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Abstract 
 

Ultrasound-guided fine needle aspiration biopsy (FNAB) on thyroid nodules: 
correlation with sonographic findings 

 
Mi-Jung Lee 

 
Department of Medicine 

The Graduate School, Yonsei University 
 

(Directed by Professor Eun-Kyung Kim) 
 

Purpose: To analyze the results of ultrasound-guided fine needle aspiration biopsy 
(FNAB) on thyroid nodules with sonographic correlation, especially for the case of insufficient 
or suspicious cytology results. 

Methods and Materials: Total 1056 thyroid nodules of 1007 patients underwent 
ultrasound (US) with fine needle aspiration biopsy by one experienced radiologist in our 
hospital for 13 months. Diagnostic categories (benign, probably benign or suspicious) based on 
US findings and sonographic characterization (cyst, mixed or solid) of each nodule was 
prospectively evaluated. The cytology results were divided into four groups: benign, suspicious 
(follicular or Hurthle cell neoplasm and suspicious papillary carcinoma), malignant, and 
insufficient.  

Results: In regard to US findings, there were 45 benign (4.3%), 765 probably benign 
(72.4%) and 246 suspicious (23.3%) nodules out of 1056 thyroid nodules. In sonographic 
characterization, 45 (4.3%) nodules were cyst, 410 (38.8%) nodules were mixed and 601 
(56.9%) nodules were solid. In cytology results, 646 nodules were benign, 159 were malignant, 
106 were suspicious and 145 were insufficient. Three hundred three nodules were underwent 
operation and in pathology results, there were 115 benign nodules and 188 malignant nodules. 
Sensitivity, specificity, positive predictive value (PPV) and negative predictive value (NPV) and 
accuracy of our sonographic categories were 86.2-87.3%, 85.2-93.8%, 80.5-90.5%, 79.0-96.1% 
and 85.8-92.3% respectively.  Sensitivity, specificity, PPV, NPV and accuracy of our FNAB 
cytology results were 76.8-97.3%, 66.7-99.0%, 84.5-99.3%, 69.5-93.0% and 84.5-97.2%. There 
were no significant differences in insufficient rates between nodules less than 1cm and more 
than 1cm. Among the insufficient (n=145) or suspicious (n=106) cytology results, diagnostic 
categories were significantly correlated with pathology results.   

Conclusion: Ultrasound-guided FNAB can provide high sensitivity, specificity and 
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diagnostic accuracy in patients with thyroid nodules, even in small (less than 1cm) nodules. And 
sonographic findings are very useful in cases of insufficient or suspicious cytology results. 
 
 
Key words : thyroid nodule, biopsy, ultrasound, sensitivity and specificity 

 



 １

 
Ultrasound-guided fine needle aspiration biopsy (FNAB) on thyroid nodules: 

correlation with sonographic findings 
 

Mi-Jung Lee 
Department of Medicine 

The Graduate School, Yonsei University  

 
Directed by Professor Eun-Kyung Kim 

 
 
Ⅰ. INTRODUCTION 

Fine needle aspiration biopsy (FNAB) is widely accepted diagnostic modality for the 
evaluation of thyroid nodules 1-7. It can be done with a guidance of palpation or ultrasound (US) 
and several reports suggested that US-guided FNAB (US-FNAB) has many advantages over a 
biopsy guided by palpation 5, 8. Real time US examination permits confirmation of the needle 
within the lesion, so facilitating an accurate biopsy on small non-palpable nodules. Even in 
palpable thyroid nodules, US-FNAB is superior to palpation-guided FNAB for obtaining 
adequate material as well as providing more accurate cytology evaluation 5, 9, 10.   

However, there are still some limitations in US-FNAB. The major limitation is the 
result of insufficient or suspicious (indeterminate) aspirates. Although insufficient rate has been 
decreased compared with palpation-guided FNAB, that for US-FNAB has still reported about 4-
40%10, 11. The management of nodules with insufficient or suspicious cytology is problematic in 
clinical situation and there are no clear guidelines for the management of these lesions 12, 13.  

During or before the US-FNAB, US evaluation of thyroid nodule is performed. So US 
can be used not only for the guidance but also for the evaluation of thyroid nodule. With the 
high-resolution US equipment, there have been several reports about the US findings of thyroid 
nodules suggesting malignancy 14-23. Despite there are some overlaps between benign and 
malignant findings, we suggest US can provide some information over the FNAB results. 
However, to our knowledge, there were few reports about the US-FNAB results of thyroid 
nodules correlated with US findings.  

Our purpose of this study is to analyze the results of US- FNAB of thyroid nodules 
with sonographic correlation and to determine whether sonographic characterization can provide 
guideline for further evaluation or operation in cases with suspicious or insufficient cytology 
results.  
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Ⅱ. MATERIALS AND METHODS 
From September 2002 to September 2003, total 1056 thyroid nodules in 1007 patients 

underwent US and US-FNAB by one experienced radiologist in our hospital. There were 935 
women and 72 men with their age ranged from 12 to 82 years (mean age, 48 years). Thyroid US 
was performed with an HDI 3000 or 5000 scanner (Phillips, Bothell, Washington, USA) using a 
bandwidth of 7 to 12-MHz transducer. Before performing FNAB, US was meticulously done for 
characterization of the thyroid nodules. First, the size was measured as the maximal dimension 
and composition of the nodule (sonographic characterization) was classified as cyst, mixed or 
solid. Cyst means completely anechoic nodule with or without comet-tail artifact. Mixed lesion 
means combined solid and cystic portion.  

At the time of US, each lesion was described sonographic features, including 
echogenecity, margin, calcifications, and shape as published our data 16. The echogenecity was 
divided as hyperechogenecity, isoechogenecity, hypoechogenecity, marked hypoechogenecity, 
and mixed echogenecity. When the echogenecity of the nodule was similar to thyroid 
parenchyma, we classified it as an isoechogenecity. Marked hypoechogenicity was defined as 
decreased echogenicity compared with the surrounding strap muscle. The margin was divided as 
well circumscribed, or not-well circumscribed including microlobulated and irregular. 
Calcifications were divided as microcalcifications, macrocalcifications, mixed calcifications and 
none. Microcalcifications were defined as tiny, punctuate and hyperechoic foci either with or 
without acoustic shadows. Mixed calcifications were defined as combination of 
microcalcificaitons and macrocalcifications. Shape was assessed by the ratio of anteroposterior 
(A) and transverse (T) diameter (A/T≥1 or A/T<1). Mixed nodule was analyzed according to the 
solid portion of the nodule. Malignant sonographic features were defined as marked 
hypoechogenicity, not-well circumscribed margin, microcalcifications or mixed calcifications, 
and A/T≥1.  

We prospectively classified nodules as benign, probably benign or suspicious based on 
US findings. If the nodule was a cyst, it was classified as benign. If any single feature 
suggestive of malignancy was present, it was classified as suspicious. If a nodule had no 
suspicious features and was not a cyst, it was classified as probably benign.  

FNAB was performed by one experienced radiologist under ultrasound guidance. 
During the US-FNAB, patients were placed in a supine position with the neck slightly extended. 
After localization the lesion, the patient’s neck was sterilely prepared and draped. Local 
anesthetic was not used during the procedure. The transducer was placed over the lesion and a 
23 gauge needle attached to the 20ml syringe with syringe holder was placed just above the 
transducer. By watching the tip of the needle on a monitor, it was inserted almost perpendicular 
to the neck. The tip of the needle was clearly visible as a bright spit on the monitor. When we 
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targeted the mixed echoic nodule, the needle was introduced towards the solid portion of the 
mixed echoic lesion. When the needle reached the target, the aspiration biopsy was performed 
with to-and-fro movement. Suction was released before the needle was removed from the lesion. 
During the procedure, all the needle movements could be continuously visualized in real time. A 
minimum of two passes were employed. After samples were obtained, they were mounted on a 
glass slide and prepared for the cell block. The glass slides were fixed and stained with 
Papanicolaou stain. The cytology was interpreted by the cytopathologists and the cytology result 
was diagnosed as one of four categories: benign, suspicious (follicular or Hurthle cell neoplasm 
and suspicious papillary carcinoma), malignant, or insufficient. An adequate specimen was 
defined as containing 8-10 medium-sized fragments of follicular epithelium on at least two 
slides24. A nodule was considered benign if the specimen exhibited normal thyroid epithelial 
cells or thyroiditis. A follicular neoplasm was considered separately from the malignant group 
because it is difficult to differentiate between follicular adenoma and follicular carcinoma; 
therefore, the nodules classified as malignant excluded follicular carcinomas. Among the 
features of (1) nuclei with irregular membranes, including grooved nuclei and intranuclear 
cytoplasmic invaginations, (2) dense, squamoid cytoplasm and (3) evidence of papillary 
architecture, the presence of even one of these features is considered suspicious for 
malignancy11, 25. Nodules with suspicious or malignant cytology were referred for surgical 
resection and pathology results were obtained after thyroidectomy or excision operation. Then 
these cytology and pathology data was correlated with US categories. We calculated the 
sensitivity, specificity, positive predictive value, negative predictive value and accuracy for 
sonographic categories and FNAB results. Subgroup comparisons were statistically analyzed by 
chi-square tests. 
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Ⅲ. RESULTS 
The size of 1056 thyroid nodules was ranged from 3 to 100mm (mean size, 16.6mm). 

Four hundred seventeen nodules (39.5%) were less than 10mm. There were no significant 
differences in insufficient rates between nodules less than and more than 1cm (12.5% and 
15.6% respectively, p value = 0.157).  

In considering of nodule composition (sonographic characterization), 45 (4.3%) 
nodules were cyst, 410 (38.8%) nodules were mixed and 601 (56.9%) nodules were solid. There 
was more inadequate cytology result in cysts (31.1%) than in mixed (13.9%) or solid (12.3%) 
nodules (statistics). The malignant rate was higher in solid nodules (23.6%) than in cysts (0%) 
or mixed nodules (4.1%) and the difference was statistically significant (p value < 0.0001) (Fig. 
1). 
 

Thyroid nodule underwent FNAB 
(n=1056)

Cyst 

(n=45, 4.3%)

•Insufficient 
(n=14, 31.1%)
•Benign 
(n=31, 68.9%)

Solid 

(n=601, 56.9%)
Mixed 

(n=410, 38.8%)

•Insufficient
(n=57, 13.9%)
• Benign 
(n=311, 75.6%)
•Suspicoius
(n=25, 6.1%)
•Malignant
(n=17, 4.1%)

•Insufficient
(n=74, 12.3%)
• Benign 
(n=304, 50.6%)
•Suspicious 
(n=81, 13.5%)
•Malignancy
(n=142, 23.6%)

US characterization

 
Figure 1. Diagram of thyroid nodules underwent FNAB with sonographic characterization and 
pathology results. 
 
 

In regard to US categories, there were 45 (4.3%) benign nodules, 765 (72.4%) 
probably benign nodules and 246 (23.3%) suspicious nodules. The FNAB results were 
significantly different in benign plus probably benign group and suspicious group (p value < 
0.0001). Insufficient rate was also significantly different between benign plus probably benign 
group and suspicious group (p value = 0.002) (Fig. 2). The sensitivity, specificity, positive 
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predictive value (PPV), negative predictive value (NPV) and accuracy of the sonographic 
categories in these cases were 86.2-87.3%, 85.2-93.8%, 80.5-90.5%, 79.0-96.1% and 85.8-
92.3% according to inclusion or exclusion of FNAB only lesions. 
 

Thyroid nodule underwent FNAB 
(n=1056)

Size: 3 – 100mm

Benign

(n=45, 4.3%)

•Insufficient 
(n=14, 31.1%)
•Benign 
(n=31, 68.9%)

Suspicious

(n=246, 23.3%)

Probably Benign

(n=765, 72.4%)

•Insufficient
(n=106, 13.9%)
• Benign 
(n=580, 75.8%)
•Suspicoius
(n=63, 8.2%)
•Malignant
(n=16, 2.1%)

•Insufficient
(n=25, 10.2%)
• Benign 
(n=35, 14.2%)
•Suspicious 
(n=41, 17.5%)
•Malignancy
(n=143, 58.1%)

US finding

 

Figure 2. Diagram of thyroid nodules underwent FNAB with sonographic categories and 
pathology results. 
 
 

In cytology results, 646 (61.2%) nodules were benign, 159 (15.1%) were malignant, 
106 (10.0%) were suspicious and 145 (13.7%) were insufficient. The sonographic categories 
were benign or probably benign in 94.6% of cytologically benign group (Fig. 3) and suspicious 
in 89.9% of cytologically malignant group (Fig. 4).  
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Benign cytology

(n=646)

Benign

(n=31, 4.8%)
Suspicious

(n=35, 5.4%)

Probably Benign

(n=580, 89.8%)

•benign
(n=57, 95%)
•Malignant 
(papillary 
carcinoma)
(n=3, 5%)

US finding

Op cases

(n=60)

Op cases

(n=9)

•benign
(n=2)

Op cases

(n=2)

•benign
(n=7, 77.8%)
•Malignant 
(papillary 
carcinoma)
(n=2, 22.2%)

 

Figure 3. Diagram of benign cytology nodules with sonographic categories and pathologic 
results. 
 

Malignant cytology

(n=159)

Benign

(n=0)
Suspicious

(n=143, 89.9%)

Probably Benign

(n=16, 10.1%)

•Malignant 
(papillary 
carcinoma)
(n=16)

US finding

Op cases

(n=16)

Op cases

(n=127)

•benign
(n=1, 0.8%)
•Malignant 
(papillary 
carcinoma 123, 
other malignancy 
3)
(n=126, 99.2%)

 

Figure 4. Diagram of malignant cytology nodules with sonographic categories and pathologic 
results. 
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Total three hundred three nodules were underwent operation and there were 115 benign 
and 188 malignant nodules on pathology. FNAB results according to US categories with 
surgical correlation are summarized in Table 1. In the diagnosis of 71 benign cytology results, 5 
were turned out malignant at operation (5/71, 7.0% false negative rate). Three of them were 
sonographically classified as probably benign (Fig. 3). In the diagnosis of 143 malignant 
cytology result, only one was turned out benign at operation (1/143, 0.7% false positive rate) 
(Fig. 4). 
 
Table 1. Sonographic categories and FNAB results in pathologically proven patients 

pathologic results diagnostic 
categories 

FNAB 
result benign(%) malignant(%) total 

benign 59(95.2) 3(4.8) 62 

malignant 0 16 16 

insufficient 10 1 11 

suspicous 29 6 35 

benign or 
probably 
benign 
nodules 

total 98 (79.0) 26 (21.0) 124 

benign 7(77.8) 2(22.2) 9 

malignant 1 126 127 

insufficient 6 2 8 

suspicious 3 32 35 

suspicious 
nodules 

total 17 (9.5) 162 (90.5) 179 

 
 

In suspicious cytology results, there were 63 probably benign nodules and 43 
suspicious nodules (Fig. 5A). Only concerned with cytology of suspicious papillary carcinoma, 
the sonographic categories were statistically correlated with the pathology results in this 
suspicious group (p value < 0.0001) (Fig. 5B). In subgroup of follicular or Hurthle cell 
neoplasm, sonographic categories were not different (p value = 0.823) (Fig. 5C). 
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Suspicious cytology

(Follicular or Hurthle cell neoplasm and 
suspicious papillary carcinoma)

(n=106)

Benign

(n=0)
Suspicious

(n=43, 40.6%)

Probably Benign

(n=63, 59.4%)

•benign
(n=29, 82.9%)
•Malignant
(n=6, 17.1%)

US finding

Op cases

(n=35)

Op cases

(n=35)

•benign
(n=3, 8.6%)
•Malignant
(n=32, 91.4%)

 

Figure 5A. Diagram of suspicous cytology nodules with sonographic categories and pathology 
results - suspicious cytology (both suspicious papillary carcinoma and Follicular or Hurthle cell 
neoplasm in cytology).  

Suspicious papillary carcinoma in 
cytology

(n=66)

Benign

(n=0)
Suspicious

(n=39, 59.1%)

Probably Benign

(n=27, 40.9%)

•benign
(n=10, 66.7%)
•Malignant 
(papillary 
carcinoma)
(n=5, 33.3%)

•benign
(n=2, 5.9%)
•malignant 
(papillary 
carcinoma)
(n=32, 94.1%)

US finding

Op cases

(n=15)

Op cases

(n=34)

 

Figure 5B. Diagram of suspicous cytology nodules with sonographic categories and pathology 
results - suspicious papillary carcinoma in cytology. 
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Follicular or Hurthle cell neoplasm in 
cytology

(n=40)

Benign

(n=0)
Suspicious

(n=4, 10%)

Probably Benign

(n=36, 90%)

•benign
(n=19, 95%)
•Malignant 
(invasive follicular 
carcinoma)
(n=1, 5%)

•benign
(n=1)

US finding

Op cases

(n=20)

Op cases

(n=1)

 

Figure 5C. Diagram of suspicous cytology nodules with sonographic categories and pathology 
results - Follicular or Hurthle cell neoplasm in cytology. 
 
 

In insufficient cytology results, 19 nodules were operated as resulting in benign (n=16) 
or malignant (n=3) lesions, which showed statistical correlation between the sonographic 
categories and pathology results (p value = 0.035) (Fig. 6).  
Sensitivity, specificity, PPV, NPV and accuracy of our FNAB cytology results were ranged 
76.8-97.3%, 66.7-99.0%, 84.5-99.3%, 69.5-93.0% and 84.5-97.2% according to how to handle 
of insufficient or suspicious samples (Table 2).  
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Insufficient cytology

(n=145)

Benign

(n=14, 9.7%)

Suspicious

(n=25, 17.2%)

Probably Benign

(n=106, 73.1%)

•Benign
(n=10, 90.9%)
•Malignant 
(papillary 
carcinoma)
(n=1, 9.1%)

•Benign

(n=6, 75%)

•Malignant 
(papillary 
carcinoma)

(n=2, 25%)

Op cases

(n=11)

Op cases

(n=8)

US finding

 

Figure 6. Diagram of insufficient cytology nodules with sonographic categories and pathology 
results. 
 
 
Table 2. Outcome of FNAB results with variable cytology analysis 

FNAB cytology results 
sensitivity 

(%) 
specificity 

(%) 
PPV (%) NPV (%) 

accuracy 
(%) 

only include benign and 
malignant cytology 

142/147 
(96.6) 

66/67 
(98.5) 

142/143 
(99.3) 

66/71 
(93.0) 

208/214 
(97.2) 

suspicious sampes are 
classified as positive 

180/185 
(97.3) 

66/99 
(66.7) 

180/213 
(84.5) 

66/71 
(93.0) 

246/284 
(86.6) 

suspicious samples are 
classified as negative 

142/185 
(76.8) 

98/99 
(99.0) 

142/143 
(99.3) 

98/141 
(69.5) 

240/284 
(84.5) 

insufficient samples are 
classified as positive 

145/150 
(96.7) 

66/83 
(79.5) 

145/162 
(89.5) 

66/71 
(93.0) 

211/233 
(90.6) 

insufficient samples are 
classified as negative 

142/150 
(94.7) 

82/83 
(98.8) 

142/143 
(99.3) 

82/90 
(91.1) 

224/233 
(96.1) 

PPV: positive predictive value, NPV: negative predictive value 
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Ⅳ. DISCUSSION 
Thyroid nodules are common and these increase linearly with age 26-30. The rate of 

incidentally found thyroid nodules on ultrasound (US) is 30-50% 27, 30-32. So it is important to 
find out clinically important nodules of malignancy. Ultrasound is useful in the diagnosis of 
thyroid disease, not only in terms of revealing the presence of cancer but also in identifying the 
most aggressive cancers 33, 34. But it has a broad spectrum of diagnostic findings for each disease, 
even in thyroid cancer. The major findings that suggests malignancy include microcalcifications, 
irregular or microlobulated margin, marked hypoechogenicity, solid appearance, solitary nodule, 
taller shape and intrinsic hypervascularity 14-23. On power Doppler images, predominantly 
central blood flow and high resistive index (more than 0.75) suggest malignancy35. But none of 
these characteristics is pathognomonic. For the specific diagnosis of clinically important thyroid 
carcinoma, there were many studies about fine-needle aspiration biopsy (FNAB) on the thyroid 
gland after beginning by Martin and Ellis in 1930 and FNAB is proved to be safe, inexpensive, 
minimally invasive, and highly accurate in the diagnosis of nodular thyroid disease, even in 
cystic nodules 1-7. 

The statistical indices such as sensitivity, specificity, PPV, NPV and accuracy based on 
ultrasound are reported as 35.3-93.8%, 66-100%, 56.1%, 95.9%, and 74.8%, respectively 16, 19, 36. 
Our study also shows comparable outcome of high sensitivity, specificity and accuracy in 
sonographic categories. But evaluating thyroid nodules, there always exist some bias because all 
of the thyroid nodules detected during ultrasound cannot or need not to be aspirated. Moreover, 
for calculating statistical indices, we evaluated not only pathology results, but also cytology 
results. It is because of the relatively low operation rate, especially in insufficient or benign 
cytology groups. Even in the cases of suspicious sonographic findings with insufficient or 
suspicious cytology results, only 32% (8 out of 25 nodules) and 33% (35 out of 106 nodules) 
were underwent operation respectively. Further evaluation such as clinical or imaging follow up 
of each patient is needed for the exact outcome. 

FNAB shows better outcome than only ultrasonographic determination. Analysis of 
recent data suggests the sensitivity, specificity, false-negative rate, false-positive rate and 
accuracy as 65-98%, 72-100%, 1-13%, 0-23.4% and 75-88% respectively (Table 3)3, 7, 26, 37-42. 
Our study also showed good results. But the result of FNAB depends on the skill of the aspirator. 
Furthermore the decision can be difficult because of various sonographic findings of the thyroid 
nodules. Even malignant nodules of one particular histologic subtype may appear with a variety 
of different sonographic phenotypes, thus indicating the need for biopsy in determining further 
workup of thyroid nodules 19. In view of the aspirator’s skill, there is some debate about false 
negative and false positive rates. According to the Papanicolaous Society of Cytopathology Task  
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Table 3. FNAB outcomes review of previous studies 

  

number of 

nodules (or 

patients) 

guidance 

method 

mean size of 

thyroid 

nodules 

(mm) 

insufficient 

cytology (%)

suspicious 

cytology (%)

sensitivity 

(%) 

specificity 

(%) 
PPV (%) NPV (%) accuracy (%)

false positive 

rate (%) 

false 

negative rate 

(%) 

Gharib et al. (1993)    17 10 65-98 72-100    1-8 1-11 

Ogawa et al. (2001) 806 US 20.5 18 16 76 73 99  75  13 

Mittendorf et al. (2002) 66 US 25 23      0 0 

Mittendorf et al. (2002) 407 palpation 41 14      3 1.6 

Sclabas et al. (2003) (240)   5 42      4 4 

Bellantone et al. (2004) 575 (534) US 29.1 9.2 10.1 57.9-84.2 43.8-94.4   50.9-88.0   

Kessler et al. (2005) (170)     79 98.5 98.8 76.6 87   

Blanco Carrera et al. 

(2005) 
(510)   12.4 19 76 84      

Zagorianakou et al. 

(2005) 
900 (900)   19.9 6.7 92.1 93.2      

Cai et al. (2006) (434)   7.4 13.1 80.5-83.3 97.8-98.0 71.4-89.2 95.9-98.4 97.0-97.5   

Sahin et al. (2006) 327 US 18.9   98.1 63.1 35.6 99.4 69.1   

Sangalli et al. (2006) 5469 (5287)   4.1 20.2 93.4 74.9 98.6   0.2 6.2 

Serna de la Saravia et al. 

(2006) 
335   1.9-6.6 22.9-33.3 82.6-97.2       

Wu et al. (2006) 1621   10.0 15.8 87 100    0 3 

our study 1056 (1007) US 16.6 13.7 10.0 76.8-97.3 66.7-99.0 84.5-99.3 69.5-93.0 84.5-97.2 0.7 7.0 
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Force on Standards of Practice, a false negative rate not to exceed 2% and a false positive rate 
of no more than 3% are regarded as benchmarks that should be achieved on FNAB cytology of 
the thyroid 42. In our study, the false positive rate was 0.7%(1/143) and the false negative rate 
was 7.0(5/71)% which is comparable by one experienced radiologist. Among the five false 
negative cases, three cases showed probably benign findings and two nodules showed 
suspicious findings on ultrasound.  

In cytology, there is also the difficulty in distinguishing some benign cellular adenomas 
from their malignant counterparts, even by experienced pathologist. 1, 3, 43, 44. The presence of 
psammoma bodies is associated with a specificity of 100% and a combination of nuclear 
grooves, micronucleoli, pseudo-inclusions, powdery chromatin, and multinucleated giant cells is 
also 100% specific in detecting papillary thyroid carcinoma 45. But none of the cytology features 
is sufficient, so there should be suspicious or insufficient cytology results. Approximately 30% 
of patients with thyroid nodules have indeterminate or suspicious FNAB results. Some report 
that the malignancy proportion is high (about 20-30%) in these and persistent insufficient 
FNAB is considered an indication for surgery 26, 46-48. So there are many suggestions about 
further evaluation in cell-cycle regulatory gene activity, gene mutation and molecular markers 
for differentiating indeterminate or suspicious cytology results 47-54. But there are much 
controversial in the management with these cases even in recent reports 13. So it is very 
important how to interpret these cytology results.  

We showed statistically significant correlation of sonographic categories with 
pathology results in suspicious or insufficient cytology groups. Moreover we could calculate the 
statistical indices in suspicious cytology group (only suspicious papillary carcinoma, not 
follicular or Hurthle cell neoplasm) that showed statistically significant results. So we made an 
algorithm (Fig. 7) to provide useful suggestion in daily practice. In case of suspicious or 
insufficient cytology result with suspicious sonographic findings, malignancy cannot be 
excluded and repeated FNAB is needed. But in case of that with probably benign sonographic 
findings, US follow up is preferred. In subgroup of follicular or Hurthle cell neoplasm, 
sonographic categories were not correlated statistically. It may be because of small operated 
cases and low follicular carcinoma incidence in Korea (about 5.8% in 2002 annual report of the 
Korea central cancer registry). Besides the combination of ultrasound and FNAB is less 
effective in follicular tumor than other pathology55.  Also we could not calculate the statistical 
indices in insufficient cytology group because of too small number of pathologically proven 
cases (only 19).  
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Figure 7. Algorithm for management of thyroid nodules with US-guided FNAB. 
 
 

There are much debates in FNAB on specific thyroid nodules such as nonpalpable, 
infracentimetric nodules, multiple nodules and one nodule with repeated FNAB. Nonpalpable 
nodules with a size of 1.5 cm represent an absolute indication to perform an ultrasound-guided 
FNAB because of the malignant potential and aspiration efficacy. But the necessity of FNAB on 
small nodules is very controversial. About 70% of thyroid incidentaloma is smaller than 10mm 
and cancer prevalence is not low in the small nodules 20, 30, 55. As Accurso A. et al.56 reported, 
our study shows no significant difference in the percentage of the insufficient cytology results in 
the smaller (less than 10mm) thyroid nodule group. But some authors assert that it is not 
accurate and not cost-effective to examine all the nonpalpable thyroid nodules with ultrasound-
guided FNAB and suggest that ultrasound finding can be useful in selecting the lesions to be 
examined cytologically by FNAB 57, 58. In case with multiple nodules or one nodule with 
repeated FNAB, there are also some debates. The risk of cancer is similar in patients with 
solitary or multiple nodules 58. In our study, there were 47 patients who underwent FNAB on 
multiple (two or three) thyroid nodules, but the number is too small to compare with single 
nodule group (the remaining 960 patients).  

Our study has several limitations. The first limitation is that further evaluation was not 
included in this study, especially in benign thyroid nodules which was the majority of the study 
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(n=646, 61.2%). We did not investigate the follow up study or repeated FNAB results, in spite 
of the preference of repeated FNAB in our hospital even in benign nodules. So we cannot 
evaluate the efficacy of repeated FNAB. The previous reports represent variable results that 
repeated FNAB improves diagnostic accuracy59, 60 or not 26, 61. Further evaluation in a large 
group is needed about this issue. The second limitation is that this study was done by only one 
experienced radiologist in our hospital. So there is limit to generalize this result. Also further 
evaluation is needed in interobserver agreement study about sonographic findings. 
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. CⅤ ONCLUSION 
Ultrasound-guided FNAB can provide high sensitivity, specificity and diagnostic 

accuracy in patients with thyroid nodules, even in small nodules. And in cases of insufficient or 
suspicious cytology results, sonographic findings can provide useful information in determining 
that the further evaluation or operation is necessary or not. 
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Abstract (in Korean) 
 

갑상선 결절에 대한 초음파 유도 하 세침 흡입 검사:  

초음파 소견과의 상관 

 

<지도교수 김 은 경> 

 

연세대학교 대학원 의학과 

이 미 정 

 

이 논문의 목적은 갑상선 결절에 대한 초음파 유도 하 세침 흡입 검사의 결

과를 초음파 소견과 상관하여 분석하기 위한 것이다. 특히 세포검사 결과가 불충분

(insufficient) 또는 의심(suspicious)으로 나온 경우 초음파 소견의 의미를 알아보

고자 하였다. 

분석 대상은 지난 13개월 간 우리 병원에서 한 명의 숙련된 방사선과 전문

의가 초음파 유도 하 세침 흡입 검사를 시행한 환자들이었다. 이 환자들은 모두 

1007명이었고, 시행 받은 갑상선 결절의 수는 1056개였다. 전향적으로 초음파 소

견에 따른 진단 범주를 양성, 대개 양성 또는 의심으로 나누었고, 각각의 갑상선 결

절의 특성을 액체, 고체 또는 혼합으로 분류하여 평가하였다. 세포검사 결과는 양성, 

의심 (여포 종양 또는 허틀씨 세포암, 그리고 유두암 의심), 악성 그리고 불충분의 

네 범주로 나누었다. 

초음파 소견상 전체 1056 갑상선 결절 중 45개(4.3%)가 양성, 765개

(72.4%)가 대개 양성 그리고 246개(23.3%)가 의심으로 나왔다. 갑상선 결절의 특

성은 45개(4.3%)가 액체, 601개(56.9%)가 고체 그리고 410개(38.8%)가 혼합으로 

나왔다. 세포검사 결과는 646개가 양성, 159개가 악성, 106개가 의심 그리고 145

개가 불충분으로 나왔다. 이 중 303개의 결절에 대하여 수술이 시행되었고, 병리검

사 결과 115개가 양성, 188개가 악성 결절로 밝혀졌다. 초음파 진단 범주의 민감도, 

특이도, 양성 예측률, 음성 예측률 그리고 정확도는 각각 86.2-87.3%, 85.2-93.8%, 

80.5-90.5%, 79.0-96.1% 그리고 85.8-92.3%였다. 세침 흡입 검사의 민감도, 특이

도, 양성 예측률, 음성 예측률 그리고 정확도는 각각 76.8-97.3%, 66.7-99.0%, 

84.5-99.3%, 69.5-93.0% 그리고 84.5-97.2%였다. 세포검사 결과가 불충분으로 

나온 비율은 결절의 크기(1cm 기준)와 큰 상관관계를 보이지 않았다. 세포검사 결

과가 불충분(145개) 또는 의심(106개)으로 나온 경우, 초음파 진단 범주가 병리검

사 결과와 유의한 상관관계를 보였다. 

결론적으로 갑상선 결절의 초음파 유도 하 세침 흡입 검사는 작은 결절 

(1cm 이하)에 있어서도 높은 민감도, 특이도 그리고 정확도를 보이며, 특히 세포검
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사 결과가 불충분 또는 의심으로 나온 경우 초음파 소견은 매우 유용한 정보를 제

공한다.  

 

 

핵심되는 말 : 갑상선 결절, 생체 검사, 초음파, 민감도와 특이도 
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