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Background: The advantages of the dissecting the metastatic lymph nodes posterior to the right recurrent laryngeal nerve (LN- 
prRLN) remain a great deal of controversies in papillary thyroid carcinoma (PTC) patients without clinical evidence. The purpose of 
our retrospective research was to investigate the predictive factors of the LN-prRLN in cN0 PTC patients.
Methods and Materials: Altogether 251 consecutive cN0 PTC participants accepted unilateral or bilateral thyroidectomy accom-
panied with LN-prRLN dissection between June 2020 and May 2023 were included in the research. Then, univariate and multivariate 
logical regression analysis were conducted to analyze the relationship between the LN-prRLN and these predictive factors, and 
a predictive model was also developed. Surgical complications of LN-prRLN dissection were also presented.
Results: The rate of LN-prRLN was 17.9% (45/251) in cN0 PTC patients after the analysis of postoperative histology. The age <55 
years, multifocality, microcalcification, and BRAFV600E mutation were identified to be predictive factors of LN-prRLN in cN0 PTC 
patients. The risk score for LN-prRLN was calculated: risk score = 1.192 × (if age <55 years) + 0.808 × (if multifocality) + 1.196 × (if 
microcalcification in nodule) + 0.918 × (if BRAFV600E mutation in nodule). The rates of the transient hypoparathyroidism and 
hoarseness were 1.2% (3/251) and 2.0% (5/251), respectively.
Conclusion: The age <55 years, multifocality, microcalcification, and BRAFV600E mutation are independent predictors of the LN- 
prRLN in cN0 PTC patients. An effective predictive model was established for predicting the LN-prRLN in cN0 PTC patients, with 
the aim to better guide the surgical treatment of PTC. A thorough inspection of the lateral compartment is recommended in PTC 
patients with risk factors. The multicenter research with long-term follow-up should be carried out to ascertain the optimal surgical 
approach for patients with PTC.
Keywords: papillary thyroid carcinoma, ultrasound, BRAFV600E mutation, lymph nodes posterior to the right recurrent laryngeal 
nerve, predictive model

Introduction
The thyroid gland, made up of two joint lobes, weighs 20 to 30 grams in human, which is one of the largest endocrine 
glands in the body. Thyroid lesions are common in the thyroid gland and the prevalence ranges from 4% to 7%. Most 
these patients are asymptomatic and have normal thyroid hormone secretion.1 Papillary thyroid carcinoma (PTC) is the 
most common subtype of all thyroid carcinomas with the increasing incidence worldwide, which counts for more than 
85% of thyroid malignant tumors.2 Despite most PTC patients have a satisfactory prognosis with 5-year survival rate of 
more than 90% after the suitable treatments, 20–80% patients suffer from metastatic cervical lymph nodes (LNs), 
particularly the central compartment lymph nodes, which contributes to an increased locoregional recurrence and distant 
metastasis.3,4 Central compartment LNs are separated into four groups of pretracheal LNs, prelaryngeal LNs, left 
paratracheal LNs and right paratracheal LNs.5 Moreover, right paratracheal LNs are further divided into anterior part 
(LN-arRLN) and posterior part (LN-prRLN) according to the anatomical variations.6,7

Therapeutic central lymph node dissection (CLND) was recommended by the American Thyroid Association (ATA) 
guidelines, when the metastasis lymph nodes were found in the preoperative imaging examination.8 However, there is 
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great deal of controversies about whether prophylactic CLND should be performed in cN0 PTC patients, especially about 
the LN-prRLN resection. On the one hand, there is accumulating evidence indicates that approximately 26.6% of cN0 
PTC patients accompany with LN-prRLN metastases, and prophylactic dissection can effectively reduce the recurrent 
and distant metastasis, thereby avoiding the risk of secondary operation.9 On the other hand, LN-prRLN dissection could 
increase the potential possibility of hoarseness and hypoparathyroidism, affecting the life quality of these patients.10,11 

Individualized surgical decisions on LN-prRLN dissection based on the characteristics of PTC patients maybe 
a convincing approach to effectively avoid the over- or under- therapy.

High-resolution ultrasonography (US) is primary imaging method recommended for the diagnosis of malignant PTC, 
which provides clinicians useful information to for the selection of surgical methods.12,13 However, it is difficult for US 
to identify the LN-prRLNs because they are located at the deep position and surrounded by the trachea, esophagus, and 
cervical vertebrae.14 In addition, B-type Raf (BRAF) kinase mutation on exon 15 is closely related to the protein kinase 
pathway, which plays a critical part in tumorigenesis, proliferation, and metastasis of PTC,15,16 but there is few similar 
research conducted in the vegetation of the LN-prRLN metastasis.

In our current research, we retrospectively analyzed 251 PTC participants who accepted unilateral or bilateral 
thyroidectomy accompanied with prophylactic dissection of the LN-prRLN. The association between LN-prRLN and 
ultrasonic and clinicopathologic characterizes in cN0 PTC patients was investigated through the univariate and multi-
variate logical regression analysis. The aim of current study was to identify the predictive factors of LN-prRLN in cN0 
PTC, which is expected to improve the preoperative estimation of LN-prRLN metastasis for guiding the appropriate 
therapeutic management.

Patients and Materials
The present study design followed the international regulations based on the Declaration of Helsinki and approved by the 
Ethical Committee of the Affiliated Kunshan Hospital of Jiangsu University (2021-03-023-K01). The need for informed 
consent from the patients was waived for its retrospective nature, and the information of enrolled patients was strictly 
confidential.

Participant Selection
Altogether 251 consecutive PTC patients accepted unilateral or bilateral thyroidectomy accompanied with prophylactic 
LN-prRLN dissection were reviewed retrospectively between June 2020 and May 2023 at the Affiliated Kunshan 
Hospital of Jiangsu University. The inclusion criteria were as follows: (1) the age of participants >18 years old, (2) 
the PTC confirmed by postoperative pathology, (3) the cN0 neck status confirmed by preoperative imaging examination. 
The exclusion criteria were as follows: (1) the history of thyroid surgery and radiation, (2) insufficient US and incomplete 
clinical information, (3) postoperative pathology identified as other types of thyroid carcinoma. The largest or the most 
suspicious PTC was selected into our study when participant has multiple malignant PTCs.

US Evaluation
Every participant was placed in the supine position with a fully exposed neck before the US examination. MyLabTwice 
(Esaote, Italy) with a probe frequency of 7 to 13 MHz was used for thyroid scanning. The US examination was 
operated by the radiologists with more than 5 years of experience in thyroid diagnosis, and the images of targeted PTC 
were captured by longitudinally and transversely on two-dimensional gray-scale modality. These US images were 
analyzed by two senior radiologists with more than 5 years of working experience. The disagreements of nodule were 
then re-estimated by another experienced radiologist with more than 20 years of working experience. These US 
features of PTC were recorded and analyzed: maximum size on US (>10 mm/ ≤ 10mm), multifocality (absent/present), 
solid component (absent/present), hypo-echogenicity (absent/present), microcalcification (absent/present), margin (ill- 
defined/well-defined), shape (irregular/regular), and taller-than-wide shape (absent/present). The multifocality was 
defined as two or more PTCs. The microcalcification in PTC was defined as calcifications less than 1.0 mm in 
diameter.
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Surgical Proposal
The scope of thyroid operation was conducted according to the guidelines.17,18 Unilateral or bilateral thyroidectomy was 
conducted at the same time as unilateral or bilateral CLND (including LN-prRLN dissection). The postoperative 
specimens of the central LNs were often divided into five subgroups: pretracheal LN, prelaryngeal LN, left paratracheal 
LN, LN-arRLN, and LN-prRLN, which were further sent for pathological analysis separately.

BRAF Analysis
The samples required from preoperative fine-needle aspiration of targeted PTC were stored in preservation solution, 
which was then submitted to a genetic detection company for BRAF mutation analysis.

Statistical Analysis
All the statistical analysis were conducted by the SPSS software (ver. 25.0; SPSS Inc., Chicago, IL, USA). The comparison was 
analyzed by Student’s t-test for continuous variables and pearson X2 or Fisher’s exact test for categorical variables, respectively. 
The multivariate logistic analysis was carried out to determine the risk predictors of the LN-prRLN. The receiver operating 
characteristic (ROC) curves were established to analyze the reliability of the predictive model. P value of less than 0.05 was 
considered as significant.

Result
Baseline Data of PTC Participants
A total of 251 cN0 PTC participants were finally enrolled into our further study after the strict screening. The rate of LN- 
prRLN metastasis was happened in 45 (17.9%) PTC patients, and no LN-prRLN metastasis was found in other patients. 
Among the PTC patients, 69 (27.5%) PTC patients were male, and 182 (72.5%) patients were female. There are 163 
(64.9%) participants were less than 55 years old, and 88 (35.1%) were 55 years and older. In addition, 131 (52.2%) PTC 
patients have bilaterality PTC, whereas 120 (47.8%) patients did not. The maximum diameter of PTC was ≤10 mm was 
found in 96 (38.2%) PTC participants, and the PTC size larger than 10 mm was detected in 155 (61.8%) patients. Moreover, 
multifocality was found in 67 (26.7%) participants. Malignant US features, such as solid component, hypo-echogenicity, 
microcalcification, irregular shape, ill-defined margin and taller than wide shape were exhibited in 247 (98.4%), 213 
(84.9%), 104 (41.4%), 130 (51.8%), 141 (56.2%), and 73 (29.1%) of PTC participants, respectively. Furthermore, 60 
(23.9%) and 18 (7.2%) PTC participants were concomitant Hashimoto’s thyroiditis and extrathyroidal extension (ETE), 
respectively. Typically, BRAFV600E mutation from FNA cytologic specimen was found in 158 (62.9%) PTC participants. 
The demographic, ultrasonic, and clinicopathological features of included patients were summarized in Table 1.

Table 1 Comparison of the Clinicopathologic and US Features Between the 
Absence and Presence of LN-prRLN Metastasis in cN0 PTC Patients

Characteristics LN-prRLN Metastasis (N=251) P value

Positive (N=45) Negative (N=206)

Age P=0.002*
<55 years 38 (84.4%) 125 (60.7%)

≥55 years 7 (15.6%) 81 (39.3%)

Gender P=0.817
Male 13 (28.9%) 56 (27.2%)

Female 32 (71.1%) 150 (72.8%)

Tumor size 9.93 ± 3.35 mm 10.60 ± 2.70 mm P=0.216
≤10 mm 21 (46.7%) 75 (36.4%) P=0.200

>10 mm 24 (53.3%) 131 (63.6%)

(Continued)
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Univariate Analysis
As the vividly exhibited in Table 1, PTC patients <55 years of age demonstrated a higher incidence of the LN-prRLN 
metastasis than those 55 years or older (84.4% vs 61.2%, P = 0.002). Multifocality was more likely to display the LN-prRLN 
metastasis positive in these cN0 PTC patients (P < 0.001). Moreover, the US feature of microcalcification (P < 0.001) was 
significantly associated with the LN-prRLN metastasis in PTC participants. Other malignant US features, including solid 
component, hypo-echogenicity, irregular shape, ill-defined margin, and taller than wide shape were not obviously associated 
with the LN-prRLN metastasis in patients with PTC (P = 0.549, 0.586, 0.667, 0.117, and 0.694, respectively). BRAFV600E 

mutation from US-FNA specimen was also inclined to appear the LN-prRLN metastasis (P = 0.001). Furthermore, 
concomitant Hashimoto’s thyroiditis and ETE were not more likely to show the metastatic LN-prRLNs in cN0 PTC patients 
(P = 0.925 and 0.622).

Table 1 (Continued). 

Characteristics LN-prRLN Metastasis (N=251) P value

Positive (N=45) Negative (N=206)

Multifocality P<0.001*

Multifocal 23 (51.1%) 44 (21.4%)
Unifocal 22 (48.9%) 162 (78.6%)

Bilaterality P=0.624

Absent 23 (51.1%) 97 (47.1%)
Present 22 (48.9%) 109 (52.9%)

Internal component P=0.549

Solid 44 (97.8%) 203 (98.5%)
Cystic 1 (2.2%) 3 (1.5%)

Hypo-echogenicity P=0.586

Present 37 (82.2%) 176 (85.4%)
Absent 8 (17.8%) 30 (14.6%)

Microcalcification P<0.001*

Present 32 (71.1%) 72 (35.0%)
Absent 13 (28.9%) 134 (65.0%)

Shape P=0.667

Irregular 22 (48.9%) 108 (52.4%)
Regular 23 (51.1%) 98 (47.6%)

Margin P=0.117

Ill-defined 30 (66.7%) 111 (53.9%)
Defined 15 (33.3%) 95 (46.1%)

Taller than wide P=0.694

Present 12 (26.7%) 61 (29.6%)
Absent 33 (73.3%) 145 (70.4%)

Hashimoto’s thyroiditis P=0.925

Concomitant 11 (24.4%) 49 (23.8%)
Non-concomitant 34 (75.6%) 157 (76.2%)

Extrathyroidal extension P=0.622

Present 4 (8.9%) 14 (6.8%)
Absent 41 (91.1%) 192 (93.2%)

BRAF mutation P=0.001*

Positive 38 (84.4%) 120 (58.3%)
Negative 7 (15.6%) 86 (41.7%)

Note: *Statistically significant. 
Abbreviations: N, number of thyroid nodules; LN-prRLN, lymph nodes posterior to the right recurrent 
laryngeal nerve.
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Multivariate Analysis
In addition, independent predictors were identified after the multivariate logical analysis. In the present research, these 
independent factors, such as age <55 years old (OR = 3.295, P = 0.009), multifocality (OR = 2.243, P = 0.039), 
microcalcification (OR = 3.308, P = 0.002), and BRAFV600E mutation (OR = 2.505, P = 0.048) were determined to be 
risk predictors of the LN-prRLN metastasis in cN0 PTC participants (Table 2, Figure 1). Furthermore, the ROC curve 
was also established, and the diagnostic value of these independent factors was discriminative with areas under the 
curves of 0.619 (95% CI: 0.535–0.703), 0.649 (95% CI: 0.555–0.743), 0.681 (95% CI: 0.595–0.766), and 0.631 (95% CI: 
0.548–0.714), respectively. Moreover, their sensitivity and specificity were 84.4% and 39.3%, 51.1% and 78.6%, 71.1% 
and 65.0%, and 84.4% and 41.7%, respectively (Table 3, Figure 2a). The multivariate regression equation was performed 
with above risk factors: P = 1/1 + expΣ[−3.981 + 1.192 × (if age <55 years old) + 0.808 × (if multifocality nodule) + 
1.196 × (if microcalcification in nodule) + 0.918 × (if BRAF mutation in nodule)] (Figure 2b). The predictive model 
demonstrated a satisfactory predictability of LN-prRLN metastasis (AUC = 0.780, 95% CI 0.712–0.848) with the 
sensitivity and specificity were 62.2% and 78.6%, respectively.

Surgical Complications
There is no permanent right RLN injury or permanent hypoparathyroidism happened in our research. The rates of 
transient hypoparathyroidism and hoarseness were 1.2% (3/251) and 2.0% (5/251), respectively.

Table 2 Multivariate Logistic Regression Analysis in Predicting the LN-prRLN 
Metastasis in cN0 PTC Patients

PTC Characteristics β Coefficient Odds Ratio 95% Cl P value

Age < 55 years 1.192 3.295 1.340–8.102 0.009*

Multifocality 0.808 2.243 1.042–4.828 0.039*

Microcalcification 1.196 3.308 1.539–7.112 0.002*
BRAF mutation 0.918 2.505 1.009–6.220 0.048*

Note: *Statistically significant. 
Abbreviations: LN-prRLN, lymph nodes posterior to the right recurrent laryngeal nerve; PTC, 
papillary thyroid carcinoma; CI, confidence interval.

Figure 1 Forest plot of the independent predictors of the LN-prRLN metastasis in cN0 PTC patients. 
Abbreviation: LN-prRLN, lymph nodes posterior to the right recurrent laryngeal nerve.
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Discussion
US-guided fine needle aspiration (FNA) was often conducted to evaluate the malignant risk of PTC. According to the 
Bethesda system, the results of a cytological biopsy can be divided into the following six categories: I (non-diagnostic or 
unsatisfactory), II (benign), III (atypia of undetermined significance [AUS] or follicular lesion of undetermined 
significance [FUS]), IV (follicular neoplasm or suspicious for a follicular neoplasm), V (suspicious for malignancy), 
and VI (malignant).19,20

PTC is one of the indolent malignances with a favorable clinical prognosis, as a result, the 5-year survival rate is more 
than approximately 95% after the appropriate diagnosis and therapy.21,22 However, some PTC patients may occur the 
metastasis and recurrence, which are closely related to the metastatic cervical lymph nodes, especially central compart-
ment lymph nodes.23 Total thyroidectomy (TT) and subtotal thyroidectomy (STT) are the two mainstream surgical 
methods. One previous reported that TT could be safely performed in PTC patients without increasing risk of early 
complication.24 Harmonic scalpel (HS) was performed in the thyroidectomy, which is more effective at achieving 
haemostasis.25 There is a great deal of controversies about the routine dissection of the LN-prRLN in participants 
with PTC, especially in those without clinical lymph nodes.26 Some point out that the dissection of LN-prRLN might 
destroy the parathyroid gland and right recurrent laryngeal nerve, while the others insist dissecting the LN-prRLN may 
reduce the possibility of recurrence and metastasis, avoiding the secondary surgery.3 The purpose of present investigation 

Figure 2 Receiver operating characteristic (ROC) curves of (a) age < 55 years old (area under the ROC curve [AUROC] = 0.619), multifocality (AUROC = 0.649), 
microcalcification (AUROC = 0.638), and BRAFV600E mutation (AUROC = 0.631), respectively. (b) Equation (AUROC = 0.780) for the prediction of the LN-prRLN 
metastasis. 
Abbreviation: LN-prRLN, lymph nodes posterior to the right recurrent laryngeal nerve.

Table 3 ROC Analysis of the Independent Factors and Equation for the LN-prRLN 
Metastasis in cN0 PTC Patients

Az 95% CI Cutoff Value Sensitivity Specificity

Overall (N=251)

Age < 55 years 0.619 0.535–0.703 Age < 55 years 0.844 0.393

Multifocality 0.649 0.555–0.743 Multifocality 0.511 0.786
Microcalcification 0.681 0.595–0.766 Microcalcification 0.711 0.650

BRAF mutation 0.631 0.548–0.714 BRAF mutation 0.844 0.417

Predictive equation 0.780 0.712–0.848 0.213 0.622 0.786

Abbreviations: LN-prRLN, lymph nodes posterior to the right recurrent laryngeal nerve; N, number of 
thyroid nodules; CI, confidence interval.
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was to investigate predictive factors of LN-prRLN and develop a prediction model in cN0 PTC patients, which is 
expected to provide the evidence for adequate and accurate management before the primary surgery.

The metastatic incidence of the LN-prRLN in cN0 PTC patients was 17.9% (45/251) in the present research, which 
was in the range between 9.36% and 31.60%.14 Thus, the LN-prRLN metastasis should not be ignored in cN0 PTC 
participants. The applicable management of LN-prRLN is a crucial part during the surgical operation for PTC patients. 
Age is a crucial variate in prognosis for patients with well-differentiated thyroid diseases. The age of 55 years was 
accustomed to being the cut-off value in staging based on the latest AJCC guideline.27 The younger age was largely 
related to a higher odds ratio of the LN-prRLN in our study. Age <55 years was a predictive factor of the LN-prRLN, 
suggesting the LN-prRLN should be paid more attention in the younger PTC patients. Microcalcification is usually the 
deposition of calcium salts and the proliferation of vascular and fibrous tissue.28 The microcalcification on US is typical 
suspicious feature of PTC, which was reported to be positively related to the invasiveness and metastasis of PTC.29 

Hence, cervical lymph nodes, especially LN-prRLNs, should be examined more patiently and cautiously when the 
microcalcification feature is found in primary PTC tissue. Multifocality is not only associated with the presence of LN- 
prRLN but also related to the patients’ prognosis.30 One meta-analysis suggested multifocality increased the risk of the 
PTC development and proliferation and was also a critical predictor for the metastasis and recurrence of PTC.31

Moreover, ultrasound-guided fine-needle aspiration biopsy (US-FNAB) is widely performed to enhance the diagnostic 
accuracy by cytologic and genomic detection.8 BRAFV600E mutation-related gene alterations, such as tumor-promoting gene 
overexpression, tumor suppressor gene silence, and thyroid iodide-handling genes down-regulation, participate in 
a fundamental part in the proliferation, development, and invasiveness of PTC, which was associated with the increased 
probability of poor prognosis, PTC recurrence and even PTC-related mortality.32,33 As the our previous finding, BRAFV600E 

mutation was more likely to display the metastatic CLNM in cN0 PTC patients.8 In this investigation, BRAFV600E mutation 
from preoperative FNA was determined as a strong risk factor for the LN-prRLN metastasis after the multivariate analysis.

Last but not the least, the safety of LN-prRLN dissection is always a matter of concern. As reported by Pinyi et al, the 
rate of hypoparathyroidism and transient recurrent laryngeal nerve injury after the LN-prRLN dissection was around 
1.7% and 1.0%, respectively, and both of which can fully recover after the follow-up.34 The resemble findings of LN- 
prRLN dissection safety were also uncovered by the professor Yu et al and Lee et al35,36 Above results indicated the LN- 
prRLN dissection is safe approach if the operator conducted the dissection more meticulously and patiently.

Limitation
It is undeniable that there remained some drawbacks in the present research. First, our research was a retrospective 
investigation, so the intrinsic selection bias was inevitable Second, the sample size of our research was relatively small, 
thus the results may not be applicable to general PTC population. Last, the long-term follow-up was not carried up in the 
research. Hence, the large sample size, prospective and multicenter research are warranted to investigate the risk factors 
of the LN-prRLN in cN0 PTC patients in our future research.

Conclusion
The age <55 years, multifocality, microcalcification, and BRAFV600E mutations are identified to be independent 
predictors for the LN-prRLN in cN0 PTC patients, which is expected to provide the basis for adequate and accurate 
management before the primary surgery.
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