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Purpose: Papillary thyroid carcinoma (PTC) has a high incidence of lymph node metastasis 
(LNM). Our aim was to determine whether tumor location is a useful feature to predict 
bilateral central lymph node metastasis (CLNM) in unilateral 1–4 cm PTC.
Patients and Methods: Data on unilateral 1–4 cm PTC patients from 2016 to 2019 were 
collected retrospectively. The clinical and pathological characteristics of the tumors and 
lymph nodes were analyzed statistically.
Results: The mean patient age was 49.1±12.3 (23–73) years, and the majority were women 
(n=1334, 75.4%). A total of 1767 patients were analyzed, and 256 (14.5%) had bilateral 
CLNM. Tumor location was an independent risk factor in predicting bilateral CLNM 
(p<0.001). The odds of bilateral CLNM were the highest in the near isthmus (OR 6.452, 
95% CI: 3.658–11.379, p<0.001). In a multivariate regression model adjusting for other risk 
factors, near-isthmus tumors had the highest risk of bilateral CLNM (OR 7.319, 95% CI: 
3.844–13.933, p<0.001), followed by lower lobe tumors (OR 2.338, 95% CI: 1.315–4.155, 
p=0.004) and middle lobe tumors (OR 1.845, 95% CI: 1.035–3.291, p=0.038), compared to 
upper lobe tumors.
Conclusion: Tumor location is an independent risk factor in predicting the risk of bilateral 
CLNM. Near-isthmus tumors carry the highest risk of bilateral CLNM.
Keywords: papillary thyroid carcinoma, location, predictive factor, lymph node metastasis

Introduction
Papillary thyroid carcinoma (PTC) is the most common pathological type of thyroid 
cancer, and the incidence of PTC has dramatically increased in recent decades.1–3 The 
central neck compartment is the most common site of lymph node metastasis (LNM), 
and PTC patients have a high incidence.4–6 The central neck compartment includes the 
bilateral paratracheal regions, the prelaryngeal region and the pretracheal region. 
A total of 40–60% of PTCs have central lymph node metastasis (CLNM), and bilateral 
CLNM was even found in 8.1–36.6% of unilateral PTCs.7–14 Previous studies have 
found that LNM can influence local recurrence and distant metastasis.15–18 However, 
central compartment neck dissection (CCND) can increase the risk of postoperative 
hypocalcemia. In terms of unilateral PTC, bilateral CCND should only be performed in 
patients with a high risk of bilateral CLNM.

To date, risk factors for bilateral CLNM include male sex, >1 cm PTC, extra-
thyroidal extension, lateral neck LNM, and ipsilateral CLNM.8,11–14,19,20 However, 
little attention has been given to the effect of tumor location on the risk of bilateral 
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CLNM. Therefore, we conducted this study to test the risk 
of bilateral CLNM based on tumor location in unilateral 
PTC in order to provide valuable screening criteria for 
thyroid surgeons.

Patients and Methods
Patient Selection
This retrospective study collected data on patients pro-
ven to have unilateral PTC by preoperative high- 
resolution ultrasound and fine needle aspiration at 
Qilu Hospital of Shandong University between 
January 2016 and March 2019. Only patients with 1– 
4 cm PTC were selected because <1 cm PTC has a low 
risk of bilateral CLNM, and it is difficult to pinpoint 
the location of >4 cm PTC. All patients underwent 
total thyroidectomy and bilateral CCND with/without 
lateral neck dissection. All patients underwent high- 
resolution ultrasound and fine needle aspiration before 
surgery. This study was approved by the Medical 
Ethics Committee of Qilu Hospital of Shandong 

University (Project identification code: 2018149). All 
patients were communicated with written and oral 
information and patient consents to review their med-
ical records were acquired. Patient data are not pub-
licly available due to the sensitive nature of the 
information but are available from the corresponding 
author on reasonable request. This study was registered 
in the Research Registry (UIN: researchregistry5292). 
The study design is shown in the flowchart (Figure 1).

The following exclusion criteria were adopted: history 
of thyroidectomy, bilateral PTC proven by postoperative 
histology, tumor located within the isthmus or pyramidal 
lobe, and distant metastasis. Multifocal unilateral PTC was 
allowed. The patients were divided into two groups based 
on the status of bilateral CLNM. This study complies with 
the Declaration of Helsinki.

Surgical Procedure
All surgeries were performed by the same two experienced 
thyroid surgeons. The standardized CCND was as follows: 

Figure 1 The flowchart of the study. 
Abbreviations: FNA, fine needle aspiration; PTC, papillary thyroid carcinoma; and CCND, central compartment neck dissection.
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the demarcation of the prelaryngeal region was that the 
superior border of the thyroid cartilage served as the super-
ior bound and the inferior border of the cricoid cartilage as 
the inferior bound; the demarcation of the pretracheal 
region was that the inferior border of the isthmus served 
as the superior bound, the innominate artery served as the 
inferior bound and the tangent of the lateral wall of the 
trachea served as the lateral bound; and the demarcation of 
the paratracheal region was that the common carotid artery 
served as the lateral bound and the lateral wall of the 
trachea served as the medial bound. Specimens from dif-
ferent regions were sent for histological examination.

Clinical Assessment
The following indicators were collected and analyzed: 
age, gender, place of residence, education level, tumor 
location, tumor size, multifocality, aggressive pathol-
ogy, intraglandular dissemination, extrathyroidal exten-
sion, number of metastatic lymph nodes, lateral neck 
LNM, underlying conditions of Hashimoto’s thyroidi-
tis, and BRAF V600E mutation. The primary tumor 
location was subjectively categorized as the upper 
lobe, middle lobe, lower lobe and near isthmus 
(Figure 2A). A near-isthmus tumor was defined as 
a tumor with the border exceeding the lateral wall of 
the trachea (Figure 2B). Tumors occupying both the 
middle and the lower thyroid lobes were included in 
the lower thyroid tumor category. Tumors occupying 
the entire thyroid lobe were excluded from the 

analysis. Intraglandular dissemination meant that can-
cerous embolisms with heterotypic cells and psam-
moma bodies were found in the lymphatic vessels 
surrounding a major carcinoma.21 Tall cell variant, 
solid variant, columnar cell variant and hobnail variant 
were included in aggressive pathology.

Statistical Analysis
Assuming a 10% loss due to follow-up, at least 496 
patients were needed to achieve 90% power at a 5% sig-
nificance level on the basis of our practical experience and 
the rate of bilateral CLNM described in previous 
publications.10–14

Statistical analyses were performed using IBM 
SPSS Statistics for Windows, version 21.0 (IBM 
Corp., Armonk, N.Y., USA). We used descriptive sta-
tistics to summarize the demographics and clinico-
pathological characteristics. Continuous variables are 
presented as the mean±standard deviation (SD) and 
were compared using the t-test or Mann–Whitney 
U-test. Conversely, categorical variables are presented 
as frequencies (percentages) and were compared using 
the chi-squared test or Fisher’s exact test. Before mul-
tivariate logistic regression analysis, a collinearity test 
was conducted for variables that may influence the risk 
of bilateral CLNM in univariate analysis. In the multi-
variate analysis, binomial logistic regression analysis 
was performed to estimate the odds ratio (OR) and the 
95% confidence interval (95% CI) of bilateral CLNM. 

Figure 2 Schematic representation of different localization methods of PTC tumors. A. Longitudinal coronal location. B. Transversal sagittal location. 
Abbreviations: IJV, internal jugular vein; CCA, common carotid artery; and SCMM sternocleidomastoid muscle.
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To further determine the roles of the risk factors for 
different age patients, we performed a subgroup analy-
sis using the cutoff of 55 years of age of the eighth 
edition of the AJCC/TNM cancer staging system.22 

One-way analysis of variance (ANOVA) was used to 
compare the effects of different tumor locations on 
tumor size and the number of metastatic lymph nodes. 

A p value < 0.05 was considered statistically signifi-
cant, and the reported p values were two-sided.

Results
Of the 1827 initial PTC patients, 33 patients with 
tumors occupying the entire lobe were excluded, and 
6 patients were lost to follow-up. Twenty-one patients 
were excluded due to bilateral PTC verified by post-
operative histology. A total of 1767 patients were ulti-
mately analyzed (Figure 1). The demographic, clinical 
and pathological characteristics of all patients are 
shown in Table 1. The mean patient age was 49.1 
±12.3 (range 23–73) years. The majority of patients 
were women (n=1334, 75.4%). The tumor size ranged 
from 11 to 40 mm (average 19.1±7.4 mm). The tumors 
were mostly distributed in the right lobes (n=1123, 
63.6%) and less frequently in the left lobes (n=644, 
36.4%). These tumors were located in the upper lobe in 
190 (10.7%) patients, middle lobe in 793 (44.8%) 
patients, lower lobe in 638 (36.1%) patients, and near 
isthmus in 146 (8.2%) patients. There was ipsilateral 
paratracheal LNM in 851 (48.2%) patients and bilateral 
CLNM in 256 (14.5%) patients. Additionally, pretra-
cheal and prelaryngeal LNM were found in 92 and 28 
patients, respectively, and lateral neck LNM was found 
in 207 (11.7%) patients.

In the univariate analysis (Table 2), patients with 
bilateral CLNM had more ipsilateral paratracheal 
(p<0.001) and pretracheal (p=0.001) metastatic lymph 
nodes. In addition, being male (p<0.001), tumor size 
(p=0.001), aggressive pathology (p<0.001) and lateral 
neck LNM (p=0.002) were more likely to be associated 
with bilateral CLNM. Tumor location was significantly 
different between the positive and negative bilateral 
CLNM groups (p<0.001). Positive bilateral CLNM 
accounted for 10.5% (20/190) of the upper lobe 
tumors, 11.0% (87/793) of the middle lobe tumors, 
13.5% (86/638) of the lower lobe tumors and 43.2% 
(63/146) of the near-isthmus tumors (Table 2).

The number of metastatic lymph nodes was removed 
from multivariate logistic regression analysis because of 
collinearity with other risk factors. In the final multivariate 
analysis, male sex (OR 3.833, 95% CI: 2.832–5.186, 
p<0.001), tumor size (OR 1.392, 95% CI: 1.011–1.916, 
p=0.043), aggressive pathology (OR 9.159, 95% CI: 
5.717–14.673, p<0.001) and lateral neck LNM (OR 

Table 1 The Demographic and Clinicopathological Characteristics 
of the Patients

Characteristic Patients n=1767 (%)

Age (min-max) 49.1±12.3 (23–73)

Sex
Male 433 24.5

Female 1334 75.4

Place of residence

City 1123 63.6
Village 644 36.4

Education level
Primary school or high school 516 29.2

College or university 1251 70.8

Tumor size (mm) 19.1±7.4

Aggressive pathology 97 5.4

Multifocality 256 14.5

Intraglandular dissemination 47 2.7

Extrathyroidal extension 931 52.7

Tumor laterality

Right lobe 1123 63.6
Left lobe 644 36.4

Tumor location
Upper lobe 190 10.7

Middle lobe 793 44.8

Lower lobe 638 36.1
Near isthmus 146 8.2

CLNM (pN1a)
Ipsilateral paratracheal LNM 851 48.2

Bilateral CLNM 256 14.5

Pretracheal LNM 92 5.2
Prelaryngeal LNM 28 1.6

Lateral neck LNM, n (%) 207 11.7

Hashimoto’s thyroiditis 384 21.7

BRAF mutation (+) 1306 73.9

Abbreviations: CLNM, central lymph node metastasis; LNM, lymph node 
metastasis.
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2.266, 95% CI: 1.482–3.464, p<0.001) were independent 
predictive factors of bilateral CLNM (Table 3). Tumor 
location was also an independent predictive factor of 
bilateral CLNM after adjusting for the above risk factors. 

Compared to upper lobe tumors, near-isthmus tumors con-
tinued to demonstrate the highest risk of bilateral CLNM 
in a multivariate regression model (OR 7.319, 95% CI: 
3.844–13.933, p<0.001), followed by lower lobe tumors 

Table 2 Clinical and Pathological Characteristics Related to Bilateral CLNM in Univariate Analysis

Characteristics Positive Bilateral CLNM 
n=256

Negative Bilateral CLNM 
n=1511

p value

Age (min-max) 50.1±11.3 (23–69) 48.9±12.5 (27–73) 0.135

Gender <0.001*
Male, n (%) 131 (29.6%) 302 (70.4%)

Female, n (%) 125 (9.4%) 1209 (90.6%)

Place of residence 0.100

City, n (%) 151 (13.4%) 972 (86.6%)
Village, n (%) 105 (16.3%) 539 (83.7%)

Education level 0.169
Primary or high school 84 (16.3%) 432 (83.7%)

College or university 172 (13.7%) 1079 (86.3%)

Tumor size (mm) 20.9±7.9 18.8±7.2 0.001*

Aggressive pathology, n (%) 56 (57.7%) 41 (42.3%) <0.001*

Multifocality, n (%) 43 (16.8%) 213 (83.2%) 0.256

Intraglandular dissemination, n (%) 5 (10.6%) 42 (89.4%) 0.447

Extrathyroidal extension, n (%) 129 (13.9%) 802 (86.1%) 0.426

Tumor laterality

Right lobe 152 (13.5%) 971 (86.5%) 0.133
Left lobe 104 (16.1%) 540 (83.9%)

Tumor location <0.001*
Upper lobe 20 (10.5%) 170 (89.5%)

Middle lobe 87 (11.0%) 706 (89.0%)

Lower lobe 86 (13.5%) 552 (86.5%)
Near isthmus 63 (43.2%) 83 (56.8%)

Number of metastatic lymph nodes in ipsilateral paratracheal 
region

6.9±1.5 2.0±2.7 <0.001*

Number of metastatic lymph nodes in pretracheal region 0.3±0.9 0.1±0.6 0.001*

Number of metastatic lymph nodes in prelaryngeal region 0.1±0.4 0.03±0.3 0.114

Total number of metastatic lymph nodes 7.2±2.3 2.2±3.0 <0.001*

Lateral neck LNM, n (%) 45 (21.7%) 162 (78.3%) 0.002*

Hashimoto’s thyroiditis, n (%) 48 (12.5%) 336 (87.5%) 0.211

BRAF mutation+, n (%) 179 (13.7%) 1127 (86.3%) 0.116

Note: * p<0.05. 
Abbreviations: CLNM, central lymph node metastasis; LNM, lymph node metastasis.
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(OR 2.338, 95% CI: 1.315–4.155, p=0.004) and middle 
lobe tumors (OR 1.845, 95% CI: 1.035–3.291, p=0.038) 
(Table 3).

As shown in the subgroup analysis, near-isthmus 
tumors still had the highest risk of bilateral CLNM 
among patients in the <55 years group (OR 5.508, 95% 
CI: 2.371–12.793, p<0.001) and ≥55 years group (OR 
10.811, 95% CI: 3.895–30.008, p<0.001) (Table 4). Male 
sex and aggressive pathology remained independent pre-
dictive factors of bilateral CLNM in both subgroups. 
Tumor size was an independent predictive factor of bilat-
eral CLNM in patients <55 years but not in patients ≥55 
years. However, lateral neck LNM was an independent 

predictive factor of bilateral CLNM in patients ≥55 years 
but not in patients <55 years.

Compared with near-isthmus tumors, the tumors 
located in the lower lobe (p=0.021) and middle lobe 
(p=0.003) were larger, but the tumors located in the 
upper lobe were smaller (p=0.008) (Figure 3). 
Additionally, near-isthmus tumors had more pretracheal 
metastatic lymph nodes than upper (p=0.001) and middle 
lobe tumors (p=0.027) but not lower lobe tumors (p=0.07) 
(Figure 4B). More ipsilateral paratracheal metastatic 
lymph nodes were found in lower lobe tumors than in 
upper lobe tumors (p=0.03) (Figure 4A). Both near isth-
mus and lower lobe tumors had more total metastatic 
lymph nodes than upper lobe tumors (p=0.027 and 0.008, 
respectively) (Figure 4D). However, the prelaryngeal 
metastatic lymph nodes of all tumor locations were not 
significantly different (Figure 4C).

Discussion
This study shows that tumor location is an independent 
risk factor for bilateral CLNM in unilateral 1–4 cm PTC. 
While near-isthmus tumors were the least frequent (8.2%), 
they had the highest risk of bilateral CLNM. Furthermore, 
near-isthmus tumors were smaller and had more metastatic 
lymph nodes in the pretracheal region. Tumors located in 
the upper lobe were associated with the lowest risk of 
bilateral CLNM.

The risk factors for bilateral CLNM, such as male 
sex, tumor size, extrathyroidal extension, ipsilateral 

Table 3 Multivariate Logistic Regression Analysis for Bilateral 
CLNM in All Patients

Variables OR 95% CI p value

Tumor location

Upper lobe (reference) – – –

Middle lobe 1.845 1.035–3.291 0.038
Lower lobe 2.338 1.315–4.155 0.004

Near isthmus 7.319 3.844–13.933 0.001

Tumor size 1.392 1.011–1.916 0.043

Male 3.833 2.832–5.186 <0.001

Aggressive pathology 9.159 5.717–14.673 <0.001

Lateral neck LNM 2.266 1.482–3.464 <0.001

Abbreviations: CLNM, central lymph node metastasis; LNM, lymph node 
metastasis.

Table 4 Multivariate Logistic Regression Analysis for Bilateral CLNM Grouping Patients by Age

Variables Age <55 Group Age ≥55 Group

OR 95% CI p OR 95% CI p

Tumor location

Upper (reference) – – – – – –
Middle 1.907 0.908–4.004 0.088 1.691 0.657–4.353 0.276

Lower 1.881 0.888–3.987 0.099 3.065 1.223–7.682 0.017
Near isthmus 5.508 2.371–12.793 <0.001 10.811 3.895–30.008 <0.001

Tumor size 1.666 1.105–2.513 0.015 1.081 0.640–1.824 0.771

Male 3.947 2.665–5.847 <0.001 3.867 2.385–6.269 <0.001

Aggressive pathology 9.472 5.150–17.421 <0.001 8.146 3.790–17.504 <0.001

Lateral neck LNM 1.738 0.987–3.060 0.055 3.455 1.770–6.745 <0.001

Abbreviations: CLNM, central lymph node metastasis; LNM, lymph node metastasis.
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CLNM, and lateral neck LNM, have been reported in 
some published literature.8,11–14,19,20 This study also 
confirmed that male sex, aggressive pathology, lateral 
neck LNM and tumor size were predictors of bilateral 
CLNM. However, extrathyroidal extension was not 
found to be an independent risk factor for bilateral 
CLNM. This is probably because most extrathyroidal 
extension was detected only by microscopy and had no 
impact on LNM. When tumor location was added to 
the above model with the adjustment of other known 
features, it was still an independent risk factor to pre-
dict bilateral CLNM. Some studies have reported that 
the risk of cervical LNM was associated with tumor 
location in PTC.23–26 However, there is no research 
regarding the effect of tumor location on the risk of 
bilateral CLNM. One study showed that isthmus 
tumors were more likely to have CLNM than tumors 
in other locations.26 Other studies demonstrated that 
the risk of lateral neck LNM was higher in upper 
pole tumors, and the risk of CLNM was much 
lower.23–25

It is not clear why near-isthmus tumors are at a higher 
risk of bilateral CLNM. The possible mechanisms could 
be that PTC located in the near isthmus has similar 

characteristics as those located in the isthmus. Despite 
the low incidence and small tumor size, PTC arising 
from the isthmus tends to be more aggressive and has 
a poorer prognosis.27–32 Additionally, there are some data 
suggesting that PTC located in the isthmus is more likely 
to have LNM,33 multifocality,27,28 capsular invasion and 
extrathyroidal extension.34 The more aggressive behavior 
of isthmic PTC is likely related to the thin shape of the 
isthmus, which may be more likely to invade the thyroid 
capsule and adjacent tissues. Additionally, the lymph from 
the isthmus more frequently spreads to the pretracheal or 
prelaryngeal region and then drains to the paratracheal 
region.35–37 In this study, more pretracheal metastatic 
lymph nodes were found in patients with near-isthmus 
tumors.

The aim of this study was to assess the effect of tumor 
location on the risk of bilateral CLNM. According to the 
results, near-isthmus tumors had the highest risk of bilat-
eral CLNM and more metastatic lymph nodes in the pre-
tracheal region. Therefore, the identification of tumor 
location and intraoperative frozen section examinations 
of lymph nodes in the pretracheal region may be useful 
in determining the appropriate extent of CCND. Some 
studies have reported that intraoperative frozen section 
examinations of ipsilateral lymph nodes have high sensi-
tivity, specificity and accuracy in predicting contralateral 
nodal status.14,38–40

However, one limitation of this study was the retro-
spective nature, which induced the risk of selection bias. 
The other limitation was that BRAF gene mutation is not 
the only genetic factor that may impact LNM. Further 
studies on the molecular mechanism of LNM are neces-
sary. Additionally, long-term postoperative follow-up data 
are also needed.

Conclusion
In summary, our data indicate that tumor location may 
be an independent factor for the risk of bilateral 
CLNM in unilateral 1–4 cm PTC. Near-isthmus tumors 
have the highest risk of bilateral CLNM while tumors 
in the upper lobe have the lowest risk. Furthermore, 
thyroid tumors located in the near isthmus have more 
metastatic lymph nodes in the pretracheal region. 
These data may help to carefully evaluate near- 
isthmus tumors in thyroid surgery and determine the 
treatment plan for surveillance or the ultimate extent of 
CCND.

Figure 3 Tumor size in different tumor locations in ANOVA analyses. * p<0.05, and 
** p<0.01.
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Abbreviations
PTC, papillary thyroid carcinoma; LNM, lymph node 
metastasis; CLNM, central lymph node metastasis; 
CCND, central compartment neck dissection.
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