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Background: There is much debate on the optimal treatment approach of papillary thyroid carcinoma 
(PTC). Different guidelines base recommendations on various risk factors. While diagnosing the various 
risk factors is difficult due to the technical limitations, intraoperative frozen section (IFS) may be a feasible 
method. We aim to real-time evaluate the multiple risk factors, including lymph node metastasis (LNM), 
extrathyroidal extension (ETE), multifocality using IFS, and then identify a more effective surgical plan, 
which may help avoid the need for a second surgery and improve prognosis of patients.
Methods: We retrospectively reviewed the medical records of 364 patients from January 1, 2021 to 
December 31, 2021. All the patients were initially recommended to undergo a hemithyroidectomy (HT) 
with isthmusectomy and ipsilateral central compartment neck dissection (CCND). IFS would be executed 
immediately. Further total thyroidectomies (TTs) would be performed if: (I) results of IFS showed >5 LNM, 
or (II) there are 1≤ LNM ≤5 but with ETE and/or multifocal carcinoma. The patients were divided and 
investigated according to the extent of surgery.
Results: Based on the results of IFS, 72 patients underwent TT. The TT group displayed larger average 
tumor diameter, greater age, higher average body mass index (BMI), and elevated incidence of hypertension 
and hyperlipidemia compared to the HT group. The sensitivity, specificity, positive predictive value (PPV), 
and negative predictive value (NPV) of IFS were 77.61%, 100%, 100%, and 88.46%, respectively.
Conclusions: IFS is a highly reliable procedure. Comprehensively evaluating central compartment LNM, 
ETE, and multifocal carcinoma through IFS helps identify a more reasonable surgical option under the 
current clinical consensus, which may thus help avoid the need for a second surgery. 
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Introduction

Thyroid cancer, particularly papillary thyroid carcinoma 
(PTC), has been on the rise globally (1). Despite PTC’s 
biologically indolent behavior and favorable prognosis, 
there is a lot of debate on the optimal treatment approach 
(2,3). Different guidelines base their recommendations 
on various risk factors (4,5). Conservative treatment with 
unilateral thyroidectomy is favored in low-risk cases to 
reduce surgical trauma and postoperative complications (6).  
However, PTC tends to metastasize to lymph nodes 
(LNs), with central compartment LNs being the most 
common site of metastasis (7). Neck lymph node metastasis 
(LNM), especially the lateral LNM, is the primary risk 
factor for PTC metastasis and recurrence (8). Preoperative 
assessment of neck LN status is typically performed with 
ultrasound. However, diagnosis of central compartment 
LNs involvement is difficult due to the unique anatomy 
and technical limitations of color Doppler ultrasound (9). 
Studies have reported that the detection rate of central 
compartment LNs by color Doppler ultrasound is only 
20% to 31% (9-11). Intraoperative frozen section (IFS) has 
been reported to provide a relatively accurate evaluation of 
the situation of the central compartment LNs (12-14).

Radioactive iodine (RAI) and surgical scope 

Some guidelines suggest RAI for patients with >5 LNM, 
as they are considered to have a higher risk of recurrence 
and metastasis, requiring total thyroidectomy (TT) (4,5). 
However, we have found that many patients have ≤5 LNM 
in practical work. Are they not in danger? As we know 

extrathyroidal extension (ETE) and multifocal carcinoma 
are also significantly associated with poor PTC prognosis 
(15,16). So, the number of LNM and cancerous lesions, 
ETE are critical factors for intraoperative decision-making 
and determining the surgical scope. IFS may be a feasible 
method (17). However, few studies comprehensively 
consider multiple risk factors and determine the surgical 
scope through IFS evaluation.

Study objectives 

This study aims to comprehensively consider various 
risk factors and evaluate them through IFS to select a 
more reasonable surgical plan, thereby avoiding possible 
secondary surgery. Our focus was on evaluating multiple 
risk factors, including central compartment LNM, ETE, 
multifocality, through IFS. We analyzed the impact of 
these factors on surgical decisions and the surgical scope. 
Our goal was to identify a more effective surgical plan that 
may help avoid the need for a second surgery, thus reduce 
the risk of recurrence and metastasis in PTC patients. 
We present this article in accordance with the STROBE 
reporting checklist (available at https://gs.amegroups.com/
article/view/10.21037/gs-23-182/rc).

Methods

Target patients 

We retrospectively reviewed the medical records of  
2,039 patients who had surgery to remove their thyroid 
at Nanjing Drum Tower Hospital during the period of  
January 1, 2021 to December 31, 2021. To be included in 
the study, patients had to have had certain preoperative 
examinations and be diagnosed with a specific type of 
thyroid cancer. We excluded patients who had previously 
undergone thyroid surgery or had a history of neck trauma, 
as well as those outside of the age range of 18 to 80 years. 
Ultimately, our study included 364 patients who underwent 
a specific type of thyroid surgery and had their thyroid 
tissue and LNs examined during the surgery. We analyzed 
the patients’ medical data, including their age, gender, 
imaging tests, blood test results, cancer stage, and body 
mass index (BMI), among other factors.

Approach to pathology

The excised thyroid lobes, isthmuses, and central 
compartment LNs were subjected to IFS and postoperative 
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routine pathology (PR). The IFS examination was carried 
out expeditiously within 30 minutes, and the outcomes 
were promptly reported. The report encompassed tumor 
histotype, ETE, multifocality, as well as the number of 
LNM and the number of LNs retrieved. PR results were 
issued within 14 days. The IFS and the PR were both 
performed by seasoned pathologists, each having more than 
15 years of clinical pathology experience. 

Preoperative work-up

Before surgery, all patients were subjected to a comprehensive 
preoperative examination, including physical examination, 
thyroid ultrasound, supraclavicular LNs ultrasound, serum 
biochemistry, ultrasound-guided fine-needle aspiration 
biopsy, and genetic testing. The preoperative thyroid 
ultrasound was conducted by highly specialized ultrasound 
physicians who have more than 20 years of experience in 
thyroid ultrasound, using a state-of-the-art Resona 7Elite 
ultrasound apparatus (Mindray, Shenzhen, China). In all 
patients, the thyroid ultrasound revealed nodules of thyroid 
imaging reporting and data system (TI-RADS) level 4 or 
higher in a single thyroid lobe, while nodules of TI-RADS 
level 1–3 with a diameter less than 1.5 cm or TI-RADS 
level 4 or higher nodules were absent in the contralateral 
thyroid lobe.

Surgery

Physicians with over 20 years of experience in thyroid 
surgery performed the procedure. All patients were initially 
recommended to undergo a hemithyroidectomy (HT) with 
isthmusectomy and ipsilateral central compartment neck 
dissection (CCND). The central compartment LNs are 
defined as the neck level 6 LNs (pretracheal, prelaryngeal, 
and paraesophageal LNs), including the LNs from the hyoid 
bone superior to the innominate (brachiocephalic) artery 
inferiorly. On each side, the lateral boundary was limited by 
the medial border of the carotid sheath. IFS were executed 
immediately. Following the surgical standards proposed by 
the center, further TTs would be performed if: (I) results of 
IFS showed >5 LNM, or (II) there are 1≤ LNM ≤5 but with 
ETE and/or multifocal carcinoma. Otherwise, the surgery 
concluded. Out of the total 364 patients, 292 underwent 
HT with isthmusectomy and ipsilateral CCND, while  
72 patients required further contralateral thyroid lobectomy.

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The study 

was approved by the Ethics Committee of the Nanjing 
Drum Tower Hospital, the Affiliated Hospital of Nanjing 
University Medical School (No. 2021-096-02), and 
individual consent for this retrospective analysis was waived.

Statistical analysis

All the data were analyzed using IBM SPSS Statistics 
version 20. Continuous data conforming to normal 
distribution were expressed by mean ± standard deviation 
(SD), while categorical data were reported as rates and 
proportions. Differences in categorical data were compared 
using χ2 test or Fisher’s exact test and the independent-
sample t-test was performed for continuous data. Logistic 
regression analysis was used for multivariate analysis. A two-
sided P value of <0.05 indicated a statistically significant 
difference.

Results

The present study reported on the baseline clinical 
characteristics and surgical outcomes of 364 patients with 
thyroid tumors (Table 1). Baseline characteristics, including 
age, gender, and maximum tumor diameter, were collected 
and analyzed. The mean age of the patients was 42.33± 
11.34 years, with a range of 22 to 70 years. The mean 
maximum tumor diameter was 0.87±0.53 cm, with a range 
of 0.1 to 3.0 cm.

The surgical procedure outcomes were shown in Figure 1.  
IFS was used to determine the extent of surgery required 
for each patient. One hundred and four patients had 
LNM. Four of them had >5 LNM and they had extended 
surgery as a result. One hundred patients had ≤5 LNM. 
Among them, 68 patients with ETE and(or) multifocality 
were performed TT according to our surgical strategy. 
Thirty-two patients had neither ETE nor multifocality, 
so they only need HT. Based on the results, 72 patients 
were performed TT, while the remaining 292 patients  
underwent HT.

Patients were evaluated according to the surgical extent 
as the HT group and TT group (Table 2). Comparative 
analysis revealed that the TT group had a larger average 
tumor diameter (1.25±0.62 vs. 0.78±0.46 cm, P<0.001), 
higher age (46.28±11.62 vs. 41.36±11.07 years, P=0.001), 
higher average BMI (24.95±3.81 vs. 23.46±3.60 kg/m2, 
P=0.002), and a higher incidence of hypertension (24/48 
vs. 29/263, P<0.001) and hyperlipidemia (28/44 vs. 58/234, 
P=0.001) compared to the HT group. Age, hypertension 
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and hyperlipidemia were included in multivariate analysis 
with ETE and multifocality; as shown in Table 3, ETE 
[P<0.001; odds ratio (OR) =22.550] and multifocality 
(P=0.048; OR =2.416) are independent risk factors between 
HT and TT groups after adjusting for age, hypertension 
and hyperlipidemia. 

The diagnostic accuracy of IFS for central compartment 
LNs was evaluated in 364 patients (Table 4). The sensitivity, 
specificity, positive predictive value (PPV), and negative 

predictive value (NPV) of the frozen analyses were 77.61% 
(104/134), 100% (230/230), 100% (104/104), and 88.46% 
(230/260), respectively.

Among the 364 patients, 52 (14.29%) had a discrepancy 
in the number of LNs retrieved between IFS and PR, with 
36 patients of them had more LNs retrieved during PR. 
Furthermore, there were 36 cases in which the number of 
LNM detected in IFS differed from that found in PR, and 
all of them had more LNM during PR (Figure 2).

Pathological analysis of the contralateral lobe was 
performed on the 72 patients who underwent TT (Table 5).  
Among them, 24 cases were found to have cancer in the 
contralateral lobe, with only one case (1/24) had >5 LNM, 
as determined by both IFS and PR. Thirty-four cases were 
found to have benign lesions, only one case (1/34) had  
>5 LNM, as determined by both IFS and PR.

Discussion

The selection criteria for surgical scope in PTC are 
constantly evolving as research deepens. However, the 
fundamental idea is to consider the risk factors associated 
with PTC prognosis. Despite this, there is still relatively 
little research that comprehensively considers various risk 
factors. IFS, which has high accuracy and data support, is 
currently a more mature technology (18,19). By prompting 
various risk factors through IFS during surgery, more 
accurate surgical plans can be formulated during the initial 
surgery, which can improve patient prognosis.

In this study, all patients underwent IFS. According to 
the pathological results, 72 patients underwent TT, and this 
group of patients was classified as the TT group, while the 
remaining 292 patients were classified as the HT group. 
We collected relevant clinical data from the patients and 
performed statistical analysis, and significant differences 
were observed between the TT and HT groups. Firstly, the 
tumor diameter in the TT group was larger. Tumor size is 
important for staging different tumors. A larger PTC tumor 
always corresponds to a poorer prognosis and an increased 
amount of neck LNM (20). At the same time, high BMI and 
high body fat rate are two major related factors of PTC (21), 
with overweight individuals having a 1.7 times increased risk 
of developing PTC and obese individuals having a 4.2 times 
increased risk compared to those of normal weight (22).  
In this study, the TT group had a higher BMI and a higher 
incidence of combined hyperlipidemia. Furthermore, the 
TT group had older age, which is consistent with the 
results of existing studies on risk factors for thyroid cancer 

Table 1 Clinicopathologic characteristics

Characteristics Values

Number of patients 364

Sex, n (%)

Male 111 (30.5)

Female 253 (69.5)

Age (years), mean ± SD [range] 42.33±11.34 [22–70]

Tumor size (cm), mean ± SD [range] 0.87±0.53 [0.1–3.0]

Total tumor size (cm), mean ± SD 
[range]

0.90±0.54 [0.1–3.3]

BMI (kg/m2), mean ± SD [range] 23.75±3.69 [16.21–35.89]

Multiplicity, n (%) 38 (10.4)

Extrathyroidal extension, n (%) 202 (55.5)

Frozen analyses, mean ± SD [range]

Number of retrieved LNs 3.51±3.45 [0–20]

Number of metastatic LNs 0.61±1.23 [0–8]

Permanent analyses, mean ± SD [range]

Number of retrieved LNs 3.66±3.53 [0–20]

Number of metastatic LNs 0.74±1.29 [0–8]

TNM classification, n (%)

T stage

T1a/1b/2/3a/3b 266/78/13/0/7 
(73.1/21.4/3.6/0/1.9)

N stage

N0/1/1a/1b/x 195/14/116/4/35 
(53.6/3.8/31.9/1.1/9.6)

M stage

M0 364 (100.0)

Stage I/II, n (%) 344/20 (94.5/5.5)

SD, standard deviation; BMI, body mass index; LNs, lymph nodes; 
TNM classification, tumor node and metastasis classification.
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Figure 1 The surgical procedure outcomes. HT, hemithyroidectomy; CCND, central compartment neck dissection; LNM, lymph node 
metastasis; IFS, intraoperative frozen section; ETE, extrathyroidal extension; TT, total thyroidectomy. 

Total (n=364)

HT + isthmusectomy + ipsilateral CNND

LNM =0 in IFS (n=260) LNM ≠0 in IFS (n=104)

TT (n=4)

LNM >5 in IFS (n=4) LNM ≤5 in IFS (n=100)

TT (n=68) End (n=32)

With ETE and (or) 
multifocality (n=68)

Without ETE or 
multifocality (n=32)

End (n=260)

Table 2 Analysis of patients according to the type of surgical procedure.

Characteristics HT TT P value

Number 292 72

Sex, n 0.765

Male 88 23

Female 204 49

Age (years), mean ± SD [range] 41.36±11.07 [22–70] 46.28±11.62 [22–66] 0.001

Tumor size (cm), mean ± SD [range] 0.78±0.46 [0.10–3.00] 1.25±0.62 [0.30–2.80] <0.001

Total tumor size (cm), mean ± SD [range] 0.79±0.47 [0.10–3.30] 1.32±0.61 [0.40–2.80] <0.001

BMI (kg/m2), mean ± SD [range] 23.46±3.60 [16.21–35.89] 24.95±3.81 [17.56–34.64] 0.002

Hypertension, n (yes/no) 29/263 24/48 <0.001

Diabetes mellitus, n (yes/no) 16/276 6/66 0.531

Hyperlipidemia, n (yes/no) 58/234 28/44 0.001

Mutation in BRAF, n (yes/no) 283/9 64/8 0.010

Tumor location, n 0.310

Up 58 15

Medium 170 47

Down 64 10

Table 2 (continued)
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Table 3 Multivariate analyses between HT group and TT group

Variables Odds ratio 95% CI P value

Age 1.002 0.972–1.032 0.911

Hypertension (yes/no) 3.905 1.851–8.238 <0.001

Hyperlipidemia (yes/no) 2.247 1.167–4.325 0.015

Multiplicity 2.416 1.009–5.785 0.048

Extrathyroidal extension 22.550 7.641–66.547 <0.001

HT, hemithyroidectomy; TT, total thyroidectomy; CI, confidence 
interval.

Table 2 (continued)

Characteristics HT TT P value

Calcification in tumor, n (yes/no) 269/23 56/16 <0.001

Consistent of tumor, n <0.001

Cystic 288 66

Solid 3 0

Mixed 1 6

TSH (mIU/L), mean ± SD [range] 2.78±3.00 [0.01–42.3] 2.49±1.66 [0.19–12.1] 0.424

FT3 (pmol/L), mean ± SD [range] 4.65±0.60 [2.99–7.3] 4.82±0.65 [3.68–6.63] 0.043

FT4 (pmol/L), mean ± SD [range] 16.40±2.44 [6.90–26.5] 16.47±2.63 [12.4–23.3] 0.833

T3 (nmol/L), mean ± SD [range] 1.87±2.99 [1.01–52.3] 1.78±0.43 [1.30–4.65] 0.797

T4 (nmol/L), mean ± SD [range] 92.21±18.54 [1.60–203.00] 98.93±19.73 [61.00–177.00] 0.007

TG-Ab (IU/mL), mean ± SD [range] 98.23±290.79 [2.00–3,581.00] 106.02±326.05 [4.02–2,400.00] 0.843

TPO-Ab (IU/mL), mean ± SD [range] 48.82±109.44 [9.00–600.00] 28.35±77.86 [9.00–600.00] 0.070

TG (ng/mL), mean ± SD [range] 17.83±22.63 [0.20–300.00] 27.35±34.51 [0.20–226.00] 0.029

TNM classification, n

T stage <0.001

T1a/1b/2/3a/3b 233/50/5/0/4 33/28/8/0/3

N stage <0.001

N0/1/1a/1b/x 195/8/54/0/35 0/6/62/4/0

M stage –

M0 292 72

Stage I/II, n 283/9 61/11 <0.001

HT, hemithyroidectomy; TT, total thyroidectomy; SD, standard deviation; BMI, body mass index; BRAF, BRAF V600E; TSH, thyrotropin; 
FT3, free triiodothyronine; FT4, free thyroxine; T3, triiodothyronine; T4, thyroxine; TG-Ab, thyroglobulin antibody; TPO-Ab, thyroid 
peroxidase antibody; TG, thyroglobulin; TNM classification, tumor node and metastasis classification.

Table 4 Compare the results of lymph node metastases between 
IFS and PR

The results of lymph 
node metastases

PR+ PR− PR total  
(PR+ & PR−)

IFS+ 104 0 104

IFS− 30 230 260

IFS total (IFS+ & IFS−) 134 230 364

IFS, intraoperative frozen section; PR, postoperative routine 
pathology.
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recurrence and metastasis. ETE and multifocality are 
independent risk factors between HT and TT groups after 
adjusting for age, hypertension and hyperlipidemia.

According to the National Comprehensive Cancer 
Network (NCCN) guidelines, patients with >5 LNM 
should consider TT (5). However, according to our 
surgical strategy, an additional 68 patients underwent TT. 
Of these 68 patients, 23 (33.82%) were found to have 
contralateral occult carcinoma, and these patients were able 
to avoid possible secondary surgery as a result. The other 
45 (66.18%) patients did have a more extensive surgical 
procedure, while we can conduct further research to 
decrease proportion of them through additional screening. 
It is also necessary to further investigate whether patients 
who underwent TT have a more favorable prognosis.

Currently, guidelines determine the extent of surgery 
based on the main risk factors, such as the LNM in the 
neck, ETE, and multifocality (23-25). The LNM in the 
neck is one of the main factors determining the extent of 
surgery (26). Ultrasound remains the preferred method for 

assessing neck LNM, but ultrasound still has significant 
limitations in detecting and distinguishing metastatic  
LNs (27). There is also lower detection rate of involved 
LNs in the central compartment due to its unique 
anatomical location. Conventional methods for determining 
the presence of ETE and multifocality exhibit a relatively 
high incidence of missed diagnoses, particularly for 
small ETE and small lesions (28). It had shown that the 
sensitivity, specificity, PPV, and NPV of ultrasound in 
assessing ETE are lower than those of IFS (23).

We evaluated the results of the number of LNs retrieved 
between IFS and PR in the cohort of 364 patients. Among 
these 364 patients, 52 patients (14.29%) had inconsistent 
results and 36 patients of them had more LNs retrieved 
during PR. Following that, we assessed the results of the 
number of LNM. Thirty-six patients (9.89%) out of 364 
had inconsistent results, and all of them had more LNM 
during PR. Interestingly, among these 36 patients (9.89%), 
30 patients had opposite results between IFS and PR, which 
could affect the surgical approach. In fact, 21 patients failed 
to choose a larger range of surgical approach due to the 
opposite results between IFS and PR. These patients will be 
closely observed during follow-up. Similar to other study 
who reported the NPV of IFS as 96.1% (26), the NPV 
of IFS in our study was 88.46% (230/260). This suggests 
that IFS could be a reliable procedure even it has some 
limitations which may due to the skill of the operator.

Interestingly, this study found that among 72 patients 
who underwent total resection, 24 cases (33.33%) were 
found to have occult contralateral cancer during data 
collection, and only one of them had >5 LNMs (based on 

Figure 2 The results of intraoperative frozen section and postoperative routine pathology. FR, lymph nodes retrieved during intraoperative 
frozen section; RR, lymph nodes retrieved during postoperative routine pathology; FM, lymph node metastases during intraoperative frozen 
section; RM, lymph node metastases during postoperative routine pathology; LNs, lymph nodes. 

Total  
(n=364)

Total  
(n=364)

FR = RR
(n=312)

FM = RM
(n=328)

FR ≠ RR
(n=52)

FM ≠ RM
(n=36)

More LNs retrieved 
(n=36)

More metastatic LNs 
(n=36)

Less LNs retrieved 
(n=16)

Less metastatic LNs 
(n=0)

Table 5 Analysis of pathology in the contralateral lobe

Description FM ≤5 FM >5 Total

Normal tissue 12 2 14

Benign lesions 33 1 34

Cancer 23 1 24

Total 68 4 72

FM, lymph node metastases during intraoperative frozen section.
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both IFS and PR). If the surgical scope were determined 
solely based on the number of LNM, the occult cancer in 
the other 23 patients would not have been detected. The 
existence of occult cancer cases highlights the limitation of 
ultrasound and the advantages of IFS. With the application 
of IFS, these 23 patients may avoid the possibility of a 
further operation. Hopefully, with more data to be collected 
in the future, we expect ourselves to reach more precise 
research result in the next stage. 

IFS has a certain missed diagnosis rate, as it relies on 
a short inspection time and limited sample collection. 
However, we believe that the current missed diagnosis 
rate is still acceptable. Nevertheless, this study has some 
limitations. Firstly, it was a single-center retrospective 
study, and a multicenter study with a larger sample size may 
improve accuracy. Secondly, the sample size in this study 
was relatively small, and further sample expansion is needed 
to confirm the results. Finally, no follow-up had been 
conducted in this study, and subsequent follow-up of the 
enrolled patients is needed to verify the impact of this study 
on prognosis.

Conclusions

Significant differences were observed in tumor diameter, 
BMI, age between the HT and TT groups. Suggests that 
a combination of LNM, ETE and multifocal carcinoma is 
a reasonable way to determine the extent of the procedure. 
IFS was found to be highly reliable, especially in evaluating 
central compartment LNM. Compared to the NCCN 
guidelines, our standards result in more TT being 
performed, and 33.33% cases who underwent TT were 
found to have occult contralateral cancer. The use of IFS 
could assist certain patients in avoiding the risk of needing a 
second surgery. 
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