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Risk of malignancy in thyroid
nodules: predictive value of
puncture feeling of grittiness in the
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Fine-needle aspiration cytology (FNAC) is widely used for diagnosing thyroid nodules. However, there
. has been no specific investigation about the puncture feeling of grittiness. The aim of the present study
 was to see if the puncture feeling of grittiness during fine-needle aspiration procedure, combined with
. standard FNAC, could improve the accuracy in diagnosing thyroid cancer. A total of one thousand five
. hundred and thirty-one thyroid FNAC specimens acquired between January 2013 and January 2017
. were retrospectively retrieved. All cases underwent surgical intervention. The FNAC diagnoses and
. puncture feeling of grittiness were evaluated and compared with the results of final histopathological
. diagnoses. The sensitivity, specificity, positive predictive value (PPV) and negative predictive value
. (NPV) of diagnosis for thyroid nodules by FNAC alone, puncture feeling of grittiness alone, and the
: combination of FNAC plus grittiness were calculated respectively. The findings of our study suggest
. that puncture feeling of grittiness is a useful adjunct. Adding puncture feeling of grittiness to FNAC
. cansignificantly enhance the ability to differentiate malignant thyroid nodules from benign thyroid
nodules. More importantly, we found that puncture feeling of grittiness is surprising trust-worthy in
being near perfectly reproducible per individual radiologist, and among different operators.

© The incidence of thyroid carcinoma is increasing in recent years, accounting for 10%-15% of thyroid nodules'->.
. Fine needle aspiration cytology (FNAC) plays an important role in the thyroid nodules by estimating the risk of
. malignancy. The main purpose of FNAC is to prevent unnecessary surgeries for benign conditions and to avoid
. missing malignant nodules*-°. With the improvement and implementation of the Bethesda system for reporting
© thyroid cytopathology (TBSRTC), FNAC is proved to be a reliable and cost-effective method for the diagnosis
- of thyroid nodules. It can help decide whether thyroid nodules should be managed expectantly or surgically’-1°.

: However, FNAC is not a perfect gold standard for diagnosing thyroid nodule with overall false negative rates
© (malignant histology of a nodule with benign cytology) ranging from <1% to 12%''-". Also, thyroid nodules
* with indeterminate cytological findings still remain a matter of debate'*. Sometimes it is difficult to say whether a
. patient should be submitted to surgery or not. In order to improve diagnostic sensitivity and accuracy, our study
. explored the utility of the puncture feeling of thyroid nodules during fine-needle aspiration (FNA) procedure. To
. the best of our knowledge, there were no literature reporting on the role of puncture feeling of grittiness during
. FNA procedure about thyroid nodules.

: One can get various feelings in the process of FNA, such as needle getting stuck, hard to pull and so on. Dayan
. et.al reported that at the base of FNA needle equipped with a piezoelectric force-sensor could precisely measure
: the forces opposing needle penetration quantitatively, but it tested on the phantom which was composed of gel-
- atin and needed special equipment®. Grittiness is a heretofore well defined feeling when the tip of needle meets
. special structures, for example, a psammoma body. No relative research has been reported about the association
. between the puncture feeling of grittiness and FNAC pathology. The purpose of the present study, therefore, was
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Table 1. The distribution of FNAC and puncture feeling results, compared with pathology.

to investigate the benefits of puncture feeling of grittiness, in addition to FNAC, for the diagnosis of thyroid nod-
ules. Further, we investigated the repeatability of puncture feeling.

Results

From January 2013 and January 2017, a total of 1531 thyroid nodules that underwent US guided FNA in our
department of ultrasound were submitted to the thyroid surgery. Of those, there were 414 (27.04%) males and
1117(72.86%) females, a male to female gender ratio of 1:2.7. The mean age was 45.5 +9.7 (range 19-82) years in
this cohort. Seven hundred and twenty-seven thyroid nodules were diagnosed as thyroid malignancies on final
histopathology. Among them, 707 were papillary thyroid carcinomas (PTC), 17 were follicular thyroid carcino-
mas, 2 were medullary carcinomas and 1 was anaplastic thyroid carcinoma. Eight hundred and four lesions were
benign: nodular goiter in 626 cases (77.86%), follicular thyroid adenoma in 139 cases (17.29%), Hashimoto thy-
roiditis in 19 cases (2.36%), subacute thyroiditis in 17 cases (2.11%) and chronic inflammation in 3 cases (0.37%).
The pathological classification of all 1531 thyroid nodules is shown in Fig. 1.

One thousand five hundred and thirty one thyroid nodules were classified into six categories on the basis
of the FNAC results according to the Bethesda System as follows: there were 75(4.90%) unsatisfactory or
non-diagnostic nodules, 324(21.16%) benign nodules, 181 (11.82%) atypia of undetermined significance/folli-
cular lesion of undetermined significance (AUS/FLUS) nodules, 236(15.41%) follicular neoplasm/suspicious for
a follicular neoplasm (FN/SFN) nodules, 128 (8.36%) suspicious for malignancy (SM) nodules and 587(38.34%)
malignant nodules. Among 1531 thyroid nodules, 726 nodules had puncture feeling of grittiness at first FNAC,
86 out of 726 were benign, the remaining 640 nodules were malignant. The false positive rate of puncture feeling
of grittiness was 11.85%. Meanwhile, as for 805 nodules with absence of puncture feeling of grittiness, 87 nodules
were malignant and 718 nodules were benign. The false negative rate of puncture feeling of grittiness was 10.81%.
Furthermore, 49 nodules had puncture feeling of grittiness and 767 nodules did not yield puncture feeling of
grittiness at Bethesda Categories I-IV. For the 49 nodules with puncture feeling of grittiness in the Categories
I-1V, 44 nodules were PTC, 1 nodule was chronic inflammation, 4 nodules were Hashimoto thyroiditis. Six hun-
dred and seventy- seven nodules had puncture feeling of grittiness and 38 nodules did not have puncture feeling
of grittiness at Bethesda Categories V and VI. For the 38 nodules without puncture feeling of grittiness in the
Categories V-VI, 12 nodules were follicular thyroid carcinomas, 24 nodules were PTC, 2 nodules were follicular
thyroid adenomas. (Table 1).

A repeat FNAC was performed in 67 out of 75 patients with unsatisfactory or non-diagnostic cytology, 12
out of 324 patients with benign cytology, 5 out of 181 patients with AUS/FLUS cytology, 4 out of 236 patients
with FN/SFEN cytology and 27 out of 128 patients with SM cytology. At Bethesda Categories I-IV, 11 nodules
had puncture feeling of grittiness and 77 nodules did not have puncture feeling of grittiness at repeat FNAC, 14
nodules had puncture feeling of grittiness and 74 nodules did not have puncture feeling of grittiness at initial
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with grittiness 16 2

without grittiness 1 43

Table 2. Assessment of intra-observer variability of puncture feeling of grittiness in the process of fine-needle

aspiration.
with grittiness 19 3
without grittiness 1 30

Table 3. Assessment of inter-observer variability of puncture feeling of grittiness in the process of fine-needle

aspiration.
malignant 632 83
FNAC 88.37% 86.93% 89.68% 88.36% | 88.39%
benign 95 721
malignant 640 86
Grittiness 88.70% 88.03% 89.30% 89.19% | 88.15%
benign 87 718
i malignant 676 88
combined FNAC and g 90.92% | 92.98% 89.05% 9335% | 88.48%
Grittiness benign 51 716

Table 4. Diagnostic performance of FNAC, puncture feeling of grittiness and combined FNAC and puncture
feeling of grittiness. Note: NPV, negative predictive value; PPV, positive predictive value.

FNAC. At Bethesda Categories V and VI, twenty-six nodules had puncture feeling of grittiness and 1 nodule did
not have puncture feeling of grittiness at repeat FNAC, 26 nodules had puncture feeling of grittiness and 1 nod-
ule did not have puncture feeling of grittiness at initial FNAC. The inter-observer and intra-observer agreement
on whether grittiness was feel when puncturing thyroid nodules was shown in Tables 2, 3. The inter-observers
and intra-observers consistency analysis revealed that the agreement on puncture feeling of grittiness were
almost perfect with k of 0.842 (95%, CI: 0.676-0.999, P < 0.05) and k of 0.881 (95%, CI: 0.712-1.000, P < 0.05)
respectively.

The sensitivity, specificity, accuracy, positive predictive value (PPV) and negative predictive value (NPV) of
single FNAC were 86.93%, 89.68%, 88.37%, 88.39%, 88.36%. That for puncture feeling of grittiness were 88.03%,
89.30%, 88.70%, 88.15%, 89.19%, respectively. After FNAC and puncture feeling of grittiness data were combined,
the sensitivity, specificity, accuracy, PPV and NPV were 92.98%, 89.05%, 90.92%, 88.48%, 93.35%, respectively.
The combined data compared with either FNAC alone or puncture feeling of grittiness alone, the sensitivity, accu-
racy, NPV were statistically significant (P=0.000, 0.001; P=0.021, 0.042 and P=0.001, 0.004). Table 4 lists the
sensitivity, specificity, PPV, NPV, and diagnostic accuracy for FNAC, puncture feeling of grittiness and combined
FNAC and puncture feeling of grittiness in detail.

No major or minor complications happened in the process of FNAC in our study. We present two cases for
illustration. First case, a malignant thyroid nodule with a false negative FNAC cytological reading, having feelings
of grittiness in the process of puncture (Fig. 2). Second case, a malignant thyroid nodule with a malignant FNAC
cytological result (nuclear crowding and overlapping or enlargement, poorly formed inclusions, pasmmoma bod-
ies and so on), having grittiness in the process of puncture, a pasmmoma body is shown in section (Fig. 3).

Discussion

Recent studies have reported an increasing trend in the incidence of thyroid cancer'®. PTC is the most common
type of all types of thyroid carcinomas, accounting for 80% to 85% of all'’-'°. Obviously, it is important to differ-
entiate benign and malignant thyroid nodules. FNAC performed under ultrasound guidance has been reported
to be the most sensitive and reliable tool for the detection of thyroid malignancy and selecting candidates for
surgery. But preoperative FNAC cannot detect all malignant thyroid nodules (false negative), especially in cases
of hypo-cellular lesions such as deep nodules with cystic changes?. Our study revealed for the first time puncture
feeling in the process of FNAC contributes to improving this situation.

It had been reported that a robot could reliably detect the instant of needle puncture using coaxial force sensor
without being affected by artifacts?!. In reality, it is also easy to sense the tissue properties using free hand for
skilled radiologists, such as the skin, the muscle, the ligament, etc**-?%. Piercing tip through the thyroid nodules
could yield feeling of mainly sticky, soft with little resistance, mushy and so on. However, there have been no
studies specifically regarding the significance of the feeling of grittiness. Our study formally investigated puncture
feeling of grittiness and whether it was associated with malignant thyroid nodule. The presence of grittiness was
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Figure 2. Image of a 46-year-old man with a thyroid nodule in the right lobe. (A) The two-dimensional
ultrasound showed a lesion with microcalcification in the right lobe. (B) On FNA, the needle tip could penetrate
through the calcified nodule (Red arrow). (C) FNAC smear showing features of a benign thyroid nodule
(Papanicolaou, x400). (D) Histopathology showing features of papillary carcinoma (Hematoxylin and eosin,
x400).

Figure 3. Image of a 39-year-old woman with a thyroid nodule in the left lobe. (A) The two-dimensional
ultrasound showed a lesion with irregular margins in the left lobe. (B) On FNA, the needle tip passed through
the center of the nodule (Red arrow). (C) FNAC smear showing features of malignant thyroid nodule, for
example, pasmmoma body (Black arrow, Papanicolaou, x 400). (D) Histopathology showing features of
papillary carcinoma (Hematoxylin and eosin, x 400).
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significantly correlated with higher incidences of malignant thyroid nodules (P < 0.05), compared with absence
of grittiness in our study. Thus, our results suggested that puncture feeling of grittiness was associated with malig-
nant lesions.

The origin of the puncture feeling of grittiness might be calcifications. Ultrasonographically detected calcifi-
cations can be classified as macro- or micro-calcification®. The most common form of intra-nodular calcification
observed by thyroid ultrasound is the dense and peripheral type. Nodular micro-calcification is the most useful
indicator for the diagnosis of malignant thyroid nodule®. Cytological and histological examination demonstrated
that psammoma bodies mostly correspond to micro-calcification. Psammoma bodies are defined as spherical cal-
cified foci with concentric laminations, and is different from intra-follicular inspissated colloid. There are usually
situated within stromal stalks of tumor papillae?’?. Other calcifications are characterized by a spherical shape
lacking laminations or by an irregular shape with laminations. Although psammoma bodies are found in up to
50% of papillary thyroid carcinomas, their clinicopathological significance remains uncertain®’. The diagnostic
characteristic of papillary thyroid carcinoma is the presence of psammoma bodies in pathology®'. Psammoma
bodies in thyroid nodule may be formed by calcification and necrosis of intravascular or intra-lymphatic tumor
thrombi. Others claimed that psammoma bodies were regarded as intracellular calcifications in viable cells of the
nidus®?. The definite mechanisms responsible for the formation of psammoma bodies remain unknown.

The findings of the present study suggested that the presence of psammoma bodies under the microscope
may be a useful prognostic indicator of malignancy, although psammoma bodies are occasionally observed in
benign thyroid nodule as well. 44 of 95 false negative cases found on FNAC in the study could have been correctly
diagnosed as carcinoma by adding puncture feeling of grittiness. These results suggested that the presence of grit-
tiness might be a useful predictor. Though puncture feeling of grittiness appeared to suggest a higher incidence
of malignancy than those with no grittiness (P < 0.05). Among 36 malignant thyroid nodules without puncture
feeling of grittiness, 12 nodules were follicular thyroid carcinomas, 24 nodules were PTC. The false negative rate
of puncture feeling of grittiness in predicting malignant thyroid nodules was 10.81% in this study. One of the
main reasons for false negative of puncture feeling of grittiness might be that psammoma bodies were present in
up to 50% of papillary thyroid carcinomas and were never present within follicular thyroid carcinomas. Contrary,
the main reason for false positive results in puncture feeling of grittiness in this study may due to the benign
thyroid nodules with severe fibrosis, hyalinization, dense calcification, hemorrhage and necrosis. Overall, our
results suggested that puncture feeling of grittiness together with FNAC would be a useful decision-making tool
particularly for suspicious thyroid nodules.

Some investigators have suggested that repeat FNAC should be performed in order to reduce the risk of false
negative results. Factors that lower the probability of aspirate representativeness include small size of nodule,
mixed cystic-solid character of the nodule and difficult localization®-%°. Others suggest that repeat FNAC is not
reasonable as they rarely change the category of Bethesda classification while exposing patients to stress and addi-
tional costs'**%. According to the 2015 American Thyroid Association’s guidelines®, repeat FNAC should be
done with ultrasound guidance for the thyroid nodule yielding an initial non-diagnostic cytology result. A repeat
FNAC could lead to a more definitive cytologic diagnosis in many cases. Repeat FNAC is the usual method of
management after indeterminate diagnosis because the expected risk of malignancy is far more than 5% accord-
ing to Koh J et al’s study®. Repeat FNAC appears to not increase the expected likelihood of a malignant finding
for patients who have an initial benign reading according to Graciano AJ ef al’s research®.

In our study, 115 thyroid nodules underwent repeat FNAC. The inter-observers and intra-observers con-
sistency analysis showed that the agreement in puncture feeling of grittiness were almost perfect with k of 0.842
(95% CI: 0.676-0.999, P < 0.05) and k of 0.881 (95% CI: 0.712-1.000, P < 0.05) respectively. This result showed
that puncture feeling of grittiness had a high repeatability rate whether for the same radiologist or different radi-
ologists. Although the puncture feeling of grittiness was a very subjective feeling, the agreement of subjective
puncture feeling for one radiologist and for different radiologists was surprisingly good. One reason behind this
could be that, ultrasound-guided puncture was performed on the most suspicious spot based on ultrasound
images whether by the same or by different radiologists. Another reason was that puncture feeling of grittiness
seems very obvious for a skilled radiologist.

This study has a number of limitations. Firstly, it employed a retrospective design involving a single medical
center. As such, selection bias might have been present. Some patients were excluded for not needing surgeries.
Some patients with benign cytological results may not have been enrolled to our research, resulting in a higher
incidence of malignant nodules. Secondly, thyroid nodules with more suspicious characters at ultrasound and
other risk factors are more likely to undergo FNAC and surgery. Patients with multiple nodules is another potential
source of selection bias. Furthermore, the difference in the reliability of puncture feeling of grittiness between pap-
illary and follicular lesions had not been compared due to the insufficiency of follicular thyroid lesions samples. In
addition, this study did not specially address ultrasonic appearance, such as taller than wider shape, echogenicity
and so on, in making clinical decisions. Although puncture feeling of grittiness has a high repetition reliability, it
is still a subjective sensation. Only well experienced radiologists can develop this feel. The puncture feeling of grit-
tiness in this research is confined to veteran radiologists. What’s more, the puncture feeling comes from the force
at the needle tip as well as the friction to the needle sidewall. When the needle is inserted to greater depth, friction
dominates and dilutes the feel from the needle tip. Finally, the puncture feeling corresponding to histology had not
been confirmed pathologically in this study, which is one of the subjects of ongoing research in the future.

It was apparent that the combined application of FNAC and puncture feeling of grittiness contributed to higher
sensitivity, accuracy, NPV and PPV than FNAC alone or puncture feeling of grittiness alone in the study. In conclusion,
FNAC/puncture feeling of grittiness reduces inconclusive diagnoses and increases the sensitivity compared to FNAC
without paying attention to the feeling of grittiness. This expedites surgery when indicate. The findings of the present
study suggest that puncture feeling of grittiness combined with FNAC is a useful method to differentiate benign and
malignant thyroid nodules. Moreover, the reproducibility of puncture feeling of grittiness is surprising high.
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Methods

This retrospective study was approved by Institutional Review Board and local ethics committee of the Second
Affiliated Hospital of Zhejiang University School of Medicine. Written standard informed consent was obtained
from each patient prior to FNAC. The methods in this study were performed in accordance with approved guide-
lines. No incentives, financial or other, were offered to them.

Patients. One thousand five hundred and thirty-one thyroid nodule FNACs performed at the department of
ultrasound, the Second Affiliated Hospital of Zhejiang University School of Medicine, from January 2013 to January
2017 were retrieved retrospectively. FNAC was performed under ultrasound guidance. Patients had to be excluded
from the analysis due to multiply nodules on one side of thyroid or without FNAC or surgery results (Fig. 1). Medical
records of thyroid nodules were subsequently reviewed using a picture archive and communications system (PACS).
Clinicopathological parameters such as gender, age, ultrasonographic characters and pathologic examinations were
evaluated by reviewing clinical charts and pathological records. All patients in this cohort underwent thyroid ultra-
sonography, preoperative FNAC diagnoses and postoperative histologic diagnoses.

Ultrasonography and fine-needle aspiration. Radiologists with expertise in routine ultrasound exam-
inations performed thyroid ultrasonography using an 8~14 MHz linear transducer (Mylab 90, Esaote Medical
System, Italy). Thyroid nodule diagnostic FNAC was recommended for: (a) cases with one or more suspicious
sonographic features: microcalcifications, extreme hypoechogenicity (lower than cervical strap muscle), taller
than wide shape, irregular margins (infiltrative, speculated, or microlobulated), rim calcifications with small
extrusive hypoechoic soft tissue component and extrathyroidal extension. (b) Metastatic cervical lymph nodes.
(c) Distant metastases. (d) History of cervical irradiation. (e) Per patient request despite advice to the contrary. (f)
Fear of turning malignant. (g) Compression and uncomfortable symptoms. Ultrasonographic features were being
used to select the most suspicious thyroid nodule for FNAC in patients with multiple thyroid nodules.

All ultrasound guided FNACs were performed by radiologists with at least 5 years of dedicated experience in
performing thyroid ultrasound. The patient’s neck was supported by a pillow with the neck exposed and the head
extended. After administration of subcutaneous and perithyroidal local anesthesia with 1% lidocaine, each nod-
ule underwent capillary aspiration with the freehand technique. At least four needle passes were made in order
to obtain adequate specimens with 22-gauge needles (Hakko, Japan). Puncture time depended on the pathologist
and the quality of slides. If the specimen contains at least six groups of benign follicular cells with each group
being composed of at least ten cells, the specimen was considered satisfactory. The smears were immediately fixed
in 95% alcohol for Papanicolaou staining. At the same time, an assistant recorded whether the nodule had punc-
ture feeling of grittiness or not according to radiologist. Real-time ultrasound was used to monitor all procedures
continuously in order to assess complications such as parenchymal edema or perithyroidal hematoma. Each
biopsy site was monitored under local compression for at least 30 minutes.

One hundred and fifteen thyroid nodules underwent repeat FNAC no sooner than three months after initial
ENAC, for these conditions: (1) Some nodules with an initial non-diagnostic cytology result. (2) Ultrasound and
clinical characteristics predictive for malignancy despite benign cytological results. (3) Patients strongly wishing
arepeat FNAC. A radiologist with at least 5 years of experience blinded to the cytological result and puncture feel-
ing would perform the repeat FNAC. Likewise, a pathological with a minimum of 5 years of experience blinded
to evaluation of repeat FNAC cytological specimens was involved. The Kappa coefficient was used to determine
inter-observer and intra-observer reliability of puncture feeling of grittiness at first FNAC and on repeat FNAC.

The National Cancer Institute (NCI) proposed a six tier system named TBSRTC has been adopted in our
institution since 2011*!. Cytological diagnoses were classified as follows: Bethesda I was unsatisfactory or
non-diagnostic; Bethesda IT was benign; Bethesda III was AUS/FLUS; Bethesda IV was FN/SFN; Bethesda V
was SM; Bethesda VI was malignant. According to the Bethesda System, <grade V were benign and Bethesda
Category V and VI were considered malignant.

Surgery. Surgery was considered for patients with: (1) Cytologically non-diagnostic nodule with highly suspi-
cious ultrasonographic features, growth of nodule (>20% in two dimensions) during follow-up, or other clinical
risk factors; (2) FNA Bethesda Category > III; (3) Neck discomfort; (4) Dysphagia; (5) Cosmetic problem. (6) Per
patient request despite advice to the contrary. All sections stained with hematoxylin and eosin from surgery were
screened by pathologists with at least 5 years of specific experience.

Statistical analysis. Data analysis was performed with SPSS software for Windows v19.0 (IBM, USA). The
level of statistical significance was defined as P < 0.05 with a confidence interval of 95%. Concordance between
the categorical data obtained by two same or different radiologists was evaluated using the kappa analysis. The
sensitivity, specificity, negative predictive value, positive predictive value, and accuracy of diagnosis of thyroid
were calculated for puncture feeling of grittiness and FNAC based on the final histological results. Comparison of
Categorical variables were evaluated using the chi square analysis.

References

1. Paepegaey, A. C. et al. Long-Term Control of Hypercortisolism by Vandetanib in a Medullary Thyroid Carcinoma with a Somatic
Ret Mutation. Thyroid. 27, 587-590 (2017).

2. Daniell, K. & Nucera, C. Effect of the Micronutrient Iodine in Thyroid Carcinoma Angiogenesis. Aging (Albany NY). 8, 3180-3184
(2016).

3. Scharpf, J., Kamani, D., Sadow, P. M. & Randolph, G. W. The Follicular Variant of Papillary Thyroid Cancer and Noninvasive
Follicular Thyroid Neoplasm with Papillary-Like Nuclear Features (Niftp). Curr Opin Oncol. 29, 20-24 (2017).

4. Rosario, P. W. & Calsolari, M. R. What is the Best Criterion for Repetition of Fine-Needle Aspiration in Thyroid Nodules with
Initially Benign Cytology? Thyroid. 25, 1115-1120 (2015).

SCIENTIFICREPORTS|7: 13109 | DOI:10.1038/541598-017-13391-3 6



www.nature.com/scientificreports/

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.

36.
. Merchant, S. H., Izquierdo, R. & Khurana, K. K. Is Repeated Fine-Needle Aspiration Cytology Useful in the Management of Patients

38.

39.

40.

41.

. Singh, O. N, Sebo, T. J., Morris, J. C. & Castro, M. R. The Value of Repeat Thyroid Fine-Needle Aspiration Biopsy in Patients with a

Previously Benign Result: How Often Does It Alter Management? Thyroid. 25, 1121-1126 (2015).

. Pusztaszeri, M. et al. Fine-Needle Aspiration Biopsy of Secondary Neoplasms of the Thyroid Gland: A Multi-Institutional Study of

62 Cases. Cancer Cytopathol. 123,19-29 (2015).

. Ralhan, R. et al. Inmunohistochemical Subcellular Localization of Protein Biomarkers Distinguishes Benign from Malignant

Thyroid Nodules: Potential for Fine-Needle Aspiration Biopsy Clinical Application. Thyroid. 25, 1224-1234 (2015).

. Lee, K. H,, Shin, J. H,, Oh, Y. L. & Hahn, S. Y. Atypia of Undetermined Significance in Thyroid Fine-Needle Aspiration Cytology:

Prediction of Malignancy by Us and Comparison of Methods for Further Management. Ann Surg Oncol. 21, 2326-2331 (2014).

. Kakudo, K., Kameyama, K., Miyauchi, A. & Nakamura, H. Introducing the Reporting System for Thyroid Fine-Needle Aspiration

Cytology According to the New Guidelines of the Japan Thyroid Association. Endocr J. 61, 539-552 (2014).

Arul, P, Akshatha, C. & Masilamani, S. A Study of Malignancy Rates in Different Diagnostic Categories of the Bethesda System for
Reporting ThyroidCytopathology: An Institutional Experience. Biomed J. 38, 517-522 (2015).

Lucas, A. et al. Fine-Needle Aspiration Cytology of Benign Nodular Thyroid Disease. Value of Re-Aspiration. Eur ] Endocrinol. 132,
677-680 (1995).

Yoon, J. H., Moon, H. J., Kim, E. K. & Kwak, J. Y. Inadequate Cytology in Thyroid Nodules: Should We Repeat Aspiration or Follow-
Up? Ann Surg Oncol. 18, 1282-1289 (2011).

Kulstad, R. Do All Thyroid Nodules >4 cm Need to be Removed? An Evaluation of Thyroid Fine-Needle Aspiration Biopsy in Large
Thyroid Nodules. Endocr Pract. 22,791-798 (2016).

Abeykoon, J. P. et al. The Effect of Implementing Gene Expression Classifier on Outcomes of Thyroid Nodules with Indeterminate
Cytology. Horm Cancer. 7, 272-278 (2016).

Wickramaratne, D. et al. Fine Needle Elastography (FNE) Device for Biomechanically Determining Local Variations of Tissue
Mechanical Properties. ] Biomech. 48, 81-88 (2015).

Shin, H. Y,, Jee, Y. H. & Cho, E. R. Body Mass Index and Incidence of Thyroid Cancer in Korea: The Korean Cancer Prevention
Study-II. ] Cancer Res Clin Oncol. 143, 143-149 (2017).

Hu, J. et al. Expressions of Mirnas in Papillary Thyroid Carcinoma and their Associations with the Clinical Characteristics of PTC.
Cancer Biomark. 18, 87-94 (2017).

Colato, C. et al. Break-Apart Interphase Fluorescence in Situ Hybridization Assay in Papillary Thyroid Carcinoma: On the Road to
Optimizing the Cut-Off Level for RET/PTC Rearrangements. Eur ] Endocrinol. 172, 571-582 (2015).

Chen, Y. J. et al. Diagnostic Significance of Elevated Expression of Hbme-1 in Papillary Thyroid Carcinoma. Tumour Biol. 37,
8715-8720 (2016).

Lee, S. H. et al. Clinical Outcomes in Patients with Non-Diagnostic Thyroid Fine Needle Aspiration Cytology: Usefulness of the
Thyroid Core Needle Biopsy. Ann Surg Oncol. 21, 1870-1877 (2014).

Ahn, B, Lee, H., Kim, Y. & Kim, ]. Robotic System with Sweeping Palpation and Needle Biopsy for Prostate Cancer Diagnosis. Int J
Med Robot. 10, 356-367 (2014).

Ramesh, V. Diagnostic Lumbar Puncture in Suspected Acute Bacterial Meningitis: Avoiding Catastrophe. Dev Med Child Neurol. 55,
1068 (2013).

Patout, M. et al. A Randomized Controlled Trial On the Effect of Needle Gauge On the Pain and Anxiety Experienced During Radial
Arterial Puncture. Plos One. 10, e139432 (2015).

Tshomba, Y. et al. Automated Pressure-Controlled Cerebrospinal Fluid Drainage During Open Thoracoabdominal Aortic
Aneurysm Repair. ] Vasc Surg. 66, 37-44 (2017).

Shi, C. et al. Correlation Between Thyroid Nodule Calcification Morphology on Ultrasound and Thyroid Carcinoma. ] Int Med Res.
40, 350-357 (2012).

Brophy, C. et al. Impact of Microcalcifications On Risk of Malignancy in Thyroid Nodules with Indeterminate or Benign Cytology.
Otolaryngol Head Neck Surg. 154, 46-51 (2016).

Bai, Y. et al. Survival Impact of Psammoma Body, Stromal Calcification, and Bone Formation in Papillary Thyroid Carcinoma. Mod
Pathol. 22, 887-894 (2009).

Triggiani, V., Guastamacchia, E., Licchelli, B. & Tafaro, E. Microcalcifications and Psammoma Bodies in Thyroid Tumors. Thyroid.
18,1017-1018 (2008).

Chernock, R. D. & Lewis, J. J. Classification of Psammoma Bodies in the Revised College of American Pathologists Thyroid Cancer
Protocol. Arch Pathol Lab Med. 139, 967 (2015).

Pyo, J. S. et al. The Prognostic Relevance of Psammoma Bodies and Ultrasonographic Intratumoral Calcifications in Papillary
Thyroid Carcinoma: Reply. World ] Surg. 38, 749 (2014).

Triggiani, V., Ciampolillo, A. & Maiorano, E. Papillary Thyroid Carcinoma, Diffuse Sclerosing Variant, with Abundant Psammoma
Bodies. Acta Cytol. 47, 1141-1143 (2003).

Das, D. K. Psammoma Body: A Product of Dystrophic Calcification or of A Biologically Active Process that Aims at Limiting the
Growth and Spread of Tumor? Diagn Cytopathol. 37, 534-541 (2009).

Dwarakanathan, A. A. et al. Importance of Repeat Fine-Needle Biopsy in the Management of Thyroid Nodules. Am J Surg. 166,
350-352 (1993).

Hamburger, J. I. Consistency of Sequential Needle Biopsy Findings for Thyroid Nodules. Management Implications. Arch Intern
Med. 147, 97-99 (1987).

Menendez, T. E. et al. Value of Repeated Fine Needle Aspiration Cytology in Patients with Nodular Goiter. Acta Cytol. 51, 850-852
(2007).

Erdogan, M. E. et al. Value of Re-Aspirations in Benign Nodular Thyroid Disease. Thyroid. 8, 1087-1090 (1998).

with Benign Nodular Thyroid Disease? Thyroid. 10, 489-492 (2000).

Haugen, B. R. 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 Differentiated
Thyroid Cancer. Thyroid. 26, 1-133 (2016).

Koh, J., Kim, E. K., Kwak, J. Y., Yoon, J. H. & Moon, H. J. Repeat Fine-Needle Aspiration Can be Performed at 6 Months or More
After Initial Atypia of Undetermined Significance or Follicular Lesion of Undetermined Significance Results for Thyroid Nodules 10
mm or Larger. Eur Radiol. 26, 4442-4448 (2016).

Graciano, A. J., Chone, C. T, Fischer, C. A,, Bublitz, G. S. & Peixoto, A. J. Repeated Fine-Needle Aspiration Cytology for the
Diagnosis and Follow-Up of Thyroid Nodules. Braz ] Otorhinolaryngol. 80, 422-427 (2014).

Cochand-Priollet, B., Schmitt, E C., Totsch, M. & Vielh, P. The Bethesda Terminology for Reporting Thyroid Cytopathology: From
Theory to Practice in Europe. Acta Cytol. 55,507-511 (2011).

Acknowledgements
This study was supported by the National Natural Science Foundation (Grants No. 81420108018, 81527803,
81271584) of China. We thank Dr. KC Lee for his help to polish this paper.

SCIENTIFICREPORTS|7: 13109 | DOI:10.1038/541598-017-13391-3 7



www.nature.com/scientificreports/

Author Contributions
PH. designed this study. J.L., EH., ].C., Y.S., C.Z. and K.X. acquired the data. ].L. and J.C. interpreted the data. J.L.
and C.Z. wrote the main manuscript text. All authors reviewed the manuscript.

Additional Information
Competing Interests: The authors declare that they have no competing interests.

Publisher's note: Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2017

SCIENTIFICREPORTS|7: 13109 | DOI:10.1038/s41598-017-13391-3 8


http://creativecommons.org/licenses/by/4.0/

	Risk of malignancy in thyroid nodules: predictive value of puncture feeling of grittiness in the process of fine-needle asp ...
	Results

	Discussion

	Methods

	Patients. 
	Ultrasonography and fine-needle aspiration. 
	Surgery. 
	Statistical analysis. 

	Acknowledgements

	Figure 1 Flow diagram of the thyroid nodule selection process.
	Figure 2 Image of a 46-year-old man with a thyroid nodule in the right lobe.
	Figure 3 Image of a 39-year-old woman with a thyroid nodule in the left lobe.
	Table 1 The distribution of FNAC and puncture feeling results, compared with pathology.
	Table 2 Assessment of intra-observer variability of puncture feeling of grittiness in the process of fine-needle aspiration.
	Table 3 Assessment of inter-observer variability of puncture feeling of grittiness in the process of fine-needle aspiration.
	Table 4 Diagnostic performance of FNAC, puncture feeling of grittiness and combined FNAC and puncture feeling of grittiness.




