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ABSTRACT

BACKGROUND AND PURPOSE: Diagnostic test accuracy studies for ultrasonography-guided fine-needle aspiration and ultrasonogra-
phy-guided core needle biopsy have shown inconclusive results due to their heterogenous study designs. Our aim was to compare the
diagnostic accuracy of ultrasonography-guided fine-needle aspiration versus ultrasonography-guided core needle biopsy for detecting
malignant tumors of the salivary gland and for the tissue-specific diagnosis of salivary gland tumors in a single tertiary hospital.

MATERIALS AND METHODS: This retrospective study was approved by our institutional review board and informed consent was waived.
Four hundred twelve patients who underwent ultrasonography-guided fine-needle aspiration (n � 155) or ultrasonography-guided core
needle biopsy (n � 257) with subsequent surgical confirmation or clinical follow-up were enrolled. We compared the diagnostic accuracy
of ultrasonography-guided fine-needle aspiration and ultrasonography-guided core needle biopsy regarding malignant salivary gland
tumors and the correct tissue-specific diagnosis of benign and malignant tumors. We also tested the difference between these procedures
according to the operator’s experience and lesion characteristics.

RESULTS: The inconclusive rates of ultrasonography-guided fine-needle aspiration and ultrasonography-guided core needle biopsy were 19%
and 4%, respectively (P � .001). The overall accuracy of ultrasonography-guided core needle biopsy for diagnosing malignant tumors was
significantly higher than that of ultrasonography-guided fine-needle aspiration (P � .024). The correct tissue-specific diagnosis rates of ultra-
sonography-guided fine-needle aspiration and ultrasonography-guided core needle biopsy were 95% versus 97% for benign tumors (P� .648) and
67% versus 80% for malignant tumors (P � .310). Trainees showed significantly lower accuracy with ultrasonography-guided fine-needle aspiration
than with ultrasonography-guided core needle biopsy for diagnosing malignant tumors (P � .021). There was no difference between the
diagnostic accuracy of ultrasonography-guided fine-needle aspiration and ultrasonography-guided core needle biopsy according to the internal
composition of the lesions. There were no complications requiring intervention or hospitalization in our patients.

CONCLUSIONS: Ultrasonography-guided core needle biopsy is superior to ultrasonography-guided fine-needle aspiration in detecting
and characterizing malignant tumors of the salivary gland and could emerge as the diagnostic method of choice for patients presenting
with a salivary gland mass.

ABBREVIATIONS: CNB � core needle biopsy; FNA � fine-needle aspiration; US � ultrasonography; USCNB � ultrasonography-guided core needle biopsy;
USFNA � ultrasonography-guided fine-needle aspiration

The preoperative diagnosis of salivary gland masses is impor-

tant for avoiding unnecessary surgery for nonmalignant le-

sions, and for therapeutic planning for malignant tumors. Fine-

needle aspiration (FNA) is a well-accepted and widely used

technique for the preoperative diagnosis of salivary gland masses,

showing an average specificity for detecting malignant tumors

among these masses of up to 96% with little variation from study

to study.1,2 Remarkable variation is seen in the sensitivity of FNA,

however, which ranges from 33% to 100%, with an average of

79%.1-7 A recently published meta-analysis has suggested the in-

fluence of verification bias on the reported diagnostic accuracies

of FNA, leading to an underestimation of its sensitivity and over-

estimation of its specificity in previous articles.8 In addition to

verification bias, differences in test conditions have a major effect
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on the diagnostic performance of FNA. These test conditions in-

clude the use of ultrasonography (US) guidance, the presence of a

pathologist on site, the experience level of the operator and the

pathologist, and the internal composition of the biopsied masses.

For example, US guidance can increase the diagnostic perfor-

mance of FNA compared with palpation guidance, as evidenced

in the diagnosis of thyroid nodules.9

Core needle biopsy (CNB) under US guidance is used fre-

quently for masses in the head and neck area10-12 and has several

advantages over either palpation-guided or US-guided FNA, in-

cluding the ability to obtain a larger specimen with preserved

tissue architecture for possible immunohistochemical staining.

This potentially contributes to the low nondiagnostic rate and

high average sensitivity (92%) and specificity (100%) of this pro-

cedure, with little variation in its ability to detect malignant tu-

mors in salivary glands.13 Despite the advantages of CNB, its rou-

tine use for salivary gland tumors has been debated due to

potential morbidity, such as facial nerve damage, use of local an-

esthesia, and patient discomfort.

A recent meta-analysis was performed to compare the diag-

nostic performance of FNA and CNB. The authors of that study

could not reach a definitive conclusion, however, due to the sig-

nificant heterogeneity regarding FNA findings in the literature,

even with a systematic review.1,14 Therefore, a study with a large

series that considers different test conditions and minimizes any

verification bias is still required for comparing the diagnostic per-

formance of FNA and CNB and ultimately suggesting some clin-

ical guidelines. Accordingly, we designed our current retrospec-

tive study to evaluate the diagnostic performance of FNA and

CNB, both performed under US guidance, for detecting malig-

nancy and undertaking tissue-specific diagnoses of salivary gland

tumors in a large series of patients in our tertiary hospital. We also

evaluated the factors influencing the diagnostic performance of

both techniques, including the experience level of the operator

and the internal composition of the biopsied mass.

MATERIALS AND METHODS
Patient Population
From 2003 to 2012, 474 consecutive patients underwent ultra-

sonography-guided fine-needle aspiration (USFNA) (n � 192) or

ultrasonography-guided core needle biopsy (USCNB) (n � 282)

for a salivary gland mass at our hospital. We retrospectively re-

viewed the medical records, US images, and the radiologic, cyto-

logic, and/or histologic reports of USFNA and USCNB in all of

these patients. After the exclusion of 62 patients (37 from the

USFNA group and 25 from the USCNB group) due to limited

medical records beyond 1-year clinical follow-up, we finally en-

rolled 155 patients who underwent USFNA and 257 who under-

went USCNB in our study cohorts. There were 217 males and 195

females with an age range of 9 – 86 years in this series (mean, 53

years).

USFNA and USCNB
US examinations were performed by using 1 of 3 systems: an iU22

or HDI-5000 U (Philips Healthcare, Best, the Netherlands) or an

EUB-7500 (Hitachi Medical Systems, Tokyo, Japan). Each system

was equipped with a linear high-frequency probe (5–14 MHz).

After the US examination, the operator performed USFNA or

USCNB in accordance with the operator’s discretion or clinician’s

preferences. During image analysis, masses were classified as solid

or predominantly solid (proportion of solid component �50%)

and cystic or predominantly cystic (proportion of cystic change

�50%) according to their internal architecture. All of the exam-

inations, including US-guided biopsy, were performed by one of

the faculty members (J.H.L. with US-guided biopsy experience of

14 years or J.H.B. with 18 years’ experience) or by a trainee with

�5 years of US-guided biopsy experience.

Before the procedures, written consent was obtained from the

patient. USFNA was performed by using a 23-ga needle attached

to a 10-mL disposable plastic syringe with a combination of cap-

illary action and suction-aspiration techniques, depending on the

lesion characteristics. Specimens were immediately fixed in 95%

ethanol. USCNB was performed by using disposable 18-ga dou-

ble-action spring-activated needles (1.1- or 1.6-cm excursion;

AceCut; TSK, Tochigi, Japan) or 18-ga dual-action semiauto-

matic needles (1.0- or 2.0-cm excursion; Stericut with a coaxial

guide; TSK Laboratory) after local anesthesia with 2% lidocaine.

Local anesthetic was injected slowly into the subcutaneous fat and

just beneath the capsule. Operators selected biopsy needles with

adequate throw lengths compared with the maximum length of

the target lesions. They were cautioned to put the specimen notch

of the inner stylet within the target to minimize the risk of facial

nerve damage. When the target was smaller than the length of the

specimen notch, the needle was inserted in a caudocranial direc-

tion and the superior end of the specimen notch did not pass

through the upper top of the target. In cases of cystic or predom-

inantly cystic masses, lesions were biopsied after aspiration of cys-

tic content, and targeting was directed at the solid component

inside the mass. Specimens were immediately fixed in a 10% for-

malin solution. A freehand technique was used throughout the

procedure to achieve accurate mass targeting. A coaxial technique

was not used in all cases. All biopsy specimens were evaluated with

the naked eye immediately after the procedure for the presence of

whitish tissue material to assess the adequacy of the material. If the

specimen was insufficient, the USFNA or USCNB was repeated.

After the biopsy, firm local compression of the biopsy site with an

ice pack was applied for 10 –20 minutes.

Histologic Diagnosis and Statistical Analysis
Biopsy specimens were sent to the pathology department and re-

viewed by an experienced cytopathologist. A final diagnosis was

established on the basis of surgical histologic findings for the sur-

gical group or the USFNA result combined with clinical and/or

radiologic follow-up results of �1 year in patients who did not

undergo surgery. We strictly defined the inconclusive results of

USFNA and USCNB. In addition to the commonly used defini-

tion of inadequate FNA results (6 groups each with �10 epithelial

cells),15 we included indeterminate cytologic results of both

USFNA and USCNB among the inconclusive findings when they

were insufficient to determine whether the lesion was neoplastic

or malignant.

Statistical analysis was performed to compare any difference in

the inconclusive rates between USFNA and USCNB. We calcu-

lated the sensitivities, specificities, positive and negative predic-
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tive values, and overall diagnostic accuracies of USFNA and

USCNB for detecting malignant tumors of the salivary gland and

for correct tissue-specific diagnoses. We also tested any difference

in the diagnostic profile of USFNA and USCNB. For comparison

of tissue-specific diagnosis rates between 2 modalities, we ex-

cluded false-positive and false-negative results of USFNA and

USCNB and those confirmed as benign by clinical and/or radio-

logic follow-up from the statistical analysis. Statistical testing was

also performed to identify any differences between USFNA and

USCNB according to the experience level of the operator and the

internal composition of the biopsied lesions.

Statistical analysis was performed by using the SPSS software

package (Version 19.0 for Windows; IBM, Armonk, New York).

Continuous variables were compared by using an unpaired Stu-

dent t test or Mann-Whitney U test, depending on the data distri-

bution. Categoric variables were expressed by using frequencies

and percentages and were tested by using a �2 or Fisher exact test.

A P value of � .05 was statistically significant.

RESULTS
Patient demographic data and the results of the US image analysis

are summarized in Table 1. There were no significant differences

between the USFNA and USCNB groups with respect to demo-

graphic data, the location and size of the lesions, internal compo-

sition on US, and the number of needle passes. The inconclusive

rates were 19% (30/155) for USFNA and 4% (10/257) for USCNB,

which was a significant difference (P � .001). The summary of

inconclusive results of USFNA and USCNB is shown in Table 2.

The final diagnoses of USFNA and USCNB are detailed in Fig 1.

Among the tumors that were classified as benign (n � 76) and

malignant (n � 19) by USFNA, there were 5 false-negative and 3

false-positive results for the diagnosis of a malignant tumor of the

salivary gland. Among the tumors that were classified as benign

(n � 177) and malignant (n � 53) by USCNB, there were 4 false-

negative results and 1 false-positive result. The false-positive and

false-negative results are detailed in Table 3. There were no major

complications among our study patients needing medication or

hospitalization according to a review of the electronic medical

records and radiologic reports.

The diagnostic accuracies of USFNA and USCNB in our cur-

rent evaluation are summarized in Table 4. The sensitivity, spec-

ificity, accuracy, and positive and negative predictive values of

USCNB for detecting malignant salivary gland tumors tended to

be higher than those of USFNA. However, our statistical analysis

revealed significance only for diagnostic accuracy (P � .024). The

tissue-specific diagnosis rates of USFNA were 95% (39/41) in be-

nign tumors and 67% (10/15) in malignant tumors; those of

USCNB were 97% (142/147) in benign tumors and 80% (32/40)

in malignant tumors. There were no significant differences in the

tissue-specific diagnosis rates of either benign (P � .648) or ma-

lignant (P � .310) tumors between the USFNA and USCNB

groups.

Regarding the experience level of the operators, the sensitivity,

specificity, accuracy, and positive and negative predictive values

of USCNB for diagnosing malignant tumors tended to be higher

than those of USFNA for both faculty members and trainees.

However, when the diagnostic procedures were performed by

trainees, the diagnostic accuracy of USFNA was significantly

lower than that of USCNB (P � .021). The sensitivity, specificity,

accuracy, and positive and negative predictive values of USCNB

for diagnosing malignant tumors were not significantly higher

than those of USFNA, regardless of the internal composition.

These results are summarized in Tables 5 and 6.

DISCUSSION
The results of our current study can be summarized as follows:

First, USCNB shows significantly better diagnostic perfor-

mance— expressed as diagnostic accuracy and inconclusive

rates—than USFNA for detecting malignant salivary gland tu-

mors; second, the diagnostic accuracy of USFNA is significantly

affected by the operator’s experience level, whereas that of

USCNB is not; third, USFNA and USCNB do not show signifi-

cantly different tissue-specific diagnosis rates; and finally, the di-

agnostic performances of these methods are not affected by the

internal architecture of a biopsied lesion.

Our current study findings confirm the superiority of USCNB

over USFNA in terms of diagnostic accuracy and inconclusive

rates for detecting malignant salivary gland tumors. The incon-

clusive rates of USFNA and USCNB in our study were 19% and

4%, respectively. The cytologic results were considered inconclu-

sive when the specimen was deemed inadequate for making a

diagnosis or as indeterminate for the presence of malignant tumor

or neoplasm when the USFNA or USCNB results were insufficient

to make a clinical decision and management plan, both of which

are crucial for proper patient management. It is quite disappoint-

ing that nearly one-fifth of USFNA examination findings were

inconclusive from a practical point of view.

The variability in the diagnostic accuracy of previously re-

Table 1: Demographic data and results of US image analysisa

Total
(N = 412)

FNA
(n = 155)

CNB
(n = 257) P Value

Age (yr)b 53 � 16 55 � 15 52 � 16 .084
Size (cm)b 2.2 � 1.1 2.2 � 1.2 2.2 � 1.1 .694
Sex .374

Male 217 86 (55) 131 (51)
Female 195 69 (45) 126 (49)

Location .637
Parotid gland 311 119 (77) 192 (75)
Submandibular gland 101 36 (23) 65 (25)

No. of needle passes .052
1 267 112 (72) 155 (60)
2 132 37 (24) 95 (37)
3 13 6 (4) 7 (3)

a Unless otherwise indicated, data show the number of lesions, with percentages in
parentheses.
b Data show means.

Table 2: Summary of inconclusive results of USFNA and USCNB
Total Benign Malignant FU loss

USFNA 30
Inadequate specimen 14 8 1 5
Othersa 16 11 5 0

USCNB 10
Inadequate specimen 1 0 1 0
Othersa 9 3 4 2

Note:—FU indicates follow-up.
a “Others” include inconclusive results for differential diagnoses between benign and
malignant salivary gland tumors.
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ported FNA results is a well-known problem.16 This variability

was evident in recent studies that evaluated the sensitivity of FNA

for distinguishing benign from malignant salivary gland tumors,

with sensitivities ranging from 38% to 87.8%.2,16-18 These reports

did not state whether US was used for guidance during the biopsy.

Our current study suggests that US guidance could yield better

diagnostic accuracy than palpation-guided biopsy, given the rel-

atively high diagnostic sensitivity that we observed. On the other

hand, a recently published meta-analysis study found that

USCNB has an overall sensitivity of 0.92 (95% CI, 0.77– 0.98) and

an overall specificity of 1.00 (95% CI, 0.76 –1.00), with no signif-

icant heterogeneity.14 The results of
USCNB in our study are comparable
with those of this latter report.

Our study results also demonstrated
that even with US guidance, the diag-
nostic accuracy of FNA is significantly
lower than that of USCNB. This lower
diagnostic accuracy could have resulted
from the histologic diversity of the sali-
vary gland tumors and could suggest
that cytologic examination alone is not
sufficient for diagnosing malignant tu-
mors of the salivary glands, thus neces-
sitating a larger specimen with preserved
histologic architecture. Schmidt et al1,14

tried to compare the diagnostic perfor-
mances of FNA and CNB for detecting
malignant salivary gland tumors in 2
separate meta-analyses. However, the
authors stated that a direct comparison
of FNA and CNB was not possible be-

cause of an unexpected significant heterogeneity in the findings of
studies regarding FNA, and they concluded that CNB could be
reserved for special clinical settings, such as cases that were not
diagnosed with FNA, given the theoretic drawbacks of CNB, such
as facial nerve damage or use of local anesthesia.1,14

Our present data demonstrate that USCNB can be safely per-
formed because none of our 282 patients experienced facial nerve
injury, and it has a significantly higher diagnostic accuracy for
malignant salivary gland tumors. Another disadvantage of
USCNB is that it uses larger bore needles compared with USFNA,
which might increase the potential risk for tumor seeding along

FIG 1. The results of USFNA and USCNB in all patients.

Table 3: False-positive and false-negative results of USFNA and USCNB in salivary gland
tumors

Biopsy Results Final Pathologies
USFNA

False-negative
Warthin tumor Mucoepidermoid carcinoma
Pleomorphic adenoma Mucoepidermoid carcinoma
Pleomorphic adenoma Mucoepidermoid carcinoma
Pleomorphic adenoma Carcinoma ex pleomorphic adenoma
Basal cell adenoma Basal cell adenocarcinoma

False-positive
Squamous cell carcinoma Warthin tumor with squamous metaplasia
Acinic cell carcinoma Oncocytoma
Acinic cell carcinoma Oncocytoma

USCNB
False-negative

Pleomorphic adenoma Epithelial-myoepithelial carcinoma
Pleomorphic adenoma Carcinoma ex pleomorphic adenoma
Pleomorphic adenoma Carcinoma ex pleomorphic adenoma
Basal cell adenoma Basal cell adenocarcinoma

False-positive
Low-grade mucoepidermoid carcinoma Pleomorphic adenoma

AJNR Am J Neuroradiol 36:1188 –93 Jun 2015 www.ajnr.org 1191



the needle tract.16 In this regard, besides a potential risk of malig-

nant tumor seeding, benign tumors such as pleomorphic adeno-

mas can have problematic recurrences, which may not even be

evident until many years after the initial surgery. Although Novoa

et al19 recently reviewed the safety of USCNB in the work-up of

438 head and neck lesions with 7 years of clinical follow-up and

found no evidence of tumor cell seeding, further clinical investi-

gation of tumor recurrence following USCNB is necessary in a

large population during a long time course before the safety of

USCNB can be verified and widely accepted.

Another interesting result of our current study is that the di-

agnostic accuracy of USFNA performed by trainees was signifi-

cantly lower than that of USCNB performed by trainees. This

result suggests that USFNA might be more dependent on the ex-

perience level of the operator than USCNB. It also suggests that

USFNA is technically more demanding than USCNB and needs

accurate localization of a lesion by using both the US probe and

the needle, repeated continuous to-and-fro motions of the needle

under real-time US monitoring, and an adequate combination of

capillary action and suction-aspiration techniques according to

the lesion characteristics.1,2,20,21

The biopsy of salivary gland lesions carries a risk of complica-

tions such as hematoma, infection, or facial nerve injury. The

retromandibular vein and external carotid artery are the major

intraparotid vessels that are well-visualized with US imaging and

can be easily avoided.22 However, the facial nerve is not readily

identified with US.22,23 It has been suggested in previous reports

that USFNA carries a lower risk of complications than

USCNB.13,24,25 In our current investigation, which included 282

patients who underwent USCNB, there were no major complica-

tions observed such as facial nerve injury. Our suggestions for

reducing the risk of potential facial nerve damage with USCNB

are to select a core needle device with an adequate throw length

compared with the maximum length of the targets and to obtain

the specimen while carefully keeping the specimen notch within

the target without passing through the upper margin of the target.

Our study results confirm that facial nerve damage can generally

be avoided by performing USCNB with caution.

In addition to the inherent limitations related to a retrospec-

tive study, our study had several other limitations. The use of

USFNA and USCNB was not randomized (randomization would

have been ideal), and the operator performed USFNA or USCNB

in accordance with his or her discretion or the clinician’s prefer-

ences. However, because our study showed no significant differ-

ences in evaluated clinical and US imaging data between USFNA

and USCNB lesions, we think that bias by operators/clinicians as

to whether USFNA or USCNB was used is limited. Additionally,

although we demonstrated that USCNB is a safe procedure with-

out major complications for the histologic diagnosis of salivary

gland tumors, we did not compare the degree of patient discom-

fort from the use of lidocaine anesthesia or the larger bore needle

used for USCNB with that used for USFNA. Patient discomfort

might thus be the subject of future prospective studies.

CONCLUSIONS
USCNB is superior to USFNA in that it has a lower inconclusive

rate and higher diagnostic accuracy for detecting malignant sali-

vary gland tumors. USCNB could be considered the US-guided

biopsy procedure of choice for evaluating patients with a salivary

gland mass because it can aid in appropriate therapeutic planning

and minimize unnecessary repeat biopsies.
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