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ABSTRACT
Background: Patients with papillary thyroid cancer (PTC) and enlarged cervical lymph nodes 
(CLNs) are usually assessed by fine-needle aspiration biopsy cytology (FNAB-C). Thyroglobulin 
(Tg) is frequently detected in washout of fine-needle aspirates (FNA) of these lymph nodes. The 
aim of this study was to evaluate the accuracy of the measurement of FNAB-Tg in the washout of 
FNAB in combination with FNAB-C to detect CLN metastases in PTC.
Methods: We retrospectively evaluated 163 surgically proven CLNs. Ultrasound-guided FNAB-C 
and FNAB-Tg measurements were performed and the ultrasound features were evaluated.
Results: The sensitivity, specificity and accuracy of FNAB-C, FNAB-Tg and FNAB-C/FNAB-Tg in 
diagnosis of metastatic CLNs were 85.7, 87.8 and 71.6%, were 80.5, 87 and 82.8% and were 97.1, 
96.3 and 95.7%, respectively. The diagnostic sensitivity, specificity and accuracy of FNAB-C/
FNAB-Tg for metastatic CLNs was significantly higher than that of FNAB-C or FNAB-Tg alone 
(p < 0.01).
Conclusion: Combined US-guided FNAB-C and FNAB-Tg can improve the accuracy for diagnosis 
of metastatic CLNs in patients with PTC.
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Introduction

Papillary thyroid carcinomas (PTC) are the most com-
mon thyroid cancers and constitute more than 70% of 
thyroid malignancies.[1] The most common etiologic 
factor is radiation, but genetic susceptibility and other 
factors also contribute to the development of this can-
cer. PTC tends to metastasize preferentially to cervical 
lymph nodes (CLN).[2] These regional nodal metastases 
are closely related to the surgery type, extent of surgery 
and prognosis [3,4] and are considered risk factors for 
local tumour recurrence and cancer-specific mortality.
[5] Therefore, the importance of exact diagnosis of CLN 
metastases is well recognised in pre-(pro-) operative 
patients with PTC.

CLN metastases may be detected clinically, but are 
most often discovered on ultrasonography (US).[6] US 
criteria distinguishing benign from metastatic or suspi-
cious LNs lack accuracy.[7] When metastatic nodes are 
suspected by preoperative ultrasound assessment, US 
fine-needle aspiration biopsy (FNAB) is recommended 
for the histological diagnosis of metastatic nodes in 
patients awaiting thyroid surgery.[8] US and US-guided 
fine-needle aspiration biopsy (US-FNAB) are well-known 
trustworthy diagnostic tools for cervical metastasis of 
PTC by preoperative cytological analysis and recurrence 

after thyroid surgery.[9] Although FNAB is the gold 
standard technique for the detection of CLN metasta-
sis,[10] in some cases metastatic deposits of PTC in lymph 
nodes may undergo degeneration and cystic changes.
[11] In such instances, the FNAB of LNs even with ultra-
sound guidance may only show colloid type material, 
cellular debris and macrophages without any identifiable 
tumour cells. Therefore, the sensitivity of FNAB is far from 
optimum, varying from 75 to 85%, and is altered by high 
rate of nondiagnostic or false-negative samples.[12,13]

Serum thyroglobulin (Tg) measurement only becomes 
a reliable tumour marker after total thyroidectomy. 
Preoperative Tg measurement is considered to have lim-
ited value, although a number of studies report that an 
elevated preoperative serum Tg is a risk factor for nodular 
malignancy.[14,15] In addition, because of the anti-Tg 
antibody interference, Tg measurement may not accu-
rately reflect the actual content of serum Tg.[16] Recently, 
it was reported that Tg assessment in the washout of 
FNAB of suspicious CLN is useful for the early diagnosis 
of CLN originating from PTC, and it is more sensitive and 
accurate at detecting metastatic nodes than FNAB, espe-
cially in cystic nodal metastases.[17,18]

Numerous studies have demonstrated that measure-
ment of Tg in the washout of the needle used for FNAB 
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FNA using 21-gauge needles; the technique used is 
described elsewhere.[27] Gradual aspiration was applied 
by a 20 mL syringe connected to Cameco’s device. Some 
of contents of needles were immediately immersed in 95% 
alcohol for Papanicolaou staining.[28] The remaining mate-
rial was rinsed in saline for cell block processing. FNA wash-
out Tg levels were measured by rinsing the same needle and 
syringe with 1 mL of normal saline.

Washout thyroglobulin

Tg levels in the FNAB washout were measured using the 
immunoluminometric assay (IRMA) (Cobas 601, Roche 
Diagnostics, Mannheim, Germany).[29] Analytic sensitiv-
ity, defined as the detectable minimum concentration 
different from zero (mean value + 2 standard deviation), 
and functional sensitivity, defined as the lowest value 
that was measured with the precision of a maximum 
20% inter-assay variance, were 0.08 ng/mL and 0.2 ng/
mL, respectively. Validated 1.0 ng/mL of Tg is as a cut-off 
value for diagnosing LN metastasis of PTC.

Analysis of FNAB-C

Following FNAB the needle’s material was expelled onto 
glass slides and smeared with a second slide to spread 
the material across the surface. The slides were then 
either air-dried or wet-fixed using the Bio-Fix (Medisham, 
Shanghai, China). Air-dried slides were stained with a 
May Grunwald-Giemsa solution, while the wet-fixed 
slides were stained with the Papanicolaou solution.[30] 
The results for cytology were classified into three distinct 
diagnostic categories: ① inadequate or non-diagnostic: 
presence of blood cells without lymphocytes, plasma 
cells, histiocytes and epithelial cells ② negative cytol-
ogy: presence of lymphocytes and occasional plasma 
cells without malignant epithelial cells ③ positive cytol-
ogy for PTC metastases: presence of epithelial cells with 
malignant cytological characteristics.

Statistical analyses

The accuracy, sensitivity, specificity, positive predictive 
value (PPV) and negative predictive value (NPV) were 
calculated. The chi-square (χ2) test was employed to 
compare the diagnostic rate of FNAB-C and FNAB-Tg. 
Statistical analyses were performed using SPSS11.0 soft-
ware and MedCalc Statistical Software v. 13.2.2 (MedCalc 
Software, Ostend, Belgium). A two-tailed p-value of 
< 0.05 was considered statistically significant.

Results

FNAB-C vs. final pathology

The final diagnosis of the 163 LNs was established by 
final pathology. 108 (66.2%) LNs were diagnosed as 

(FNAB-Tg) increases the sensitivity of FNAB-C in identifying 
CLN metastasis from PTC.[19–22] It has been shown that 
lymph node detection of Tg mRNA in fine-needle washout 
improved the FNAB-C sensitivity for the diagnosis of met-
astatic CLN from PTC, although this needs to be validated 
in larger case studies.[23] However, it is unclear whether 
Tg measurements could be routinely accompanied by 
US-guided FNAB-C for the diagnosis of metastatic nodes 
in patients with PTC, and it is unclear whether US features 
of lymph nodes may help select patients who may benefit 
from Tg measurements compared with FNAB-C.

In the present study, we hypothesise that Tg meas-
urements accompanied by US-guided FNAB-C could 
enhance the diagnostic accuracy for metastatic nodes 
in patients with PTC.

Materials and methods

Patients

Between February 2013 and March 2014, 163 consec-
utive US-guided fine-needle aspirates (FNA) were per-
formed on CLN from 124 patients (23 males, 101 females; 
age 44.6 ± 14.9 years) at our hospital. All patients had 
histologically confirmed primary PTC, and attended 
the Department of Pathology, the affiliated hospital 
of Qingdao University. The institutional review board 
approved this study and waived the requirement for 
informed consent. US-FNAB-C and FNAB-Tg measure-
ments were performed where CLNs where suspected 
based on the presence of the following US criteria: 
hyperechogenicity, cystic changes, calcification, abnor-
mal vascularity, heterogeneous echogenicity, a round 
shape (longitudinal/transverse diameter ratio < 1.5), loss 
of echogenic hilum and a lymph node with a diameter 
exceeding 6 mm.[24,25]

Ultrasonography

US examinations were performed by experienced 
radiologists in all 124 patients before surgery using a 
10–12  MHz linear transducer.[26] Ultrasonographic 
characteristics were described as delineation of multi-
ple lymph nodes, a tendency towards fusion, an internal 
echo, an irregular margin, the presence of strong echoes 
and posterior enhancement. The location (levels I-VI) of 
all cervical LNs were recorded, based on the American 
Joint Committee on Cancer and the American Academy 
of Otolaryngology-Head and Neck Surgery nodal classi-
fication.[26] When results of the examiners were discord-
ant, agreement was found by conjoint review of clips of 
the US examinations.

US-guided FNA procedure

US-guided FNA was simultaneously performed by clinicians 
who were highly experienced in carrying out US-guided 
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metastatic, and the remaining 55 (33.8%) were diagnosed 
as benign. The FNAB-C diagnosis of the 108 malignant 
LNs was correctly determined in 74 LNs, with accuracy of 
68.5%. FNAB-C was false-nagative in 18 (16.7%) out the 
108 metastatic LNs, and inadequate in 16 (14.8%) out the 
108 metastatic LNs. For 55 benign LNs, FNAB-C diagnosis 
was correctly provided in 43 LNs, with accuracy of 78.2%. 
FNAB-C was inadequate in 6 (10.9%) and 6 (10.9%) was 
false-positive (Table 1).

Sensitivity was defined as identification of individ-
uals with health problems among individuals actually 
with health problems (positive/positive +  false-nega-
tive)  ×  100, and specificity as identification of healthy 
individuals within actually healthy individuals (negative/
negative + false-positive) × 100. Thus, sensitivity, speci-
ficity and accuracy of FNAB-C were 85.7, 87.8 and 71.6%, 
respectively (Table 2).

Positive predictive value (PPV) was accepted as the 
percentage of individuals actually with health problems 
among individuals the test concluded to have health 
problems(positive/positive + false-positive) × 100, and 
negative predictive value (NPV) was the percentage 
of actually healthy individuals among those the test 
identified as healthy(negative/negative  +  false-nega-
tive) × 100. Thus, the PPV and NPV was 92.5 and 70.5%, 
respectively (Table 2).

FNAB-Tg vs. final pathology

Tg level in the fine-needle washout was measured in 
163 LNs. We adopted a Tg cut-off value of 1 ng/FNAB.
[29] The median FNAB-Tg was 463.2 ng/mL in malig-
nant LNs, and 0.21  ng/mL in benign LNs. Based on 

the validated 1.0 ng/mL of FNAB-Tg as a cut-off value 
for diagnosing LN metastasis of PTC, the FNAB-Tg 
value in 87 out of 108 metastatic LNs was more than 
1.0 ng/mL, and 21 out of 108 metastatic LNs was less 
than1.0 ng/mL, the false-negative was 19.4% (21/108) 
(Table 1). The FNAB-Tg value was less than1.0 ng/mL 
in 48 out of 55 benign LNs, and 7 out of 55 benign LNs 
was more than1.0 ng/mL, and the false-positive was 
12.7% (7/55). So the sensitivity, specificity, accuracy, 
PPV and NPV of FNAB-Tg were 80.5, 87 and 82.8, 92.6 
and 87.2%, respectively (Table 2).

FNAB-Tg in combination with FNAB-C vs. final 
pathology

Combined FNAB-C/FNAB-Tg examination correctly iden-
tified 103 metastatic LNs out of 108 metastatic LNs, 3 LNs 
was false-negative out of 108 metastatic LNs, and 2 LNs 
was inadequate in 108 metastatic LNs (Table 1). For 55 
benign LNs, combined FNAB-C/ FNAB-Tg was negative in 
53 LNs, and false-positive in 2 LNs (Table 1). So the sen-
sitivity, specificity, accuracy, PPV and NPV of combined 
FNAB-C/FNAB-Tg were 97.1, 96.3, 95.7, 98.1 and 94.6% 
(Table 2).

Discussion

Accurate discrimination between metastatic and reactive 
LNs is essential in the management of thyroid cancer. US 
is the primary imaging modality for preoperative assess-
ment of thyroid malignancy, and computed tomogra-
phy (CT) has also been commonly used for evaluation 
of metastatic CLNs.[17,18] However, several studies have 

Table 1. relation between result of fnaB–c, fnaB-tg, fnaB-c/fnaB-tg and final pathology.

note. f−: false-negative; f+: false-positive; id: inadequate.

FNAB-C（n） FNAB-Tg（n） FNAB-C/ FNAB-Tg（n）
Final pathology Correct F+ F− ID Correct F+ F− Correct F+ F− ID
+ (n = 108) 74 0 18 16 87 0 21 103 0 3 2
– (n = 55) 43 6 0 6 48 7 0 53 2 0 0

Table 2. diagnostic performance of different tests for diagnosis of clns (n-163) from Ptc patients.

Test Sensitivity [95% CI] Specificity [95% CI] Accuracy [95% CI] NPV [95% CI] PPV [95% CI]
fnaB-c 85.7% [68.3–99.9] 87.8% [71.8–99.8] 71.6% [59.3–93.2] 70.5% [68.1–91.2] 92.5% [71.2–99.6]
tg 80.5% [65.4–99.9] 87% [63–99.5] 82.8% [67–97.2]* 87.2% [69.6–99.9]* 92.6% [72–100]
fnaB-c/tg 97.1% [89–100]* 96.3% [81–99.5]* 95.7% [77.0–100]** 94.6% [79–100]** 98.1% [74.3–100]

P value *p < 0.01 p* < 0.01 **p < 0.001, *p < 0.05 **p < 0.001,*p < 0.05 p = 0.089

Table 3. summary.

What is known about this subject:
•  fnaB for enlarged clns is usually used for patients with Ptc
•  the accuracy of fnaB-c or tg alone for diagnosis of clns is low
•  Whether fnaB-c/tg combination has high diagnostic accuracy for clns is unknown
What this study adds
•  fnaB-c or tg alone has higher false-negative rate for diagnosis of clns
•  fnaB-c or tg alone has higher false-positive rate for diagnosis of clns
•  fnaB-c/tg combination has lower false-negative and false-positive rate for diagnosis of clns



82  J. LI eT AL.

Disclosure statement

No potential conflict of interest was reported by the authors.

References

 [1]  Lloyd RV, Buehler D, Khanafshar e. Papillary thyroid 
carcinoma variants. Head Neck Pathol. 2011;5:51–56.

 [2]  Wunderbaldinger P, Harisinghani MG, Hahn PF, et al. 
Cystic lymph node metastases in papillary thyroid 
carcinoma. AJR Am. J. Roentgenol. 2012;178:693–697.

 [3]  Lin JD, Liou MJ, Chao TC, et al. Prognostic variables of 
papillary and follicular thyroid carcinoma patients with 
lymph node metastases and without distant metastases. 
endocr. Relat. Cancer. 2009;6:109–115.

 [4]  Mazzaferri eL, Kloos RT. Clinical review 128: current 
approaches to primary therapy for papillary and follicular 
thyroid cancer. J. Clin. endocrinol. Metab. 2011;86:1447–
1463.

 [5]  Ito Y, Tomoda C, Uruno T. Ultrasonographically and 
anatomopathologically detectable node metastases in 
the lateral compartment as indicators of worse relapse-
free survival in patients with papillary thyroid carcinoma. 
World J. Surg. 2005;29:917–920.

 [6]  Davies L, Welch HG. Increasing incidence of thyroid 
cancer in the United States, 1973–2002. JAMA. 
2006;295:2164–2167.

 [7]  Schlumberger MJ. Papillary and follicular thyroid 
carcinoma. New england J. Med. 2008;5:297–306.

 [8]  Cooper DS, Doherty GM, Haugen BR, et al. Management 
guidelines for patients with thyroid nodules and 
differentiated thyroid cancer: the American thyroid 
association guidelines taskforce. Thyroid. 2006;16:109–142.

 [9]  Takashima S, Sone S, Nomura N, et al. Nonpalpable 
lymph nodes of the neck: assessment with US and US-
guided fine-needle aspiration biopsy. J. Clin. Ultrasound. 
1997;25:283–292.

 [10]  Cooper DS, Doherty GM, Haugen BR, et al. Revised 
American thyroid association management guidelines 
for patients with thyroid nodules and differentiated 
thyroid cancer. Thyroid. 2009;19:1167–1214.

 [11]  Alexander eK, Heering JP, Benson CB, et al. Assessment 
of nondiagnostic ultrasound-guided fine needle 
aspirations of thyroid nodules. J. Clin. endocrinol. Metab.. 
2002;87:4924–4927.

 [12]  Pacini F, Fugazzola L, Lippi F, et al. Detection of 
thyroglobulin in fine needle aspirates of nonthyroidal 
neck masses: a clue to the diagnosis of metastatic 
differentiated thyroid cancer. J. Clin. endocrinol. Metab. 
2012;74:1401–1404.

 [13]  Grani G, Fumarola A. Thyroglobulin in lymph node fine-
needle aspiration washout: a systematic review and 
meta-analysis of diagnostic accuracy. J. Clin. endocrinol. 
Metab. 2014;99:1970–1982.

 [14]  Hrafnkelsson J, Tulinius H, Kjeld M, et al. Serum 
thyroglobulin as a risk factor for thyroid carcinoma. Acta 
Oncol. 2000;39:973–977.

 [15]  Scheffler P, Forest VI, Leboeuf R, et al. Serum thyroglobulin 
improves the sensitivity of the mcgill thyroid nodule 
score for well-differentiated thyroid cancer. Thyroid. 
2014;24:852–857.

 [16]  Latrofa F, Ricci D, Montanelli L, et al. Lymphocytic thyroiditis 
on histology correlates with serum thyroglobulin 
autoantibodies in patients with papillary thyroid 
carcinoma: impact on detection of serum thyroglobulin. 
J. Clin. endocrinol. Metab. 2012;97:2380–2387.

shown that US or CT sometimes was not easy to differ-
entiate benign from malignant lymph nodes.[19–21] In 
addition, CT is not widely used because of its high cost 
and unavailability (Table 3).

Cytological examination of FNAB-C samples disclosed 
by US has been the most accurate method to diagnose 
a cervical LN. US-guided FNAB-C has high sensitivity, 
specificity and accuracy for the detection of metastatic 
CLNs in general head and neck malignancies.[22,23] 
Moreover, FNAB-C has a high sensitivity, specificity and 
an accuracy for the diagnosis of metastatic CLNs from 
thyroid carcinoma. However, thyroid FNA cytology has 
some limitations in cases of suspicious, inadequate and 
indeterminate cytology. In addition, there are false- 
positive and false-negative results. The technique accu-
racy, highly dependent on the experience and ability of 
the cytopathologist, has been reported to vary from 73 
to 94%.[24,25] In the present study 13.5% (22/163) of 
samples were non-diagnostic, 6 were false-positive and 
18 false-negative by FNAB-C measurement. In addition, 
we found the accuracy and sensitivity of FNAB-C was low. 
Therefore, other methods are needed to compensate for 
these limits, and FNAB-Tg measurement provides useful 
information because of its sensitivity for cystic compo-
nents in lymph nodes.

Over the last 10 years, following clinical evidence 
showing that FNAB-Tg in fine-needle washout improves 
the accuracy of FNAB-C in the evaluation of LN metas-
tases of PTC, the routine association of FNAB-Tg with 
FNAB-C in the preoperative diagnosis of suspicious LNs 
has been recommended.[31–33] In thyroid carcinoma, 
Tg has been found to be more sensitive than FNAB-C 
alone.[29,34,35] In our present study, we chose a cut-
off value for Tg (>1.0  ng/mL). On 108 LNs harbouring 
metastases from PTCs, FNAB-Tg had 82.8% accuracy, that 
is higher than FNAB-C alone (p < 0.05). However, there 
were 7 false-positive cases and 21 false-negative cases 
by FNAB-Tg measurement. The reason for these cases 
might be complicated in that FNAB-Tg in the blood was 
influenced by TSH and TgAb levels.[16] This resulted in 
lower levels of the detected FNAB-Tg.

Previous studies have found that in cases of the 
presence of false positive and false negative results in 
FNAB-Tg, some cases have positive FNAB-C results, and 
vice versa.[36] In our study, we found that the sensitiv-
ity, specificity, accuracy and NPV of FNAB-C/ FNAB-Tg is 
higher than that of FNAB-C or FNAB-Tg alone, suggesting 
that the combined application of US-guided FNAB-C and 
FNAB-Tg has better effect.

In conclusion, combined US-guided FNAB-C and 
FNAB-Tg can improve the accuracy for diagnosis of met-
astatic CLNs in patients with thyroid cancer. This work 
represents an advance in biomedical science because it 
shows that combined US-guided FNAB-C and FNAB-Tg 
methods compensated for the deficiencies of each 
technique.



BRITISH JOURNAL OF BIOMeDICAL SCIeNCe  83

 [28]  Rahmouni A, Bargoin R, Herment A., et al. 
Colour Doppler twinkling artifact hyperechoic 
regions. Radiology. 1996;199:269–271

 [29]  Fadda G, Rossi eD, Raffaelli M, et al. Fine-needle 
aspiration biopsy of thyroid lesions processed by thin-
layer cytology: one-year institutional experience with 
histologic correlation. Thyroid. 2006;16:975–981.

 [30]  Snozek CL, Chambers eP, Reading CC, et al. Serum 
thyroglobulin, high-resolution ultrasound, and lymph 
node thyroglobulin in diagnosis of differentiated thyroid 
carcinoma nodal metastases. J. Clin. endocrinol. Metab. 
2007;92:4278–4281.

 [31]  Cesur M, Corapcioglu D, Bulut S, et al. Comparison of 
palpation-guided fine-needle aspiration biopsy to 
ultrasound-guided fine-needle aspiration biopsy in the 
evaluation of thyroid nodules. Thyroid. 2006;16:555–561.

 [32]  Kim DW, Jeon SJ, Kim CG. Usefulness of thyroglobulin 
measurement in needle washouts of fine-needle 
aspiration biopsy for the diagnosis of cervical lymph 
node metastases from papillary thyroid cancer before 
thyroidectomy. endocrine. 2012;42:399–403.

 [33]  Cignarelli M, Ambrosi A, Marino A, et al. Diagnostic utility 
of thyroglobulin detection in fine-needle aspiration of 
cervical cystic metastatic lymph nodes from papillary 
thyroid cancer with negative cytology. Thyroid. 
2003;13:1163–1167.

 [34]  Pacini F, Schlumberger M, Dralle H, et al. european 
consensus for the management of patients with 
differentiated thyroid carcinoma of the follicular 
epithelium. eur. J. endocrinol. 2006;154:787–803.

 [35]  Cignarelli M, Ambrosi A, Marino A, et al. Diagnostic utility 
of thyroglobulin detection in fine-needle aspiration of 
cervical cystic metastatic lymph nodes from papillary 
thyroid cancer with negative cytology. Thyroid. 
2013;13:1163–1167.

 [36]  Schlumberger M, Berg G, Cohen O, et al. Follow-up of 
low-risk patients with differentiated thyroid carcinoma: 
a european perspective. eur. J. endocrinol. 2004;150:105–
112.

 [37]  Torres MR, Nóbrega Neto SH, Rosas RJ, et al. Thyroglobulin 
in the washout fluid of lymph-node biopsy: what is its 
role in the follow-up of differentiated thyroid carcinoma? 
Thyroid. 2014;24:7–18.

 [17]  The American Thyroid Association Guidelines Taskforce. 
Management guidelines for patients with thyroid 
nodules and differentiated thyroid cancer. Thyroid. 
2006;16:1–33.

 [18]  Yang J, Schnadig V, Logrono R, et al. Fine-needle 
aspiration of thyroid nodules: a study of 4703 patients 
with histologic and clinical correlations. Cancer 
Cytopathol. 2007;111:306–315.

 [19]  Snozek CL, Chambers eP, Reading CC, et al. Serum 
thyroglobulin, high-resolution ultrasound, and lymph 
node thyroglobulin in diagnosis of differentiated thyroid 
carcinoma nodal metastases. J. Clin. endocrinol. Metab. 
2007;92:4278–4281.

 [20]  Kim MJ, Kim eK, Kim BM, et al. Thyroglobulin measurement 
in fine-needle aspirate washout: the criteria for neck 
node dissection for patients with thyroid cancer. Clin. 
endocrinol. 2009;70:145–151.

 [21]  Baskin HJ. Detection of recurrent papillary thyroid 
carcinoma by thyroglobulin assessment in the needle 
washout after fine-needle aspiration of suspicious lymph 
nodes. Thyroid. 2004;14:959–963.

 [22]  Sohn YM, Kim MJ, Kim eK, et al. Diagnostic performance 
of thyroglobulin value in indeterminate range in fine 
needle aspiration washout fluid from lymph nodes of 
thyroid cancer. Yonsei Med. J. 2012;53:126–131.

 [23]  Pomorski L, Kaczka K, Piaskowski S, et al. Detection 
of lymph node metastases of papillary thyroid 
cancer – comparison of the results of histopathology, 
immunohistochemistry and reverse transcription-
polymerase chain reaction – a preliminary report. 
Langenbecks Arch. Surg. 2005;390:209–215.

 [24]  Sohn YM, Kim MJ, Kim eK, et al. Diagnostic performance 
of thyroglobulin value in indeterminate range in fine 
needle aspiration washout fluid from lymph nodes of 
thyroid cancer. Yonsei Med. J. 2012;53:126–131.

 [25]  Salmaslıoğlu A, erbil Y, Cıtlak G, et al. Diagnostic value 
of thyroglobulin measurement in fine-needle aspiration 
biopsy for detecting metastatic lymph nodes in patients 
with papillary thyroid carcinoma. Langenbecks Arch. 
Surg. 2011;396:77–81.

 [27]  Brunese L, Romeo A, Iorio S, et al. A new marker for 
diagnosis of thyroid papillary cancer B-flow twinkling 
sign. J. Ultrasound Med. 2008;27:1187–1194.


	Abstract
	Introduction
	Materials and methods
	Patients
	Ultrasonography
	US-guided FNA procedure
	Washout thyroglobulin
	Analysis of FNAB-C
	Statistical analyses

	Results
	FNAB-C vs. final pathology
	FNAB-Tg vs. final pathology
	FNAB-Tg in combination with FNAB-C vs. final pathology

	Discussion
	Disclosure statement
	References



