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Abstract

The aim of this study was to evaluate preoperatively identifiable clinical and ultrasono-
graphic characteristics associated with central lymph node metastasis (CLNM) in clinically
node negative papillary thyroid carcinoma (PTC) patients. Records of the patients who
underwent thyroidectomy with prophylactic central lymph node dissection due to clinically
node negative PTC (size, 1.0-3.0 cm) were reviewed. Of a total of 174 patients, 71 (40.8%)
had CLNMs. CLNM was more associated with capsule invasion than capsule non-invasion
on ultrasonography (68.4% vs. 37.4%, p = 0.009). In the 155 patients without capsule inva-
sion, a distance from the capsule < 1.9 mm was associated with CLNM in univariable (p =
0.002) and multivariable analysis (p < 0.001). Any PTC patient with a distance from the cap-
sule > 1.9 mm did not have CLNM whereas 40.8% (58/142) of PTC patients with a distance
from the capsule < 1.9 mm had CLNM. CLNM was not associated with age, gender, or
tumor size on ultrasonography. Distance from capsule > 1.9 mm on preoperative ultraso-
nography was a significant indicator for not having CLNM in clinically node negative PTC
patients. Measuring distance from the capsule on preoperative ultrasonography images
could help select patients with PTC who could benefit from prophylactic central lymph node
dissection.

Introduction

Papillary thyroid carcinoma (PTC) is the most common endocrine malignancy worldwide,
and its prognosis is usually favorable. However, some patients with PTC have a poor prognosis
and develop local recurrence and distant metastases, and may die from the disease [1].The
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presence of central lymph node metastases (CLNM) is especially regarded as a risk factor for
the persistence of disease, locoregional recurrence, distant metastases, and reduced survival
rates [2, 3]. Therefore, preoperative detection of CLNM may potentially contribute to an
improved prognosis for PTC.

Although ultrasonography is useful in the diagnosis of thyroid pathology, it is difficult to
predict CLNM with ultrasonography. For the prediction of CLNM, the sensitivity of ultraso-
nography is low, with estimates of 38-59% [4-6], and a significant number of patients with
CLNM are categorized into clinically node negative (cNO). Likewise, CLNM in these cNO
patients is common, ranging from 52 to 64% [7, 8]. In this regard, previous studies have
attempted to predict CLNM by evaluating clinicopathological characteristics, rather than by
detecting CLNM itself [5, 9, 10]. However, such risk factors for CLNM, which include extra-
thyroidal extension, multifocality, lymphovascular invasion, and genetic mutations, cannot be
predicted preoperatively and are therefore of little use in determining surgical extent.

In this study, we investigated whether CLNM in cNO PTC patients can be predicted by
using preoperatively identifiable clinical and ultrasonographic features, including age, gender,
tumor size, and the distance between the tumor and thyroid capsule.

Patients and methods

The study was a retrospectively study and approved by the Institutional Review Board of Seoul
Metropolitan Government Seoul National University Boramae Medical Center.

Patients

Consecutive patients with solitary PTC (size, 1.0-3.0 cm) who underwent thyroidectomy com-
bined with elective prophylactic central lymph node dissection (pCND) at Seoul National Uni-
versity Boramae Medical Center from January 2010 to December 2016 were eligible for this
study. Tumors smaller than 1.0 cm or larger than 3.0 cm were excluded because pCND is not
recommended for the tumors smaller than 1.0 cm, and routine pCND should be considered
for the tumors larger than 3.0 cm. Medical records and ultrasonography images of patients
were retrospectively reviewed. Preoperative ultrasonography was performed on all of the study
patients. Ipsilateral pCND was performed routinely on the affected side and bilateral pPCND
was performed for PTCs in the isthmus. Patients were classified ascNO when there was no evi-
dence of central lymph node enlargement on ultrasonography or physical examination. To
ensure an adequate pCND specimen, those patients with less than three CLNs were excluded.
Patients with a variant of PTC, multifocal PTC, or lateral lymph node metastases were also
excluded.

Ultrasonography findings

All of the enrolled patients were investigated by ultrasonography (iU22 system, Philips, Seattle,
WA, USA) within the 60 days before surgery. One clinician (C.Y.S.) and one neuroradiologist
(S.W.P.) blinded to the clinical information independently retrospectively reviewed the preop-
erative ultrasonography images. When either the clinician or radiologist identified a case as
having indefinite measurements, it was reviewed by both of them working together. The most
recent ultrasonography record was selected if preoperative ultrasonography had been per-
formed more than once.

The tumor size was defined as the longest diameter in three dimensions and the distance
from the capsule was defined as the shortest distance from the tumor border to the thyroid
capsule or trachea on transverse and longitudinal views (Fig 1). The distance from the capsule
was recorded as 0 mm when the tumor abutted the thyroid capsule or trachea. The distance
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Fig 1. Tumor size and distance from capsule. Measurement of tumor size (dotted line) and distance from capsule
(double headed arrow) on ultrasonography images.

https://doi.org/10.1371/journal.pone.0200166.9001

was recorded as capsule invasion when the tumor invaded the thyroid capsule or trachea on
ultrasonography.

Statistical analysis

Continuous variables were expressed as the mean with standard deviation. Categorical vari-
ables were compared using chi-square (X?) or Fisher’s exact tests. Dichotomous distribution of
the data with the tumor size and the distance from capsule were chosen arbitrarily. Multivari-
able analysis was performed using binary logistic regression. The odds ratios (ORs) and 95%
CI were reported for significant differences. A p value < 0.05 was considered to indicate statis-
tical significance. The statistical analysis was performed using SPSS version 20 (IBM Corpora-
tion, Armonk, NY, USA).

Results
Clinicopathological characteristics

A total of 174 patients (145 females and 34 males) were enrolled in the study (Table 1). Sev-
enty-one (40.8%) patients had CLNM. The mean age was 51.7 £ 14.1 years. The mean tumor
size was 1.5 £ 0.5 cm (range, 1.0-3.0). The mean number of retrieved lymph nodes was

5.0 £ 4.0, and the mean number of metastatic lymph nodes in CLNM positive patients was
1.2+2.3.

Association between central lymph node metastasis and tumor size or
distance from capsule

Tumor size and distances from the capsule on ultrasonography are shown in Fig 2. Tumor size
on ultrasonography was not completely matched to the pathologic size, and ranged 0.4 cm to
3.7 cm. Tumors with capsule invasion are shown separately. There were 19 (10.9%) patients
with capsule invasion on ultrasonography. Table 2 demonstrates that CLNM was more associ-
ated with capsule invasion than with capsule non-invasion (68.4% vs. 37.4%, p = 0.009).
Excluding the 19 patients with capsule invasion on ultrasonography, the associations between
CLNM and ultrasonographic findings were analyzed in 155 patients without capsule invasion
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Table 1. Clinicopathological characteristics of the study patients.

Total (n=174)

Age, years 51.7 £ 14.1
<55 103 (59.2%)
>55 71 (40.8%)
Gender
Female 140 (80.5%)
Male 34 (19.5%)
Tumor size, cm 1.5+£05

Tumor location

Right lobe 97 (55.7%)

Left lobe 69 (39.7%)

Isthmus 8 (4.6%)
Type of surgery

Total thyroidectomy 105 (60.3%)

Thyroid lobectomy 69 (39.7%)
Number of retrieved lymph nodes (mean + SD) 50+4.0
Number of metastatic lymph nodes (mean + SD) 1.2+23
Central lymph nodes metastasis

Absent 103 (59.2%)

Present 71 (40.8%)

https://doi.org/10.1371/journal.pone.0200166.t001

(Table 3). In these patients, CLNM was not associated with age, gender or tumor size on
ultrasonography. CLNM was more common in the PTC patients with a distance from the
capsule < 1.9 mm (p = 0.002). Any PTC patient with a distance from the capsule > 1.9 mm
did not have CLNM whereas 40.8% (58/142) of PTC patients with a distance from the
capsule < 1.9 mm had CLNM. In multivariable logistic regression analysis (Table 4), distance
from the capsule < 1.9 mm was an independent risk factor of CLNM. Age, gender, or tumor
size was not associated with CLNM.

Discussion

ATA guidelines recommend the preoperative evaluation of neck lymph nodes by ultrasonog-
raphy for all patients with biopsy-proven thyroid carcinoma [11]. The accuracy of ultrasonog-
raphy in the detection of lateral neck lymph node metastases is well recognized [12].However,
the sensitivity of ultrasonography for detecting CLNM in patients with PTC is low and variable
[5, 12, 13]. This is because air in the trachea and complex structures in the clavicle and sternum
may make it difficult for ultrasonography to detect CLNM.

Previous studies have reported several risk factors for CLNM in PTC patients such as an
age younger than 55, male sex, large tumor size, extrathyroidal extension, multifocality, lym-
phovascular permeation, capsular invasion, and BRAF®%F mutation [9, 14-16]. However,
many of these risk factors are identified postoperatively. In this study, by contrast, we used
only clinical and ultrasonographic findings to demonstrate risk factors for CLNM without
using other additional modality requirements. It is notable that we used the distance between
the tumor and capsule on ultrasonography to predict CLNM.

In fact, extrathyroidal extension is closely related to the presence of both capsular abutment
and CLNM [17, 18]. Therefore, it was reasonable to speculate that an association exists
between the distance from capsule and CLNM, which was shown to be the case in this study.
Tumor location on the thyroid capsule was also emphasized in an observational trial
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Fig 2. Tumor size and the distance from capsule on ultrasonography images. Tumors with capsule invasion are

shown separately.

https://doi.org/10.1371/journal.pone.0200166.g002

conducted in Japan [19]. In that study, tumor location on the surface of the thyroid or adjacent
to the trachea was considered an unfavorable feature, and the patients with this feature were

Table 2. Central lymph nodal status according to capsule invasion on ultrasonography.

Capsule invasion (-) Capsule invasion (+) p value
CLNM (-) 97 (62.6%) 6 (31.6%) 0.009
CLNM (+) 58 (37.4%) 13 (68.4%)

https://doi.org/10.1371/journal.pone.0200166.t002
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Table 3. Central lymph nodal status of the tumor without capsule invasion according to age, gender, and ultraso-
nographic findings.

CLNM negative CLNM positive p value
(n=97) (n=58)
Age, years
<55 51 (52.6%) 38 (65.5%) 0.133
> 55 46 (47.4%) 20 (34.5%)
Gender
Female 81 (83.5%) 45 (77.6%) 0.361
Male 16 (16.5%) 13 (22.4%)
Tumor size on ultrasonography
<2cm 83 (85.6%) 43 (74.1%) 0.077
>2cm 14 (14.4%) 15 (25.9%)
Distance from capsule
<1.9mm 84 (86.6%) 58 (100.0%) 0.002
> 1.9 mm 13 (13.4%) 0 (0.0%)

https://doi.org/10.1371/journal.pone.0200166.t003

excluded from the observational trial [19]. In the present study, any PTC patient with a dis-
tance from the capsule> 1.9 mm on ultrasonography did not have CLNM, suggesting that a
distant location of the PTC from the capsule is a strong indicator of the absence of CLNM. The
results suggest that pCND is unnecessary in cNO PTC patients when the distance from the cap-
sule is > 1.9 mm.

Tumor size is well known as a risk factor for CLNM, and previous studies have reported
thresholds for tumor size associated with CLNM. A tumor size of 0.5 to 2cm was shown to be
associated with occult CLNM in the studies, but the incidence of CLNM in cases with a tumor
size smaller than the suggested threshold was still considerable, ranging from 26-55% [7, 20,
21]. Likewise, 19.1% (18/94) of patients with a tumor size < 8 mm still had CNLM in this
study, although a tumor size > 8 mm was identified as an independent risk factor for CLNM.
This result suggests that one should be careful in using tumor size to predict CLNM.

In this study, the rate of occult CLNM was 40.8%. The role of pCND in ¢NO PTC patients is
controversial, with the current ATA guidelines not recommending routine pCND [22].The
reason for this is that although performing pCND could detect occult CLNM, it has not been
associated with improvement in recurrence or survival rates [23-25]. Additionally, patients
undergoing central compartment neck dissection have been shown to suffer greater rates of
morbidity, such as hypocalcemia and vocal cord paralysis, and there was also a cost-effective-
ness disadvantage in comparison to patients who underwent total thyroidectomy alone [25-
27]. Thus, a more selective approach is necessary to determine the requirement for pCND in
patients with PTC. According to the results of this study, occult CLNM was associated with a
distance from the capsule < 1.9 mm. Succinctly, patients did not harbor CLNM when the

Table 4. Multivariate analysis of factors associated with central lymph node metastasis.

Age > 55
Male gender
Tumor size on ultrasonography > 2cm

Distance from capsule< 1.9 mm
* Not available.

https://doi.org/10.1371/journal.pone.0200166.t004

Odds ratio 95% confidence interval p value
0.593 0.294-1.197 0.145
1.599 0.666-3.842 0.294
2.034 0.869-4.759 0.102
n.a’ n.a® < 0.001
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distance from the capsule was > 1.9 mm, indicating that pCND should not be considered in
such patients.

This study has limitations because of its retrospective design. First, the ultrasonographic
images were retrospectively reviewed; thus, there is the possibility that tumor size and distance
from the capsule measured in the study were different from the actual size and distance. How-
ever, tumor images in which the tumor is the largest are usually saved as representative images,
and the distance from the capsule is usually the shortest in the representative image when the
tumor is seen to be the largest. Therefore, we believe that the size and the distance measured
on the ultrasonography images were almost the same as the actual tumor size and the distance,
although we do believe prospective study is necessary to evaluate the distance correctly. Sec-
ond, the number of the nodules investigated was relatively small; thus variables such as loca-
tion and combined thyroiditis could not be analyzed. Third, the criteria 1.9 mm is not easy to
use in the clinical practice. More practical distance should be found in the future studies. Fur-
ther studies with larger number of nodules in multiple institutes are necessary to suggest more
easily applicable criteria.

Conclusions

In conclusion, a distance from the capsule < 1.9 mm was associated with CLNM in cNO PTC
patients. This finding may be helpful for surgeons making the decision on whether to perform
PCND in such patients. Further prospective studies with a larger number of patients might be
necessary.

Acknowledgments
We would like to thank Han Mo Sung and Ye Rang Cho for data collection.

Author Contributions

Conceptualization: Chan Yong Seong, Young Jun Chai.

Data curation: Sang Mok Lee, Su-jin Kim.

Investigation: Young Jun Chai, June Young Choi.
Methodology: Ki-Tae Hwang, Sun-Won Park.

Supervision: Young Jun Chai, Kyu Eun Lee, Ka Hee Yi.
Validation: Young Jun Chai.

Writing - original draft: Chan Yong Seong.

Writing - review & editing: Chan Yong Seong, Young Jun Chai.

References

1. Pelizzo MR, Toniato A, Grigoletto R. Surgical treatment of papillary thyroid carcinoma: Uni- and multi-
variate analysis of prognostic factors (TNM staging system included). J Exp Clin Canc Res.1997;
16:261-265.

2. Chow SM, Law SCK, Chan JKC, Au SK, Yau S, Lau WH. Papillary microcarcinoma of the thyroid—
Prognostic significance of lymph node metastasis and multifocality. Cancer. 2003; 98:31—-40. https://
doi.org/10.1002/cncr.11442 PMID: 12833452

3. Lundgren ClI, Hall P, Dickman PW, Zedenius J. Clinically significant prognostic factors for differentiated
thyroid carcinoma—A population-based, nested case-control study. Cancer.2006; 106:524—-531.
https://doi.org/10.1002/cncr.21653 PMID: 16369995

PLOS ONE | https://doi.org/10.1371/journal.pone.0200166  July 17,2018 7/9


https://doi.org/10.1002/cncr.11442
https://doi.org/10.1002/cncr.11442
http://www.ncbi.nlm.nih.gov/pubmed/12833452
https://doi.org/10.1002/cncr.21653
http://www.ncbi.nlm.nih.gov/pubmed/16369995
https://doi.org/10.1371/journal.pone.0200166

@° PLOS | ONE

Significance of distance between tumor and thyroid capsule

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

Khokhar MT, Day KM, Sangal RB, Ahmedli NN, Pisharodi LR, Beland MD, et al.Preoperative High-Res-
olution Ultrasound for the Assessment of Malignant Central Compartment Lymph Nodes in Papillary
Thyroid Cancer. Thyroid.2015; 25:1351-1354. https://doi.org/10.1089/thy.2015.0176 PMID: 26431908

Kim E, Park JS, Son KR, Kim JH, Jeon SJ, Na DG. Preoperative diagnosis of cervical metastatic lymph
nodes in papillary thyroid carcinoma: comparison of ultrasound, computed tomography, and combined
ultrasound with computed tomography. Thyroid.2008; 18:411—418. https://doi.org/10.1089/thy.2007.
0269 PMID: 18358074

Choi JS, Chung WY, Kwak JY, Moon HJ, Kim MJ, Kim EK. Staging of papillary thyroid carcinoma with
ultrasonography: performance in a large series. Ann Surg Oncol.2011; 18:3572-3578. https://doi.org/
10.1245/s10434-011-1783-3 PMID: 21594702

Ito Y, Fukushima M, Higashiyama T, Kihara M, Takamura Y, Kobayashi K, et al. Tumor size is the stron-
gest predictor of microscopic lymph node metastasis and lymph node recurrence of NO papillary thyroid
carcinoma. Endocr J. 2013; 60:113-117. PMID: 22972223

Jiang LH, Chen C, Tan Z, Lu XX, Hu SS, Wang QL, et al.Clinical Characteristics Related to Central
Lymph Node Metastasis in cNO Papillary Thyroid Carcinoma: A Retrospective Study of 916 Patients.
IntJ Endocrinol. 2014; 2014:385787.

Lang BHH, Chai YJ, Cowling BJ, Min HS, Lee KE, Youn YK. Is BRAF(V600E) mutation a marker for
central nodal metastasis in small papillary thyroid carcinoma? Endocr-Relat Cancer.2014; 21:285-295.
https://doi.org/10.1530/ERC-13-0291 PMID: 24402044

Leboulleux S, Rubino C, Baudin E, Caillou B, Hartl DM, Bidart JM, et al.Prognostic factors for persistent
or recurrent disease of papillary thyroid carcinoma with neck lymph node metastases and/or tumor
extension beyond the thyroid capsule at initial diagnosis. J Clin Endocr Metab.2015; 90:5723-5729.

Haugen BRM, Alexander EK, Bible KC, Doherty G, Mandel SJ, Nikiforov YE, et al.2015 American Thy-
roid Association Management Guidelines for Adult Patients with Thyroid Nodules and Differentiated
Thyroid Cancer. Thyroid.2015; 26:1-133.

Na DK, Choi YJ, Choi SH, Kook SH, Park HJ. Evaluation of cervical lymph node metastasis in thyroid
cancer patients using real-time CT-navigated ultrasonography: preliminary study. Ultrasonogra-
phy.2015; 34:39—44. hitps://doi.org/10.14366/usg.14030 PMID: 25327528

Ito Y, Jikuzono T, Higashiyama T, Asahi S, Tomoda C, Takamura Y, et al. Clinical significance of lymph
node metastasis of thyroid papillary carcinoma located in one lobe. World J Surg.2006; 30:1821-1828.
https://doi.org/10.1007/s00268-006-0211-5 PMID: 16983469

Suman P, Wang CH, Abadin SS, Moo-Young TA, Prinz RA, Winchester DJ. Risk factors for central
lymph node metastasis in papillary thyroid carcinoma: A National Cancer Data Base (NCDB) study. Sur-
gery.2016; 159:31-39. https://doi.org/10.1016/j.surg.2015.08.032 PMID: 26435436

Siddiqui S, White MG, Antic T, Grogan RH, Angelos P, Kaplan EL, et al. Clinical and Pathologic Predic-
tors of Lymph Node Metastasis and Recurrence in Papillary Thyroid Microcarcinoma. Thyroid.2016;
26:807-815. https://doi.org/10.1089/thy.2015.0429 PMID: 27117842

Sun W, Lan XB, Zhang H, Dong WW, Wang ZH, He L, et al. Risk Factors for Central Lymph Node
Metastasis in CNO Papillary Thyroid Carcinoma: A Systematic Review and Meta-Analysis. PloS
one.2015; 10:e0139021. https://doi.org/10.1371/journal.pone.0139021 PMID: 26431346

Kim JW, Roh JL, Gong G, Cho KJ, Choi SH, Nam SY, et al. Extent of Extrathyroidal Extension as a Sig-
nificant Predictor of Nodal Metastasis and Extranodal Extension in Patients with Papillary Thyroid Carci-
noma.Ann Surg Oncol.2016; 24;460—468. https://doi.org/10.1245/s10434-016-5594-4 PMID:
27654105

Kamaya A, Tahvildari AM, Patel BN, Willmann JK, Jeffrey RB, Desser TS.Sonographic Detection of
Extracapsular Extension in Papillary Thyroid Cancer. J Ultrasound Med.2015; 34:2225-2230. https://
doi.org/10.7863/ultra.15.02006 PMID: 26518279

Ito Y, Miyauchi A, Inoue H, Fukushima M, Kihara M, Higashiyama T, et al. An observational trial for pap-
illary thyroid microcarcinoma in Japanese patients. World J Surg.2010; 34:28-35. https://doi.org/10.
1007/500268-009-0303-0 PMID: 20020290

Roh JL, Kim JM, Park Cl.Central lymph node metastasis of unilateral papillary thyroid carcinoma: pat-
terns and factors predictive of nodal metastasis, morbidity, and recurrence. Ann Surg Oncol. 2011;
18:2245-2250. https://doi.org/10.1245/s10434-011-1600-z PMID: 21327454

Yang Y, Chen C, Chen Z, Jiang J, Chen Y, Jin L, et al. Prediction of central compartment lymph node
metastasis in papillary thyroid microcarcinoma. Clin Endocrinol.2014; 81:282-288.

Cooper DS, Doherty GM, Haugen BR, Kloos RT, Lee SL, Mandel SJ, et al. Revised American Thyroid
Association Management Guidelines for Patients with Thyroid Nodules and Differentiated Thyroid Can-
cer. Thyroid.2009; 19:1167-1214. https://doi.org/10.1089/thy.2009.0110 PMID: 19860577

PLOS ONE | https://doi.org/10.1371/journal.pone.0200166  July 17,2018 8/9


https://doi.org/10.1089/thy.2015.0176
http://www.ncbi.nlm.nih.gov/pubmed/26431908
https://doi.org/10.1089/thy.2007.0269
https://doi.org/10.1089/thy.2007.0269
http://www.ncbi.nlm.nih.gov/pubmed/18358074
https://doi.org/10.1245/s10434-011-1783-3
https://doi.org/10.1245/s10434-011-1783-3
http://www.ncbi.nlm.nih.gov/pubmed/21594702
http://www.ncbi.nlm.nih.gov/pubmed/22972223
https://doi.org/10.1530/ERC-13-0291
http://www.ncbi.nlm.nih.gov/pubmed/24402044
https://doi.org/10.14366/usg.14030
http://www.ncbi.nlm.nih.gov/pubmed/25327528
https://doi.org/10.1007/s00268-006-0211-5
http://www.ncbi.nlm.nih.gov/pubmed/16983469
https://doi.org/10.1016/j.surg.2015.08.032
http://www.ncbi.nlm.nih.gov/pubmed/26435436
https://doi.org/10.1089/thy.2015.0429
http://www.ncbi.nlm.nih.gov/pubmed/27117842
https://doi.org/10.1371/journal.pone.0139021
http://www.ncbi.nlm.nih.gov/pubmed/26431346
https://doi.org/10.1245/s10434-016-5594-4
http://www.ncbi.nlm.nih.gov/pubmed/27654105
https://doi.org/10.7863/ultra.15.02006
https://doi.org/10.7863/ultra.15.02006
http://www.ncbi.nlm.nih.gov/pubmed/26518279
https://doi.org/10.1007/s00268-009-0303-0
https://doi.org/10.1007/s00268-009-0303-0
http://www.ncbi.nlm.nih.gov/pubmed/20020290
https://doi.org/10.1245/s10434-011-1600-z
http://www.ncbi.nlm.nih.gov/pubmed/21327454
https://doi.org/10.1089/thy.2009.0110
http://www.ncbi.nlm.nih.gov/pubmed/19860577
https://doi.org/10.1371/journal.pone.0200166

@° PLOS | ONE

Significance of distance between tumor and thyroid capsule

23.

24,

25.

26.

27.

Moreno MA, Edeiken-Monroe BS, Siegel ER, Sherman SI, Clayman GL. In papillary thyroid cancer, pre-
operative central neck ultrasound detects only macroscopic surgical disease, but negative findings pre-
dict excellent long-term regional control and survival. Thyroid.2012; 22:347-355. https://doi.org/10.
1089/thy.2011.0121 PMID: 22280230

Wang TS, Cheung K, Farrokhyar F, Roman SA, Sosa JA. A meta-analysis of the effect of prophylactic
central compartment neck dissection on locoregional recurrence rates in patients with papillary thyroid
cancer. Ann SurgOncol.2013; 20:3477-3483.

Viola D, Materazzi G, Valerio L, Molinaro E, Agate L, Faviana P, et al. Prophylactic central compartment
lymph node dissection in papillary thyroid carcinoma: clinical implications derived from the first prospec-
tive randomized controlled single institution study. J ClinEndocrinol Metab.2015; 100:1316-1324.

Roh JL, Park JY, Il Park C. Total thyroidectomy plus neck dissection in differentiated papillary thyroid
carcinoma patients—Pattern of nodal metastasis, morbidity, recurrence, and postoperative levels of
serum parathyroid hormone. Ann Surg. 2007; 245:604—610. https://doi.org/10.1097/01 .sla.
0000250451.59685.67 PMID: 17414610

Seo GH, Chai YJ, Choi HJ, Lee KE. Incidence of permanent hypocalcaemia after total thyroidectomy
with or without central neck dissection for thyroid carcinoma: a nationwide claim study. Clin Endocri-
nol.2016; 85:483-487.

PLOS ONE | https://doi.org/10.1371/journal.pone.0200166  July 17,2018 9/9


https://doi.org/10.1089/thy.2011.0121
https://doi.org/10.1089/thy.2011.0121
http://www.ncbi.nlm.nih.gov/pubmed/22280230
https://doi.org/10.1097/01.sla.0000250451.59685.67
https://doi.org/10.1097/01.sla.0000250451.59685.67
http://www.ncbi.nlm.nih.gov/pubmed/17414610
https://doi.org/10.1371/journal.pone.0200166

