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Background: prognosis, identify clinicopathological characteristics, and determine optimal modalities for 
cT1N0M0 solitary papillary thyroid carcinoma in the isthmus (PTCI).
Methods: The clinical data of 124 patients with cT1N0M0 solitary PTCI from 3 medical centers were 
analyzed retrospectively. Of these, 32 participants had undergone total thyroidectomy plus unilateral central 
neck dissection, 36 had received total thyroidectomy plus bilateral central neck dissection, 24 had less-
than-total thyroidectomy plus unilateral central neck dissection, and 32 had less-than-total thyroidectomy 
plus bilateral central neck dissection. We compared the effects of different surgical modalities and 
clinicopathological characteristics on the prognosis of cT1N0M0 solitary PTCI.
Results: There was no significant difference in postoperative recurrence-free survival between participants 
who received different extents of central region lymph node dissection and thyroidectomies (P>0.05). 
Temporary hypocalcemia occurred in participants who underwent total thyroidectomy plus bilateral central 
neck dissection [chi-square (χ2) =7.87, P=0.005]. Tumors with primary lesions ≥0.55 cm were prone to have 
central lymph node metastasis [95% confidence interval (CI): 0.51 to 0.71, P=0.047]. Multiple logistic 
analysis suggested that age under 55 years old [odds ratio (OR) =11.90, 95% CI: 1.36 to 104.03, P=0.025], 
tumor size greater than 0.55 cm (OR =4.16, 95% CI: 1.28 to 13.52, P=0.018), and absence of nodular goiter 
(OR =2.57, 95% CI: 1.05 to 6.32, P=0.04) were risk factors for central lymph node metastasis of patients with 
cT1N0M0 solitary PTCI.
Conclusions: Less-than-total thyroidectomy is recommended for patients with cT1N0M0 solitary PTCI. 
Central lymph node dissection is recommended for patients who are prone to have central occult lymph 
node metastases with tumor size ≥0.55 cm, age under 55 years old, and without nodular goiter.
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Introduction

Thyroid cancer is the most common type of malignant 
tumor of the endocrine system and has seen a persistently 
increasing trend in incidence during recent years (1). 
The most common pathological type of thyroid cancer is 
papillary thyroid carcinoma (PTC), estimated to comprise 
85% of diagnosed thyroid cancer cases (2). The recent 
increase in thyroid cancer can be attributed to a rapid 
increase in PTC (3). At present, the main clinical treatment 
for PTC is lobectomy plus isthmusectomy with central 
lymph node dissection, while total thyroidectomy with 
I131 radiotherapy is recommended for patients with high-
risk factors such as multiple tumors, capsular invasion, and 
lymph node metastasis. The malignant degree of PTC 
is lower than that of other solid tumors, and the 10-year 
survival rate of PTC patients has reached up to over 90% 
after the provision of formal care (4).

The isthmus of the thyroid is a narrow banded structure 
connecting the left and right lobes of the thyroid gland, 
located directly in front of the trachea with its forepart 
covered by pretracheal fascia, strap muscles, and anterior 
neck skin. Given the small volume and secluded location of 
the isthmus, the incidence of papillary thyroid carcinoma in 
the isthmus (PTCI) is low, and there have been few relevant 
reports to date. The extent of PTCI surgical resection has 
not been specified by authoritative associations such as the 
American Thyroid Association (ATA) and the European 
Thyroid Association (ETA) (5,6). Some researchers have 
found that the pathological features of PTCI are multifocal, 
it can easily invade capsular and surrounding issues (7-13),  
and total thyroidectomy is recommended to address this. 
However, reports have found no significant difference in 
prognosis between patients with micropapillary PTCI 
treated with partial thyroidectomy and those treated with 
total thyroidectomy (14). Moreover, whether patients with 
cT1N0M0 solitary PTCI should receive central lymph 
node dissection, or unilateral or bilateral central lymph 
node dissection has not been fully elucidated.

Following the improvement of resolution for ultrasound 
used in screening, there has been a trend of early and 

increased discovery for thyroid cancer, including PTCI (15).  
The lack of clarity regarding the optimal treatment 
approach has the unfortunate effect of delaying timely 
intervention. Therefore, our study aimed to analyze 
clinicopathological characteristics and the effect of different 
surgical modalities on the prognosis of patients and explore 
the appropriate surgical extent for cT1N0M0 solitary 
PTCI. We present the following article in accordance with 
the STARD reporting checklist (available at https://dx.doi.
org/10.21037/gs-21-357).

Methods

Participant cohort

We collected a total of 18,550 medical records of PTC 
patients who had undergone surgery for the first time 
at Zhejiang Provincial People’s Hospital, Zhejiang 
Cancer Hospital, and Hangzhou First People’s Hospital 
from January 2001 to December 2017. By analyzing the 
results of preoperative color ultrasound examination of 
the thyroid and cervical lymph nodes, 356 patients with 
isthmic cancer were selected, including 124 patients 
with cT1N0M0 solitary PTCI. Patients with multiple 
cancers, extrathyroidal extension, tumors larger than 
2 cm in diameter, family history of thyroid cancer, 
previous radiation exposure, postoperative radioiodine 
therapy, and suspected cervical lymph node metastasis 
or distant metastasis were excluded. Ultrasound imaging 
characteristics and pathological characteristics of all 
participants were analyzed, including age, gender, tumor 
size, presence of capsular invasion, nodular goiter, thyroid 
adenoma, and Hashimoto’s thyroiditis. All ultrasound 
imaging features and postoperative pathological features 
were reviewed by doctors with the title of vice-senior and 
above. This study was approved by the Ethics Committee 
of Zhejiang Provincial People’s Hospital, Zhejiang Cancer 
Hospital, and Hangzhou First People’s Hospital. All data 
were obtained with the patients’ informed consent. The 
study was conducted in accordance with the Declaration of 
Helsinki (as revised in 2013).
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Figure 1 Schema of less-than-total thyroidectomy according to the location of the primary tumors. (A) Unilateral lobes plus isthmus 
combined with contralateral medial partial resection; (B) bilateral medial lobes plus isthmus resection.

>1 cm >1 cmBA

Preoperative assessment

The results of preoperative color ultrasound examination 
of the thyroid and cervical lymph nodes of all participants 
were analyzed to assess tumor location, tumor size, and 
cervical lymph node status. The vocal cord function of 
participants was examined by laryngoscope, and indicators 
such as thyroid hormone, parathyroid hormone, calcitonin, 
and serum calcium were measured. The cT1N0M0 solitary 
PTCI in this study was defined by drawing 2 virtual lines 
perpendicular to the skin along the 2 edges of the trachea, 
with the intersection of the longest diameter and shortest 
diameter of the lesion considered the tumor center. If the 
tumor center of PTC was located between the 2 virtual 
lines, it was regarded as PTCI, while a solitary lesion 
without cervical lymph node metastasis was diagnosed as 
cT1N0M0 solitary PTCI. The American Joint Committee 
on Cancer (AJCC) thyroid cancer tumor, node, metastasis 
(TNM) staging system was used for tumor classification (8th 
edition, 2017).

Surgery and follow-up

To directly analyze the impact of different surgical methods 
on the prognosis of patients with cT1N0M0 solitary PTCI, 
participants were subdivided into groups according to the 
surgical method. According to the extent of thyroidectomy 
and lymph node dissection, 32 participants with total 
thyroidectomy plus unilateral central neck dissection 

were included in group A, and 36 participants with total 
thyroidectomy plus bilateral central neck dissection were 
included in group B. A total of 24 participants with less-
than-total thyroidectomy plus unilateral central neck 
dissection were included in group C, and 32 participants 
with less-than-total thyroidectomy plus bilateral central 
neck dissection were included in group D. Among them, 
less-than-total thyroidectomy included unilateral lobes 
plus isthmus combined with contralateral medial partial 
resection, and bilateral medial lobes plus isthmus resection. 
As shown in Figure 1, the range of the medial partial 
resection of all participants was more than 1 cm from the 
edge of the mass; and according to the final pathology report, 
all resection margins were negative. The surgeon decided 
whether to perform lateral cervical lymph node dissection 
based on preoperative imaging evaluation, puncture 
pathology report, and intraoperative exploration. If the 
center of the tumor deviated from the side of the midline 
of the isthmus, the central lymph node dissection was 
performed on that side; otherwise, bilateral central lymph 
node dissection was performed. All treatment methods were 
determined by consultation between the patients and their 
attending physician team. The operation was conducted by 
3-level physicians in the group. There was no significant 
difference in preoperative tumor staging between different 
groups.

All participants were given thyroid-stimulating hormone 
(TSH) suppressive therapy after surgery. Routine thyroid 
function tests and neck B-ultrasound were performed every 
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3–6 months after surgery, and neck and chest computed 
tomography (CT) scans were performed every 12 months. 
Participants suspected of recurrence were sent to the 
hospital for further treatment. All the recurrent cases 
were confirmed by pathology or imaging. Postoperative 
complications (patients with similar preoperative 
symptoms were excluded) and postoperative recurrence 
were investigated through case review and follow-
up. Postoperative complications included hoarseness, 
hypocalcemia, choking, chylous leakage, postoperative 
infection, and so on. While the definition of postoperative 
hypocalcemia varies widely in literature (16,17), the 
diagnostic criteria used in this study were: blood calcium 
level below 2.1 mmol/L 1 week after total thyroidectomy, 
or the presentation of the following symptoms: muscle 
pain, muscle weakness, arrhythmia for the first time after 
surgery, tingling and numbness in the face and limbs, 
and tendon hyperreflexia; symptoms lasting more than  
6 months were considered permanent hypocalcemia. The 
diagnostic criteria for permanent postoperative hoarseness 
in this study were: no improvement for more than 6 months 
and the presence of recurrent laryngeal nerve palsy was 
supported by laryngoscopy. Statistical analysis for different 
surgical methods was performed to understand the impact 
of different surgical methods on the prognosis of patients 
with cT1N0M0 solitary PTCI, and participant clinical-
pathological characteristics were further analyzed including 
age, gender, tumor size, capsule invasion, co-presentation 
of nodular goiter, Hashimoto’s thyroiditis, and adenomas, 
to determine their correlation with central lymph node 
metastasis in cT1N0M0 patients with solitary PTCI. 
Regression analysis was used to explore the influencing 
factors of the central lymph node metastasis in cT1N0M0 
patients with solitary PTCI.

Statistical analysis

In statistical analysis of clinical and pathological features and 
postoperative complications in this study, the measurement 
data were represented by x±s, and the count data were 
represented by the constituent ratio. The main tests used 
included the t-test, rank-sum test, and chi-square (χ2) test. 
Recurrence-free survival was analyzed using the Kaplan-
Meier curve (KM curve), and logistic regression analysis 
was used for regression analysis. All statistical analyses were 
performed using SPSS version 25.0 (IBM Corp., Armonk, 
NY, USA). A P value <0.05, was considered statistically 
significant.

Results

Participant and tumor characteristics

Participants were grouped according to the methods 
described in Materials and Methods, resulting in 32 
(25.8%) being assigned to group A, 36 (29%) to group B, 
24 (19.4%) to group C, and 32 (25.8%) to group D. Table 1 
displays the participant demographic and clinicopathologic 
characteristics. The average sizes of primary lesions were 
0.844, 0.939, 0.9, and 1.063 cm in the 4 groups. Primary 
lesions ranged from 0.1–3 cm in diameter. Age at diagnosis 
in the 4 groups ranged from 21 to 70 years old. There were 
no significant differences between patients in age, gender, 
tumor size, and whether there were capsular invasion, gland 
dissemination accompanied with nodular goiter, adenoma, 
and Hashimoto’s nodule (P>0.05).

Postoperative complications

Overall, 124 patients with CT1N0M0 solitary PTCI 
were followed up and the postoperative morbidity is 
shown in Table 2. In Group A, complications occurred in 
8 participants (25.0%), of these 2 participants experienced 
both complications. In Group B, complications occurred 
in 6 participants (16.7%) and 1 of them experienced 
both complications. In Group C, complications occurred 
in 9 participants (37.5%), 3 of whom experienced both 
complications. In Group D, complications occurred in 
18 participants (56.3%) among whom 3 experienced both 
complications.

Statistical analysis showed that there were significant 
differences in the incidence of postoperative transient 
symptomatic hypocalcemia between the 4 groups (P=0.048) 
but yielded no significant differences in the incidence of 
postoperative hoarseness, choking cough when drinking 
water, and infection (P>0.05). Pairwise comparisons of 
the incidence of postoperative transient symptomatic 
hypocalcemia and a total of 6 comparisons were conducted 
among the 4 groups, yielding significant differences 
(P<0.0083). The incidence of symptomatic hypocalcemia 
was higher in group B than group D, while the differences 
among the remaining groups were not significant 
(P>0.0083).

Postoperative recurrence

Median follow-up was 67.5 months (27–225 months) and 
during the follow-up period, 5 participants experienced 
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Table 1 Baseline characteristics of groups A, B, C, and D

Characteristics Group A, n=32 (25.8%) Group B, n=36 (29.0%) Group C, n=24 (19.4%) Group D, n=32 (25.8%) χ2 value P value

Race (East Asian) 32 (100%) 36 (100%) 24 (100%) 32 (100%) – –

Age (years)

Mean ± SD 42.09±11.02 42.75±11.19 44.38±9.78 48.08±9.89 5.163 0.160

<55 29 (90.6%) 31 (86.1%) 21 (87.5%) 26 (81.3%) 1.226 0.773

≥55 3 (9.4%) 5 (13.9%) 3 (12.5%) 6 (18.8%)

Gender 3.653 0.321

Female 25 (78.1%) 29 (80.6%) 17 (70.8%) 29 (90.6%)

Male 7 (21.9%) 7 (19.4%) 7 (29.2%) 3 (9.4%)

Tumor size (cm)

Mean ± SD 0.844±0.621 0.939±0.525 0.900±0.519 1.063±0.529 4.387 0.223

≤0.5 13 (40.6%) 6 (16.7%) 8 (33.3%) 6 (18.8%) 6.608 0.088

>0.5 19 (59.4%) 20 (83.3%) 16 (66.7%) 26 (81.3%)

Capsular invasion 2.068 0.612

No 26 (81.3%) 25 (69.4%) 20 (83.3%) 25 (78.1%)

Yes 6 (18.8%) 11 (30.6%) 4 (16.7%) 7 (21.9%)

Lobe dissemination 2.635 0.450

No 32 (100%) 36 (100%) 23 (95.8%) 31 (96.9%)

Yes 0 0 1 (4.2%) 1 (3.1%)

Nodular goiter 0.637 0.895

No 15 (46.9%) 16 (44.4%) 10 (41.7%) 12 (37.5%)

Yes 17 (53.1%) 20 (55.6%) 14 (58.3%) 20 (62.5%)

Thyroid adenoma 0.925 0.864

No 30 (93.8%) 33 (91.7%) 21 (87.5%) 30 (93.8%)

Yes 2 (6.3%) 3 (8.3%) 3 (12.5%) 2 (6.3%)

Hashimoto’s thyroiditis 3.503 0.340

No 23 (71.9%) 32 (88.9%) 18 (75.0%) 24 (75.0%)

Yes 9 (28.1%) 4 (11.1%) 6 (25.0%) 8 (25.0%)

Group A: total thyroidectomy plus unilateral central neck dissection; Group B: total thyroidectomy plus bilateral central neck dissection; 
Group C: less-than-total thyroidectomy plus unilateral central neck dissection; Group D: less-than-total thyroidectomy plus bilateral 
central neck dissection. χ2, chi-square; SD, standard deviation.

local recurrences. In Group A, 3 participants (9.4%) 
experienced recurrence. In Group B and D, 1 participant 
(2.8%, 3.1%, respectively) experienced recurrence, and in 
Group C, there was no recurrence. Results of KM curve 
analysis showed that there were no significant differences 
in recurrence-free survival rates between the 4 groups (log-
rank P=0.586) (Figure 2).

Receiver-operating characteristic curve of the predictive 
model for central lymph node metastasis

We applied receiver operating characteristic (ROC) curve 
analysis to evaluate the influence of the size of primary 
lesions on central lymph node metastasis for patients with 
CT1N0M0 solitary PTCI, and the results showed that 
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Table 2 Comparison of postoperative complications between groups A, B, C, and D

Variables Group A, n=32 Group B, n=36 Group C, n=24 Group D, n=32 χ2 value P value

Postoperative complications 8 (25.0%) 6 (16.7%) 9 (37.5%) 18 (56.3%) 13.300 0.004

Hypocalcemia

Temporary 8 (25%) 4 (11.1%) 7 (29.2%) 13 (40.6%) 7.883 0.048

Permanent 0 0 1 (4.2%) 0 3.383 0.194

Hoarseness

Temporary 2 (6.3%) 3 (8.3%) 3 (12.5%) 7 (21.9%) 4.389 0.244

Permanent 0 0 0 0 – –

Choking 0 0 1 (4.2%) 0 3.383 0.194

Postoperative infection 0 0 0 1 (3.1%) 2.808 0.710

Group A: total thyroidectomy plus unilateral central neck dissection; Group B: total thyroidectomy plus bilateral central neck dissection; 
Group C: less-than-total thyroidectomy plus unilateral central neck dissection; Group D: less-than-total thyroidectomy plus bilateral 
central neck dissection. χ2, chi-square.
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Figure 2 Association between the extent of surgery and 
recurrence-free survival in groups A, B, C, and D.

Figure 3 ROC curve for predicting central lymph node metastasis 
in patients with PTCI by tumor size. ROC, receiver operating 
characteristic; PTCI, papillary thyroid carcinoma in the isthmus.

primary lesions ≥0.55 cm posed a higher risk for central 
lymph node metastasis. The area under the ROC curve 
(AUC) was 0.609 (95% CI: 0.506 to 0.712, P=0.047), cut-
off value 0.55, sensitivity 88%, specificity 33%, and Youden 
index 0.21 (Figure 3).

Multivariate logistic regression analysis

Logistic regression analysis was performed to investigate 
influencing factors of central lymph node metastasis in 

patients with CT1N0M0 solitary PTCI (Table 3). Age 
under 55 years (P=0.025), tumor size ≥0.55 cm (P=0.018), 
and absence of nodular goiter (P=0.04) were influencing 
factors of central lymph node metastasis in participants 
with CT1N0M0 solitary PTCI. There was no correlating 
significance between central lymph node metastasis 
and gender, microcarcinoma, TNM, capsular invasion, 
gland dissemination, adenoma, and Hashimoto’s nodule 
(P>0.05).
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Discussion

At present, there are no clear surgical guidelines for 
cT1N0M0 solitary PTCI, and the focus of debate is mainly 
on the extent of primary tumor resection and lymph 
node dissection. Lim et al. (14) found that there were no 
significant differences in the prognosis between unilateral 
combined isthmus thyroidectomy and total thyroidectomy 
dissection for early micropapillary carcinoma with negative 
lymph nodes located in the thyroid isthmus. According 
to the follow-up data of Nixon et al. (18) and Sugenoya 
et al. (19), the 10- and 20-year tumor-free survival 
rates of patients with microscopic tumors who received 
isthmusectomy alone were as high as 100%.

The results of this study showed that of the 124 
participants with cT1N0M0 solitary PTCI, 43 (30.28%) 
had capsule invasion and 83 (58.45%) were complicated 
with nodular goiter. These values were consistent with 
those previously reported in the literature and significantly 
higher than those in patients with glandular lobe PTC 
(7-9,11-13). This may be due to the limited growth 
environment of PTCI, which makes it easier for tumor 
cells to spread through blood vessels or the lymphatic 
system, involve the capsule, and even invade extra-glandular 
tissues. In our study, KM analysis showed that there was 
no significant difference in postoperative recurrence-
free survival among different extents of thyroidectomy 
and different methods of lymph node dissection among 
participants with cT1N0M0 solitary PTCI. This is in 
contrast to the findings of Karatzas et al. (8), who suggested 

that total thyroidectomy plus central neck dissection is an 
appropriate procedure for PTCI regardless of tumor size. 
In addition, patients who received total thyroidectomy 
plus bilateral central neck dissection were more likely to 
develop postoperative complications such as hypocalcemia 
than those who received less-than-total thyroidectomy 
plus bilateral central neck dissection, which was consistent 
with the results of Lei et al. (20). This may be because less-
than-total thyroidectomy does not touch the unilateral or 
bilateral superior pole of the thyroid, and can minimize 
injury of the parathyroid and recurrent laryngeal nerve to 
prevent postoperative hypocalcemia and hoarseness (21). 
Less-than-total thyroidectomy is more suitable for patients 
with cT1N0M0 solitary PTCI.

The rate of cervical lymph node metastasis in patients 
with PTC is 30–80% (22), which is an important factor 
affecting prognosis (5,6,23), and the central area is the first 
step in cervical lymph node metastasis. Related studies 
have shown that tumor size is closely related to central 
lymph node metastasis (24-26). Using the existing data 
of patients with cT1N0M0 solitary PTCI, we performed 
ROC curve analysis (Figure 3) between tumor size and 
central lymph node metastasis. The AUC value was 0.609, 
cutoff value 0.55, sensitivity 88%, and specificity 30%. This 
showed that the model has a certain function in predicting 
central lymph node metastasis, and a screening index was 
obtained; that is, cT1N0M0 solitary PTCI patients with 
primary tumors ≥0.55 cm are prone to central lymph node 
metastasis. Several studies have shown that the younger the 
patient, the higher the rate of lymph node metastasis in the 

Table 3 Multifactorial analysis of central region lymph node metastasis in patients with cT1N0M0 PTCI with a single tumor

Variables B value Standard error Wald value P value OR OR (95% CI)

Age <55 2.477 1.106 5.015 0.025 11.903 1.362–104.026

Gender 0.228 0.561 0.166 0.684 1.257 0.418–3.774

TMN stage 24.279 28416.665 0.000 0.999 3.500E+10 0

Tumor size ≥0.55 cm 1.425 0.602 5.609 0.018 4.158 1.279–13.524

Papillary thyroid carcinoma 0.088 0.485 0.033 0.856 1.092 0.422–2.829

Capsular invasion 0.351 0.514 0.467 0.494 1.421 0.519–3.890

Lobe dissemination 2.549 2.212 1.328 0.249 12.796 0.167–977.797

Nodular goiter 0.945 0.459 4.235 0.040 2.572 1.046–6.324

Thyroid adenoma 0.868 0.851 1.040 0.308 2.381 0.449–12.622

Hashimoto’s thyroiditis 0.716 0.583 1.510 0.219 2.046 0.653–6.412

PTCI, papillary thyroid carcinoma in the isthmus; OR, odds ratio; CI, confidence interval.
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central region of the neck (26-28). In the 8th edition of the 
TNM staging of thyroid cancer of the AJCC (29), the age 
cut-off point was raised to 55 years, which was also used 
as the cut-off point for this study. Logistics multivariate 
analysis showed that tumor size ≥0.55 cm, age <55 years 
old, and no nodular goiter were the influencing factors of 
central lymph node metastasis in patients with cT1N0M0 
solitary PTCI. Our findings revealed that nodular goiter 
associated with PTCI was a protective factor for lymph 
node metastasis in patients with PTC, which is consistent 
with those of previous studies (30). Therefore, we believe 
that this kind of patient should actively perform central 
lymph node dissection. Because the thyroid isthmus is 
located in the center of the thyroid gland, it is difficult 
to determine on which side the patient’s central area is 
located. Therefore, whether bilateral central neck dissection 
should be performed remains controversial. Related studies 
have shown that the rate of lymph node metastasis in the 
bilateral central region of PTCI patients was significantly 
higher than that of the unilateral glandular lobe PTC 
patients (10,11,31). It has also been reported that there is 
a higher metastatic rate for prelaryngeal lymph nodes and 
contralateral paratracheal lymph nodes around the thyroid 
gland in patients with PTCI (32,33). It may because the 
isthmus is located in the center of the gland, which connects 
the lymphatic vessels of the bilateral glandular lobes and is 
more likely to have bilateral lymph node metastasis (11). In 
this study, bilateral central lymph node metastasis occurred 
in 5 of the 124 participants with cT1N0M0 solitary PTCI, 
indicating the possibility of bilateral central lymph node 
metastasis in such patients. At present, some academics 
remain cautious about the choice of bilateral central neck 
dissection. The main reason is that the extent of such an 
operation may cause tissue injury, which may damage the 
recurrent laryngeal nerve, leading to hoarseness, dyspnea, 
and asphyxia, and potentially seriously affect the quality of 
life of patients after operation, even endanger their lives (34). 
Our data showed that there was no significant difference 
in the incidence of postoperative complications between 
participants who received bilateral central neck dissection 
and those who received unilateral central neck dissection. 
This may be related to the application of intraoperative 
lymph node contrast agents and nerve monitoring 
techniques (35,36). Therefore, we believe that postoperative 
complications should not be used as the main reference 
factor for bilateral central neck dissection.

Although we analyzed cases at 3 healthcare centers, a few 
possible limitations still applied to this study. A relatively 

small sample size, short follow-up time, lower incidence 
rate of cT1N0M0 solitary PTC, and differences in skill 
level of surgeons at different healthcare centers may have 
led to the presence of bias. The retrospective nature of our 
study may also have led to selective bias. To overcome these 
limitations, follow-up time and the number of healthcare 
centers involved should be extended.

Conclusions

In conclusion, PTCI is more likely to be associated with 
pathological features such as multifocality and invasion 
of capsular and surrounding tissues, but there was no 
significant difference in various surgical modalities 
for recurrence and metastasis of cT1N0M0 solitary 
PTCI. Patients are more likely to develop postoperative 
complications such as hypocalcemia and hoarseness after 
total thyroidectomy; thus, patients with cT1N0M0 solitary 
PTCI are recommended to undergo less-than-total 
thyroidectomy. Among such patients, central lymph node 
dissection was recommended for those who were prone to 
have central occult lymph node metastases with tumor size 
≥0.55 cm, age under 55 years, and without nodular goiter.
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