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Department of Ultrasound Medicine, West China Hospital of Sichuan University, Chengdu, China

Objective: This retrospective study aimed to analyze the ultrasound (US) imaging
features of solitary papillary thyroid carcinoma (PTC) located in the isthmus and to assess
the risk factors for lymph node metastasis (LNM) and tumor capsular invasion.

Methods: We included a total of 135 patients with solitary PTC located in the isthmus.
All the cases underwent US, total thyroidectomy, and prophylactic central lymph node
dissection. Patients’ demographic and thyroid isthmus nodules’ US characteristics, as
well as risk factors associated with LNM and tumor capsular invasion, were analyzed.

Results: It was revealed that the occurrence of LNM was higher in male patients than in
female patients (P < 0.001). As risk factors, the size of PTC in the isthmus was found to be
associated with LNM and tumor capsular invasion (P = 0.005 and 0.000, respectively).
The area under the receiver operating characteristic curve (AUC) of the size of the isthmus
PTC was 0.64 [95% confidence interval (Cl) = 0.55-0.72], indicating a probability for
LNM. The AUC value for tumor capsular invasion was 0.77 (95% CI: 0.68-0.83). When
the threshold was set to 1.1 cm, the larger size indicated that there was a probability of
occurrence of LNM with sensitivity and specificity of 47.4 and 73.7%, respectively. When
the threshold was set to 0.7 cm, the larger size indicated that there was potentially a
tumor capsular invasion, with sensitivity and specificity of 80.6 and 56.3%, respectively.
Wider-than-tall nodules were found to be significantly different from those in LNM and
tumor capsular invasion (P = 0.038 and 0.030, respectively). There were significant
differences in tumor capsular invasion in extrathyroidal extension (ETE) compared with
smooth or ill-defined and lobulated or irregular nodules (P = 0.017).

Conclusions: This study showed that the incidence of LNM in male patients was higher
than that in female ones. When a US image shows a thyroid isthmus nodule with a
wider-than-tall shape, LNM and tumor capsular invasion were likely to occur. When a US
image shows a thyroid isthmus nodule with an ETE, tumor capsular invasion was likely
to occur. ETE and wider-than-tall may be indicators of FNA under US guidance, even
though the size of thyroid isthmus nodule may be <1 cm.

Keywords: thyroid isthmus nodule, papillary thyroid carcinoma, ultrasound, lymph node metastasis, capsular
invasion
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INTRODUCTION

The most frequent endocrine malignancy is thyroid cancer, and
the most common histological subtype of thyroid cancer is
papillary thyroid cancer (PTC), accounting for about 80% of
all cases with thyroid cancer. PTC often occurs in patients 20-
55 years old, especially in women (1-4). Although the 10-year
survival rate of PTC is high, it can reach about 93%, whereas some
special locations of PTC have shown certain invasive behavior,
and about 30-90% of PTCs may have clinical or occult cervical
lymph node metastasis (LNM) (5). PTC can occur anywhere in
the thyroid, including the lateral lobe and isthmus; PTC in the
isthmus is less than that in the lateral lobe, and PTC located in
the isthmus is associated with incidence of 3-9.2% (3, 6-8). A
number of scholars have studied PTC location in the isthmus;
because the isthmus is located directly in front of the trachea,
it covers the second to fourth tracheal rings, and it is covered
by the strap muscles, fascia, and skin in the middle of the neck
(8). Studies have shown that PTC is located in the isthmus with a
higher rate of LNM, tumor capsular invasion, and extrathyroidal
extension (ETE) (9-11).

At present, high-resolution ultrasound is the standard
imaging method for thyroid nodule detection and diagnosis.
Ultrasound-guided fine-needle aspiration (FNA) can determine
the benignancy or malignancy of thyroid nodule. Therefore, a
reliable, noninvasive method is required to determine which
thyroid nodules can be diagnosed by FNA. In May 2017, the
American College of Radiology (ACR) launched a classification
system—Thyroid Imaging Reporting and Data System (TI-
RADS), in which all thyroid nodules were divided into five
categories: 1, 2, 3, 4, and 5 (12). However, the LNM-based
patterns for PTC in the isthmus have not been fully elucidated.

The present study aimed to investigate the relationship
between tumor capsular invasion and LNM associated with PTC
in the isthmus. In addition, we assessed the frequency and pattern
of LNM associated with PTC in the isthmus.

MATERIALS AND METHODS

This retrospective study was approved by the Ethics Committee
of the West China Hospital, Sichuan University (Chengdu,
China), and was granted a waiver of written informed consent
for use of data.

Patient Selection

From September 2016 to September 2018, the records of
3,920 consecutive patients who underwent surgery for PTC
and received conventional ultrasound were extracted from a
database at the Department of Ultrasound Medicine, West China
Hospital, Sichuan University. Additionally, 27 patients with PTC
located in the isthmus with the lateral lobe, 3,396 patients
with single PTC located in the lateral lobe, and 362 patients
with multiple PTC located in the lateral lobe were excluded. A
total of 135 patients with solitary PTC located in the isthmus
were included in the present study, and those were divided
into two groups according to whether there was LNM and
tumor capsular invasion as described in Figure 1. Moreover,

135 patients with solitary PTC located in the isthmus were
involved in our study (women, 102; mean age, 42.0 & 12.4 years
old; range, 17-68 years old; men, 33; mean age, 42.1 + 11.2
years old; range, 16-69 years old), and all patients underwent
total thyroidectomy and bilateral central neck lymph node (LN)
dissection; if necessary, cervical lateral LN dissection should
be performed simultaneously. In the current research, all cases
were diagnosed as PTC, and tumor capsular invasion and LNM
were detected according to histopathological findings obtained
from surgery.

Ultrasound Examination and Image

Analysis

Ultrasound images of thyroid nodule and cervical LNM
were captured using Philips iU22 ultrasound system (Philips
Healthcare, Eindhoven, the Netherlands) equipped with a 5- to
12-MHz linear-array transducer. Two sonographers (Buyun Ma
and Honghao Luo, with 22 and 7 years of clinical experience in
thyroid ultrasound) retrospectively analyzed ultrasound images
and reached consensus. ACR TI-RADS was employed for
standard evaluation of thyroid nodules, including composition
(cystic or almost completely cystic, spongiform, mixed cystic and
solid, solid, or almost completely solid), echogenicity (anechoic,
hyperechoic or isoechoic, hypoechoic, very hypoechoic), shape
(wider-than-tall, taller-than-wide), margin (smooth, ill-defined,
lobulated or irregular, ETE), and echogenic foci [none or
large comet-tail artifacts, macrocalcifications, peripheral (rim)
calcification, punctate echogenic foci]. The following points
were added from all categories to determine TI-RADS level
as follows: 0 point (TRI, benign, no FNA), 2 points (TR2,
not suspicious, no FNA), 3 points (TR3, mildly suspicious,
FNA if >25 cm, follow if >1.5 cm), 4-6 points (TR4,
moderately suspicious, FNA if >1.5 cm, follow if >1 cm),
7 points or more (TR5, highly suspicious, FNA if >1 cm,
follow if >0.5 cm). The reviewers also assessed the ultrasound
characteristics of cervical LN, and abnormal findings were
suggestive of cervical LNM, including globular shape, loss of
the normal echogenic hilum, presence of peripheral rather than
hilar flow, heterogeneity with cystic components, and punctate
echogenic foci that may represent microcalcifications and local
hypoechoic in LN.

Surgery and Pathological Diagnosis

In our hospital, all the patients with solitary PTC located in
the isthmus underwent total thyroidectomy, and prophylactic
central LN dissection was routinely performed. If ultrasound
examination revealed abnormal LN located in the cervical lateral
region, ultrasound-guided FNA was found highly essential, and
it could indicate whether the LN was metastasis or not; if
there was a cervical lateral LNM on an intraoperative frozen
section, cervical lateral LN dissection should be simultaneously
performed. All cases had been confirmed by postoperative
pathological diagnosis.

Statistical Analysis
The thyroid nodule was classified according to five categories
on the basis of ACR TI-RADS. We used either the x? test
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received conventional ultrasound

3920 consecutive patients underwent surgery for PTC and all those patients

Exclude = 3,785 patients

Single PTC located in lateral lobe =
3,396 patients

Multiple PTC located in lateral
lobe = 362 patients

Multiple PTC located in isthmus
with lateral lobe = 27 patients

135 patients with solitary PTC located in isthmus

|

Lymph node metastasis (+)
(78 patients)

Lymph node metastasis (-)
(57 patients)

FIGURE 1 | Flowchart of the study. +, pathological LN metastasis and capsular invasion; —, pathological no LN metastasis and capsular invasion.

|

Thyroid capsular invasion (+)
(103 patients)

Thyroid capsular invasion (-)
(32 patients)

or the Fisher exact test for comparing differences between
categorical variables, and continuous variables were compared by
the independent-samples t-test; for this purpose, demographic
characteristics, thyroid nodule size, ultrasound manifestations,
tumor capsular invasion, and cervical LNM were analyzed.
P < 0.05 was considered statistically significant. The receiver
operating characteristic (ROC) curves were plotted to find out
the threshold of thyroid nodule size in the isthmus and to indicate
the occurrence of LNM and tumor capsular invasion. The values
of area under the ROC curve (AUC) and 95% confidence interval
(CI) were calculated. Software 22.0 software (IBM, Armonk, NY,
USA) was used to perform statistical analyses.

RESULTS

The size of solitary PTC located in the isthmus in the 135
cases ranged between 0.3 and 3.4cm (average, 1.1 & 0.6cm).
Nodules <1 cm accounted for 50.4% (68 of 135), and those
>1 cm accounted for 49.6% (67 of 135).

TABLE 1 | Lymph node metastasis in 135 patients.

Total Positive Negative P
No. of cases 135 78 57
Age (y) 42.0 1241 41.5+123 426 +11.9 0.607
Sex 0.001
Female 102 51 51
Male 33 27 6
Size of nodule (cm) 1.1+£0.6 1.2+06 09405 0.005

The Patients’ Clinical and Pathological

Characteristics

Total thyroidectomy was performed on all the patients who
were diagnosed with PTC. Depending on whether there is
LNM and tumor capsular invasion, the patients’ clinical and
pathological characteristics are presented in Tables 1, 2. There
were no significant differences in the patients’ ages whether there
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was LNM and tumor capsular invasion (P = 0.607 and 0.863,
respectively). The incidence of LNM was higher in males than
that in females (81.8 vs. 50%, respectively, P < 0.001), and the
incidence of tumor capsular invasion in males was similar to that
in females (72.7 vs. 77.5%, respectively, P = 0.579). The diameter
of thyroid nodule with LNM and tumor capsular invasion in the
isthmus was larger than that in thyroid nodule with no LNM and
tumor capsular invasion in the isthmus (P = 0.005 and 0.000,
respectively). The AUC values for the size of thyroid nodule
with LNM and tumor capsular invasion in the isthmus were 0.64
(95% CI: 0.55-0.72) and 0.77 (95% CI: 0.68-0.83), respectively.
When the threshold was 1.1 cm, the size of thyroid nodule in the
isthmus was >1.1 cm, which indicated that there was LNM, and
the sensitivity and specificity were 47.4 and 73.7%, respectively.
When the threshold was 0.7 cm, the size of thyroid nodule in the
isthmus was >0.7 cm, which demonstrated that there was tumor
capsular invasion, and the sensitivity and specificity were 80.6
and 56.3%, respectively (Figure 2).

Analysis of Ultrasound Images
PTC located in the isthmus was solid (133/135, 98.5%),

74.1%), lobulated or irregular (61/135, 45.2%), ETE (63/135,
46.7%), punctate echogenic foci (107/135, 79.3%), and TR5
(127/135, 94.1%).

According to the existence of LNM and tumor capsular
invasion, the ultrasound imaging characteristics of PTC
located in the isthmus were analyzed. The ultrasound
imaging characteristics of the study subjects are summarized in
Tables 3, 4.

Wider-than-tall was found to be significantly different
from both LNM and tumor capsular invasion-positive in
the analysis of ultrasound characteristics (P = 0.038 and
0.030, respectively). There were significant differences in tumor
capsular invasion between ETE and smooth or ill-defined and
lobulated or irregularly shaped tumor (P = 0.017). Composition,
echogenicity, echogenic foci, and TI-RADS level were found
insignificantly different from both LNM and tumor capsular
invasion-positive (Figure 3).

LNM Analysis

There were 78 of 135 cases (57.8%) who were confirmed to have

hypoechoic  (135/135,  100%),  wider-than-tall ~ (100/135, [ NM by postoperative pathology, including central LN (77/135,
57%; there were 69 cases with paratracheal LNM and 21 cases
with pretracheal LNM) and lateral LN (6/135, 4.4%).
TABLE 2 | Thyroid capsular invasion in 135 patients.
Total Positive Negative P . .
The Relationship Between LNM and Tumor
No. of cases 135 103 32 Capsular Invasion
Age (y) 420+£121  422+126 4124103 0863  According to the existence of tumor capsular invasion, there were
Sex 0.579 103 cases with tumor capsular invasion, of whom 64 (62.1%)
Female 102 79 23 cases had LNM, and 39 (37.9%) cases had no LNM; among 32
Male 33 24 9 cases without tumor capsular invasion, 14 (43.8%) cases had
Size of nodule (cm) 11406 12406 07+04 0.000  LNM, whereas 18 (56.2%) cases had no LNM.
A B
1.0 1.0
08 0.8
06
£ g
2 E
s s
@ 04 & 0.4
0.2 0.2
AUC = 0.64 AUC = 0.77
0.0 0.0
0.0 0.2 04 06 08 1.0 0.0 0.2 04 06 08 1.0
100 - Specificity 100 - Specificity

FIGURE 2 | ROC curves for discerning between LN metastasis and tumor capsular invasion based on thyroid isthmus nodule size. (A) The AUC for lymph node
metastasis was 0.64 (95% Cl: 0.55-0.72). (B) The AUC for tumor capsular invasion was 0.77 (95% Cl: 0.68-0.83).
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TABLE 3 | The ultrasound imaging characteristics with and without lymph node
metastasis.

Characteristic Positive (78) Negative (57) P
Composition

Cystic or aimost completely cystic 0 0

Spongiform 0 0

Mixed cystic and solid 2 0 0.508
Solid or almost completely solid 76 57

Echogenicity -
Anechoic 0

Hyperechoic or isoechoic 0

Hypoechoic 78 57

Very hypoechoic 0 0

Shape 0.038
Wider-than-tall 63 37

Taller-than-wide 15 20

Margin 0.140
Smooth or ill-defined 5 6

Lobulated or irregular 31 30

Extrathyroidal extension 42 21

Echogenic foci 0.162
None or large comet-tail artifacts 8 1
Macrocalcifications 2

Peripheral (rim) calcifications 1

Punctate echogenic foci 67 40

TI-RADS level 0.282
TR4 3 5

TR5 75 52

Although LNM mainly occurred in tumor capsular invasion
than in nontumor capsular invasion, there was no significant
difference between the two groups (P = 0.066).

DISCUSSION

The thyroid is divided into upper third, middle third, lower third,
and the isthmus (11). The isthmus is located in front of the
trachea; it is connected with bilateral lobes of the thyroid, with
a thickness of 2-6 mm and small-volume thyroid parenchyma
(13). The lymphatic drainage of the thyroid gland involves the
lower deep cervical, prelaryngeal, pretracheal, and paratracheal
nodes. The paratracheal and lower deep cervical nodes receive
lymphatic drainage from the isthmus and the inferior lateral
lobes (14). A study performed by Song et al. (7) showed that
PTC located in the isthmus is an independent risk factor for
central LNM. Because of the special location of the isthmus and
difference in drainage of LN, the surgical protocols for PTC in the
isthmus are also different from PTC in the lateral lobe. Numerous
scholars have concentrated on evaluating the efficacy of surgery
for PTC in the isthmus, while they have scarcely studied LNM
and tumor management, and involved a limited number of cases
(13, 15, 16). Previous studies have shown that PTC located in the
isthmus has a low incidence, whereas it is more prone to invade

TABLE 4 | The ultrasound imaging characteristics with and without tumor
capsular invasion.

Characteristic Positive (103) Negative (32) P

Composition

Cystic or aimost completely cystic 0 0

Spongiform

Mixed cystic and solid 1.000
Solid or almost completely solid 101 32

Echogenicity -
Anechoic 0

Hyperechoic or isoechoic 0

Hypoechoic 103 32

Very hypoechoic 0 0

Shape 0.030
Wider-than-tall 81 19
Taller-than-wide 22 13

Margin 0.017
Smooth or ill-defined 8 3

Lobulated or irregular 40 21

Extrathyroidal extension 55 8

Echogenic foci 0.721
None or large comet-tail artifacts 15

Macrocalcifications

Peripheral(rim) calcifications

Punctate echogenic foci 81 26

TI-RADS level 1.000
TR4 6 2

TR5 97 30

neighboring organizations. In the current study, we selected
patients with solitary PTC located in the isthmus who underwent
total thyroidectomy and preventive central LN dissection, and we
found that the morbidity of PTC located in the isthmus of thyroid
was 4.1% (162/3,920 cases), which is similar to that reported by
previous studies (3, 6-8).

The present study showed that the morbidity of PTC in the
isthmus is significantly higher in females than that in males, with
a ratio of 3:1. Although the incidence of PTC in the isthmus in
males is low, it is more likely to have LNM (P = 0.001). There
was no association among LNM, tumor capsular invasion, and
patients’ age (P = 0.607and 0.863, respectively).

Although tumor size is a factor in LNM and tumor capsular
invasion, a number of scholars (8) have pointed out that there was
no statistically significant difference between LNM and tumor
size <10 and >10mm, suggesting that the isthmus location
could be a risk factor for central LN involvement, regardless
of tumor size. On the contrary, the present study showed that
the size of PTC in the isthmus with LNM is significantly larger
than that without LNM (P = 0.005). Wang et al. (17) analyzed
factors related to central LNM in 73 patients with solitary PTC in
the isthmus and found that tumor size >0.7 cm was associated
with central LNM and tumor size >0.6cm was significantly
associated with paratracheal LNM. Our findings revealed that
tumor size >1.1 cm is significantly associated with LNM (AUC =
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Although ultrasound showed ETE, no abnormal lymph node was found.

FIGURE 3 | A 42-year-old man with papillary thyroid carcinoma (PTC) located in isthmus. (A,B) Ultrasound images show 1.3-cm solid nodule with hypoechoic,
wider-than-tall, extrathyroidal extension (ETE), punctate echogenic foci, ACR TI-RADS 5. PTC was confirmed by fine-needle aspiration (FNA) cytologic examination
before operation. The PTC in isthmus of thyroid was confirmed by postoperative pathology, with capsular invasion and bilateral paratracheal lymph node metastasis.

0.64, sensitivity = 47.4%, and specificity = 73.7%). Meanwhile,
the present research demonstrated that the size of PTC in the
isthmus with tumor capsular invasion was significantly larger
than that without tumor capsular invasion (P = 0.000). Our study
uncovered that tumor size >0.7 cm is significantly correlated
with tumor capsular invasion (AUC = 0.77, sensitivity = 80.6%,
and specificity = 56.3%). In our study, 50.4% (68/135) of cases
had PTC in the isthmus with size of <1 cm, and in such cases, the
rate of LNM and tumor capsular invasion reached 50% (34/68)
and 64.7% (44/68), respectively. Therefore, we can infer that
when the size of PTC in the isthmus is small, the tumor capsular
invasion can occur. When PTC in the isthmus reaches a certain
size, the LNM may occur.

High-resolution ultrasound has been widely used in thyroid
examination. Besides, PTC can be predicted from -certain
suspicious ultrasound features of thyroid nodules. When
ultrasound displayed that thyroid nodule has hypoechoic or very
hypoechoic, solid, taller-than-wide, ETE, punctate echogenic
foci, the existence of a malignant tumor is more probable (16).
However, we found that PTC located in the isthmus had more
frequently the characteristics of wider-than-tall shape when they
had LNM and tumor capsular invasion (P = 0.038 and 0.030,
respectively), and ETE was more prone to have tumor capsular
invasion than lobulated or irregularly shaped tumor (P = 0.017).
These ultrasound characteristics seem to be due to the narrow
space in the isthmus of the thyroid, which limits the longitudinal
growth of PTC, while it does not hinder the transverse growth.
The larger the PTC located in isthmus, the more likely the
wider-than-tall shape.

The relationship between PTC location and cervical LNM
remains controversial (11, 15-18). In (3) study, 181 PTCs
in the isthmus were included, and central LNM occurred in
40.3% of cases. Song et al. (7) showed that the involvement
of central LNM of PTC in the isthmus reached 71.1% and
demonstrated that PTC located in the isthmus was an individual
risk factor for central LNM, which was higher than the rate
of 57.8% presented in the current study. Their cases included
multifocal PTC located in both the isthmus and lateral lobes,
whereas in our study, only PTC in the isthmus was involved,
justifying this discrepancy. PTC located in the isthmus was

prone to occult LNM, because of air disturbance from the
trachea, and preoperative ultrasound revealed that abnormal
LN in the central region was more difficult than that in
the lateral region; thus, the diagnostic rate of ultrasound
for central LNM was low (19). Therefore, further ultrasound
assessment should be undertaken on the suspicious malignant
nodules that originated from the isthmus, especially for the
cervical LN.

The thyroid lymphatic drainage system is parallel to the
thyroid venous drainage system (20), which are mainly divided
into pretracheal, prelaryngeal, and paratracheal lymph nodes,
especially superiorly to the prelaryngeal LN (21). As shown in
the current research, the LNM rate was 57.8%, and paratracheal
LNM was the most common type (88.5%, 69/78), followed by
pretracheal LNM (26.9%, 21/78), and the main reason is that PTC
in the isthmus lies directly anterior to the trachea, overlying the
tracheal rings in the middle of the neck (22). The rate of lateral
LNM in the isthmus PTC was similar to that in the literature
(9.4%) (3). We found similar rates of central and lateral LNM in
presence or absence of tumor thyroid capsular.

We also found that PTC originating in the isthmus more
frequently had a pathologic ETE, and among various prognostic
factors, ETE was found to be associated with LNM, distant
metastasis, local recurrence, and cancer-related mortality (23-
25). The reason could be related to the particular anatomical
location of the isthmus, in which larger isthmus tumors are more
prone to invade the thyroid capsular, and capsular invasion cases
are more susceptible to invade neighboring organizations. In
the present study, it was revealed that although the incidence
of LNM was higher when the thyroid capsular was invaded,
however, there was no significant difference between LNM and
with/without tumor capsular invasion.

In the current study, we included 135 patients with solitary
PTC located in the isthmus who underwent total thyroidectomy
and central LN dissection. This retrospective study revealed
the risk factors for LNM from solitary PTC located in the
isthmus, in addition to the relationship between LNM and
tumor capsular invasion and tumor size. Because PTC in the
isthmus is located in the middle of the trachea, the tumors
typically spread to paratracheal LN and pretracheal LN. Our

Frontiers in Oncology | www.frontiersin.org

September 2020 | Volume 10 | Article 558363


https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
https://www.frontiersin.org/journals/oncology#articles

Luo et al.

Papillary Carcinoma of Thyroid Isthmus

findings suggest that PTC in the isthmus should be dissected with
bilateral paratracheal LN and pretracheal LN, while the effect
of prevention of central LN in the isthmus PTC needs further
research and long-term follow-up.

A guideline (26) prohibited performing FNA for nodule size
<lcm, and it recommended that if the nodule was limited to
the thyroid, its ultrasound characteristics need not be considered.
Other guidelines (27-29) suggest that if the cytological diagnosis
is confirmed to be PTC and the nodule is <1 cm, it is more
appropriate for effective active surveillance. A number of studies
reported that thyroid cancer is more invasive and is associated
with poor prognosis when it is located in the isthmus (3, 14, 30—
32). Previous literature reported that if PTC is located in the
isthmus, capsular invasion and ETE are not associated with
tumor size, and these findings were also frequently observed in
the papillary thyroid microcarcinoma located in the isthmus (8).
Some studies have confirmed that the frequency of LNM in PTC
located in the isthmus is higher than the PTC located in the
lateral lobes (7, 33). In the current study, we found that 50%
(34/68) of the isthmus PTC may have LNM, and 64.7% (44/68) of
the isthmus PTC may have tumor capsular invasion. Therefore,
we believe that FNA should be actively carried out for nodules
with size of <1 cm in the isthmus in order to carry out the next
clinical intervention.

The learning-based methods focused on automatic learning
from ultrasound images to conclude a final evaluation. These
methods construct highly nonlinear mapping from featured
spaces to the final evaluation (34). The featured spaces are
often redundant in features, because extracted features from
ultrasound images make it easy to be affected by noise and
other tissues. In contrast, our method contributes to establish
the relationship between the direct clinical indicators (e.g., size
of nodule) and final evaluation (35).

Our present study had several limitations. First, the sample
size of the single isthmus PTC was relatively small, because
this location was rare; we also excluded multiple PTCs located
in the isthmus and in the lobe, which may cause a selection
bias. Second, because of small sample size, statistical analysis
was not performed for different regions of cervical LNM. Third,
our study did not statistically analyze the positive results of the
ultrasound suspicious for abnormal LN, because the diagnosis of
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