micro-calci�cation, macro-calci�cation and ring calci�cation around the
nodules on the basis of 1mm [35]. Micro-calci�cation can re�ect the psammoma bodies in pathology,
which results from calci�cation and necrosis of cancer cells and is a speci�c indicator for the diagnosis
of PTC [36], and it is signi�cantly related to lymph node metastasis. Continuous follow-up studies found
that CLNM was more likely to occur in PTC with micro-calci�cation [37]. In this study, the patients with
peripheral calci�cation or punctate echogenic foci had more CLNM, compared with none or large comet-
tail artifacts (57.9% (250/432) vs 42.1% (182/432)). When ANOVA variance analysis was executed,
echogenic foci also had signi�cant difference (P < 0.001). Therefore, ultrasonography can better predict
the risk of CLNM in PTC for the different types of calci�cations.

Ti-rads comprehensively evaluated the tumour according to sonographic features of thyroid nodules. Its
scoring and grading system were used for the differential diagnosis of benign and malignant nodules, it
would be great value for further determination of diagnosis and treatment protocols. In this study, sex,
age, ultrasonographic measurements and features were included for logistic regression analysis to
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establish a prediction model for CLNM, with a speci�city of 72.8% and a sensitivity of 75.0%. Sun et al.
[38] reported that they used sex, age, max diameter and number of nodules, cervical lymph node detected
by ultrasound as covariates, CLNM as a dependent variable, a prediction model was acquired with a
speci�city of 80.8% and a sensitivity of 59.8%. The result had reference value. It also demonstrates the
importance of comprehensive evaluation of ultrasound in clinical practice.

Heaton et al. [39] reported that women and elderly patients were at risk of PTC, while men and younger
patients were at risk of CLNM. In this study, CLNM occurred in 42.5% (127/299) of male patients, and
occurred in only 29.4% (305/1036) of female patients, which also suggests that male patients have a
higher risk of lymph node metastasis. We used 55 years as the threshold in this study according to the
TNM staging system for thyroid cancer [40], and 35.4% (371/1048) of patients who were younger than 55
years had CLNM, and among those who were 55 years or older, lymph node metastases occurred in only
21.2% (61/287) of patients in this study.

The maximum tumor diameter is an important reference index for PTC treatment protocols and the range
of surgery [41]. The results demonstrated that the average maximum tumor diameter in the positive group
was about 1.7 times (14.4mm vs 8.36mm) that in the negative group. The tumor seemed to be ellipsoid,
and the volume as the evaluation parameter made the result more objective and scienti�c. The average
tumor volume in the positive group was about 3.7 times (2.05ml vs 0.55ml) that in the negative group.
For larger tumors, cervical lymph nodes should be examined in order to improve the detection rate of
CLNM. In particular, in patients with large tumors, central or both central and lateral lymph node
metastasis should be determined in advance.

Limitations of this study: 1. It was a single-center retrospective study including unifocal PTC and lymph
node dissection performed in the central area, which may cause selection bias. 2. Cases with metastases
in lateral location were not adequate, large samples are required to study the cervical metastases in
different parts. For skip lateral lymph node metastases, more effective preoperative assessment should
be adopted. 3. This is our preliminary study for large sample size of PTC patients, we will add detailed
clinical and pathological staging, subdivided pathological types, machine learning models for further
research.

Conclusions
In conclusion, based on PTC pathology, the correlations between sex, age, ultrasonographic
measurements and features were analyzed in order to assess a good clinical value for preoperative
evaluation of the risk of lymph node metastasis. For PTC patients with high-risk factors such as less than
55 years, male, larger tumour, lobulated or irregular margin, peripheral calci�cation or punctate echogenic
foci, preoperative lymph node examination should be conducted in details, including cervical lymph node
sonographic scan by the experienced sonologists (with experience of more than 10 years) and enhanced
CT scan of neck as a rule, which will cover a wide range of thyroid cancer population and help develop a
more reasonable clinical treatment protocol.



Page 14/18

Abbreviations
PTC Papillary thyroid carcinoma

CLNM Cervical lymph node metastasis

PTMC Papillary thyroid microcarcinoma

TI-RADS Thyroid imaging report and data system

ACR American College of Radiology

SD Standard Deviation

OR Odds ratio

CI Con�dence interval

ROC Receiver operating characteristic

AUC Area under the curve

FNA Fine-needle aspiration
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