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Abstract: Purpose: This study aimed to investigate the correlation between sonographic features
and central neck lymph node metastasis (CNLM) in solitary solid papillary thyroid microcarcinoma
(PTMC) with a taller-than-wide shape. Methods: A total of 103 patients with solitary solid PTMC with
a taller-than-wide shape on ultrasonography who underwent surgical histopathological examination
were retrospectively selected. Based on the presence or absence of CNLM, patients with PTMC were
divided into a CNLM (n = 45) or nonmetastatic (n = 58) group, respectively. Clinical findings and
ultrasonographic features, including a suspicious thyroid capsule involvement sign (STCS, which is
defined as PTMC abutment or a disrupted thyroid capsule), were compared between the two groups.
Additionally, postoperative ultrasonography was performed to assess patients during the follow-up
period. Results: Significant differences were observed in sex and the presence of STCS between
the two groups (p < 0.05). The specificity and accuracy of the male sex for predicting CNLM were
86.21% (50/58 patients) and 64.08% (66/103 patients), respectively. The sensitivity, specificity, positive
predictive value (PPV), and accuracy of STCS for predicting CNLM were 82.22% (37/45 patients),
70.69% (41/58 patients), 68.52% (37/54 patients), and 75.73% (78/103 patients), respectively. The
specificity, PPV, and accuracy of the combination of sex and STCS for predicting CNLM were 96.55%
(56/58 patients), 87.50% (14/16 patients), and 67.96% (70/103 patients), respectively. A total of
89 (86.4%) patients were followed up for a median of 4.6 years, with no patient having recurrence
as detected on ultrasonography and pathological examination. Conclusions: STCS is a useful
ultrasonographic feature for predicting CNLM in patients with solitary solid PTMC with a taller-
than-wide shape, especially in male patients. Solitary solid PTMC with a taller-than-wide shape may
have a good prognosis.

Keywords: thyroid; microcarcinoma; ultrasonography; taller than wide; central lymph node metastasis;
extrathyroidal extension

1. Introduction

Papillary thyroid carcinoma is the most common pathological subtype of thyroid
carcinoma [1]. Its incidence has increased in recent years, likely owing to the improvement
of examination techniques such as ultrasonography [2]. Papillary thyroid microcarcinoma
(PTMC) refers to papillary thyroid carcinoma of <10 mm in size [3] and accounts for
>30% of all newly diagnosed thyroid cancer cases [2,4]. PTMC is considered indolent,
and patients are often classified as having a low risk owing to a favourable prognosis.
However, it is noteworthy that a characteristic of PTMC is the tendency for lymph node
metastasis. The most common site of PTMC lymph node metastasis is central neck lymph
node metastasis (CNLM), and the incidence of CLNM in PTMC is not negligible [5]. Patients
with PTMC with CNLM may require thyroidectomy and central lymph node dissection,
whereas those without CNLM may require only observation, follow-up, or minimally
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invasive treatment such as thermal ablation [6]. Therefore, developing an effective method
for accurate prediction of CNLM is crucial for guiding clinical decision-making in PTMC.

At present, ultrasonography is the first-line imaging modality for examining CLNM in
patients with PTMC, whether directly or indirectly. The direct method includes preopera-
tive detection of abnormal metastatic neck lymph nodes that often appear with calcification,
cystic necrosis, hyperechogenicity, and the absence of an echogenic hilum [7-9]. However,
the ability of preoperative ultrasonography to identify CLNM is limited owing to the overly-
ing thyroid gland, and these lymph nodes do not usually appear abnormal on preoperative
ultrasonography or inspection at the time of surgery. Therefore, direct detection of CLNM
on preoperative ultrasonography may have low predictive accuracy [10]. This disadvantage
led to the increased use of the indirect method of ultrasonography, which includes the exam-
ination of PTMC features and clinical characteristics for predicting CLNM [11-16]. Several
studies have examined clinical predictive and/or ultrasonographic factors for assessing
CLNM in patients with PTMC [11-16]. However, most studies were focused on multiple
PTMC or multiple coincidence with solitary PTMC [11-16]. A few studies have analysed
differences in sonographic features of solitary solid PTMC between patients with CLNM
and those without metastasis. We hypothesised that the shape of PTMC may correlate
with the occurrence of CLNM. Therefore, in this study, we investigated the correlation
between sonographic features and CLNM in solitary solid PTMC with a taller-than-wide
shape. The taller-than-wide shape was defined as an anteroposterior diameter greater than
the transverse diameter, longitudinal diameter, or both, which may also indicate a special
shape of solitary solid PTMC in a three-dimensional (3D) view, as described in a previous
study [17].

2. Methods
2.1. Patient Selection

This retrospective study was approved by the Review of Ethics Committee in Clinical
Research of the First Affiliated Hospital of Wenzhou Medical University (Approval Date:
27 April 2022; Approval Number: KY2022-R045). The requirement for informed patient
consent for this retrospective review was waived.

A total of 4463 patients with solitary solid PTMC underwent surgical and histopatho-
logical examination after thyroid ultrasonography at our hospital from September 2009 to
October 2012, and their records were reviewed retrospectively. The inclusion criteria were as
follows: (a) patients with solitary solid PTMC confirmed through surgical histopathological
examination; (b) patients who underwent total thyroidectomy or near-total thyroidec-
tomy or lobectomy with (or without) isthmectomy; (c) patients who underwent central
neck lymph node dissection (CNLD) surgery; (d) patients in whom the time interval be-
tween ultrasonography and surgery was <3 months. The exclusion criteria were as follows:
(a) patients who did not undergo CLND; (b) ultrasound data were incomplete, inconclusive,
or both.

In a previous study, we analysed the data of patients with thyroid nodules smaller than
or equal to 10 mm in size with a taller-than-wide shape to determine the effectiveness of the
taller-than-wide shape in predicting PTMC [17]. However, in the present study, we used
the data of patients with PTMC with a taller-than-wide shape to determine the effectiveness
of clinical and ultrasound findings in predicting CLNM and prognosis. Solitary solid
PTMC was defined as PTMC that satisfied any one of the following two conditions: (a) the
presence of an isolated and single solid PTMC; (b) the presence of an isolated solid PTMC
associated with single or multiple benign thyroid nodules in the contralateral thyroid lobe
(or in the isthmus) confirmed on surgical histopathological examination.

Based on the abovementioned definition, 403 patients were initially selected, of which
296 patients were excluded for the following reasons: the size of the tumour was not
consistent with that determined through pathological examination (1 = 15), CLND was
not performed (n = 158), skip metastases were found (n = 6), ultrasound images were
unclear (n = 2), and a taller-than-wide shape was not observed (n = 119). Eventually,
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103 patients (24 men and 79 women; age, 26—69 years (average: 45.00 £ 8.82 years)) were
included in this study. A total of 85 patients had an isolated and single solid PTMC, and
18 patients had an isolated solid PTMC in only one thyroid lobe. The interval between
surgery and preoperative ultrasonography was 6 days in all patients (interquartile range
(IQR), 2.25-11 days; range, 1-48 days).

Based on the presence or absence of central neck lymph node metastasis (CNLM), the
patients were divided into the CNLM (n = 45, with 3 patients having concomitant lateral
neck lymph node metastasis) or nonmetastatic (n = 58) group, respectively. The interval
between surgery and preoperative ultrasonography in the CNLM and nonmetastatic groups
was 7 days (IQR, 2-10 days; range, 1-26 days) and 6 days (IQR, 3-11 days; range, 1-48 days),
respectively. No significant differences were observed in the interval between the two
groups (p = 0.777). The patients were followed-up postoperatively for detecting recurrence
on neck ultrasonography (mainly neck lymph nodes and the thyroid bed) every 3—6 months.
If patients experienced any discomfort in the neck postoperatively, ultrasonography was
performed irrespective of whether the interval between surgery and ultrasonography was
>3-6 months. Data on demographic characteristics, clinical history, and outcomes were
obtained from the electronic medical information database of the hospital.

2.2. Ultrasound Imaging

Thyroid ultrasonography was performed by experienced sonographers based on a
standard procedure. A 7-15-MHz linear array transducer (HDI 5000; Philips Medical Sys-
tems, Bothell, WA, USA), an 8-15-MHZz linear array transducer (Acuson Sequoia; Siemens
Medical Solutions, Mountain View, CA, USA), or a 5-12-MHz linear array transducer (iU22;
Philips Medical Systems, Bothell, WA, USA), (Mylab 90 or DU6; ESAOTE; Genoa, Italy)
was used for the scan. All US images were obtained before surgery, and sonographer
(S.-P.C.) was blinded to the surgical and histopathological results before reviewing the
ultrasonographic images and reports; therefore, the sonographer had no knowledge of the
final evaluation of thyroid nodules.

The taller-than-wide shape was defined as an anteroposterior diameter greater than
the transverse diameter, longitudinal diameter or both [17]. Ultrasonographic features,
including position, location, size, echogenicity, shape, margin, calcification, and suspicious
thyroid capsule involvement, were compared between the two groups. The positions
used to describe the location of PTMCs were the left lobe, right lobe, and isthmus. The
location of PTMCs in the thyroid lobe was classified as upper, middle, and lower third.
The size of tumours was measured via ultrasonography in three dimensions (longitudinal,
anteroposterior and transverse), and the maximal diameter was considered the tumour
size. Echogenicity was classified as hyperechogenicity, isoechogenicity, hypoechogenicity,
or marked hypoechogenicity. When the echogenicity of PTMC was similar to that of the
thyroid parenchyma, it was defined as isoechoic. Marked hypoechogenicity was defined as
echogenicity that was less than that of the surrounding strap muscle. Margins were classi-
fied as regular (round or ovoid) or irregular (microlobulated (the presence of many small
lobules on the surface of a tumour)). Calcifications were classified as microcalcifications or
macrocalcifications. Microcalcifications were defined as calcifications that were < 1 mm in
size and were visualised as tiny punctate hyperechoic foci, either with or without acoustic
shadows. If tiny bright reflectors with a clear-cut comet tail artefact were detected on
conventional ultrasonography, they were considered colloids. Macrocalcifications were
defined as hyperechoic foci of >1 mm in size. If both types of calcifications (macrocalcifica-
tions, including rim calcifications, combined with microcalcifications) were observed, the
sample was classified as having microcalcifications. The internal components of PTMC
were defined as solid, mixed, or cystic. PTMC with mixed components had both solid and
cystic components.

Suspicious thyroid capsule involvement was defined as PTMC abutment or disruption
of the thyroid capsule and included two conditions: capsular abutment with or without
disruption of the thyroid capsule (either the anterior or posterior thyroid capsule). Capsular
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abutment was defined as the lack of intervening thyroid tissue between PTMC and the
thyroid capsule. Capsule disruption was defined as the loss of the anterior (or posterior)
perithyroidal echogenic line at the site of contact, with PTMC as described in previous
studies [18-22].

The detection of a suspicious recurrence sign on postoperative neck ultrasonography
included assessment of the neck lymph node and thyroidectomy bed. The suspicious
recurrence sign in neck lymph nodes was described as neck lymph nodes with calcification,
cystic necrosis, hyperechogenicity, and the absence of an echogenic hilum [7-9]. The suspi-
cious recurrence sign in the thyroidectomy bed was described as follows: (a) hypoechoic or
(and) hyperechoic thyroidectomy bed lesion size larger than 6 mm or (b) lesion size smaller
than 6 mm with microcalcification [23,24]. The final locoregional recurrence was diagnosed
via ultrasonography plus pathological examination when necessary. Images of all included
lesions were retrospectively reviewed independently by one author (S.-P.C., with 28 years
of ultrasound experience and special expertise in thyroid ultrasound).

2.3. Surgery and Pathological Examination

The patients underwent total thyroidectomy (n = 10), near-total thyroidectomy (1 = 26),
lobectomy with isthmectomy (1 = 27), or lobectomy (1 = 40). All patients also underwent
bilateral CLND (n = 3) or unilateral CLND (n = 100). None of the patients had undergone
radioiodine treatment before or after surgery. Thyroid malignancy was confirmed based
on histopathological examination. Specimens were fixed in buffered formalin, embedded
in paraffin, and stained with haematoxylin and eosin for histological analysis. All speci-
mens and pathological reports were evaluated by faculty members in the Department of
Pathology at our institution. Additionally, Hashimoto’s thyroiditis and nodular goitre were
diagnosed based on the final pathological results.

2.4. Statistical Analysis

The MedCalc statistical software (version 11.4.1; Frank Schoonjans, Mariakerke,
Belgium) was used for statistical analysis. Categorial variables were expressed as num-
bers and (or) percentages and compared using the chi-square test and Fisher’s exact test.
Normally distributed data were expressed as the mean =+ standard deviation (SD) and
compared using a two-sample t-test. Non-normally distributed data were expressed as
the median (IQR) and compared using the Mann—-Whitney U test. Statistical significance
was set at p-values of <0.05. The predictive performance of significant parameters was
examined in terms of sensitivity, specificity, accuracy, positive predictive value (PPV), and
negative predictive value (NPV).

3. Results
3.1. Clinical Characteristic

The size of tumours in the 103 patients with solitary solid PTMC was 4-10 mm
(7.59 £ 1.65 mm). The number of lymph nodes in the CNLM group was 2 (IQR, 1-3;
range, 1-7). A total of 89 (86.4%) patients were followed-up for 54.8 months (4.6 years)
(IQR, 14.0-109.4 months; range, 2.3-133.4 months), and 14 patients (3 in the CNLM group
and 11 in the nonmetastatic group) were lost to follow-up. The number of ultrasound
examinations performed per patient in those 89 patients ranged from one to 22 (mean,
5.75). Among the 89 patients, 70 and 43 patients were followed-up for more than 1 and
5 years, respectively. The interval between surgery and the last follow-up in the two groups
was not significantly different (47.6 months (13.7-108.5 months); range, 2.7-123.6 months
versus 74.3 months (14.4-114.4) months; range, 2.3-133.4 months; p = 0.138). According
to the findings of ultrasonography and pathological examination, recurrence was not
observed in any patient (only 1 patient had a suspicious enlarged neck lymph node with
the presence of an echogenic hilum; after the patient underwent FNAB, the pathological
result was inflammation).



Diagnostics 2023, 13, 949

50f 10

3.2. Correlation between Sonographic Features and Central Neck Lymph Node Metastasis in
Solitary Solid PTMC with a Taller-than-Wide Shape

Significant differences were observed in sex and the presence of STCS between the two
groups (p < 0.05) (Table 1, Figures 1-3). However, no significant difference was observed
in age, position, location, size, echogenicity, margin, and calcification between the two
groups. Additionally, the incidence of Hashimoto’s thyroiditis and nodular goitre did not
significantly differ between the CLNM and nonmetastatic groups.

Table 1. Correlation between sonographic features and central neck lymph node metastasis in solitary
solid PTMC with a taller-than-wide shape (1 = 103).

CNLM Grou Nonmetastatic Grou
Parameters (1 = 45) P (1 = 58) P p Value

Age (years) 26-69 (43.35 £ 9.95) 31-64 (46.26 £+ 7.68) 0.096
Gender 0.021
Male/female (1) 16/29 8/50
Position 0.968

Left/right/isthmic (1) 17/28/0 22/36/0
Location

Upper pole (n) 9 11 0.876

Middle pole (1) 22 31 0.796

Lower pole (1) 14 16 0.707
Size (mm) 4-10 (7.82 + 1.68) 4-10 (7.40 + 1.61) 0.195
Echogenicity

Hyper/Isoechogenicity (1) 0/0 0/0

Hypo echogenicity (1) 35 39 0.484

Mark hypo-echogenicity (1) 10 19 0.340
Margin 1

Regular (1) 0 0

Irregular (1) 44 59
Calcification (n) 23 27 0.742

Microcalcification (n) 20 24 0.770

Macrocalcification (1) 3 3 0.739
Without calcification (1) 22 31 0.796
STCS (n) 37 17 0.0002
" )Anterlor capsule involved 15 7 0.018
(n)Posterlor capsule involved 2 10 0.004
Hashimoto’s thyroiditis (1) 7 8 0.757
Nodular goiter (1) 4 4 0.765

PTMC: papillary thyroid microcarcinoma; CNLM:central neck lymph node metastasis; STCS: suspicious thyroid

capsule involvement sign.

Figure 1. A 48-year-old woman with a PTMC with a taller-than-wide shape in the left thyroid lobe

without suspicious thyroid capsule involvement sign (arrows). The patient underwent left central

neck lymph node dissection, and the surgical-histopathologic results showed the absence of central

neck lymph node metastases. PTMC: papillary thyroid microcarcinoma.
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Figure 2. A 39-year-old woman with PTMC with a taller-than-wide shape in the right thyroid lobe
with suspicious thyroid capsular involvement sign (PTMC involving the anterior thyroid capsule,
arrows; + indicated measurement of the PTMC). The patient underwent right central neck lymph
node dissection, and the surgical-histopathologic results showed the presence of two central neck
lymph nodes metastases. PTMC: papillary thyroid microcarcinoma.

Figure 3. A 36-year-old man with PTMC with a taller-than-wide shape in the right thyroid lobe
with suspicious thyroid capsule involvement sign (PTMC involving the posterior thyroid capsule,
arrows; + indicated measurement of the PTMC). The patient underwent right central neck lymph
node dissection, and the surgical-histopathologic results showed the presence of one central neck
lymph node metastases. PTMC: papillary thyroid microcarcinoma.

3.3. Effectiveness of Sex (Male) or (and) STCS in Predicting Central Lymph Node Metastasis in
Solitary Solid PTMC with a Taller-than-Wide Shape

The specificity and accuracy of the male sex for predicting CNLM were 86.21%
(50/58 patients) and 64.08% (66/103 patients), respectively. The sensitivity, specificity,
PPV, and accuracy of STCS for predicting CNLM were 82.22% (37 /45 patients), 70.69%
(41/58 patients), 68.52% (37/54 patients), and 75.73% (78/103 patients), respectively.
The specificity, PPV, and accuracy of the combination of sex and STCS were 96.55%
(56/58 patients), 87.50% (14/16 patients), and 67.96% (70/103 patients), respectively (Table 2).
However, no significant difference was found in diagnostic accuracy among the three
predictive methods (p > 0.05).

Table 2. Effectiveness of sex (male) or (and) STCS in predicting central lymph node metastasis in
solitary solid PTMC with a taller-than-wide shape (n = 103).

Parameters Sensitivity (%)  Specificity (%) PPV (%) NPV (%) Accuracy (%)
Male (1) 35.56 (16/45) 86.21 (50/58)  66.67 (16/24)  63.29 (50/79)  64.08 (66/103)
STCS (1) 82.22 (37/45) 70.69 (41/58)  68.52(37/54)  83.67 (41/49)  75.73 (78/103)

Male + STCS (n)  31.11 (14/45) 96.55(56/58)  87.50 (14/16)  64.37 (56/87)  67.96 (70/103)

STCS: suspicious thyroid capsule involvement sign; PTMC: papillary thyroid microcarcinoma; PPV: positive
predictive value; NPV: negative predictive value.

4. Discussion

If the size of the thyroid tumour is small, the detection of extrathyroidal extension
and CNLM is very important for surgical decision-making and determining the extent of
surgical resection. Ultrasonography is a useful tool for detecting the presence or absence
of extrathyroidal extension in PTMC. The most common ultrasonographic feature for
detecting extrathyroidal extension in PTMC is capsular abutment or disruption of the
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thyroid capsule [18-21]. The presence of extrathyroidal extension is associated with CNLM
in PTMC [11,25-28]. Therefore, capsular abutment or disruption of the thyroid capsule
may be associated with CNLM. In this study, we defined capsular abutment or disruption
of the thyroid capsule as a suspicious thyroid capsule involvement sign (STCS) to examine
the relationship between STCS and CNLM in patients with solitary solid PTMC with a
taller-than-wide shape.

The presence of STCS was associated with the occurrence of CNLM in solitary solid
PTMC with a taller-than-wide shape. STCS had higher sensitivity (82.22% (37/45 patients)),
specificity (70.69% (41/58 patients)), and accuracy (75.73% (78/103 patients)) for detecting
CNLM. To the best of our knowledge, this finding has not been reported in previous studies.
The results of this study are partly consistent with those of previous studies [11,25-28],
indicating that STCS is associated with CNLM. Additionally, CNLM has been associ-
ated with the male sex, younger age, larger tumour size, and multifocal tumours in
PTMC [11,25,27,28]. However, our result did not agree with previous studies [5,22] that
STCS was associated with lateral neck lymph node metastasis in PTMC patients but not
associated with CNLM. This discrepancy may be attributed to the presence of tumours
with a taller-than-wide shape in all patients with PTMC in this study. However, the true
cause for this difference warrants further investigation.

Although the taller-than-wide shape is an ultrasonographic feature for predicting
PTMC in smaller thyroid nodules with higher accuracy (approximately 68.3% (643/942) [17],
it is not affected by the size of malignant tumours and the tilt and orientation of the
probe [29]. The actual taller-than-wide shape may reflect a special shape of PTMC in the
three-dimensional (3D) view. As tumours grow in a 3D orientation, solitary solid tumours
with taller-than-wide shape were considered a special 3D-shape of PTMC to investigate its
biological behaviour (tumour growth and invasion) in the present study. In our previous
study [17], ultrasonography revealed that tumours grew in a taller-than-wide shape in
many patients with PTMC (approximately 49.4% (254/514)). This study revealed that
tumours were invasive in some patients (35.92% (37/103)) and subsequently led to CNLM
in a taller-than-wide manner (anterior or posterior capsular abutment or disruption). This
finding indicates that although tumours in some patients with PTMC mainly grow in a
taller-than-wide manner (anteroposterior orientation), their invasion or CNLM may also
occur in a taller-than-wide orientation. Therefore, thyroid microcarcinoma initially grows
in a taller-than-wide manner; as it continues to grow and its size increases, it may reach the
anterior or posterior thyroid capsule, leading to invasion or CNLM in a taller-than-wide
(anteroposterior) orientation. However, owing to a relatively small cohort, the results of
this study warrant further verification.

The male sex was identified as another predictor of CNLM in solitary solid PTMC
with a taller-than-wide shape in this study, which is consistent with the results of a previous
study [5,11,27,28,30]. The combination of the male sex and STCS had higher specificity
(96.55%) and PPV (87.50%) for predicting CNLM. This result indicates that male patients
with PTMC with a taller-than-wide shape with STCS are at high risk for CNLM, which has
not been reported in previous studies.

In this study, patients were followed-up postoperatively for approximately 11 years
(median, 4.6 years). No patient had signs of recurrence on ultrasonography plus patho-
logical examination, which may indicate a good prognosis irrespective of the presence
or absence of CNLM. The present results are consistent with the previous study, in that
for postoperative follow-up the PTMC patients were all doing well and were free of any
clinical local recurrence or distant metastases [31]. Meanwhile, ultrasonography is a reliable
method for monitoring the recurrence of thyroid carcinoma [24]. In this study, it was per-
formed by experienced sonographers in our hospital; therefore, the results of postoperative
ultrasonography performed during the follow-up are reliable. Additionally, no patient with
CNLM had PTMC recurrence after the postoperative follow-up in this study, which is not
consistent with previous studies demonstrating that the presence of lymph node metastasis
in patients with PTMC is associated with an increased risk of regional recurrence [32-34].
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This difference may only be attributed to the inclusion of patients with solitary solid PTMC
with a taller-than-wide shape in this study. However, the present results are consistent with
previous studies, showing that surgery in PTMC has excellent outcomes [35].

This study has important clinical implications. First, we considered the taller-than-
wide shape as a special shape of PTMC in the 3D view to observe its biological behaviour.
Although a previous study [36] reported that 3D thyroid ultrasonography can be used to
diagnosis thyroid carcinoma, 3D ultrasonography is used to assess only irregular margins
for diagnosing carcinoma and not to assess the growth behaviour of PTMC for predicting
CNLM. Second, if lower-risk thyroid microcarcinoma with a taller-than-wide shape is
detected during follow-up, the presence of STCS may be used as an indicator for predicting
CNLM to guide clinical decision-making.

This study has some limitations. First, capsular abutment with or without disruption was
not subdivided as in previous studies [18-22] because of the small cohort. We will include
the subclassification in our future study. Second, other suspicious capsular involvement
signs, such as tracheal invasion and recurrent laryngeal nerve [20] invasion, were not
assessed in this study and warrant further investigation. Third, colour Doppler or contrast-
enhanced ultrasonography was not used to determine capsular abutment with or without
disruption. Lastly, thyroid hormone and genetic testing, such as assessment of thyroid-
stimulating hormone (TSH) level and the BRAF gene which may be helpful for prediction
CNLM [35,37], were not performed for predicting CNLM. We will consider these aspects in
our future study.

5. Conclusions

STCS is useful for predicting CNLM in patients with solitary solid PTMC with a taller-
than-wide shape, especially in male patients. Solitary solid PTMC with a taller-than-wide
shape, irrespective of the presence or absence of CNLM, may indicate a good prognosis.
The results can be used for investigating thyroid microcarcinoma biological behaviour in a
3D view and can guide individual treatment strategies.

Author Contributions: Conceptualization, S.-P.C.; Data curation, X.J., W.-W.Z. and Y.-L.L.; Formal
analysis, S5.-P.C. and X.J.; Funding acquisition, S.-P.C.; Investigation, S.-P.C., W.-W.Z. and Y.-L.L.;
Methodology, X.J.,, W.-W.Z. and Y.-L.L.; Project administration, S.-P.C.; Resources, X.J., W.-W.Z. and
Y.-L.L.; Software, X.]J. and W.-W.Z.; Supervision, S.-P.C.; Validation, S.-P.C., X.J.,, W-W.Z. and Y.-L.L.;
Visualization, X.J., W.-W.Z. and Y.-L.L.; Writing—original draft, S.-P.C., X.J., W.-W.Z. and Y.-L.L,;
Writing—review & editing, S.-P.C. All authors have read and agreed to the published version of the
manuscript.

Funding: This research was supported by the Science and Technology Bureau Project of Wenzhou,
grant number Y20210233.

Institutional Review Board Statement: This study was approved by the review of the Ethics
Committee in Clinical Research of the First Affiliated Hospital of Wenzhou Medical University
(No. KY2022-R045, approval date: 27 April 2022). The procedure followed was in accordance with
the Declaration of Helsinki.

Informed Consent Statement: Informed consent was waived before the ultrasound examination.
Data Availability Statement: Research data are available on request from the corresponding author.

Conflicts of Interest: The authors declare no conflict of interest.

1.  Miranda-Filho, A.; Lortet-Tieulent, J.; Bray, F.; Cao, B.; Franceschi, S.; Vaccarella, S.; Dal Maso, L. Thyroid cancer incidence trends
by histology in 25 countries: A population-based study. Lancet Diabetes Endocrinol. 2021, 9, 225-234. [CrossRef] [PubMed]

2. Siegel, R.L.; Miller, K.D.; Jemal, A. Cancer statistics. CA Cancer J. Clin. 2020, 70, 7-30. [CrossRef] [PubMed]

3.  Zuo, H,; Tang, W,; Yasuoka, H.; Nakamura, Y.; Ito, Y.; Miyauchi, A.; Kakudo, K. A review of 227 cases of small papillary thyroid
carcinoma. Eur. J. Surg. Oncol. (EJSO) 2007, 33, 370-375. [CrossRef] [PubMed]

4. Lim, H,; Devesa, S.S.; Sosa, ].A.; Check, D.; Kitahara, C.M. Trends in Thyroid Cancer Incidence and Mortality in the United States,
1974-2013. J. Am. Med. Assoc. 2017, 317, 1338-1348. [CrossRef]


http://doi.org/10.1016/S2213-8587(21)00027-9
http://www.ncbi.nlm.nih.gov/pubmed/33662333
http://doi.org/10.3322/caac.21590
http://www.ncbi.nlm.nih.gov/pubmed/31912902
http://doi.org/10.1016/j.ejso.2006.09.024
http://www.ncbi.nlm.nih.gov/pubmed/17071044
http://doi.org/10.1001/jama.2017.2719

Diagnostics 2023, 13, 949 90of 10

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Huang, Y; Yin, Y.; Zhou, W. Risk Factors for Central and Lateral Lymph Node Metastases in Patients with Papillary Thyroid
Micro-Carcinoma: Retrospective Analysis on 484 Cases. Front. Endocrinol. 2021, 12, 640565. [CrossRef]

Cao, X.J.; Wang, S.R; Che, Y,; Liu, J.; Cong, Z.-B.; He, ].-F.; Wang, H.-L.; Liu, G.; Guo, J.-Q.; Hao, Y;; et al. Efficacy and Safety of
Thermal Ablation for Treatment of Solitary TINOMO Papillary Thyroid Carcinoma: A Multicenter Retrospective Study. Radiology
2021, 300, 209-216. [CrossRef]

Leboulleux, S.; Girard, E.; Rose, M.; Travagli, ].P.; Sabbah, N.; Caillou, B.; Hartl, D.M.; Lassau, N.; Baudin, E.; Schlumberger, M.
Ultrasound Criteria of Malignancy for Cervical Lymph Nodes in Patients Followed Up for Differentiated Thyroid Cancer. J. Clin.
Endocrinol. Metab. 2007, 92, 3590-3594. [CrossRef]

Lee, D, Ji, Y;; Sung, E.; Park, ].; Lee, Y.; Park, D.; Tae, K. Roles of ultrasonography and computed tomography in the surgical
management of cervical lymph node metastases in papillary thyroid carcinoma. Eur. J. Surg. Oncol. (E]JSO) 2013, 39, 191-196.
[CrossRef]

Wu, L-M.; Gu, H.-Y,; Qu, X.-H.; Zheng, J.; Zhang, W.; Yin, Y.; Xu, J.-R. The accuracy of ultrasonography in the preoperative
diagnosis of cervical lymph node metastasis in patients with papillary thyroid carcinoma: A meta-analysis. Eur. J. Radiol. 2012,
81, 1798-1805. [CrossRef]

Xing, Z.; Qiu, Y,; Yang, Q.; Yu, Y;; Liu, J.; Fei, Y,; Su, A.; Zhu, ]. Thyroid cancer neck lymph nodes metastasis: Meta-analysis of US
and CT diagnosis. Eur. J. Radiol. 2020, 129, 109103. [CrossRef]

Jiwang, L.; Yahong, L.; Kai, L.; Bo, H.; Yuejiao, Z.; Haotian, W.; Tao, Y. Clinicopathologic factors and preoperative ultrasonographic
characteristics for predicting central lymph node metastasis in papillary thyroid microcarcinoma: A single center retrospective
study. Braz. |. Otorhinolaryngol. 2020, 88, 36—45. [CrossRef]

Yu, Y; Yu, Z,; Li, M.;; Wang, Y,; Yan, C.; Fan, J.; Xu, E; Meng, H.; Kong, J.; Li, S.; et al. Model development to predict central lymph
node metastasis in ctNO papillary thyroid microcarcinoma by machine learning. Ann. Transl. Med. 2022, 10, 892. [CrossRef]
Zheng, X.; Peng, C.; Gao, M,; Zhi, J.; Hou, X.; Zhao, J.; Wei, X.; Chi, J.; Li, D.; Qian, B.; et al. Risk factors for cervical lymph node
metastasis in papillary thyroid microcarcinoma: A study of 1,587 patients. Cancer Biol. Med. 2019, 16, 121-130.

Xu, D.; Lv, X.; Wang, S.; Dai, W. Risk factors for predicting central lymph node metastasis in papillary thyroid microcarcinoma.
Int. ]. Clin. Exp. Pathol. 2014, 7, 6199-6205.

Zhang, L.; Wei, W.-].; Ji, Q.-H.; Zhu, Y.-X.; Wang, Z.-Y.; Wang, Y.; Huang, C.-P; Shen, Q.; Li, D.-S.; Wu, Y. Risk Factors for Neck
Nodal Metastasis in Papillary Thyroid Microcarcinoma: A Study of 1066 Patients. J. Clin. Endocrinol. Metab. 2012, 97, 1250-1257.
[CrossRef]

Wang, J.; Sheng, X.; Dai, Y.; Zhang, J.; Song, L.; Guo, Y. The Application Value of the Central Lymph Node Metastasis Risk
Assessment Model in Papillary Thyroid Microcarcinoma of Stage cNO: A Study of 828 Patients. Front. Endocrinol. 2022, 13, 843573.
[CrossRef]

Chen, S.-P; Hu, Y.-P; Chen, B. Taller-Than-Wide Sign for Predicting Thyroid Microcarcinoma: Comparison and Combination of
Two Ultrasonographic Planes. Ultrasound Med. Biol. 2014, 40, 2004-2011. [CrossRef]

Kwak, J.Y.; Kim, E.-K,; Youk, ].H.; Kim, M.].; Son, E.J.; Choi, S.H.; Oh, K.K. Extrathyroid Extension of Well-Differentiated Papillary
Thyroid Microcarcinoma on US. Thyroid 2008, 18, 609-614. [CrossRef]

Moon, S.J.; Kim, D.W.,; Kim, S.J.; Ha, TK,; Park, HK; Jung, S.J. Ultrasound assessment of degrees of extrathyroidal extension in
papillary thyroid microcarcinoma. Endocr Pract. 2014, 20, 1037-1043. [CrossRef]

Chung, S.R.; Baek, J.H.; Choi, YJ.; Sung, T.Y,; Song, D.E.; Kim, T.Y,; Lee, J.H. Sonographic Assessment of the Extent of
Extrathyroidal Extension in Thyroid Cancer. Korean J. Radiol. 2020, 21, 1187-1195. [CrossRef]

Ramundo, V,; Di Gioia, C.R.T.; Falcone, R.; Lamartina, L.; Biffoni, M.; Giacomelli, L.; Filetti, S.; Durante, C.; Grani, G. Diagnostic
Performance of Neck Ultrasonography in the Preoperative Evaluation for Extrathyroidal Extension of Suspicious Thyroid
Nodules. World J. Surg. 2020, 44, 2669-2674. [CrossRef] [PubMed]

Jeong, S.Y.; Chung, S.R; Baek, ].H.; Choi, Y.J.; Sung, T.-Y.; Song, D.E.; Kim, T.Y. Sonographic assessment of minor extrathyroidal
extension of papillary thyroid micro-carcinoma involving the posterior thyroid capsule. Eur. Radiol. 2022, 32, 6090-6096.
[CrossRef] [PubMed]

Kamaya, A.; Gross, M.; Akatsu, H.; Jeffrey, R.B. Recurrence in the thyroidectomy bed: Sonographic findings. AJR Am. ]. Roentgenol.
2011, 196, 66-70. [CrossRef] [PubMed]

Frates, M.C.; Parziale, M.P.; Alexander, E.K.; Barletta, ].A.; Benson, C.B. Role of Sonographic Characteristics of Thyroid Bed
Lesions Identified Following Thyroidectomy in the Diagnosis or Exclusion of Recurrent Cancer. Radiology 2021, 299, 374-380.
[CrossRef]

Zhang, C.; Li, B.-],; Liu, Z.; Wang, L.-L.; Cheng, W. Predicting the factors associated with central lymph node metastasis in clinical
node-negative (cNO) papillary thyroid microcarcinoma. Eur. Arch. Oto-Rhino-Laryngology 2020, 277, 1191-1198. [CrossRef]
Moon, H.J.; Kim, E.K.; Chung, W.Y.; Yoon, ].H.; Kwak, ].Y. Minimal extrathyroidal extension in patients with papillary thyroid
mi-crocarcinoma: Is it a real prognostic factor? Ann. Surg. Oncol. 2011, 18, 1916-1923. [CrossRef]

Gui, C.Y; Qiu, S.L.; Peng, Z.H.; Wang, M. Clinical and pathologic predictors of central lymph node metastasis in papillary thyroid
microcarcinoma: A retrospective cohort study. J. Endocrinol. Investig. 2017, 41, 403—409. [CrossRef]

Yang, Z.; Heng, Y.; Qiu, W.; Tao, L.; Cai, W. Cervical Lymph Node Metastasis Differences in Patients with Unilateral or Bilateral
Papillary Thyroid Microcarcinoma: A Multi-Center Analysis. J. Clin. Med. 2022, 11, 4929. [CrossRef]


http://doi.org/10.3389/fendo.2021.640565
http://doi.org/10.1148/radiol.2021202735
http://doi.org/10.1210/jc.2007-0444
http://doi.org/10.1016/j.ejso.2012.07.119
http://doi.org/10.1016/j.ejrad.2011.04.028
http://doi.org/10.1016/j.ejrad.2020.109103
http://doi.org/10.1016/j.bjorl.2020.05.004
http://doi.org/10.21037/atm-22-3594
http://doi.org/10.1210/jc.2011-1546
http://doi.org/10.3389/fendo.2022.843573
http://doi.org/10.1016/j.ultrasmedbio.2014.03.023
http://doi.org/10.1089/thy.2007.0345
http://doi.org/10.4158/EP14016.OR
http://doi.org/10.3348/kjr.2019.0983
http://doi.org/10.1007/s00268-020-05482-6
http://www.ncbi.nlm.nih.gov/pubmed/32193621
http://doi.org/10.1007/s00330-022-08765-9
http://www.ncbi.nlm.nih.gov/pubmed/35380227
http://doi.org/10.2214/AJR.10.4474
http://www.ncbi.nlm.nih.gov/pubmed/21178048
http://doi.org/10.1148/radiol.2021201596
http://doi.org/10.1007/s00405-020-05787-1
http://doi.org/10.1245/s10434-011-1556-z
http://doi.org/10.1007/s40618-017-0759-y
http://doi.org/10.3390/jcm11164929

Diagnostics 2023, 13, 949 10 of 10

29.

30.

31.

32.

33.

34.

35.

36.

37.

Fukushima, M.; Fukunari, N.; Murakami, T.; Kunii, Y.; Suzuki, S.; Kitaoka, M. Reconfirmation of the accuracy of the taller-than-
wide sign in multicenter collaborative research in Japan. Endocr. J. 2021, 68, 897-904. [CrossRef]

Han, B.; Hao, S.; Wu, J.; Fang, J.; Han, Z. Predictive features of central lymph node metastasis in papillary thyroid microcarcinoma:
Roles of active surveillance in over-treatment. Front. Med. 2022, 9, 2908. [CrossRef]

Fama, F; Sindoni, A.; Cicciu, M.; Polito, F; Piquard, A.; Saint-Marc, O.; Gioffre’-Florio, M.; Benvenga, S. Preoperatively
undiagnosed papillary thyroid carcinoma in patients thyroidectomized for benign multinodular goiter. Arq. Bras. Endocrinol.
Metabol. 2018, 62, 139-148. [CrossRef]

Hay, 1.D.; Hutchinson, M.E.; Gonzalez-Losada, T.; Mclver, B.; Reinalda, M.E.; Grant, C.S.; Thompson, G.B.; Sebo, T.J.; Goellner, ].R.
Papillary thyroid microcarcinoma: A study of 900 cases observed in a 60-year period. Surgery 2008, 144, 980-988. [CrossRef]
Besic, N.; Pilko, G.; Petric, R.; Hocevar, M.; Zgajnar, ]. Papillary thyroid microcarcinoma: Prognostic factors and treatment. J. Surg.
Oncol. 2007, 97, 221-225. [CrossRef]

Chow, S.-M.; Law, S.C.K,; Chan, ] K.C; Au, S.-K;; Yau, S.; Lau, W.-H. Papillary microcarcinoma of the thyroid?Prognostic
significance of lymph node metastasis and multifocality. Cancer 2003, 98, 31-40. [CrossRef]

Molinaro, E.; Campopiano, M.C.; Elisei, R. Management of endocrine disease: Papillary thyroid microcarcinoma: Toward an
active surveillance strategy. Eur. J. Endocrinol. 2021, 185, R23-R34. [CrossRef]

Azizi, G.; Faust, K.; Ogden, L.; Been, L.; Mayo, M.L.; Piper, K.; Malchoff, C. 3-D Ultrasound and Thyroid Cancer Diagnosis: A
Prospective Study. Ultrasound Med. Biol. 2021, 47, 1299-1309. [CrossRef]

Gao, Y.; Qu, N.; Zhang, L.; Chen, J.-Y; Ji, Q.-H. Preoperative ultrasonography and serum thyroid-stimulating hormone on
predicting central lymph node metastasis in thyroid nodules as or suspicious for papillary thyroid microcarcinoma. Tumor Biol.
2015, 37, 7453-7459. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


http://doi.org/10.1507/endocrj.EJ20-0379
http://doi.org/10.3389/fmed.2022.906648
http://doi.org/10.20945/2359-3997000000017
http://doi.org/10.1016/j.surg.2008.08.035
http://doi.org/10.1002/jso.20935
http://doi.org/10.1002/cncr.11442
http://doi.org/10.1530/EJE-21-0256
http://doi.org/10.1016/j.ultrasmedbio.2021.01.010
http://doi.org/10.1007/s13277-015-4535-3

	Introduction 
	Methods 
	Patient Selection 
	Ultrasound Imaging 
	Surgery and Pathological Examination 
	Statistical Analysis 

	Results 
	Clinical Characteristic 
	Correlation between Sonographic Features and Central Neck Lymph Node Metastasis in Solitary Solid PTMC with a Taller-than-Wide Shape 
	Effectiveness of Sex (Male) or (and) STCS in Predicting Central Lymph Node Metastasis in Solitary Solid PTMC with a Taller-than-Wide Shape 

	Discussion 
	Conclusions 
	References

