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ABSTRACT
Objective: This study investigated the factors associated with bilateral lateral lymph node (LN) metastasis in patients with unilateral papillary 
thyroid cancer.
Methods: The records of the patients who underwent total thyroidectomy with bilateral lateral neck dissection from 2009 to 2020 were inves-
tigated. Clinicopathologic characteristics of eligible patients were examined.
Results: Of 11 eligible patients, 72.8% had the primary tumor larger than 2 cm (18.2% larger than 4 cm), and central compartment metastasis 
was present in all patients at the time of the surgery. On the other hand, aggressive subtype, extranodal extension, and lymphovascular and 
perineural invasion were not identified in most of the patients. Furthermore, preoperative sonography detected all possible contralateral LN 
metastasis, while computed tomography missed contralateral metastasis in 1 patient.
Conclusion: A meticulous evaluation for contralateral LN metastasis using sonography is needed in unilateral papillary thyroid cancer patients 
with high risk factors.
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Introduction

Although papillary thyroid cancer (PTC) shows an excellent 
5-year survival rate of up to 92.8%, it commonly metasta-
sizes through lymphatic spread and the extent of lymph node 
(LN) involvement is one of the important prognostic factors 
for PTC.1-3 Cervical level VI is most frequently involved in PTC, 
followed by lateral LNs with a high rate of occult metastasis, 
and the 2015 American Thyroid Association guideline stated 
that the completeness of surgical resection is an important 
determinant of outcome, recommending compartmental node 
dissection for those with clinically evident nodal disease.4-6 
Unilateral PTC mostly metastasizes to ipsilateral LNs, and 
patients with bilobar involvement, isthmic tumors, male sex, 
or extrathyroidal extension (ETE) are at a higher risk of bilat-
eral cervical LN metastasis.7,8 Meanwhile, there are some rare 
cases in which unilateral PTC presents with bilateral lateral LN 
involvement without evidence of bilobar disease. Since lateral 
neck metastasis is significantly related to disease persistence 
and locoregional recurrence, it is important not to miss the 
possible contralateral lateral LN involvement even in unilateral 

PTCs. Therefore, we investigated the factors associated with 
bilateral lateral lymph node metastasis in patients with PTC 
confined to the unilateral lobe with review of the literature.

Methods

Patient Selection
We retrospectively reviewed the medical records of the 
patients who underwent total thyroidectomy with bilateral 
selective neck dissection for thyroid cancer from 3 different 
tertiary hospitals from January 1, 2009 to December 31, 2020. 
We also looked into the patients who had a primary total thy-
roidectomy with or without neck dissection and later under-
went subsequent neck dissection from our hospitals during 
follow-up. The inclusion criteria are as follows: (i) lymph node 
dissection for lateral neck compartments in both sides (at least 
one of the level II-V from each side) and (ii) histopathologic 
confirmation of unilateral thyroid cancer with bilateral meta-
static lateral neck nodes. The exclusion criteria are as follows: 
(i) thyroid malignancies other than PTC, (ii) bilateral or isthmus 
PTC, (iii) previous history of radiotherapy or previous thyroid 
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surgery from other hospitals, and (iv) presence of distant 
metastasis.

For the preoperative evaluation, all patients underwent neck 
computed tomography and/or ultrasonography (US) to assess 
the primary tumor and nodal involvement. When needed, fine-
needle aspiration was done for the suspicious lymph nodes to 
determine the extent of surgery. This study was approved by 
Ethics Committee of Korea University Guro Hospital (Approval 
No: 2022GR0257, Date: 23.06.2022), and informed consent 
was waived because of the retrospective nature of the study 
and the analysis used anonymous clinical data.

Pathology
The following information was obtained from the pathology 
reports: laterality of the tumor, tumor size (largest diameter), 
tumor multiplicity, extent of tumor (extrathyroidal extension), 
presence of lymphovascular or perineural invasion, extranodal 
extension, other thyroid pathology, and the number of har-
vested and metastatic lymph nodes from each anatomic neck 
level. Lymph node ratio (LNR) from ipsilateral and contralateral 
LNs was defined as the ratio of metastatic nodes to harvested 
nodes on each side.

Results

Patient Characteristics
About 67 patients underwent total thyroidectomy with bilat-
eral lymph node dissections, including lateral neck nodes, dur-
ing the study period, and 56 patients were ruled out under the 
exclusion criteria. Out of 11 enrolled patients, 3 patients were 
male and 8 patients were female, and the mean age at the time 
of surgery was 67.0 years (range 21-79 years). Six patients 
(54.5%) were under 45 years at the time of surgery, and 2 
patients underwent multiple surgeries during the follow-up 
period (Table 1). About 8 patients received radioactive iodine 
treatment after surgery, and 3 patients were referred to other 
hospitals for further treatment.

Extent of Surgery and Distribution of Pathologic Lymph 
Nodes
The extent of neck dissection is summarized in Table 2. The 
pathologic report of 1 patient did not specify anatomic levels 
of pathologic LNs, so the reports of the remaining 10 patients 
were analyzed for the distribution of pathologic LNs. Among 
lateral LNs, pathologic LNs were mostly found in ipsilateral 

Main Points

• Clinicopathologic characteristics of bilateral lateral lymph 
node (LN) metastasis in unilateral papillary thyroid cancer 
(PTC) were examined.

• All patients had central LN metastasis at the time of the 
surgery, and 72.8% of the patients had primary tumor larger 
than 2 cm.

• Aggressive subtype, gross extrathyroidal extension, and lym-
phovascular and perineural invasion, which are known to 
increase nodal metastasis in PTC, were not present in most 
of the patients.

• Preoperative ultrasonographic examination detected all pos-
sible contralateral lateral LN metastasis, while computed 
tomography missed some of the contralateral metastasis.

Table 1. Patient Demographics and Histopathologic 
Characteristics
Characteristics n (%), n = 11
Age, mean(range), years 67.0 (21-79)
 <45 years 6 (54.5)
 ≥45 years 5 (45.5)
Sex
 Male 3 (27.3)
 Female 8 (72.7)
Number of surgeries during follow-up 
period
 Single 9 (81.8)
 Multiple 2 (18.2)
Tumor multiplicity
 Yes 3 (27.3)
 No 8 (72.7)
Largest tumor size (mean ± SD) 2.75 ± 1.30 cm
 ≥2 cm 8 (72.7)
 <2 cm 3 (27.3)
Aggressive variant
 Diffuse sclerosing variant 1 (9.1)
Gross extrathyroidal extension
 Present 2 (18.2)
 Absent 9 (71.8)
Lymphatic invasion
 Present 3 (27.3)
 Absent 8 (72.7)
Vascular invasion
 Present 0 (0.0)
 Absent 11 (100.0)
Perineural invasion
 Present 1 (9.1)
 Absent 10 (90.9)
Ipsilateral lymph node ratio* (mean ± SD) 0.42 ± 0.22
Contralateral lymph node ratio*  
(mean ± SD)

0.23 ± 0.13

Central node metastasis (level VI or VII)
 Present 11 (100.0)
 Absent 0 (0.0)
Extranodal extension
 Present 6 (54.5)
 Absent 5 (45.5)
Other pathology
 Nodular hyperplasia 1 (9.1)
 Lymphocytic thyroiditis 1 (9.1)
SD, standard deviation.
*Lymph node ratio defined as the ratio of metastatic LN to harvested LN.
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level III (9 patients, 90.0%) and bilateral level IV (7 patients 
each, 70.0%) (Table 3).

Histopathologic Characteristics
Of 11 patients, 3 patients (27.3%) had multiple tumors in the 
thyroid, and the mean size of the largest tumor was 2.75 cm 
(range 0.8-5.5 cm). About 8 patients had tumors larger than 
2 cm (72.8%), and 1 patient showed an aggressive variant 
(11.1%, diffuse sclerosing variant). Gross extrathyroidal exten-
sion was present in 2 patients (18.2%), lymphatic invasion was 
present in 3 patients (27.3%), perineural invasion was present 
in 1 patient (9.1%), and vascular invasion was not present in 
any patients. The mean (SD) LNR of the ipsilateral and contra-
lateral sides were 0.42 (0.22) and 0.23 (0.13), respectively, and 
extranodal extension was found in 6 patients (54.5%). Other 
than PTC, nodular hyperplasia and lymphocytic thyroiditis 
were noted in 1 patient each (14.3%) (Table 1).

Accuracy of Preoperative Evaluation on Lateral Lymph 
Node Metastasis
All 11 patients underwent preoperative US and computed 
tomography (CT) to evaluate the primary tumor and LN status. 

Radiologic report for preoperative CT was missing for 1 patient, 
and those for preoperative US were missing for the other 2 
patients. For the remaining 8 cases, preoperative CT missed 
suspicious lateral LN metastasis for 1 patient, while preopera-
tive US detected lateral LN metastasis in all patients.

Discussion

Each thyroid lobe has its own lymphatic drainage system with-
out communication to the opposite side, and malignant cer-
vical LNs of PTC are more likely to develop from level III and 
IV than II in the lateral compartment.9,10 While level VI involve-
ment increases the risk of lateral cervical metastasis, PTCs 
from the upper pole of the thyroid have a higher chance of 
skipping metastasis to level II and III.10-14 Despite a controversy 
in whether nodal metastasis in PTC affects the long-term sur-
vival of low-risk patients, insufficient LN dissection increases 
cervical recurrence, leading to subsequent surgeries and lower 
quality of life.6,15 Therefore, controlling locoregional recurrence 
through appropriate management of cervical LNs would be the 
major concern in the treatment of PTC.

Although there are limited studies regarding contralateral 
lateral LN metastasis in unilateral thyroid cancer, Kim et al16 
reported that unilateral PTC patients with male gender, pri-
mary tumor size > 2 cm, aggressive subtype, central node 
metastasis, and Delphian node metastasis are at a higher risk 
of contralateral lateral LN metastasis. Previous study of N1b 
PTC concluded that N1b PTC with tumors larger than 4 cm, 
tumor multiplicity, bilobar involvement, and bilateral central LN 
metastasis increased the risk of contralateral lateral LN metas-
tasis.17 In our study, 54.5% of the enrolled patients were under 
the age of 45 at the time of surgery, 72.8% of the patients 
showed tumors larger than 2 cm (18.2% larger than 4 cm), 
extranodal extension was present in 54.5% of the patients, and 
all patients had central compartment metastasis. Although we 
could not carry out further statistical analysis due to the lim-
ited number of cases, most of our patients shared some of the 
risk factors with the previous studies, especially the primary 
tumor size and central node metastasis. On the other hand, 
aggressive subtypes and gross extrathyroidal extension, which 
are known to increase nodal metastasis in PTC, were identified 
in only 1 patient (9.1%) and 2 patients (18.2%), respectively. 
Also, lymphovascular and perineural invasions, which reflect 
the aggressiveness of the disease, were not present in most of 
the patients (Table 1).18,19

In the present study, levels III and IV were most involved 
among ipsilateral lateral LNs, which coincides with the past 
study, and contralateral lateral LN metastasis was also 
focused on the same compartment even without contralat-
eral lobe involvement (Table 3).5 Meanwhile, the mean LNRs 
for the ipsilateral and contralateral compartments were 0.42 
and 0.23, respectively. Lymph node ratio is used in conjunc-
tion with other staging systems in gastric and colon cancers, 
but there is a debate regarding the significance of LNR in PTC 
patients. Still, some studies reported LNR as an independent 
prognostic factor with a suggested clinical cut-off point of 
0.3-0.42, and since the implication of LNR is still a field of 
ongoing research in PTC, it would be beneficial for surgeons 
to take it into account during the postoperative follow-up 
period.20,21

Table 2. Level of Lymph Node Dissection
Level BOX_ITALIC

Ipsilateral

 Level II + III + IV + VI 2 (18.2)

 Level II + III + IV + V + VI or VII 9 (81.8)

Contralateral

 Level II + III + IV + V 1 (9.1)

 Level II + III + IV + VI 1 (9.1)

 Level II + III + IV + V + VI 4 (36.4)

 Level III + IV + VI 3 (27.3)

 Level III + IV + V + VI 1 (9.1)

 Level III + IV + VI + VII 1 (9.1)

Table 3. Level of Pathologic Lymph Nodes
Level n(%), n = 10*

Ipsilateral

 Level II 6 (60.0)

 Level III 9 (90.0)

 Level IV 7 (70.0)

 Level V 4 (40.0)

 Level VI or VII 10 (100.0)

Contralateral

 Level II 2 (20.0)

 Level III 6 (60.0)

 Level IV 7 (70.0)

 Level V 2 (20.0)

 Level VI or VII 7 (70.0)
*Pathologic report of Patient number 6 was excluded from analysis
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Past studies regarding cervical metastasis of PTCs were mostly 
focused on central LNs, partially because central node metas-
tasis is relatively common in PTCs, reaching up to 50%.22 
However, the significance of lateral LN status on overall sur-
vival is more emphasized than that of central LN in several 
studies.23,24 Since central LNs can easily be reached in the same 
operation field during thyroid surgery, many operators routinely 
perform central LN dissection even in low-stage PTC patients. 
In contrast to central LN dissection, lateral neck dissection 
commonly involves more scarring, operation time, recovery 
period, and possibly leaves more sequelae for the patients, so 
prophylactic lateral LN dissection is neither recommended nor 
routinely performed in clinical practice. Therefore, it is impor-
tant to determine the extent of lateral LN surgery based on a 
thorough preoperative evaluation.

Ultrasonography is commonly used for preoperative evaluation 
of thyroid cancer and LN status to establish surgical plans, but 
the preoperative US may miss about half of the LNs identifi-
able through surgery.10,25,26 However, in this study, preopera-
tive US predicted lateral LN involvement in all patients, while 
preoperative CT missed lateral LN metastasis in 1 patient. 
Therefore, preoperative US is mandatory for patients with 
possibly advanced disease for more accurate surgical planning. 
Occult lateral LN involvement is known to be present in 20%-
69% of clinically N0 PTCs, and factors such as age < 45 years, 
male sex, ETE, tumor location in upper pole, tumor size >10 
mm, positive central LN metastasis, and vascular invasion are 
related to microscopic lateral LN metastasis.27-29 Compared to 
unilateral LN metastasis, bilateral LN metastasis increases the 
risk of distant metastasis, affecting both locoregional recur-
rence and the overall survival rate in PTC.30 Since lateral LN 
dissection is recommended in patients with biopsy-proven or 
suspicious metastatic lateral LNs, clinical suspicion of possible 
contralateral LN involvement even in unilateral PTC patients 
may contribute to increased detection of neglected nodal dis-
ease, leading to improved overall survival.4

Limitations
This study has some limitations. First, heterogeneity in the 
operative methods of surgeons may have affected the detec-
tion rate of metastatic LNs. Second, only a small number of 
cases were enrolled, maybe due to the rarity of the targeted 
disease. Third, this study was retrospective in nature. A future 
study with a larger sample size would be valuable for the accu-
rate evaluation of risk factors associated with contralateral lat-
eral LN metastasis in unilateral PTC patients.

Conclusion
Contralateral lateral LN metastasis is often overlooked in uni-
lateral PTC patients, and large tumor, extrathyroidal extension, 
or central compartment metastasis could increase the risk of 
such disease. Since lateral LN involvement significantly affects 
the quality of life of the patient, meticulous evaluation using 
sonography for high-risk patients is necessary to detect pos-
sible occult contralateral lateral LN metastasis even in unilat-
eral PTC.

Ethics Committee Approval: This study was approved by Ethics 
Committee of Korea University Guro Hospital (Approval No: 
2022GR0257, Date: 23.06.2022).

Informed Consent: N/A. 

Peer-review: Externally peer-reviewed.

Author Contributions: Concept – J.S.W.; Design – J.W.M., Y.M.C.; 
Supervision – J.S.W.; Resources – K.H.O., J.G.C., S.K.B.; Materials – 
J.W.M., J.S.W.; Data Collection and/or Processing – J.W.M., Y.M.C.; 
Analysis and/or Interpretation – J.W.M., J.S.W.; Literature Search – 
J.W.M., K.H.O., J.G.C., S.K.B.; Writing – J.W.M.; Critical Review – S.Y.K., 
K.Y.J., J.S.W.

Declaration of Interests: The authors have no conflict of interest to 
declare.

Funding: The authors declared that this study has received no finan-
cial support.

References
1. Shaha AR, Shah JP, Loree TR. Patterns of nodal and distant metas-

tasis based on histologic varieties in differentiated carcinoma of 
the thyroid. Am J Surg. 1996;172(6):692-694. [CrossRef]

2. Scheumann GF, Gimm O, Wegener G, Hundeshagen H, Dralle H. 
Prognostic significance and surgical management of locoregional 
lymph node metastases in papillary thyroid cancer. World J Surg. 
1994;18(4):559-567. [CrossRef]

3. Sebastian SO, Gonzalez JM, Paricio PP, et al. Papillary thyroid car-
cinoma: prognostic index for survival including the histological vari-
ety. Arch Surg. 2000;135(3):272-277. [CrossRef]

4. Haugen BR, Alexander EK, Bible KC, et al. 2015 American Thyroid 
Association management guidelines for adult patients with thyroid 
nodules and differentiated thyroid cancer: the American Thyroid 
Association guidelines task force on thyroid nodules and differenti-
ated thyroid cancer. Thyroid. 2016;26(1):1-133. [CrossRef]

5. Merdad M, Eskander A, Kroeker T, Freeman JL. Metastatic papillary 
thyroid cancer with lateral neck disease: pattern of spread by level. 
Head Neck. 2013;35(10):1439-1442. [CrossRef]

6. Davidson HC, Park BJ, Johnson JT. Papillary thyroid cancer: contro-
versies in the management of neck metastasis. Laryngoscope. 
2008;118(12):2161-2165. [CrossRef]

7. Noguchi M, Kinami S, Kinoshita K, et al. Risk of bilateral cervical 
lymph node metastases in papillary thyroid cancer. J Surg Oncol. 
1993;52(3):155-159. [CrossRef]

8. Ohshima A, Yamashita H, Noguchi S, et al. Indications for bilateral 
modified radical neck dissection in patients with papillary 
 carcinoma of the thyroid. Arch Surg. 2000;135(10):1194-1199. 
[CrossRef]

9. Fernandez-Cruz L, Astudillo E, Pera C. Lymphography of the thy-
roid gland: is intraglandular dissemination of thyroid carcinoma 
possible? World J Surg. 1977;1(5):647-654. [CrossRef]

10. Leboulleux S, Girard E, Rose M, et al. Ultrasound criteria of malig-
nancy for cervical lymph nodes in patients followed up for differ-
entiated thyroid cancer. J Clin Endocrinol Metab. 2007;92(9): 
3590-3594. [CrossRef]

11. Kuna SK, Bracic I, Tesic V, Kuna K, Herceg GH, Dodig D. Ultrasono-
graphic differentiation of benign from malignant neck lymphade-
nopathy in thyroid cancer. J Ultrasound Med. 2006;25(12): 
1531-1538. [CrossRef]

12. Park JH, Lee YS, Kim BW, Chang HS, Park CS. Skip lateral neck node 
metastases in papillary thyroid carcinoma. World J Surg. 2012; 
36(4):743-747. [CrossRef]

13. Sun Z, Liu J, Wang P, et al., eds. The features of lymph node metas-
tasis of differentiated thyroid carcinoma and the choice of lateral 
neck lymph nodes dissection. 8th International Conference on 
Information Technology in Medicine and Education (ITME), IEEE; 
2016. [CrossRef]

https://doi.org/10.1016/s0002-9610(96)00310-8
https://doi.org/10.1007/BF00353765
https://doi.org/10.1001/archsurg.135.3.272
https://doi.org/10.1089/thy.2015.0020
https://doi.org/10.1002/hed.23149
https://doi.org/10.1097/MLG.0b013e31818550f6
https://doi.org/10.1002/jso.2930520307
https://doi.org/10.1001/archsurg.135.10.1194
https://doi.org/10.1007/BF01556198
https://doi.org/10.1210/jc.2007-0444
https://doi.org/10.7863/jum.2006.25.12.1531
https://doi.org/10.1007/s00268-012-1476-5
https://doi.org/10.1109/ITME.2016.0081


Moon et al. Bilateral Lateral LN metastasis in Unilateral PTCB-ENT 2023; 19(4): 211-215

215

14. Dou Y, Hu D, Chen Y, Xiong W, Xiao Q, Su X. PTC located in the 
upper pole is more prone to lateral lymph node metastasis and skip 
metastasis. World J Surg Oncol. 2020;18(1):188. [CrossRef]

15. Shaha AR. Implications of prognostic factors and risk groups in the 
management of differentiated thyroid cancer. Laryngoscope. 
2004;114(3):393-402. [CrossRef]

16. Kim SY, Kim SM, Chang H, et al. Lateral neck metastases in the 
ipsilateral and contralateral compartments of papillary thyroid car-
cinoma located in one lobe. ANZ J Surg. 2019;89(11):E498-E501. 
[CrossRef]

17. Kim SK, Park I, Hur N, et al. Patterns, predictive factors, and prog-
nostic impact of contralateral lateral lymph node metastasis in 
N1b papillary thyroid carcinoma. Ann Surg Oncol. 2017;24(7): 
1943-1950. [CrossRef]

18. Limberg J, AlAnazi A, Stefanova D, et al. Perineural invasion in papil-
lary thyroid cancer: rare indicator of aggressive disease. J Am Coll 
Surg. 2020;231(4):e115.

19. Sezer A, Celik M, Yilmaz Bulbul BY, et al. Relationship between lym-
phovascular invasion and clinicopathological features of papillary 
thyroid carcinoma. Bosnian J Basic Med Sci. 2017;17(2):144-151. 
[CrossRef]

20. Vas Nunes JH, Clark JR, Gao K, et al. Prognostic implications of 
lymph node yield and lymph node ratio in papillary thyroid carci-
noma. Thyroid. 2013;23(7):811-816. [CrossRef]

21. Smith BD, Oyekunle TO, Thomas SM, Puscas L, Rocke DJ. Associa-
tion of lymph node ratio with overall survival in patients with meta-
static papillary thyroid cancer. JAMA Otolaryngol Head Neck Surg. 
2020;146(10):962-964. [CrossRef]

22. Shaha AR. Prognostic factors in papillary thyroid carcinoma and 
implications of large nodal metastasis. Surgery. 2004;135(2): 
237-239. [CrossRef]

23. Jeon MJ, Kim WG, Kim TH, et al. Disease-specific mortality of 
differentiated thyroid cancer patients in Korea: a multicenter 
cohort study. Endocrinol Metab (Seoul). 2017;32(4):434-441. 
[CrossRef]

24. Ito Y, Miyauchi A. Prognostic factors and therapeutic strategies  
for differentiated carcinomas of the thyroid. Endocr J. 2009;56(2): 
177-192. [CrossRef]

25. Yeh MW, Bauer AJ, Bernet VA, et al. American Thyroid Association 
statement on preoperative imaging for thyroid cancer surgery. 
 Thyroid. 2015;25(1):3-14. [CrossRef]

26. Kouvaraki MA, Shapiro SE, Fornage BD, et al. Role of preoperative 
ultrasonography in the surgical management of patients with 
 thyroid cancer. Surgery. 2003;134(6):946-954. [CrossRef]

27. Zhan S, Luo D, Ge W, Zhang B, Wang T. Clinicopathological predic-
tors of occult lateral neck lymph node metastasis in papillary thy-
roid cancer: a meta‐analysis. Head Neck. 2019;41(7):2441-2449. 
[CrossRef]

28. Ito Y, Fukushima M, Higashiyama T, et al. Tumor size is the strong-
est predictor of microscopic lymph node metastasis and lymph 
node recurrence of N0 papillary thyroid carcinoma. Endocr J. 
2013;60(1):113-117. [CrossRef]

29. Patron V, Hitier M, Bedfert C, Métreau A, Dugué A, Jegoux F. Predic-
tive factors for lateral occult lymph node metastasis in papillary 
thyroid carcinoma. Eur Arch Otorhinolaryngol. 2013;270(7):2095-
2100. [CrossRef]

30. Lee YS, Lim YS, Lee JC, et al. Clinical implications of bilateral lateral 
cervical lymph node metastasis in papillary thyroid cancer: a risk 
factor for lung metastasis. Ann Surg Oncol. 2011;18(12):3486-
3492. [CrossRef]

https://doi.org/10.1186/s12957-020-01965-x
https://doi.org/10.1097/00005537-200403000-00001
https://doi.org/10.1111/ans.15458
https://doi.org/10.1245/s10434-016-5761-7
https://doi.org/10.17305/bjbms.2017.1924
https://doi.org/10.1089/thy.2012.0460
https://doi.org/10.1001/jamaoto.2020.2053
https://doi.org/10.1016/j.surg.2003.08.023
https://doi.org/10.3803/EnM.2017.32.4.434
https://doi.org/10.1507/endocrj.k08e-166
https://doi.org/10.1089/thy.2014.0096
https://doi.org/10.1016/s0039-6060(03)00424-0
https://doi.org/10.1002/hed.25762
https://doi.org/10.1507/endocrj.ej12-0311
https://doi.org/10.1007/s00405-012-2305-z
https://doi.org/10.1245/s10434-011-1763-7

