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Yuanpeng Zhai and Litao Ruan*

Department of Ultrasound Medicine, The First Affiliated Hospital of Xi’an Jiaotong University, Xi’an, China

Background: This study aimed to evaluate the association between clinicopathologic
variables and metastasis of the lymph node (LN) between the sternocleidomastoid and
sternohyoid muscles (LNSS) to clarify the necessity of LNSS dissection in papillary thyroid
carcinomas (PTCs).

Methods: A total of 219 patients undergoing unilateral or bilateral neck dissection for
PTCs were prospectively enrolled. The associations between clinicopathologic variables
and LNSS metastasis were evaluated by univariate and multivariate analyses.

Results: LNSS was present in 108 (40.1%) neck dissection samples and in 76 (34.7%)
patients. Positive LNSS occurred in 40/269 (14.9%) neck dissection samples and in 20/
219 (9.1%) patients. Univariate analysis showed that tumor stage, number of positive
nodes in level III, and number of positive nodes in level IV were related to LNSSmetastasis.
Multivariate analysis confirmed that T3/4 stage tumors and >2 positive LNs in level IV
independently increased the risk of LNSS metastasis.

Conclusions: The low rate of LNSS metastasis would deem routine dissection
unnecessary; however, LNSS would require excision if advanced stage tumors or level
IV LN metastasis were present.

Keywords: papillary thyroid carcinomas, lymph node between sternocleidomastoid and sternohyoid muscle, risk
factor, neck dissection, lymph node metastasis
INTRODUCTION

Papillary thyroid carcinoma (PTC) is the most common endocrine malignancy, and accounts for
nearly 90% of differentiated thyroid carcinomas (1). Lymph node (LN) metastasis usually develops
in PTCs, with a reported incidence of up to 90% (2–4). Routine central neck LN dissection is
required for all PTC patients in China, while lateral neck dissection is performed for pathologically
positive lateral LN (5).

Excision of LNs located between the sternocleidomastoid and sternohyoid muscles (LNSS) is
often overlooked because of it is located in the suprasternal space and falls outside the neck levels VI
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and level II–V (6–10). Since Sun et al. (6) first described the
metastasis pattern of LNSS, other researchers have continued to
emphasize the significance of LNSS dissection (7–10). The rate of
LNSS metastasis varies from 7.4% to 22.6%, yet the risk factors
for LNSS metastasis remain unknown. This study aimed to
evaluate the association between clinicopathologic variables
and LNSS metastasis to clarify the necessity of LNSS dissection
in PTCs.
PATIENTS AND METHODS

Ethics Consideration
The study was approved by Xi’an Jiaotong University Institutional
Research Committee. The participants were asked to sign an
informed consent form. All methods were performed in
accordance with the relevant guidelines and regulations and
adhered to the ethical standards of the institutional and national
research committee as well as with the 1964 Helsinki Declaration.
Patient Selection
FromNovember 2020 toNovember 2021, 250 consecutive patients
with primary cN1b PTC sought medical service in our cancer
center. After preoperative fine needle aspiration and frozen section,
219 patientswere enrolled for unilateral or bilateral neck dissection.
They had no history of any other malignancy or neck surgery and
information on their demography, pathology, tumor stage (based
Frontiers in Endocrinology | www.frontiersin.org 2
on the 8th AJCC classification) and treatment were recorded
and analyzed.
Surgical Treatment
Neck status was evaluated using palpation, ultrasound, and
computed tomography (CT). Suspicious LNs pertaining to level II
to V were further assessed by measuring the thyroglobulin levels in
thewashoutfluid of the preoperativefineneedle aspiration (11) or by
intraoperative frozen section. If positive lateral LN were confirmed,
the lymphoid adipose tissue between sternocleidomastoid and
sternohyoid muscles and LNs of level II to IV/V were dissected,
and every subgroup was separately sent for pathological analysis.
LNSS was defined as follows (Figures 1, 2): superiorly by the
intersection of the sternocleidomastoid and sternohyoid muscles,
inferiorly by the suprasternal fossa and clavicle, anteriorly by the
sternocleidomastoid muscle, posteriorly by the sternohyoid muscle,
internally by the border of the sternocleidomastoid, and laterally by
the border of the sternohyoid muscle (6, 7).
Statistical Analysis
The association between clinicopathologic variables and LNSS
metastasis was evaluated by the chi-square test, and the variables
which indicated significance in univariate analyses were then
analyzed in a multivariate binary logistic regression model to
determine the independent predictors. All statistical analyses
were performed using SPSS 20.0, and p<0.05 was considered to
be significant.
FIGURE 1 | Location (black box) of lymph node between sternocleidomastoid and sternohyoid muscles (LNSS).
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RESULTS

Baseline Data
The 219 patients comprised 62 men and 157 women. The median
agewas53 (range: 18-76) years.Tumor stagesweredistributed asT1
in 34 patients, T2 in 45 patients, T3 in 88 patients, and T4 in 52
patients. Multifocality occurred in 117 patients. Comorbid
Hashimoto’s thyroiditis developed in 86 patients and mutation of
BRAFV600E gene occurred in 163 patients. All patients underwent
total thyroidectomy, of which 50 patients received additional
bilateral neck dissection and 169 patients received additional
unilateral neck dissection. The mean ± SD of resected LNs for
eachneck dissection samplewas 28 ± 6.4. Themean of positive LNs
in levels II, III, IV, andVIwere 1.0±0.7, 2.2±1.3, 2.5±1.6, and2.8±
1.5, respectively.

LNSS
LNSS were present in 108 neck dissection samples (40.1%) and in
76 patients (34.7%). The mean LN size was 4.0 ± 2.8 mm, while
the median of the incidence of LNSS was 1 with an interquartile
range of 1-5. Positive LNSS was identified in 40/269 (14.9%) neck
dissection samples and in 20/219 (9.1%) patients. The mean size
of the positive LNSS was 4.5 ± 2.4 mm.
Association Between LNSS Metastasis
and Clinicopathologic Variables
In the 130 patients with T3/4 tumors, the rate of LNSS metastasis
(11.4%) was significantly higher than in the 89 patients with T1/2
tumors (4.5%) (p=0.049). When the 219 patients were divided
into three groups based on the number of positive LNs in level
III, a significant difference (p=0.048) was noted in the rates of
LNSS metastasis in patients with 0, 1-2, and >2 positive LNs
Frontiers in Endocrinology | www.frontiersin.org 3
(4.4%, 9.9%, and 17.0%, respectively). Division of the 219
patients into three groups based on the number of positive
LNs in level IV also yielded a significant result (p=0.016) when
the rates of LNSS metastasis in patients with 0, 1-2, >2 positive
LNs (2.6%, 9.9%, and 16.7%, respectively) were compared. There
were no significant relationships between LNSS metastasis and
other variables (Table 1).

In multivariate analysis, the advanced tumor stage and
number of positive LNs in level IV metastasis were considered
to be the independent predictors for LNSS metastasis. Compared
to T1/2 tumors, T3/4 tumors were associated with a 2.4-fold
increase in the risk of LNSS metastasis. Compared to tumors
without level IV metastasis, tumors with >2 positive LNs in level
IV metastasis were associated with an 2.1-fold increase in the risk
of LNSS metastasis (Table 2).
DISCUSSION

The most important finding in the current study was that
although nearly one third of the patients had LNSS, LNSS
metastasis was relatively uncommon. It was most likely to
occur with the T3/4 tumors or along with level IV metastasis
simultaneously. The rate of LNSS metastasis was found to be low
and routine dissection was unnecessary. However, the excision of
LNSS was required if there was a presence of advanced stage
tumors or LN metastasis in level IV.

The suprasternal space, also known as Burns space, is a narrow
interval between the superficial and deep layer of the cervical fascia,
located above themanubriumof the sternum. It contains the sternal
heads of the sternocleidomastoid, the lower portions of the anterior
jugular veins and their transverse connecting branch as well as a
FIGURE 2 | Dissection (black box) of lymph node between sternocleidomastoid and sternohyoid muscles (LNSS).
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small quantity of areolar tissue (12). LNSS was anatomically a part
of this space (6–10, 13); however, according to the official definition
of level III-VI (14), LNSS does not belong to any of these groups.
Moreover, owing to the developmental variation, LNSS is not
always present. Song et al. (7) noted LNSS in 75.8% of 264 neck
dissection samples, while Hao et al. (8), Sun et al. (9), and Zhang
et al. (10) reported LNSS in about 70% of their patients. The
incidence was apparently lower than reported in our study.
Usually, the detection rate of LNs is associated with a number of
Frontiers in Endocrinology | www.frontiersin.org 4
factors including the pathologist’s ability to identify the LNs, the
surgeon’s ability todissect theLNs, and the level ofdissection (15). It
was noted that the size of the LNSS in the current study was very
small, representative of the eligibility of our surgeons and
pathologists. Thus, it is reasonable to conclude that other factors
may account for this variation, such as differences in the study
design and inclusion criteria. Moreover, we might be the first to
depict the small size of LNSS, which is not easily detected in a CT
scan, resulting in the frequent neglection of this special group.
TABLE 2 | Multivariate analysis of the predictors for lymph node between sternocleidomastoid and sternohyoid muscle (LNSS) metastasis.

Variable p OR [95%CI]

Tumor stage (T3+T4 vs T1+T2) 0.022 2.456 [1.327-4.665]
Number of positive nodes in level III
0
1-2 0.354 2.678 [0.766-5.332]
>2 0.116 3.276 [0.876-8.116]

Level IV metastasis
0
1-2 0.111 1.665 [0.887-4.377]
>2 0.014 2.122 [1.227-6.432]
April 2022 | Volume
TABLE 1 | Relationship between lymph node between sternocleidomastoid and sternohyoid muscle (LNSS) metastasis and clinicopathologic features.

Variable LNSS metastasis p

Yes (n=20) No (n=199)

Age
<55 11 103
≥55 9 96 0.782

Sex
Male 5 57
Female 15 142 0.730

Tumor stage
T1+T2 4 85
T3+T4 16 114 0.049

BRAF V600E mutation
No 3 53
Yes 17 146 0.256

Hashimoto's thyroiditis
No 14 119
Yes 6 80 0.373

Multifocality
No 6 96
Yes 14 103 0.119

Number of positive nodes in level II
0 13 146
1-2 5 35
>2 2 18 0.727

Number of positive nodes in level III
0 4 87
1-2 8 73
>2 8 39 0.048

Number of positive nodes in level IV
0 2 76
1-2 8 73
>2 10 50 0.016

Number of positive nodes in level VI
0 3 42
1-3 10 85
>3 7 72 0.754
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There is a paucity of studies on the metastasis of LNSS and to
our knowledge, only five published studies have focused on this
issue (6–10). Sun et al. (6) were the first to describe positive LNSS
in 22.6% of their 115 neck dissection samples from 115 patients.
Consistent with our study findings, Song et al. (7) reported a
17.8% rate of LNSS metastasis in 234 PTC patients undergoing
264 neck dissections, while metastatic incidences of 7.4%, 23.5%,
and 14.3% were reported by Hao et al. (8), Sun et al. (9), and
Zhang et al. (10), respectively. These findings indicated that the
rate of LNSS metastasis was relatively low, raising the important
question of when LNSS should be resected.

Predictors for LNSS metastasis remain unclear. Based on a
study comprising 115 patients, Sun et al. (6) found a significant
association between LNSS metastasis and the level III and level
IV nodal metastasis, the lateral LN metastasis, and a primary site
in the inferior pole. However, the authors did not perform a
multivariate analysis to confirm the independence of these
factors. In another study consisting of 264 neck dissections
from 234 patients, the authors noted that age over 45 years, a
tumor located in the inferior lobe of thyroid, LN metastasis at
level IIb, and LN metastasis at level III were all independent
metastatic risk factors for LNSS (7). The role of level IIb
metastasis was not clear. The rate of level IIb metastasis in
PTC was usually very low, thus the routine dissection of level IIb
was not deemed to be necessary. However, resection of level IIb
was indicated if there were positive LNs in more than three levels
(16). Additionally, because of the anatomical distance between
level IIb and LNSS, it was hard to assess causality. Sun et al. (9)
confirmed the independence of the original tumor size and level
IV nodal metastasis in increasing the risk of LNSS metastasis. All
the findings emphasized the significance of level IV metastasis;
however, they failed to identify the risk as per the number of
positive LNs. Cervical LNs with metastasis >6 were associated
with an elevated risk of LNSS metastasis (8). Moreover, the
current study reiterates the fact that the risk of LNSS metastasis
was significantly increased when there were more than two
positive LNs in level IV.

Tumor stage was another important predictor. Usually,
thyroid LNs only drain to deep cervical LNs, but rarely
metastasize to superficial cervical LNs (17). However, advanced
stage tumors can invade peripheral tissues such as anterior
cervical muscles; cancer cells can then cause LNSS enlargement
Frontiers in Endocrinology | www.frontiersin.org 5
through the superficial cervical lymphatic drainage system. This
viewpoint was confirmed by Zhang et al. (10), who reported that
88.9% of the PTCs with strap muscle involvement had LNSS
metastasis, a rate higher than the 19.4% observed in PTCs
without strap muscle involvement. Additionally, pre-laryngeal
LNs are considered to have communicating branches with
superficial cervical lymphatic drainage systems (18). However,
we failed to identify the effect of level VI metastasis on LNSS
metastasis in this study.

The limitations of the current study must be acknowledged:
the prognostic value of LNSS was not analyzed because the
follow-up data was not included.

In summary, the rate of LNSS metastasis was low, routine
dissection was unnecessary. However, the excision of LNSS was
required if there was a presence of advanced stage tumors or LN
metastasis in level IV.
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