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Abstract
Thyroid cancer is the most common malignancy in the endocrine system. Papillary thyroid carcinoma (PTC) is the most 
common differentiated thyroid cancer. There are considerable discrepancies regarding the role and extent of prophylactic 
central lymph node dissection (PCLND) for patients with PTC. Our primary goal was the evaluation of CLN involvement 
based on the tumor features and staging on the eight version of the American Joint Committee on Cancer and also the TNM 
method. Our secondary aim was to evaluate the features of the CLNs with tumoral features and also features associated 
with the development of transient hypoparathyroidism. This prospective case-controlled study was performed among PTC 
patients. Total thyroidectomy and bilateral dissection of the CLNs of the central compartment of the neck was performed, 
and samples were sent for pathological evaluation. CLN involvement, tumoral features and transient hypoparathyroidism 
were cross-evaluated and analyzed with SPSS version 26.0. In this study, out of 61 patients, 11 (18%) were male, the aver-
age age was 37.3 ± 13.7 years, based on AJCC staging, 53 (86.9%) were stage I and 8 (13.1%) were stage II, and based on 
TNM staging, 39 patients (66.1%) were T1, including 13 (22.0%) T1a and 26 (44.1%) T1b, 15 patients (25.4%) were T2, 
and five patients (8.5%) were T3. Based on permanent pathology evaluation, the majority of patients (n = 48; 78.7%) had 
CLN involvement. None of the preoperative and tumor features had a significant association with CLN involvement. 75% 
of stage I and 100% of stage two cases, while 76.9% of T1, 86.7% of T2, and 80.0% of T3 cases had CLN involvement. 
There was no significant association between the involvement of CLN and the AJCC staging (P = 0.184) or TNM staging 
(P = 0.875). The involved to dissected CLN ratio was significantly higher in stage II patients compared to stage I (72.5 vs. 
34.8%; P = 0.006), and also with higher T staging (0.009). There was a statistically significant association between the larger 
CLN size and older patients’ age, higher postoperative thyroglobulin levels, and smaller tumor size. Higher postoperative 
thyroglobulin level was significantly associated with larger tumors size and thyroid capsule invasion. Also, 26 (44.8%) of 
patients developed transient hypoparathyroidism, which was significantly associated with vascular invasion (P = 0.048), 
bilateral location of tumor (P = 0.048) or on the right side (0.005), and larger size of the tumor (P = 0.016). Tumor features 
and staging were not associated with CLN involvement features. Therefore, full extent PCLND should be carried out to avoid 
reoperation or metastasis in PTC patients.
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Abbreviations
AJCC  American joint committee on cancer
ATA   American thyroid association
CLND  Central lymph node dissection
cN0  Clinically node negative
LN  Lymph node
PCLD  Prophylactic central lymph node dissection
PTC  Papillary thyroid carcinoma
RAI  Radioactive iodine

Introduction

Thyroid cancer is the most common malignancy of the 
endocrine system, which is divided into different histo-
logical types [1], in which Papillary thyroid carcinoma 
(PTC) is the most common type and accounts for about 
80% of all thyroid malignant neoplasm [2]. Although PTC 
has a great prognosis, it is also characterized with high 
tendency to spread to central lymph node (CLN) [3]. The 
incidence rate of central lymph node metastasis ranges 
from 40 to 90% in all patients with PTC and 20 to 40% 
in clinically node negative (cN0) PTC patients [4, 5]. It 
has been reported that CLN metastasis is associated with 
increased recurrence rate; however, according to many 
studies lymph node (LN) involvement does not affect the 
mortality rate of PTC patients [6, 7].

Prophylactic central lymph node dissection (PCLND) is 
defined as removing central neck compartment LNs when 
there is no evidence of pathologic lymphadenopathy in 
preoperative or intraoperative evaluation [8]. At present, 
central lymph node dissection (CLND) is recommended 
for PTC patient who are suspicious of CLN metastasis in 
pre-op evaluation, but PCLND in cN0 patients is a great 
controversial matter. According to some studies PCLND 
will result in lower recurrence rates and a more precise 
staging of the tumor which could later affect our therapeu-
tic choices and managements [9, 10]. American thyroid 
association (ATA) guideline suggested that PCLND be 
considered for PTC patients especially in advanced stages 
(T3 and T4) [11]. On the other hand, some studies do not 
recommend routinely performing PCLND due to poten-
tial complications including hypoparathyroidism, laryn-
geal nerve injury and chyle leakage [12, 13]. Therefore, 
PCLND in cN0 PTC patients is now considered an endo-
crinological debate which require further investigations.

Most endocrine surgeons agree that compartment-based 
LN dissection is an appropriate and effective treatment for 
large LNs that can be detected by preoperative imaging 
or physical examination or during surgery by observation 
or touch. However, there is a considerable discrepancy 
regarding the role of PCLND for patients with PTC [14]. 
Studies have shown that Ipsilateral CLND can be a good 

alternative to bilateral CLND in PTC cases with clinically 
negative LNs because its short-term oncological outcome 
is similar to bilateral CLND and the risk of complications 
is lower [15–19].

Therefore, this study was carried out to identify the 
incidence rate of CLN metastasis and the effectiveness of 
PCLN in cN0 PTC patients based on permanent pathol-
ogy result, which were categorized based on the eight ver-
sion of American Joint Committee on Cancer (AJCC) and 
TNM staging method. We analyzed the features of PTC 
and the patients based on CLNs involvement. The relation-
ship between postoperative serum thyroglobulin and the 
features of the tumor was also investigated. The incidence 
rate of transient hypoparathyroidism following the surgery 
and factors associated with its development were assessed 
as well. We also intend to investigate the pathology results 
obtained from samples sent from LNs removed from bilat-
eral CLND patients with PTC undergoing thyroidectomy 
and the relationship between the LNs on the involved side 
with the tumor features, and whether unilateral CLND can 
be appropriate and sufficient for patients with PTC cancer. 
The results of our study aim to give better guidance in the 
surgical and therapeutical management of PTC patients.

Materials and methods

Study design

This prospective cohort study was conducted among patients 
referring to Shariati Hospital, in which PTC was confirmed 
by Fine Needle Aspiration Biopsy. All patients underwent 
physical examination and ultrasonography for the presence 
of LN. The exclusion criteria included a previous history 
of surgery or neck radiation and the presence of palpable 
lateral LN on physical examination or detected on preopera-
tive ultrasound.

Pre‑operative evaluation

A complete clinical history and physical examination were 
obtained from the patients and they were evaluated for the 
presence of palpable cervical LNs. A chest X-ray was also 
performed for evidence of pulmonary metastasis, and cer-
vical ultrasound (by a single radiologist) was performed to 
determine the presence of LNs in the central and lateral cer-
vical compartments.

Surgical intervention

After preparing the necessary measures and induction of 
general anesthesia, a standard transverse neck incision was 
made. Total thyroidectomy with parathyroids preservation 
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was performed. Patients then underwent bilateral CLND 
[20–22], including Level VI and VII thyroid tissue, along 
with all the removed LNs, including both sides of the cen-
tral compartment, were labeled for permanent pathological 
evaluation of metastasis, multifocal tumor, and capsular or 
extracapsular extension of the tumor, and also the corre-
spondence between the location of the primary tumor and 
the metastatic site (ipsilateral or contralateral). The size and 
location of the primary tumor and the size of the largest 
LNs in the ipsilateral and central contralateral compartments 
were also recorded based on pathology tissues. A single-
blinded pathologist examined thyroid tissue and dissected 
LN samples after staining with hematoxylin–eosin (H & E) 
using a 40% objective lens.

Postoperative evaluation

All patients were evaluated for dysphonia by the surgeon 
after surgery. Transient hypoparathyroidism was also 
documented as a postoperative complication in patients 
with serum calcium levels of less than 8 mg/dL during the 
first 24 h after surgery. Furthermore, blood samples were 
obtained three months after surgery while levothyroxine was 
halted for patients to measure serum thyroglobulin levels.

Outcome evaluation

Our primary goal was the evaluation of CLN involvement 
based on the current guidelines and protocols. Therefore, 
we categorized our cases based on the eight version of the 
American Joint Committee on Cancer (AJCC) [23] and 
also the TNM staging method. Our secondary aims were to 
evaluate the features of the CLNs with tumoral features and 
also features associated with the development of transient 
hypoparathyroidism.

Statistical analysis

The data were entered into SPSS software version 26 and 
based on the laboratory and pathology results, postopera-
tive complications, and serum thyroglobulin, and the dose of 
radioactive iodine was evaluated using statistical tests. Data 
analysis was performed using descriptive and inferential sta-
tistics. Quantitative data were described as mean ± standard 
deviation, and qualitative data as frequency and relative 
frequency. The Chi-Square test was used to compare the 
frequency of qualitative variables. To compare the means of 
quantitative variables, if the distribution was normal based 
on the Kolmogorov–Smirnov test, Independent Samples 
T tests, or One-way ANOVA, and if the distribution was 
not normal, non-parametric tests (Mann–Whitney test and 
Kruskal–Wallis’s test, respectively) were used. The sample 
size was estimated based on a study by Takami et al. [24] 

and Roh et al. [25], considering an 80% incidence of central 
compartment LN involvement in patients with non-LN PTC, 
clinically identified on physical examination or ultrasound 
report, α = 0.05 and accuracy of 0.1, the final sample size 
was calculated as 61 participants.

Ethical considerations

The study objectives were explained to the patients, and 
written informed consent was obtained from them or their 
legally authorized representatives before their participation. 
Patients were reassured that their dissatisfaction with partici-
pating in the study would not interfere with their treatment. 
Attempts were made to observe the patients’ rights as well 
as the principle of confidentiality. The study was approved 
by the ethics committee of the Tehran University of Medical 
Sciences (IR.TUMS.REC.1394.1972). It was conducted in 
compliance with local regulatory requirements, Good Clini-
cal Practice (GCP), and the Declaration of Helsinki [26].

Results

Out of 61 patients with PTC, 11 (18%) were male and the 
average age was 37.3 ± 13.7 years. Also, based on AJCC 
staging, 53 (86.9%) were stage I and 8 (13.1%) were stage 
II. Based on TNM staging, 39 patients (66.1%) were T1, 
15 patients (25.4%) were T2, and five patients (8.5%) were 
T3. After operation and evaluation, the majority of patients, 
including 48 (78.7%), had CLN involvement. Table 1 dem-
onstrates preoperative PTC features of our patients based on 
CLN involvement. As demonstrated, none of the preopera-
tive and tumoral features had a significant association with 
CLN involvement. Also, there were no pathological changes 
in the thymus and parathyroid biopsies in our study.

As demonstrated in Table 1 and Fig. 1, 75% of stage I and 
100% of stage two cases had CLN involvement. However, 
24.5% of stage I cases had no CLN involvement. There was 
no significant association between the involvement of CLN 
and the AJCC staging. (P = 0.184) Also, 76.9% of T1, 86.7% 
of T2, and 80.0% of T3 cases had CLN involvement, without 
any significant association (P = 0.875) (Fig. 1).

As demonstrated in Table 2, there was no significant dif-
ference among the total number of dissected CLNs in the 
patients; however, the number of involved CLNs were sig-
nificantly higher in T2 compared to T1 size tumor patients. 
Also, the involved to dissected CLN ratio was significantly 
higher in stage II patients compared to stage I (72.5 vs. 
34.8%). Based on the tumor size, an increase from T1 to 
T3 was significantly associated with higher involved to dis-
sected CLN ratio.

Our secondary evaluations were regarding the CLN fea-
tures and patients’ features. Regarding the size of CLN, 
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Table 1  Evaluation of the relationship of features of patients with papillary thyroid cancer with central lymph node involvement

AJCC American joint committee on cancer, CLN central lymph node, IQR interquartile range, SD standard deviation
* Chi-Square/Fisher’s exact test for categorical values and Mann–Whitney or Independent sample t test for continues values

Variable Total; N = 61 CLN involvement P value*

Yes; n = 48 No; n = 13

Age (years); mean ± SD 37.36 ± 13.77 37.46 ± 14.79 37.00 ± 9.56 0.916
Age group; n (%)   < 55 53 (86.9) 40 (75.7) 13 (24.5) 0.184

  ≥ 55 8 (13.1) 8 (100) 0 (0)
Gender; n (%)  Male 10 (16.9) 8 (72.7) 3 (27.3) 0.687

 Female 49 (83.1) 40 (80.0) 10 (20.0)
Location of tumor; n (%)  Right 38 (62.3) 30 (78.9) 8 (21.1) 1.000

 Left 32 (52.5) 25 (78.1) 7 (21.9) 1.000
 Bilateral 16 (26.2) 11 (68.8) 5 (31.3) 0.297
 Isthmus 7 (11.5) 5 (71.4) 2 (28.6) 0.634

Size of tumor; n (%)  T1 39 (66.1) 30 (76.9) 9 (23.1) 0.875
 T2 15 (25.4) 13 (86.7) 2 (13.3)
 T3 5 (8.5) 4 (80.0) 1 (20.0)

Size of tumor; median [IQR] 1.70 [1.35] 1.60 [1.40] 2.00 [0.88] 0.610
AJCC staging; n (%)  I 53 (86.9) 40 (75.5) 13 (24.5) 0.184

 II 8 (13.1) 8 (100) 0 (0)
Postoperative thyroglobulin level (ng/ml); n (%) 0.77 0.80 ± 1.49 0.65 ± 1.06 0.746
Postoperative calcium level (mg/dL); n (%) 8.10 [1.10] 8.10 [1.10] 7.90 [1.10] 0.882
Extranodul involvement; n (%)  Total 3 (4.9) 3 (100) 0 (0) 1.000

 Right 3 (4.9) 3 (100) 0 (0) 1.000
 Left 2 (3.3) 2 (100) 0 (0)

Capsular invasion; n (%) 22 (36.1) 17 (77.3) 5 (22.7) 1.000
Vascular Invasion; n (%) 3 (4.9) 2 (66.7) 1 (33.3) 0.519
Prenural invasion; n (%) 0 (0) 0 (0) 0 (0) 1.000
Extracapsular invasion; n (%) 1 (1.6) 0 (0) 1 (100) 0.213
Multifocal; n (%) 17 (27.9) 12 (70.6) 5 (29.4) 0.486
Thymectomy; n (%) 27 (44.3) 21 (77.8) 6 (22.2) 0.877
Parathyroidectomy; n (%) 28 (45.9) 21 (75.0) 7 (25.0) 0.517

Fig. 1  Evaluation of central 
lymph node involvement based 
on American Joint Committee 
on Cancer staging criteria and 
also size of tumor
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there was a statistically significant association between 
the larger CLN size of the CLN and the older patients’ age 
(correlation coefficient = 0.827 and 0.684; P value < 0.001 
and < 0.001 for right and left CLN, respectively), higher 
postoperative thyroglobulin levels (Pearson correlation; P 
value = 0.021; 0.874 and 0.018; 0.893, for right and left, 
respectively), and smaller tumor size (Correlation coef-
ficient; P value = − 0.006; 0.965 and − 0.159; 0.220 for 
right and left, respectively). However, the size of CLN 
had no significant association with the patients’ gender 
(P = 0.069 and 0.055 for right and left side, respectively), 
and the tumor’s location (P values = 0.844 for right, 0.512 
for left, 0.744 bilateral, and 0.464 for isthmus) (Table 3).

When evaluating the lateralization of the tumor with 
the involved CLN side, our results showed no significant 

association between right side tumor and the involve-
ment of right-side CLN (P=0.728), but a significant asso-
ciation with the left-side and bilateral CLN involvement 
(P=0.009 and 0.019, respectively). Regarding left-side 
tumor involvement, there was no significant association 
with right-side, left-side, or bilateral CLN involvement 
(P=0.536, 0.256, and 0.500, respectively). In bilateral 
tumor involvement, no significant association was achieved 
with right-side, left-side, or bilateral CLN involvement 
(P=0.344, 0.163, and 0.171, respectively) (Table 4).

Also, the relationship between lymphatic involvement in 
the central compartment of the neck and the primary tumor 
characteristics was determined. It was found that there is 
no association between CLN involvement and tumoral fea-
tures including multifocal tumor (n= 5, P=0.337), Intra/

Table 2  Evaluation of the central lymph node and tumoral invasion features based on the tumor size and American Joint Committee on Cancer 
staging

Bold values indicate significant association
AJCC: American Joint Committee on Cancer; CLN: Central Lymph node; IQR: Interquartile range; SD: Standard deviation
*Chi-Square/ Fisher’s exact test for categorical values and Mann–Whitney/Kruskal Wallis or Independent sample t test/One-way ANOVA test 
for continues values

Variable Total; N = 61 AJCC Staging Tumor Size

I; n = 53 II; n = 8 P value* T1; n = 39 T2; n = 15 T3; n = 5 P Value*

Dissected CLNs; 
median [IQR]

 Total 10.0 [8.0] 10.0 [7.0] 6.5 [7.3] 0.206 8.5 [5.8] 13.5 [10.8] 11.0 [5.8] 0.047
 Right 5.0 [4.0] 5.0 [4.25] 3.0 [4.5] 0.189 5.0 [3.0] 5.0 [8.0] 7.5 [4.5] 0.134
 Left 5.0 [4.0] 5.0 [4.0] 4.0 [4.0] 0.671 4.0 [5.0] 7.0 [4.3] 3.0 [0.0] 0.010

Involved CLNs; n (%)  Total 48 (78.7) 40 (83.3) 8 (16.7) 0.184 30 (63.9) 13 (27.7) 4 (8.5) 0.875
 Right 44 (72.1) 37 (84.1) 7 (15.9) 0.423 26 (60.5) 13 (30.2) 4 (9.3) 0.378
 Left 32 (52.5) 26 (81.3) 6 (18.8) 0.260 20 (62.5) 10 (31.3) 2 (6.3) 0.550

Number of involved 
CLNs; median [IQR]

 Total 5.0 [10.0] 2.0 [4.0] 6.0 [8.0] 0.139 1.0 [1.0] 6.0 [11.0] 6.0 [0.0] 0.001
 Right 2.0 [4.0] 1.0 [1.0] 1.0 [0.0] 0.730 1.0 [1.0] 1.0 [0.0] 1.0 [0.5] 0.005
 Left 4.0 [4.0] 1.0 [3.0] 5.0 [0.0] 0.047 1.0 [1.5] 5.0 [3.0] - 0.008

Involved to dissected CLN ratio 
(%); mean ± SD

39.92 ± 29.50 34.84 ± 25.55 72.48 ± 35.22 0.006 28.12 ± 25.31 55.93 ± 27.99 64.44 ± 33.55 0.009

Extranodul involve-
ment; n (%)

 Total 3 (4.9) 3 (100) 0 (0) 1.000 2 (66.7) 1 (33.3) 0 (0) 1.000
 Right 3 (4.9) 3 (100) 0 (0) 1.000 2 (66.7) 1 (33.3) 0 (0) 1.000
 Left 2 (3.3) 2 (100) 0 (0) 1.000 1 (50.0) 1 (50.0) 0 (0) 0.567

Metastasis to lateral 
lymph node of neck; 
n (%)

 Total 7 (11.5) 6 (85.7) 1 (14.3) 1.000 6 (85.7) 1 (14.3) 0 (0) 0.823
 Right 6 (9.8) 6 (100) 0 (0) 1.000 5 (83.3) 1 (16.7) 0 (0) 1.000
 Left 7 (11.5) 6 (85.7) 1 (14.3) 1.000 6 (85.7) 1 (14.3) 0 (0) 0.823

Capsular invasion; n (%) 22 (36.1) 18 (81.8) 4 (18.2) 0.443 8 (36.4) 11 (50.0) 3 (13.6) 0.001
Vascular invasion; N (%) 3 (4.9) 3 (100) 0 (0) 1.000 1 (50.0) 1 (50.0) 0 (0) 0.567
Extracapsular invasion; n (%) 1 (1.6) 1 (100) 0 (0) 1.000 1 (100) 0 (0) 0 (0) 1.000
Multifocal; n (%) 17 (27.9) 16 (94.1) 1 (5.9) 0.423 11 (68.8) 5 (31.3) 0 (0) 0.424
Postoperative thyroglobulin 

level (ng/ml); median [IQR]
0.30 [0.80] 0.23 [0.80] 0.55 [0.80] 0.194 0.20 [0.50] 0.77 [0.77] 0.95 [1.83] 0.002

Postoperative calcium levels 
(mg/dL); mean ± SD

8.04 ± 0.75 8.00 ± 0.75 8.10 ± 0.82 0.731 8.08 ± 0.59 7.92 ± 0.98 7.54 ± 0.73 0.275

Transient Hypoparathyroidism; 
n (%)

26 (44.8) 24 (92.3) 2 (7.7) 0.276 12 (48.0) 9 (36.0) 4 (16.0) 0.050
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extracapsular invasion (n = 1, P=0.05), vascular invasion 
(n=2, P=0.602), tumor size (1.90±1.18 vs. 2.03±1.15, 
for positive vs. negative CLN involvement, respectively; 
P=0.741), and post-op thyroglobulin (0.80 vs. 0.65ng/ml 
for positive vs. negative CLN involvement, respectively; 
Pearson correlation=0.746).

Postoperative thyroglobulin level was significantly associ-
ated with tumors size category, in which a significant increase 
in thyroglobulin was observed from T1 to T3 type patients. 
(P=0.002) The amount of thyroglobulin in T2 and T3 tumors 
was higher than in T1 tumors, and this amount was statisti-
cally significant (P = 0.018). But statistical analysis compar-
ing thyroglobulin levels did not show a significant difference 
between T2 and T3 (P = 0.875). Also, post-op thyroglobulin 
levels had no significant association with location of tumor 
(P=0.12); multifocality of tumor (P=0.520); extracapsular 
invasion (P=0.871); transient hypoparathyroidism (P=0.060); 
however, there was a significant association with size of tumor 
(Pearson correlation= 0.266; P=0.046), thyroid capsule inva-
sion (1.31 vs 0.47 for positive vs negative; P=0.028).

Following CLND in patients with PTC, it was found that 
26 (44.8%) of patients developed transient hypoparathyroidism 
and 32 patients (55.2%) had no hypo parathyroid complica-
tions. There was no significant association between transient 
hypoparathyroidism and the tumors size or staging. However, 
hypoparathyroidism was significantly associated with vascu-
lar invasion (P=0.048), bilateral location of tumor (P=0.048) 
or on the right side (0.005), and larger size of the tumor 
(P=0.016) (Table 5).

Discussion

Based on the controversies regarding the extent of CLND, 
especially among inexperienced surgeons, and the chance 
of nerve or extensive tissue damage, we conducted this 
study to evaluate the relationship between CLN involve-
ment and tumoral features. As demonstrated, none of the 
preoperative and tumor features had a significant associa-
tion with CLN involvement. Also, CLN involvement had 
no significant association with the features when catego-
rized by AJCC or TNM criteria. Only higher T staging was 
associated with higher capsular invasion and thyroglobulin 
levels. Therefore, based on our results, we believe that 
preoperative prediction of CLN involvement based on 
current criteria and guidelines is not accurate and further 
large database and multicentral studies are required to 
obtain more detailed conclusions into this matter. On the 
other hand, based on permanent pathological evaluation, 
the majority of patients, including 48 (78.7%), had CLN 
involvement. Based on our study, 75% of stage I and 100% 
of stage two case, and also 76.9% of T1, 86.7% of T2, and 
80.0% of T3 cases had CLN involvement. Furthermore, the 
involved to dissected CLN ratio was significantly higher 
in stage II patients compared to stage I (72.5 vs. 34.8%), 
and also with higher T staging. Although no statistically 
significance was achieved between CLN involvement and 
tumor staging, the clinical importance and high CLN met-
astatic rate cannot be overlooked and we believe that this 
high involvement rate justifies the necessity of PCLND, 
even in low staging tumors.

Table 3  Evaluation of the size and lateralization of lymph nodes based on patients and tumoral features

Bold values indicate significant association
*Chi-square/Fisher’s exact test or Pearson correlation

Variables Central lymph node size

Right side; n = 61 P-value* Left size; n = 61 P-value*

Total; mm (range) 6.57 (0.4–27.0) – 6.77 (0.06–26.4) –
Gender; n (%)  Male 2.74 0.069 2.90 0.055

 Female 7.42 7.6
Location of tumor; n (%)  Right 4.87 0.844 5.04 0.844

 Left 9.24 0.512 9.52 0.494
 Bilateral 7.54 0.744 7.61 0.757
 Isthmus 0.67 0.464 1.30 0.499

Multifocal; n (%)  Yes 4.63 0.308 4.67 0.264
 No 4.67 7.58

Hypo parathyroid; n (%)  Yes 4.83 0.395 4.90 0.338
 No 6.86 7.16

Thyroglobulin level; (ng/mL) 6.57 0.874 6.77 0.893
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PCLND is generally indicated to prophylactically remove 
occult metastasis to reduce recurrence and possible morbid-
ity from reoperation. Also, PCLND is utilized to plan adju-
vant radioiodine (RAI) therapy through accurately assessing 
the pathologic stage, and allow for circumvention of suc-
ceeding routine RAI therapy for clinically unknown nodes 
of the neck through confirmation of cN0 of the neck [27, 
28] PCLND may also have a role in patients with aggres-
sive primary tumors or higher risk primary tumors, such as 
those with extrathyroidal extension (T3 or T4) or diffuse 
sclerosing, insular, or poorly differentiated tumors. [29] Oh 
et al. showed that even when preoperative work up revealed 
a cN0 neck, male sex and young age (40 years) were more 
frequently found to have large-volume lymph node metas-
tasis [30]. PCLND was also advised in a consensus report 
by the European Society of Endocrine Surgeons for patients 
with larger tumors (T3 or T4), those who were older than 45 
or younger than 15, men, patients with bilateral or multifo-
cal tumors, or those who had known lateral cervical neck 
disease [31]. Reduce recurrence is another reason to perform 
PCLDN during primary surgery, as shown by a recent meta-
analysis that found PCLND with thyroidectomy appears to 
significantly lower locoregional recurrence compared with 
total thyroidectomy alone [28]. Studies have shown that this 
procedure can be carried out safely by skilled surgeons at 
high-volume centers with low morbidity, despite the pos-
sibility of an increased risk of parathyroid and nerve injury 
[32]. In comparison to initial surgery, reoperative surgery for 
recurrent PTC in the central compartment typically results 
in more morbidity for the parathyroid glands and the recur-
rent laryngeal nerve [33, 34]. A select group of patients who 
would benefit from avoiding the need for reoperative surgery 
may benefit from PCLND. [35].

Lymphadenectomy is the best treatment when LN 
metastasis is clearly present on physical examination, or 
LN involvement is found on ultrasound [36]. But since LN 
involvement does not occur in all patients with PTC, not all 
patients benefit from this strategy, and there are conflicting 
results on this issue [37–39]. Surgeons who choose PCLND 
emphasize that metastasis is found in 50 to 80% of patients 
who are cN0 and that their resection reduces recurrence. 
On the other hand, adversaries of this method believe that 

routine dissection is unnecessary because the recurrence 
rate is only 1.4%, and the 5 year mortality rate is 0.9 to 
17% [24]. Some surgeons recommend thyroidectomy alone 
in PTC without evidence of central and lateral LN involve-
ment, and reoperation for LN dissection if the LNs become 
enlarged during follow-up, which usually occurs in 10–15% 
of patients. [14]. Opponents of this method argue that reop-
eration for CLND is accompanied by a higher recurrence 
rate and risk than primary CLND due to postoperative scar-
ring and abnormal central neck anatomy after thyroidec-
tomy [40, 41]. Some surgeons recommend routine removal 
of CLNs in the neck simultaneously as primary total thy-
roidectomy for PTC, intending to reduce the risk of recur-
rence and clean the central compartment so that reoperation 
would not be required in the dissected area [19, 40, 41]. 
The operation gained so many supporters that the 2006 Thy-
roid Association Guideline made significant changes, which 
recommended that all patients undergoing thyroidectomy 
for PTC, CLND be performed regardless of whether the 
LNs are enlarged [21]. The American Thyroid Association 
guideline, revised in 2009, states that PCLND (epithelial or 
bilateral) be performed in patients with cN0 PTC, especially 
for advanced (such as T3, T4, and grade C). However, this 
guideline recommends that due to the increase in morbid-
ity, this surgery should be performed only among experi-
enced surgeons [20]. Unfortunately, CLND in the neck has 
significant complications, even in the hands of experienced 
surgeons [42, 43]. The location of the CLNs in the neck in 
the tracheoesophageal groove puts the recurrent laryngeal 
nerves at risk of injury. In addition, large LNs may mimic 
healthy parathyroid tissue with the same blood supply. Some 
studies have shown that CLND of the neck is associated 
with an increase in postoperative hypoparathyroidism [44] 
and increases in surgery duration [14, 41, 43, 45, 46]. Our 
high-volume center is among the main center performing 
endocrine surgery centers, while also routinely performing 
exercising the PCLND technique in PTC patients. Based on 
our report, only 26 (44.8%) of patients developed transient 
hypoparathyroidism, which resolved shortly after during 
follow-ups. We also demonstrated that our cases of transient 
hypoparathyroidism were significantly associated with vas-
cular invasion, bilateral or right-side location of tumor, and 

Table 4  Evaluation of the lateralization of the tumor with the involved central lymph node side

Bold values indicate significant association
*Chi-square/Fisher’s exact test

Tumor location Central lymph node involvement

Right; n = 44 P-value Left; n = 32 P-value* Bilateral; n = 28 P-value*

Right; n = 38 28 (73.7%) 0.728 15 (39.5%) 0.009 13 (34.2%) 0.019
Left; n = 32 22 (68.8%) 0.536 19 (59.4%) 0.256 16 (50.0%) 0.500
Bilateral; n = 16 10 (62.5%) 0.344 6 (37.5%) 0.163 5 (31.3%) 0.171
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larger size of the tumor. In cases in which bilateral CLND 
cannot be performed either due to the patients or the sur-
geons features, ipsilateral CLND can be a good alternative 
to bilateral CLND in PTC cases with cN0-CLNs because its 
short-term oncological outcome is similar to bilateral CLND 
and the risk of complications is lower [15–19], however, 
bilateral metastasis can still occur in 20–50% of patients 
[16–18, 47].

The secondary purpose of this study was to answer the 
question of whether unilateral central lymphadenopathy 
can be appropriate and sufficient for patients with PTC 
cancer, in which based on our study, bilateral central lym-
phadenectomy is recommended. Our results generally 
showed no notable pattern of CLN involvement based on 
the tumors location. Furthermore, no association between 
CLN involvement and tumoral features including multi-
focal tumor, Intra/extracapsular invasion, vascular inva-
sion, tumor size, and postop thyroglobulin. Also, post-
operative thyroglobulin level was significantly associated 
with thyroid capsule invasion and tumors size category, in 
which a significant increase in thyroglobulin was observed 
from T1 to T3 type patients. Although some studies have 
reported tumor size can be an independent risk factor for 
CLN metastasis [16] .In a study by Chen et al., bilateral 
CLN metastasis was significantly associated with initial 
tumor size (above 1 cm), capsular invasion, peritracheal 
LN metastasis, and lateral and ipsilateral CLN metastasis. 
In contrast, age, sex, and location of the tumor were not 

associated with bilateral CLN metastasis [48]. Another 
study reported that tumor foci did not affect LN metastasis 
in smaller than 1 cm tumors [17]. The study by Zhang et al. 
showed that extrathyroid expansion and tumor size were 
independent risk factors for ipsilateral CLN metastasis; on 
the other hand, ipsilateral metastasis was an independent 
risk factor for CLN metastasis [49]. In a study by Yoon 
Kyoung et al. among 551 patients, 202 (37%) had sub-
clinical CLN metastasis. Male gender, multifocal tumor, 
and extrathyroidal tumor were independent predictors of 
subclinical central metastasis. Significant risk factors for 
recurrence of the disease were reported to be the number 
of LN metastases (more than 10) and LN metastases with 
extracapsular expansion and measured thyroglobulin levels 
[50]. Significant risk factors for disease recurrence were 
reported, including the number of LN metastases (more 
than 10) and LN metastases with extracapsular expansion 
and measured thyroglobulin levels 6–12  months after 
initial treatment [51]. In a study by Jiang et al., latent 
metastasis to the CLNs was observed in 52.41% (533 out 
of 1017) PTCs. Multivariate analysis showed that age of 
35 years and younger, tumor size above 1.5 cm, capsular 
or extracapsular invasion, tumors located in the upper and 
middle border bridge, and tumors located throughout the 
total thyroid lobe were risk factors for central LN metas-
tasis. [52] Ito et al. study showed that CLN metastasis was 
observed in 63% of patients, and the frequency increased 
in relation to tumor size. The prevalence of lateral LN 

Table 5  Evaluation of transient 
hypoparathyroidism among 
papillary thyroid cancer patients 
undergoing total thyroidectomy 
and bilateral central lymph node 
dissection

Bold values indicate significant association
AJCC: American Joint Committee on Cancer; SD: Standard deviation
* Chi-Square/ Fisher’s exact test for categorical values and independent sample t-test for continues values

Variables Hypoparathyroidism P-value*

Yes; n = 26 No; n = 32

Age (years); mean ± SD 35.15 ± 12.27 38.13 ± 15.05 0.421
Gender  Male 3 (27.3) 8 (72.7) 0.314

 Female 23 (48.9) 24 (51.1)
Location of tumor  Right 22 (59.5) 15 (40.5) 0.005

 Left 13 (44.8) 16 (55.2) 1.000
 Bilateral 10 (66.7) 5 (33.3) 0.048
 Isthmus 3 (42.9) 4 (57.1) 1.000

AJCC Staging  I 24 (48.0) 26 (52.0) 0.276
 II 2 (25.0) 6 (75.0)

Tumor size group  T1 12 (33.3) 24 (66.7) 0.050
 T2 9 (60.0) 6 (40.0)
 T3 4 (80.0) 1 (20.0)

Multifocality; n (%) 10 (38.5) 7 (21.9) 0.168
Extranodul; n (%) 2 (100) 0 (0) 0.497
Vascular invasion; n (%) 3 (11.5) 0 (0) 0.048
Thyroid capsule invasion; n (%) 11 (42.3) 10 (31.3) 0.384
Size of tumor (mm); mean ± SD 2.37 ± 1.30 1.61 ± 0.98 0.016
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metastasis was 62%, which was also directly related to 
tumor size. In multivariate analysis of tumors larger than 
1 cm, CLN metastasis was a predictor of survival. The 
frequency of parathyroid metastases on the opposite side 
of the tumor was significantly higher in tumors larger than 
1 cm, but metastasis to this region did not independently 
predict worse survival. [53].

Among the limitations of our study is the short follow-up 
and small sample size, along with the single institutional 
nature of our research. More extensive multicentral studies 
are required to obtain further data and utilize multivariate 
regression analysis to distinguish risk factors for metastasis 
in thyroid cancer patients.

Conclusion

PCLND is a controversial matter, but in the hands of expert 
surgeons and in high-volume center, we believe that the ben-
efits outweigh its risks. Based on our study, 75% of stage I 
and 100% of stage two case, and also 76.9% of T1, 86.7% 
of T2, and 80.0% of T3 cases had CLN involvement. CLN 
involvement had no significant association with the features 
when categorized by AJCC or TNM criteria, while also none 
of the preoperative and tumor features had a significant asso-
ciation with CLN involvement. However, the clinical impor-
tance and high CLN metastatic rate cannot be overlooked 
and we believe that this high involvement rate justifies the 
necessity of PCLND, even in low staging tumors. Further-
more, since tumor location was not associated with CLN 
involvement features, bilateral CLND should be carried out 
to avoid reoperation or metastasis in PTC patients.
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