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Carbon nanoparticle-guided intraoperative lymph node biopsy
predicts the status of lymph nodes posterior to right recurrent
laryngeal nerve in cNO papillary thyroid carcinoma
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Background: The lymph nodes in the right central compartment can be divided into 2 parts by the right
recurrent laryngeal nerve (RLN), and there is a lack of an accurate and convenient method for assessing
metastases in the lymph node posterior to the right recurrent laryngeal nerve (LN-prRLN) in ¢NO thyroid
papillary carcinoma patients.

Methods: Patients diagnosed with ¢NO thyroid papillary carcinoma and underwent intraoperative carbon
nanoparticle-guided lymph node biopsy from January 2017 to November 2020 at the Center for Thyroid
and Breast Surgery of Xuanwu Hospital were retrospectively analyzed. The intraoperative frozen section
examination and postoperative LN-prRLN status should have been comprehensively recorded. The
participants were divided into the LN-prRLN positive group and LN-prRLN negative group according to
their recorded LN-prRLN status.

Results: In total, 189 cases (LN-prRLN positive group, n=30; LN-prRLN negative group, n=159) were
included in the analysis. The univariate and multivariate regression analyses revealed that the number
of metastatic lymph nodes during intraoperative lymph node biopsy was the potential predictor for LN-
prRLN metastasis [odds ratio (OR): 1.320, 95% confidence interval (CI): 1.057 to 1.649, P=0.014]. The
receiver operating characteristic (ROC) curve showed that the area under the curve (AUC) reached 0.7 upon
a combined analysis of multiple lymph node statuses located at pre-laryngeal (Delphian), pre-tracheal, and
para-tracheal lymph nodes ipsilateral to the tumor in predicting the metastasis of LN-prRLN, and the cut-
off value was 0.5.

Conclusions: Number of metastatic lymph nodes in intraoperative biopsy was an indicator of LN-prRLN
metastasis in ¢cNO thyroid carcinoma patients. Patients staging in ¢cNO with negative intraoperative lymph
node status might be considered not to require LN-prRLN dissection during central lymph nodes dissection.
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Introduction

Papillary thyroid carcinoma (PTC) is one of the most
common subtypes of differentiated thyroid carcinoma
(DTC) and accounts for approximately 85% of thyroid
carcinomas (1). Although PTC is identified as a kind of
indolent tumor, positive lymph node metastasis is present
in 20-90% of PTC patients (2), leading to local recurrence
and distant metastasis (3). However, prophylactic central
neck dissection has remained controversial due to the
increased risk of hypoparathyroidism and recurrent
laryngeal nerve injury (4-6). The 2015 American Thyroid
Association (ATA) management guidelines for DTC did
not recommend routine prophylactic central lymph node
dissection (CLND) and illustrated that thyroidectomy
without prophylactic CLND might be more appropriate for
T1 or T2, noninvasive, and clinically node-negative PTC
(cNO) (7). The Chinese guidelines for DTC recommended
prophylactic CLND should be performed with proper
protection of the parathyroid and recurrent laryngeal nerve
(RLN), and prophylactic CLND was also accepted for cNO
PTC in the Japanese guidelines (8). Our clinical practice
routinely performed prophylactic CLND to obtain more
accurate tumor pathological staging.

From an anatomical point of view, the right central
compartment’s lymph nodes could be divided into 2 parts
by the right RLN due to the ascension of the right RLN
through the central compartment, which differs from the
anatomical structure on the left side. As a result, there are
several lymph nodes posterior to the RLN, which tend
to be omitted during CLND (9). The lymph nodes on
the posterior side of the right RLN are usually identified
as LN-prRLN. The American Head and Neck Society
Consensus Statement published in 2017 states that the
right LN-prRLN should be routinely dissected during
right CLND (9). Undoubtedly, dissection of LN-prRLN
can significantly increase the potential risk of RLN
injury, lymphatic leakage, pleural injury and increase the
operating time. Also, ultrasonography (US) has fairly poor
sensitivity in assessing lymph node metastases in the central
compartment (10), and it is even worse for deeper LN-
prRLN.

Intraoperative sentinel lymph node (SLN) biopsy
for thyroid malignancy was first proposed in 1998 (11).
Subsequently, there have been many attempts at SLN
biopsy for thyroid cancer. Vital dye, lymphoscintigraphy,
and a combined technique including vital dye and *TC-
nanocolloid particles have been described in several
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studies (12). However, the lymphatic drainage direction
is not always predictable due to the complicated cross-
communication of lymphatic channels associated with the
thyroid capsule. Up to now, the concept of SLN biopsy
of thyroid carcinoma has not been widely accepted, but it
does provide information for lymph node status, especially
for patients with extensive lymph node metastasis who
might benefit from the treatment with radioactive iodine
(RAI). Therefore, our center has routinely carried out
intraoperative lymph node biopsy during thyroid malignant
neoplasm surgical procedures. Carbon nanoparticles (CNs)
have been applied as a novel lymphatic tracer in thyroid
surgery in recent years, and there have been reports of
SLN biopsy guided by CNs (13). The CNs can maintain
SLN staining’s durability compared to the methylene
blue. It has increased the sensitivity and accuracy rates and
reduced false-negative rate. There have been few reports
on CN-guided lymph node biopsy to evaluate LN-prRLN
metastasis. Our present study aimed to provide a reference
for evaluating the necessity of LN-prRLN dissection by
combining patient clinicopathologic characteristics and
intraoperative lymph node biopsy. We hypothesized that
the intraoperative lymph nodes biopsy might predict LN-
prRLN metastasis in ¢NO thyroid carcinoma patients and
when an intraoperative biopsy indicates no lymph node
metastasis, the LNs-prRLN are less likely to metastasize.
Eventually, this would enable the avoidance of unnecessary
LN-prRLN dissection during CLND. We present the
following article in accordance with the STARD reporting
checklist (available at http://dx.doi.org/10.21037/gs-20-
920).

Methods
Patients

We retrospectively analyzed consecutive patients diagnosed
with PTC by US imaging and fine-needle aspiration (FNA),
and the preoperative US showed no abnormal enlarged
lymph nodes (cNO), who were admitted to the Center
for Thyroid and Breast Surgery, Department of General
Surgery, Xuanwu Hospital from January 2017 to November
2020. The patient’s clinicopathologic features were
comprehensively collected and analyzed. Participants were
divided into metastatic LN-prRLN group (LN-prRLN
positive group) and non-metastatic LN-prRLN group
(LN-prRLN negative group) according to the LN-prRLN
status at the postoperative pathologic examination. We
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Inclusion criteria:

examination or other imaging examination approach;

prRLN dissection;

especially about the status of LN-prRLN.

@ Patients who diagnosed as PTC by ultrasound imaging and FNA;
@ No evidence of lymph node metastasis by ultrasound imaging, physical

@ Patients underwent CNs-guided intraoperative lymph node biopsy;
@ Patients who underwent CLND during operation should routinely perform LN-

(5 Complete records about the clinical features and pathologic examination,

operation;

Exclusion criteria:

@ Patients diagnosed as thyroid benign diseases preoperatively and occasionally
discovered malignant tumors in postoperative pathologic examination;

@ No records about the status of LN-prRLN or postoperative pathologic report
indicated that the harvested LN-prRLN were fibrous adipose tissue;

3 Lymph node metastasis detected by ultrasound imaging and FNA before

@ Intraoperative lymph node biopsy failed.

Y
| 189 cases were eventually included |

|
Y Y

LN-prRLN positive group
30 cases

LN-prRLN negative group
159 cases

Figure 1 Flow chart for the study. PTC, papillary thyroid carcinoma; FNA, fine-needle aspiration; CNs, carbon nanoparticles; LN-prRLN,

lymph nodes posterior to right recurrent laryngeal nerve; CLND, central lymph node dissection.

excluded patients with a preoperative clinical diagnosis of
benign lesions. At the same time, postoperative pathological
examination unexpectedly revealed thyroid carcinoma,
those who underwent CLND but did not have a dedicated
record of LN-prRLN, and those without a complete
clinicopathologic case record were also excluded (Figure I).

Surgical procedure

To evaluate the lymph node status intraoperatively, we
routinely performed the intraoperative lymph node biopsy
before the thyroid lobectomy. After the thyroid gland had
been completely exposed, CNs were injected subcapsularly
into the capsule of the isthmus and thyroid lobes ipsilateral
to the tumors. The concentration of CNs suspension
was 25 mg/0.5 mL (LUMMY, Chongqing, China), and
0.05-0.1 mL of CNs were injected at each location. The
black stained lymphatic vessels and lymph nodes in the
perithyroidal region were observed after about 5 minutes.
The black-stained pre-laryngeal (Delphian) lymph nodes,
pre-tracheal lymph nodes, and para-tracheal lymph nodes
were then resected for intraoperative frozen pathological
examination. Patients with unilateral lesions underwent
thyroid lobectomy associated with ipsilateral CLND when
the frozen pathological examination indicated no lymph
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node metastasis. Patients with bilateral lesions or a frozen
pathological examination indicating lymph node metastasis
underwent total thyroidectomy and bilateral CLND. When
performing the right CLND, the right posterior laryngeal
nerve lymph nodes were recorded and analyzed separately.
All resected specimens were confirmed by pathological
examination.

Statistical analysis

Data were analyzed with SPSS version 23.0 (IBM Corp.,
Armonk, NY, USA). The differences between the 2 groups of
categorical variables were evaluated by Pearson’s chi-square
test, and the differences between the 2 groups of abnormally
distributed continuous variables were calculated using the
rank-sum test. Receiver operating characteristic (ROC)
curves were used to find the cut-off values of LN-prRLN
identified by intraoperative lymph node metastasis. Univariate
and multivariate logistic regression was used to identify risk
factors associated with LN-prRLN metastasis. Factors with
statistical significance after screening by univariable regression
analysis (P value: entry 0.05, removal 0.10) were put into
the multivariable regression model. All data were analyzed
anonymously and identified before analysis. A P value of <0.05
was considered statistically significant.
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Ethics approval

The study was approved by the Ethics Committee of
Xuanwu Hospital, Capital Medical University based in
Beijing, China {20 April 2020, ID [2020]055}. Participant
data were kept confidential, and the details were presented
such that the participants’ identity cannot be ascertained.
The requirement for informed consent was waived because
of the retrospective nature of the study. All procedures
performed in studies involving human participants were
done so following the ethical standards of the institutional
research committees and with the Declaration of Helsinki (as
revised in 2013).

Results
General characteristics

A total of 236 consecutive patients diagnosed with thyroid
papillary carcinoma with a comprehensive postoperative
pathologic record of LN-prRLN were recruited for this
study. Postoperative pathologic reports indicated that the
harvested LN-prRLN were composed of fibrous adipose
tissue in 23 cases. No intraoperative lymph node biopsy
was performed in 24 cases due to central or lateral lymph
node metastases discovered by the preoperative US and
confirmed by FNA (cN1). Eventually, 189 participants
(74 male and 115 female) were included in this study. The
clinical and pathologic characteristics are summarized in
Table 1. The overall incidence of LN-prRLN metastasis
was 15.9% (30/189), and more younger patients and more
metastatic lymph nodes after CLND were found among the
LN-prRLN positive group (P=0.002).

Intraoperative lymph node biopsy predicts the status of LN-
prRLN

The median and upper/lower quartile numbers of lymph
nodes that were resected in CN-guided intraoperative
lymph node biopsy were 5 [3, 6], including 1 [1, 2] of
Delphian lymph nodes, 1 [1, 2] of pre-tracheal lymph
nodes, and 1 [1, 2] of para-tracheal lymph nodes ipsilateral
to the tumor. The univariate and multivariate regression
analysis, including several potential risk factors previously
reported, revealed that the number of metastatic lymph
nodes during intraoperative lymph node biopsy was the
potential predictor for LN-prRLN metastasis (Table 2).

To further study the predictive effect of intraoperative
lymph node biopsy in LN-prRLN metastasis, the number
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of metastatic Delphian lymph nodes, pre-tracheal lymph
nodes, and para-tracheal lymph nodes were calculated,
respectively. More metastatic lymph nodes were discovered
during intraoperative lymph node biopsy in participants
with positive LN-prRLN, including more metastatic
Delphian lymph nodes, pre-tracheal lymph nodes, and para-
tracheal lymph nodes (7able 3).

Moreover, the ROC curve for predicting metastatic LN-
prRLN by the number of metastatic lymph nodes during
intraoperative lymph nodes biopsy was generated. The
Delphian lymph nodes, pre-tracheal lymph nodes, and para-
tracheal lymph nodes metastases could respectively predict
the metastasis of LN-prRLN. However, it was only when
these lymph node states were analyzed in combination
that the area under the curve (AUC) could reach 0.7. The
cut-off value was 0.5, which illustrated that the number
of metastatic lymph nodes >1 might be the LN-prRLN
metastasis threshold (Figure 2). The sensitivity was 80.0%,
and the specificity was 56.6%. The positive predictive value
was 25.8%, while the negative predictive value was 93.8%

(Tuble 4).

Discussion

In recent years, thyroid surgeons have given more
attention to the LN-prRLN during the right CLND. As is
known to all, PT'C has a fairly strong tendency of regional
lymph node metastasis, especially the lymph nodes located
at the central compartment. A study published by Ito ez a/.
revealed that 59% of the 4301 ¢cNO PTC patients were
finally diagnosed as pNla on postoperative pathological
examination and that routine prophylactic CLND
resulted in an excellent recurrence-free survival (14).
Also, Kim et al. illustrated that CLND during the initial
operation decreased the risk of local soft tissue and distant
recurrences (3). Although there has not been a consensus
for routine CLND, we have routinely performed CLND
for PTC under the adequate protection of the RLNs
and parathyroid glands to obtain a more accurate tumor
pathological stage then guide follow-up treatment.
However, traction on the RLN during the dissection of
the LN-prRLN undoubtedly increases the risk of nerve
injury and the operating time. Therefore, we need to
determine whether patients staging in ¢NO can benefit
from LN-prRLN dissection at the risk of RLN injury
during the routine prophylactic CLND.

According to published studies, the incidence of LN-
prRLN metastasis was 17.14-51.9%, and several potential
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Table 1 Clinical characteristics in LN-prRLN positive and negative group [n(%)]

Status of LN-prRLN

Variables Statistic P value
Positive (n=30) Negative (n=159)

Age, years 35.5 (28.75, 45.5) 44 (35, 55) -3.105 0.002
<55 28 (93.3) 118 (74.2) 5.249 0.022
>55 2(6.7) 41 (25.8)

Sex
Male 16 (53.3) 58 (36.5) 3.010 0.083
Female 14 (46.7) 101 (63.5)

Hashimoto’s thyroiditis
Yes 14 (46.7) 52 (32.7) 0.029 0.866
No 16 (63.3) 107 (67.3)

The maximum diameter of tumor 1.0 (0.6, 1.5) 0.9(0.6,1.2) -1.007 0.314

T stage
T1a 16 (63.3) 102 (64.2) 1.259 0.262
T1b 12 (40.0) 45 (28.3) 1.640 0.200
T2 2(6.7) 7 (4.4) 0.285 0.593
T3 0(0) 5(3.1) 0.969 0.325

Number of metastatic lymph nodes in total CLND 5.5(3.0,9.0) 1(0, 4) -5.039 <0.001

RLN injury
Yes 2(6.7) 2(1.3) 3.564 0.059
No 28 (93.3) 157 (98.7)

Temporary hypoparathyroidism
Yes 7 (23.3) 34 (21.4) 0.056 0.812
No 23 (76.7) 125 (78.6)

Tumor side
Right 19 (63.3) 93 (58.5) 0.245 0.621
Left 2(6.7) 18 (18) 0.578 0.447
Bilateral 9 (30.0) 48 (30.2) 0.000 0.984

LN-prRLN, lymph nodes posterior to right recurrent laryngeal nerve; CLND, central lymph node dissection; RLN, recurrent laryngeal nerve.

predictors such as age, male gender, tumor diameter,
capsular invasion, comorbid adenoma, Hashimoto’s
thyroiditis, and VIa compartment lymph nodes metastasis
were considered to be significantly associated with LN-
prRLN metastasis (15-22). Our center’s data revealed that
the incidence of LN-prRLN metastasis was 15.9%, but our
multivariate analysis suggested that none of the indicators
mentioned above were good predictors for the status of
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LN-prRLN. We considered that the probable cause of this
result is more participants with advanced stages such as
lateral lymph node metastasis or I3 in previously published
studies, so participants showed more progressive features.
Also, in almost all of the published literature, the analyses
were performed according to postoperative pathological or
clinical data, and there was a lack of a preferred approach
to guide surgical decision-making during the operation.
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Table 2 Univariate and Multivariate analysis of metastatic LN-prRLN with potential risk factors
Univariate analysis Multivariate analysis
Variables
OR (95% ClI) P value OR (95% ClI) P value

Age 0.949 (0.916, 0.983) 0.004 0.963 (0.927, 1.000) 0.051
Sex

Male 1.000 0.086

Female 0.502 (0.229, 1.103)
Multifocality in US

No 1.000 0.804

Yes 0.894 (0.368, 2.168)
Cumulative maximum diameter of 1.149 (0.728, 1.814) 0.550
tumor in US
TSH (ulU/mL) 0.785 (0.547, 1.128) 0.190
TG-Ab (IU/mL) 0.998 (0.991, 1.005) 0.561
TPO-Ab (IU/mL) 1.001 (0.998, 1.004) 0.610
Hashimoto’s thyroiditis

No 1.000 0.145

Yes 1.800 (0.817, 3.968)
Extrathyroidal extension

No 1.000 0.260

Yes 0.422 (0.094, 1.895)
Capsule invasion

No 1.000 0.925

Yes 1.048 (0.396, 2.773)
Number of metastatic lymph nodes 1.407 (1.138, 1.740) 0.002 1.320 (1.057, 1.649) 0.014
during intraoperative lymph node
biopsy
The maximum diameter of tumor 1.377 (0.774, 2.451) 0.276
BRAF mutation

No 1.000 0.831

Yes 0.878 (0.265, 2.902)

LN-prRLN, lymph nodes posterior to right recurrent laryngeal nerve; OR, odds ratio; Cl, confidence interval; US, ultrasound; TSH, thyroid
stimulating hormone; TG-Ab, thyroglobulin antibody; TPO-Ab, thyroid peroxidase antibody; BRAF, B-type Raf kinase.

Hence, patients in the relatively early stages must find
appropriate indicators to accurately evaluate the status of
LN-prRLN pre- and intra-operatively to avoid nerve injury
caused by unnecessary lymph node dissection.

Although SLN biopsy has not been widely accepted as
a diagnostic method for lymph node metastasis of thyroid
carcinoma like breast cancer, it provides information for
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lymph node status. The vital dye is one of the methods used
to trace lymphatic drainage. The sensitivity was 57-100%,
specificity was 94-100%, and the false-negative rate was
0-38% (12). According to the published studies, the SLNs
are mostly located at the central compartment (23,24), and
Delphian lymph nodes could even predict the lymph node
metastasis alone (25). Accordingly, we selected Delphian,
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Table 3 Numbers of metastatic lymph nodes in intraoperative lymph nodes biopsy
Status of LN-prRLN

Variables Statistic value P value
Negative, n=159 Positive, n=30
Total Number of metastatic lymph nodes in 0(0,2) 2(1,4) -3.764° <0.001
sentinel lymph node biopsy
Number of metastatic Delphian lymph nodes 0 (0, 0) 0(0, 1) -2.885° 0.004
Number of metastatic pre-tracheal lymph nodes 0(0, 1) 1(0,2) -3.634° <0.001
Number of metastatic para-tracheal lymph nodes 0(0,1) 1(0,1) -2.556% 0.011
?, Z value for Mann-Whitney U test.
A ROC Curve B ROC Curve
1.0 / 1.0
g 0.8
2 2 0.6
= =
[0 [0
2] 0 0.44
0.2 )
AUC=0.701 AUC=0.623
5 G ET-ED / 95% Cl: 0.508-0.743
P<0.001 /S P=0.033
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
1-Specificity 1-Specificity
C ROC Curve D ROG Curve
1.0 - 1.0
0.8+ 0.8+
206 2 0.6
= =
Z -‘%
c j
[ Q
0 0.4 ) 0 0.4
y /
0.2 / 0.2 /
A AUC=0.670 AUC=0.625
/ o 95% Cl: 0.555-0.784 95% Cl: 0.518-0.732
S/ P=0.003 P=0.030
0.0+ T T T T 0.0 T T T T
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
1-Specificity 1-Specificity

Figure 2 ROC for predicting metastatic LN-prRLN by number of metastatic intraoperative lymph nodes discovered intraoperatively.
Our model performance and random guess performance are presented in the blue line and the green line, respectively. (A) Predicting
metastatic LN-prRLN by the number of total metastatic intraoperative lymph nodes. (B) Predicting metastatic LN-prRLN by the number
of metastatic Delphian lymph nodes. (C) Predicting metastatic LN-prRLN by the number of metastatic pre-tracheal lymph nodes. (D)
Predicting metastatic LN-prRLN by the number of metastatic para-tracheal lymph nodes. ROC, receiver operating characteristic curve;
LN-prRLN, lymph node metastases posterior to the right recurrent laryngeal nerve; AUC, area under the curve; CI, confidence interval.
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Table 4 The predictive value of intraoperative lymph nodes biopsy in LN-prRLN metastasis [n(%)]

Status of LN-prRLN

Status of intraoperative lymph nodes biopsy

Positive (n=30)

Negative (n=159)

Positive (n=93)

Negative (n=96) 6 (6.2)

24 (25.8)

69 (74.2)
90 (93.8)

pre-tracheal, and para-tracheal lymph nodes as target
lymph nodes to cover as much of the lymphatic drainage
as possible and ensure the simplicity of lymph node biopsy.
Surprisingly, our results demonstrated that the number of
metastatic lymph nodes in intraoperative frozen section
examination was a potential predictor of LN-prRLN
metastasis. Notably, the false-negative rate was fairly low
(6.2%), which suggested that LN-prRLN dissection might
not be necessary for ¢cNO patients when the lymph nodes
biopsy did not indicate metastasis. Zhu et 4/. drew a similar
conclusion in a retrospective study including 592 patients.
Their results considered that the Delphian lymph node
metastasis and number of metastatic pre-tracheal and para-
tracheal lymph nodes were independent predictors of LN-
prRLN metastasis. However, the difference was that the
intraoperative frozen section examination of the lymph
nodes was performed after the entire CLND in their
study (17), which probably means that they had to wait
for the pathologic report after the thyroid lobectomy and
CLND. In comparison, the SLN procedure can be carried
out before the thyroid lobectomy and the entire CLND.
After the above procedure, surgeons can immediately
decide whether to perform LN-prRLN dissection or even
thyroidectomy with bilateral central lymph node dissection
according to the intraoperative frozen section examination.
With the development of personalized diagnosis and
treatment concepts, personalized surgical volume and
surgical approach are important in increasingly patient-
centered decision-making. The ATA recommendation is
to abandon prophylactic CLND in T1 or T2, noninvasive,
and ¢cNO PTC patients. Patients with clinical NO or
<5 pathologic N1 micro-metastases (<0.2 cm in largest
dimension) were classified as ATA low-risk group, which
predicted a recurrence rate below 5% (26). However,
according to the published literature, the incidence of lymph
node metastasis in cNO patients ranged from 25-82.3% (27),
similar to the incidence (64.02%) in our series. Moreover,
our postoperative pathologic examination results indicated
that micro-metastases but no macro-metastases in lymph
nodes were found in 5 cases, and micro-metastases in LN-

© Gland Surgery. All rights reserved.

prRLN were found in only 1 case. Therefore, in our clinical
practice, prophylactic CLND is still routinely carried out
due to the inconsistency between the clinical nodal staging
and pathological staging. Because of the small number of
cases, it is probably difficult to explain micro-metastasis
clinical significance in our present study. However, for all
of the 5 cases with micro-metastasis, there were no positive
lymph nodes detected during intraoperative lymph node
biopsy. Patients with no metastatic lymph nodes during
intraoperative biopsy might still represent a low risk of LN-
prRLN metastasis. In conclusion, the intraoperative lymph
node biopsy method could provide reference for the risk of
LN-prRLN metastasis to develop a personalized surgical
volume.

Our present research was limited in that it was a single-
center retrospective study, and the sample size was relatively
small. Therefore, a multi-center study with a larger number
of cases is necessary to confirm further the accuracy and
feasibility of CN-guided intraoperative lymph node biopsy
in predicting the status of LN-prRLN. Moreover, the
follow-up indicators such as postoperative thyroglobulin
levels, thyroid function, nodal recurrence rate, and disease-
free survival were not evaluated in our present study. To
clarify whether LN-prRLN dissection can be avoided in
patients with no metastasis in intraoperative lymph node
biopsy, future randomized controlled trials to evaluate
the oncological outcomes are necessary to validate our
conclusions.

Conclusions

The number of metastatic lymph nodes in CN-guided
intraoperative lymph node biopsy, including pre-laryngeal
(Delphian) lymph nodes, pre-tracheal lymph nodes, and
para-tracheal lymph nodes ipsilateral to the tumor, were
potential predictors of LN-prRLN metastasis in ¢cNO
thyroid carcinoma patients. Patients with no metastatic
lymph nodes during intraoperative biopsy might represent
a low risk of LN-prRLN metastasis. However, for patients
with ¢NO and negative lymph nodes in an intraoperative
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biopsy, further randomized controlled trials are necessary
to assess the prognostic outcomes and validate whether the

dissection of LN-prRLN could be avoided during CLND.
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