
Int J Clin Exp Med 2020;13(1):232-238
www.ijcem.com /ISSN:1940-5901/IJCEM0096362

Original Article
The clinical predictors of metastasis to lymph nodes 
posterior to right recurrent laryngeal nerve  
in CN0 papillary thyroid cancer

Liang Chen1*, Jun Pan1*, Xin Lv2, Fu-Qiang Li1, Yi-Bin Shen1, Feng Zhu1, Liang Hu1, Li-Xian Zhu1, Xiao-Chuan 
Yan1, Yi-Jun Wu1

1Thyroid Disease Diagnosis and Treatment Center, The First Affiliated Hospital, School of Medicine, Zhejiang 
University, Hangzhou 310003, Zhejiang, China; 2Intensive Care Unit, The Affiliated Hospital of Hangzhou Normal 
University, Hangzhou 310003, Zhejiang, China. *Equal contributors.

Received April 30, 2019; Accepted December 3, 2019; Epub January 15, 2020; Published January 30, 2020

Abstract: Lymph nodes posterior to the right recurrent laryngeal nerve (LN-pr-RLN) are common sites of nodal re-
currence, and are frequently overlooked during central compartment dissection (CCD) for papillary thyroid cancer 
(PTC). This study was done to identify the risk factors for LN-pr-RLN metastasis and indications for LN-pr-RLN dissec-
tion in PTC patients with no clinically detectable node metastasis (CNO). We retrospectively reviewed the medical 
records of 189 patients who underwent total thyroidectomy (24 patients), or right lobectomy (165 patients) with 
central lymph node (CLN) including LN-pr-RLN dissection for primary PTC. Patients were categorized into two groups 
according to the median result of the shortest distance between the tumor and the gland capsule. CLN metastases 
were present in 39.6% (75/189) of patients, and LN-pr-RLN metastases were present in 20.6% (39/189) of the 
patients. A univariate analysis revealed that LN-pr-RLN metastases were significantly correlated with the size of the 
tumor (>1 cm), multifocality, the extrathyroidal extension, CLN metastasis, and distance between the tumor and 
the gland capsule (≤0.07 cm). A multivariate analysis indicated that the distance between the tumor and the gland 
capsule (≤0.07 cm) and extrathyroidal extension were independent risk factors for LN-pr-RLN metastasis. LN-pr-RLN 
dissection should be considered in patients with CNO PTC when there is extrathyroidal extension, the tumor is >1 
cm in size, multifocality, CLN metastases are found in the pre- and intra-operative evaluation, and especially when 
the distance between the tumor and the gland capsule is ≤0.07 cm with extrathyroidal extension.

Keywords: Papillary thyroid cancer, lymph nodes posterior to right recurrent laryngeal nerve, central lymph node, 
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Introduction

Papillary thyroid cancer (PTC) is the most com-
mon type of thyroid cancer. The morbidity rate 
is increasing in patients with PTC [1], but the 
10-year survival rate is generally >90%. PTC 
recurrences have been reported in up to 30% 
of patients [2-4]. 

Central lymph node (CLN) metastases are com-
mon in PTC ranging from 30%-90% and are an 
important risk factor for local recurrence [5-7]. 
CLN can be divided into different anatomical 
positions including: pretracheal nodes, paratra-
cheal nodes, the Delphian nodes, and the right 
paraesophageal lymph node (pr-RLN), which is 
the lymph nodes posterior to right recurrent 

laryngeal nerve (Figure 1). In the consensus 
statement on the terminology and classifica-
tion of central neck dissection for thyroid can-
cer published in 2009, the American Thyroid 
Association Surgery Working Group did not 
clarify LN-pr-RLN in its guidelines. There is no 
specific guidance on LN-pr-RLN dissection in 
PTC patients with no clinically detectable node 
metastasis (CNO) proposed in the 2015 Am- 
erican Thyroid Association Management Guide- 
lines [8]. There is no consensus whether to 
include LN-pr-RLN in complete central lymph 
node dissection (CLND) [9]. Current research 
suggests that the metastasis rate of LN-pr-RLN 
is 5.76%-26% [10-14]. LN-pr-RLN recurrence 
increases the probability of recurrent laryngeal 
nerve injury, hypoparathyroidism, and lymph-
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and LN-pr-RLN negative group according to the 
postoperative pathology report.

The shortest distance between the tumor and 
the gland capsule is measured from the outer-
most part of the tumor to the adjacent capsule 
according to the coronal and sagittal planes of 
the ultrasound image (Figure 2). Patients were 
categorized into two groups according to the 
median result of the above-measured distance. 
The pathologic reports from all of the patients 
were reviewed to evaluate tumor size, multifo-
cality, tumor site, peri-thyroidal extension (cap-
sular invasion), presence of nodal metastasis, 
and number of metastatic lymph nodes. In 
cases with multiple tumors, the distance of the 
tumor-to-gland capsule was obtained from the 
tumor located closest to the gland capsule, and 
the tumor diameter was obtained from the  
largest tumor. Operative reports and electronic 
medical records were also reviewed to evaluate 
recurrent laryngeal nerve injury and voice ch- 
anges. 

Statistical analysis was performed using SPSS 
7.0 software. The chi-square test and logistic 
regression analysis were used to analyze the 
risk factors of LN-pr-RLN metastasis. Statistical 
significance was defined as P≤0.05.

Results

Regression analysis on the clinical characteris-
tics of 189 patients with CNO PTC including 
LN-pr-RLN metastases found that CLN metas-
tases were present in 39.6% (75/189) of the 

Figure 1. A. Schematic diagram for the location of lymph nodes posterior 
to right recurrent laryngeal nerve. B. The surgical field before lymph nodes 
posterior to right recurrent laryngeal nerve dissection. (P: superior parathy-
roid; CA: carotid artery; T: Trachea; LN: lymph nodes posterior to right recur-
rent laryngeal nerve; R: right recurrent laryngeal nerve).

adenopathy after CLND without LN-pr-RLN dis-
section, thus highlighting the need for further 
study of LN-pr-RLN dissection. 

An accurate pre-operative evaluation of LNs 
plays an important role in LN-pr-RLN dissec-
tion; however, the sensitivity and specificity  
of a LN-pr-RLN metastases evaluation using 
B-mode ultrasonography and CT examination 
are low, resulting in some limitations to a pre-
operative evaluation [15]. It is essential to iden-
tify risk factors for lymph node metastasis in pa- 
tients with CNO PTC during the preliminary pre-
operative evaluation of LN-pr-RLN. 

This study performs a retrospective analysis  
on clinical, pathologic risk factors associated 
with LN-pr-RLN metastasis in PTC and particu-
larly evaluates the relationship between LN-pr-
RLN metastases and the distance between the 
tumor and the glandular capsule.

Materials and methods

This study retrospectively reviewed 189 pati- 
ents (148 female, 41 male), who underwent 
total thyroidectomy (24 patients) or right lobec-
tomy (165 patients) with CLN dissection includ-
ing LN-pr-RLN for primary PTC (as reported in 
the postoperative pathological report) from 
March 2015 to March 2017 at the Thyroid 
Center of the First Affiliated Hospital, School of 
Medicine, Zhejiang University. The surgical ap- 
proaches included the right lobectomy with 
right CLND or total thyroidectomy with bilateral 
CLND. No obvious abnormality of LN was found 

in the preoperative B ultra-
sound, cervical CT examination 
or other tests. Surgeries were 
performed by an experienced 
surgeon.

The right central compartment 
of LNs (Level VI) are divided 
into the lymph nodes anterior 
to the recurrent laryngeal ne- 
rve (Level VIa) and the right 
paraesophageal lymph node, 
which is posterior to right re- 
current laryngeal nerve (Level 
VIb). VIa lymph nodes include 
precricoid (Delphian, pretra-
cheal, and paratracheal lymph 
nodes). Patients were divided 
into LN-pr-RLN positive group 
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was 32.4% (12/37) in patients 
with multifocal carcinoma.

Univariate analysis showed 
LN-pr-RLN metastases signifi-
cantly correlates (P<0.05) with 
tumor size, extrathyroidal ex- 
tension, multifocality, and CLN 
metastases (Table 1).

Because the shortest distance 
from the tumor to the glandular 
capsule was an independent 
risk factor for LN-pr-RLN me- 
tastases, we used the median 
value as the cut-off to divide 
the patients into 2 groups (L> 
0.07 cm and ≤0.07 cm). The 
analysis showed that a dist- 
ance ≤0.07 cm was signific- 
antly associated with LN-pr-
RLN metastases (Table 2), in- 
dicating that the shorter the 
distance between the tumor 
and capsule, the larger the 
rate of LN-pr-RLN metastases.

Logistic regression and multi-
ple-factor analysis showed ex- 
trathyroidal extension is an in- 
dependent risk fact of LN-pr-
RLN metastases (P<0.001; od- 
ds ratio [OR]: 4.481; 95% [CI]: 
1.9-10.4) and the distance fr- 
om the tumor to the gland (P< 
0.001; odds ratio [OR]: 4.875; 
95% [CI]: 1.9-12.3) is also an 
independent risk facts of LN- 
pr-RLN metastases (Table 3).

Figure 2. The shortest distance from the tumor to the gland capsule is mea-
sured by the coronal plane and the sagittal plane of the ultrasound image, 
and we used the median value as the cut-off to divide the patients into 2 
groups (L>0.07 cm and ≤0.07 cm). A and B. A patient’s thyroid ultrasound 
in coronal plane and sagittal plane, respectively. This patient had a tumor-
to-capsule distance that is larger than 0.07 cm. C and D. A patient’s thyroid 
ultrasound in coronal plane and sagittal plane, respectively. This patient 
had a tumor-to-capsule distance that is less than 0.07 cm. E and F. A pa-
tient’s thyroid ultrasound in coronal plane and sagittal plane, respectively. 
This patient had multifocal tumors that have invaded the thyroid capsule, 
therefore this patient also had a tumor-to-capsule distance that is less than 
0.07 cm.

patients, and LN-pr-RLN metastases were pres-
ent in 20.6% (39/189) of patients. The rate of 
LN-pr-RLN metastases was 29.3% (22/75) in 
patients with CLN metastases, and 14.9% 
(17/114) in patients with no CLN metastases. 
The rate of LN-pr-RLN metastases was 15% 
(19/126) in patients with a tumor diameter <1 
cm, while the rate of LN-pr-RLN metastases 
was 31.7% (20/63) in patients with a tumor 
diameter >1 cm. Extrathyroidal extension was 
present in 45.2% (19/42) of LN-pr-RLN positive 
patients. The rate of LN-pr-RLN metastases 
was 17.7% (27/152) in patients with single focal 
cancer, while the rate of LN-pr-RLN metastases 

Discussion

The role of lymph node metastases in survival 
of PTC patients has been an ongoing debate. 
One study indicated that lymph node metasta-
sis predicts a poor outcome [16]. The CLNs are 
generally the sentinel lymph nodes involved 
with metastases in PTC. Additionally, re-opera-
tion for regional recurrences in the CLN will be 
more complicated [17]. The above findings sup-
port prophylactic CLND in PTC patients at high 
risk for CLN metastases. 

Therefore, the surgical extent of elective CLND 
should be characterized during the operation in 
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Table 3. Multivariate analysis of risk factors with LN-pr-RLN metastasis
Variables OR Exp (B) CI (95%) P value
Extrathyroidal Extension 4.481 1.9-10.4 <0.001
Distance of tumor from the glandular capsule 4.875 1.9-12.3 <0.001
Abbreviations: OR, odds ratio; CI, confidence interval.

Table 1. Univariate analysis of demographic and clinicopathologic factors for lymph node posterior to 
right recurrent laryngeal nerve positivity

Variables Total
No. of patients (%) by LN-pr-RLN status

X2 P value
Negative n=150 Positive n=39 

Age, y 1.828 0.176
    ≥45 86 72 (48.0) 14 (35.9)
    <45 103 78 (52.0) 25 (64.1)
Gender 1.227 0.268
    Male 41 30 (20.0) 11 (28.2)
    Female 148 120 (80.0) 28 (71.8)
Tumor size 7.124 0.008
    ≥1 cm 63 43 (28.7) 20 (51.3)
    <1 cm 126 107 (71.3) 19 (48.7)
Tumor focality 3.910 0.048
    Unifocality 152 125 (83.3) 27 (69.2)
    Multifocality 37 25 (16.7) 12 (30.8)
Extrathyroidal extension 19.959 <0.0001
    Yes 42 23 (15.3) 19 (48.7)
    No 147 127 (84.7) 20 (51.3)
Tumor site 0.249 0.883
    Upper one-third 56 44 (29.3) 12 (30.8)
    Middle one-third 84 68 (45.3) 16 (41.0)
    Lower one-third 49 38 (25.3) 11 (28.2)
Level VIa 5.745 0.017
    Present 75 53 (35.3) 22 (56.4)
    Absent 114 97 (64.7) 17 (43.6)

Table 2. Univariate analysis of the relationship between CLN metastasis 
and the distance of tumor from the glandular capsule

Total
Distance of tumor from the glandular capsule

X2 P value
≤0.07 cm n=107 (%) >0.07 cm n=82 (%)

Level VIa 3.849 0.050
    (+) 75 49 (45.8) 26 (31.7)
    (-) 114 58 (54.2) 56 (68.3)
Level VIb 15.687 <0.0001
    (+) 39 33 (30.8) 6 (7.3)
    (-) 150 74 (69.2) 76 (92.7)

LN-pr-RLN is the space 
between the right tra-
cheal esophageal car- 
otid and recurrent lary- 
ngeal nerve and is cov-
ered by LNs and adi-
pose tissue. The ana-
tomical range of Level 
VIb is defined as: tak-
ing the relative posi-
tion of cricoid cartilage 
as the upper boundary, 
the innominate artery 
as the lower boundary; 
the inner side of the 
carotid artery as the 
external boundary, and 
the esophageal as the 
inner boundary. The 
LN-pr-RLN is rooted 

PTC patients. In addition, the LN-pr-RLN which 
are often overlooked, need to be assessed. 

CLNs can be categorized by a number of differ-
ent anatomical positions including LNs posteri-
or to the right recurrent laryngeal nerve. The 

deep into prevertebral fascia and in the recur-
rent laryngeal nerve [11, 13].

Clinicians are prone to neglect the dissection of 
LN-pr-RLN during CLND for a number of rea-
sons including: 1) Currently, LN-pr-RLN dissec-
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tion is not recommended as part of the routine 
preventive dissection in all the guidelines; 2) 
The preoperative ultrasound assessment can 
only obtain a limited amount of information due 
to the deep location of the LNs and the interfer-
ence of gas from the trachea; 3) There are rich 
capillaries and lymphatic vessels in pr-RLN, 
therefore, it is easy to cause intraoperative bl- 
eeding, affecting the surgical vision, increasing 
the risk of lymphatic leakage, parathyroid and 
recurrent laryngeal nerve injury; and 4) The 
anatomical differences in the location of the 
carotid sheaths on both sides results in a nar-
row gap between the right carotid sheath and 
the tracheal esophageal groove, which increas-
es the difficulty of the operation, but doesn’t 
increase the risk of surgical complications for 
experienced surgeons [18]. 

Currently, CLND is a routine procedure for pa- 
tients with CNO PTC. Numerous studies have 
shown that CLN metastases is an independent 
risk factor for LN-pr-RLN metastases [10, 13]. 
In this study, the rate of CLN metastases was 
39.6% (75/189) and the rate of CLN metasta-
ses along with LN-pr-RLN positive metastases 
present in patients was 29.3% (22/75). Con- 
sistent with previous studies, our results sh- 
owed that CLN metastases in patients with 
CNO PTC is associated with LN-pr-RLN positive 
metastases. Given these results, it is recom-
mended that patients who may have CLN 
metastases before or during operation should 
undergo CLND as well as LN-pr-RLN dissec- 
tion.

Although CLN metastases is an independent 
risk factor of positive LN-pr-RLN metastases, 
17 (8%) of the patients had negative CLN me- 
tastases but positive LN-pr-RLN metastases. 
They also showed the clinical and pathological 
features of extrathyroidal extension with a tu- 
mor size >1 cm and a distance from the tumor 
to thyroid gland capsule <0.07 cm. Numerous 
studies show the rate of negative CLN metasta-
ses and positive LN-pr-RLN metastases was 
between 2%-0.8% [10, 11]. As the right CLNs 
and LN-pr-RLN are located on the right side of 
the tracheal and esophagus, and there is no 
obvious fascia separation, there is a possibility 
of LN-pr-RLN metastases even when it exhibits 
negative CLN metastases.

Previous studies increasingly indicated that the 
specific location of thyroid cancer lesions are 

related to the central and cervical LNs metas-
tases, and the rate of cervical lymph node 
metastases when the tumor is located in the 
upper side of thyroid is 4.5 times greater than 
the rate of cervical lymph node metastases 
when the tumor is located in the medium or 
lower side of thyroid. It is also believed that 
tumor size is significantly correlated with CLN 
metastases, while it has no obvious correlation 
with cervical lymph node metastases [19]. 
Current research suggests there is no signifi-
cant correlation between the location of tumor 
and LN-pr-RLN metastases using single multi-
variate analysis [14, 20], which is consistent 
with our studies.

The diameter of a tumor can determine the clin-
ical stage of thyroid cancer, the probability of 
LN metastases, recurrence, and prognosis. 
Research suggest tumors with a diameter larg-
er than 1 cm are significantly correlated with 
LN-pr-RLN metastases [10, 14], which is con-
sistent with the clinical results of our study. 
Patients with CNO PTC and a tumor diameter 
less than 1 cm rarely proceed to preventive 
CLND or LN-pr-RLN dissection. However, the 
rate of CLN metastases present in PTC is 
approximately 33% [21] and the rate of LN-pr-
RLN metastases is 2.3-9.3% [10, 13, 14]. 
Results from this study suggest the rate of 
LN-pr-RLN metastases present in micro-cancer 
is 15%. Soo et al report that LN-pr-RLN metas-
tases was found in two cases of PTC without 
capsule expansion or cervical lymph node 
metastases [10]. This suggests that small can-
cers do not necessarily have a lower expansion 
rate or lower risk of LN-pr-RLN metastases.

Glandular expansion and gland tumor expan-
sion are risk factors for CLN and cervical lymph 
node metastases. Because there is a rich lym-
phatic network beneath the gland capsule, the 
closer the tumor and capsule are situated, the 
higher the possibility of LN metastases [22]. 
Girardi et al reported that the closer the tumor 
is to the glandular capsule, the higher the prob-
ability of LN metastases in the central and cer-
vical regions [23]. 

Some study has applied the CT in measure-
ment of the shortest distance from the tumor to 
the capsule for the pre-operative assessment 
[24]. Herein, considering that B mode ultra-
sound is important for thyroid disease detec-
tion, we applied pre-operative ultrasound to 
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measure the distance between the tumor and 
the capsule to analyze the correlation with 
LN-pr-RLN metastases and found a significant 
correlation between LN-pr-RLN and CLN metas-
tases when the distance was ≤0.07 cm. Th- 
erefore, pre-operative assessment of the dis-
tance from the tumor-to-the gland capsule 
plays a significant role in LN-pr-RLN metast- 
ases.

There are some limitations to the findings of the 
present study. First, results are from a single 
research center and are based on a small 
amount of clinical data. Secondly, the postop-
erative follow-up time was not long enough in 
duration to determine the relationship between 
tumor location and prognosis, including tumor 
recurrence and disease-free survival rate. Fi- 
nally, the process of measuring the distance 
from the tumor to the gland using b-ultrasonic 
image may include some error. 

Areas for future research should include the fol-
lowing: 1) LN-pr-RLN metastases in other types 
of thyroid tumors, such as MTC; and 2) mutant 
genes, such as BRAFv600e and RAS, could be 
incorporated into a study involving LN-pr-RLN 
metastases in thyroid cancer. 

Conclusion

In conclusion, LN-pr-RLN metastases occur in 
the right and bilateral CNO in patients with  
PTC. It is recommended to routinely perform 
LN-pr-RLN inspection intra-operatively. LN-pr-
RLN dissection should be considered in pa- 
tients with CNO PTC when there is extrathyroi-
dal extension, the tumor is >1 cm in size, multi-
focality, CLN metastases are found in the pre- 
and intra-operative evaluation, and especially 
when the distance between the tumor and the 
gland capsule is ≤0.07 cm with extrathyroidal 
extension.
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