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ARTICLE INFO ABSTRACT
Keywords: Purpose: The overall diagnostic value of fine-needle aspiration (FNA) is not as excellent as that of
Ultrasound core needle biopsy (CNB). Limited research has investigated small cervical lymph nodes inac-
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Diagnostic accuracy

cessible to ultrasound-guided CNB due to technical challenges associated with their small size.
Therefore, this study aimed to evaluate the accuracy of ultrasound-guided FNA in determining the
etiology of small cervical lymph nodes.

Methods: A retrospective analysis was conducted on patients who underwent FNA between May
2018 and May 2021 at our hospital. Cytological, histopathological, and clinical follow-up data
were analyzed. The diagnostic yield of FNA was assessed based on sensitivity, specificity, positive
predictive value (PPV), negative predictive value (NPV), and accuracy calculations.

Results: This study included 505 patients, each with a small cervical lymph node under evaluation
(total number of lymph nodes: 505). The average maximal diameter of the lymph nodes was 14.6
+ 6.2 mm. According to the Sydney system, the cytology results were as follows: Category I in 26
lymph nodes (5.1 %); Category II in 269 (53.3 %); Category III in 35 (6.9 %); Category IV in 17
(3.4 %); and Category V in 158 (31.3 %). We identified 212 malignant cases (203 metastases and
9 lymphomas) and 293 benign lymph nodes. FNA achieved high sensitivity (88.8 %), specificity
(99.6 %), PPV (99.4 %), NPV (91.8 %), and overall accuracy (94.8 %) in determining the etiology
of small cervical lymph nodes.

Conclusion: FNA cytology is suitable for small lesions inaccessible by CNB and provides a diag-
nostic basis for implementing clinically appropriate treatment measures.

1. Introduction

Cervical lymphadenopathy is a common condition with diverse etiologies ranging from benign to malignant [1,2]. Although
thorough clinical and imaging evaluations can help identify the underlying cause of cervical lymphadenopathy, a definitive
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pathological diagnosis is imperative. Various methods such as excision biopsy, ultrasound-guided core needle biopsy (CNB), and
ultrasound-guided fine-needle aspiration (FNA) are commonly used to evaluate cervical lymphadenopathy [3].

Excision biopsy is the gold standard for pathological diagnosis and is widely used to provide a definitive diagnosis and guide
therapy, especially in suspected lymphoma cases; however, it has some limitations in terms of its invasive and time-consuming nature.
Moreover, excision biopsy may not be suitable for some patients because of the risks associated with anesthesia, vascular and nerve
damage, wound infection, and skin scarring [4]. Recently, ultrasound-guided CNB has gained popularity as a percutaneous sampling
technique [5] and is being widely accepted because of its high diagnostic accuracy and ease of operation [6]. However, CNB is per-
formed using an automatic biopsy device with the shortest fixed ejection distance of 15 mm. Consequently, obtaining tissue samples
from small suspicious lymph nodes with a maximum diameter of <15 mm situated in close proximity to large cervical vessels is
considered impractical. Despite attempts to expand the application of CNB to small lymph nodes, such as manual CNB and CNB assisted
by hydrodissection [7,8], limitations to its widespread application persist. CNB requires high technical expertise, which makes broad
application difficult. Additionally, even with experienced interventional ultrasound physicians, the high risk of serious complications
such as hematoma and nerve damage remains a major concern [4,9]. Furthermore, a few studies have identified lymph node diameter
and penetration distance as factors that influence CNB sampling [3,6,7]. The smaller short-axis diameters and shorter penetration
distances that are frequently observed in small lymph nodes tend to be associated with lower diagnostic yields owing to the increased
likelihood of inadequate samples.

Ultrasound-guided FNA is a safer alternative for small lymph nodes [10], serving as an accurate, quick, and cost-effective procedure
with a low complication rate [11]. In cases of malignant lymphadenopathy, the reported diagnostic accuracy of FNA ranges from 79 %
to 94.5 % [12,13]. Several studies have compared the efficacy of CNB and FNA and reported that the overall diagnostic value of FNA
may not be as excellent as that of CNB [8,14-17]. However, studies that have specifically focused on small cervical lymph nodes that
are not approachable by CNB owing to technical difficulties associated with their small size are limited in the literature. Therefore, this
study primarily aimed to retrospectively assess the diagnostic accuracy of ultrasound-guided FNA in identifying the underlying causes
of small cervical lymph nodes.

2. Methods
2.1. Ethics statement

This study was approved by the Medical Science Research Ethics Committee of Peking University Third Hospital (approval number:
M2023383; date of approval: June 4, 2023). Due to the retrospective nature of the study and the use of anonymized data, the
requirement for informed consent was waived.

2.2. Study design and participants

In this retrospective study, we included consecutive patients who underwent ultrasound-guided FNA at our institution between
May 2018 and May 2021. The inclusion criteria were as follows: suspicious cervical lymph nodes that were inaccessible for CNB owing
to their location or small size, history of initial FNA, no history of lymph node ablation before the study, and sufficient medical records
and FNA specimen evaluation findings. The exclusion criteria were as follows: surgical specimens lacking clearly reported locations
and history of ablation therapy or radionuclide therapy after FNA.

2.3. Ultrasonic evaluation

Ultrasound examinations and FNA were performed using three commercial ultrasound devices equipped with high-frequency
linear array probes: Logic E9 (GE Healthcare, Chicago, IL, USA), Samsung RS80A (Samsung Medison Co., Ltd., Seoul, Korea), and
Siemens ACUSON S3000 (Siemens Healthineers, Erlangen, Germany). The following parameters were recorded: lymph node location,
lymph node size, lymph node shape, and presence or absence of calcification. The size of lymph node was evaluated based on maximal
diameter, the location was classified according to Robbins et al. [18], and the shape was described based on the long/short axis ratio
(L/S), where L/S < 2 indicated a round shape, and L/S > 2 indicated an elliptical shape.

2.4. Ultrasound-guided FNA and cytopathology

Ultrasound-guided FNA was performed by interventional ultrasound physicians using a 25 G needle (Hakko, Chikuma, Japan). For
each lymph node, 3 or 4 passes were conducted, with each pass consisting of 10-15 to-and-fro needle movements over 5-10 s. As-
pirations were performed at different angles and regions using a freehand parallel approach to obtain representative samples. The
samples were primarily obtained without suction using a capillary method [7]. The aspirated material was preserved in a vial con-
taining methanol-based preservatives (Cytoprep solution, Cheng Zhi Guang Hui, Beijing, China) and sent to the cytopathology lab-
oratory for centrifugation and staining (SurePath, TriPath Imaging, Burlington, NC, USA).

Cytological findings were reported according to the Sydney system [19], and specimens were categorized as follows: Category I,
Inadequate/Insufficient; Category II, Benign; Category III, Atypical undetermined significance/Atypical lymphoid uncertain signifi-
cance (AUS/ALUS); Category IV, Suspicious; Category V, Malignant. Specimens were grouped into the non-diagnostic (Category I) or
diagnostic group (Categories II-V) based on specimen adequacy and diagnostic certainty. In the diagnostic group, patients were further
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divided into determinate (benign and malignant lesion reports) and indeterminate (AUS/ALUS and suspicious reports) subgroups [20,
21].

2.5. Clinical data

Clinical, histological, and follow-up ultrasound data were collected from electronic medical records. Patient information (factors
such as sex, age, history of cancer, and fever), pathological features (types and results), and follow-up ultrasound findings were
extracted.

2.6. Diagnostic criteria

Final benign or malignant diagnoses were based on the following criteria: (1) histopathology after lymphadenectomy or CNB, (2)
repeat FNA, (3) clinical assessment with repeat ultrasound performed at least 2 years after the initial FNA, or (4) contact with patients
(via phone) without available follow-up information to ascertain outcomes. Lymph nodes were considered benign if they met one or
more of the following criteria: (1) benign histopathology after surgery or CNB, (2) benign repeat FNA diagnosis, (3) spontaneous
regression or <20 % increase in diameter size on ultrasound performed at least 2 years after the initial FNA, or (4) no report of a
malignant cervical lymph node diagnosis when contacted via phone after a minimum of 2 years from FNA.

2.7. Statistical analysis

The study’s data presentation followed established conventions, wherein continuous data are expressed as means + standard
deviation and categorical data as counts with corresponding percentages. The diagnostic yield of FNA for benign, suspicious, and
malignant cytology was evaluated using key metrics, namely, sensitivity, specificity, positive predictive value (PPV), negative pre-
dictive value (NPV), and accuracy.

3. Results
3.1. General information

Between May 2018 and May 2021, 589 ultrasound-guided FNAs were conducted. After excluding 63 cases of unclear reported
surgical specimen locations, 18 cases of post-FNA ablation therapy, and 3 cases of post-FNA radionuclide therapy, 505 cases remained
for analysis (Fig. 1). Therefore, the final analysis included 505 lymph nodes from 505 patients. The average age of the study cohort was
52 + 16 years (range: 17-86 years). Among these patients, 318 (63.0 %) were females, and 187 (37.0 %) were males (female-to-male
ratio of 1.7:1). The mean maximum diameter of the sampled lymph nodes was 14.6 + 6.2 mm (Table 1). The sampled lymph nodes
were located at different levels, as classified according to Robbins et al. [18]: 16 at Level I, 63 at Level II, 88 at Level III, 281 at Level IV,
49 at Level V, and 8 at Level VI. Notably, no complications such as bleeding, infection, nerve damage, or tumor cell seeding were
observed during the ultrasound-guided FNA procedure.

589 patients who underwent FNA at our institution between May 2018 and May 2021

63 patients whose surgery specimens

lacked clear location reported

18 patients receiving

ablation therapy after FNA

3 patients receiving radionuclide therapy

after FNA
‘ 505 patients with 505 lymph nodes included
Classification according to the Sydney system
‘ Category | (n=26) ‘ ‘ Category Il (n=269) ‘ ‘ Category IIl (n=35) ‘ ‘ Category IV (n=17) ‘ ‘ Category V (n=158) ‘

Fig. 1. Flowchart of the inclusion/exclusion criteria for participants FNA, fine-needle aspiration.
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3.2. Cytopathological results

The distribution of cytopathological findings among the study participants was as follows: Category I in 26 cases (5.1 %), Category
IIin 269 (53.3 %), Category III in 35 (6.9 %), Category IV in 17 (3.4 %), and Category V in 158 (31.3 %) (Table 2). Among these cases,
120 patients underwent surgery (n = 107) or subsequent CNB (n = 13) and received a definitive diagnosis based on histopathology.
Four patients opted for repeat FNA. In 339 patients, the diagnosis was confirmed through follow-up ultrasound, whereas the remaining
42 patients were contacted via phone to ascertain their diagnostic outcomes (Fig. 2).

3.3. Final diagnoses

Based on the reference standards of histological diagnoses from surgery and CNB, cytology results of repeat FNA, and follow-up
ultrasound or phone findings, 212 lymph nodes were diagnosed to be malignant, whereas the remaining 293 were benign. The risk
of malignancy (ROM) associated with each category is shown in Table 3.

Among the 26 patients with inadequate or insufficient cytology results, 7 underwent subsequent excision (n = 6) or CNB (n = 1).
Among these 7 patients, lymph nodes were confirmed to be malignant in three cases: two cases of papillary thyroid carcinoma me-
tastases and one case of lung adenocarcinoma metastasis. In the remaining four specimens, all patients were diagnosed with papillary
thyroid carcinoma; however, postoperative pathology confirmed that the suspicious lymph nodes were benign. Of the remaining 19
patients with inadequate or insufficient cytology results, 1 was diagnosed with lung cancer metastasis during the phone follow-up.
During the two-year follow-up period, the remaining 18 enlarged lymph nodes decreased in size and were ultimately considered
benign.

Among the 35 cases in the diagnostic group with AUS/ALUS cytology results, there were 32 cases of AUS and 3 cases of ALUS. Of
the 32 AUS cases, the lymph nodes in 21 cases were eventually diagnosed as benign, while those in the remaining 11 were ultimately
diagnosed as malignant. Of the 21 patients with benign lesions in the AUS group, 14 had a history of tumors and 7 had no known
history of tumors. In this AUS group, 5 patients underwent lymphadenectomy, whereas the remaining 16 patients were followed up
through ultrasound examinations or phone communication. Of the 11 patients with malignant lesions in the AUS group, 8 had met-
astatic lymph nodes: papillary thyroid carcinoma was the primary tumor in four cases (with three cases of diffuse sclerosing papillary
carcinoma), lung cancer in two cases, and gastric cancer and breast cancer in one case each. The final diagnosis of lymphoma was
established in three other patients. Among the three cases of ALUS, the lesion in one case was diagnosed as papillary thyroid carcinoma
metastasis, whereas those in the other two cases were confirmed to be benign.

Of the total 505 cases, 42.0 % (212 cases) were diagnosed with malignant lymphadenopathy, with 203 cases of metastases and 9
cases of lymphoma. Among the cases of malignant lymphadenopathy, the most common primary site of malignancy was the thyroid
(44.3 %, 90/203), followed by the lungs (26.6 %, 54/203), female reproductive system (7.9 %, 16/203), breast (7.4 %, 15/203),
gastrointestinal tract (7.4 %, 15/203), and other sites (6.4 %, 13/203). Ultrasound-guided FNA successfully detected 82.1 % (174/212)
of the malignancies, including 16 cases of Category IV and 158 of Category V. In our study, only one false-positive case was classified as
Category IV (Suspicious), wherein the patient presented with a thyroid nodule in the right lobe, accompanied by lymphadenopathy in
the ipsilateral supraclavicular region. The FNA specimen from the cervical lymph node initially raised suspicion of metastatic lesions
originating from differentiated tumors originating from the thyroid follicular epithelium. However, subsequent pathological analysis
of the surgical specimen revealed that the thyroid nodule was a microinvasive follicular carcinoma, whereas the cervical lymph nodes
were confirmed to be benign.

Among the nine cases of lymphoma, the initial cytological findings were distributed as follows: Category II in three patients,
Category III in three patients, Category IV in two patients, and Category V in one patient. Of the three patients misdiagnosed as benign,
one reported progressive lymph node enlargement during ultrasound follow-up and underwent surgical resection. The remaining two
patients had a previous history of tumor involvement (breast cancer and diffuse large B-cell lymphoma each), and the cytological
morphology in these two cases did not support metastasis or high-grade lymphoma. For the three cases classified as AUS, although a
diagnosis of lymphoma was not made, appropriate recommendations were provided, highlighting the limitations of simple cytological
morphology in distinguishing between reactive proliferation and low-grade lymphohematopoietic tumors. The lesions in two cases
classified to be suspicious showed highly suggestive cytological morphology of lymphoma but lacked definitive diagnosis and clas-
sification. In Category V, the FNA results indicated a high-grade malignancy without specific differentiation among poorly

Table 1
Baseline characteristics of all participants and lymph nodes.

Clinical characteristics

Age (years), mean + SD 52.4 +£16.1
Female, n (%) 318 (63.0 %)
History of cancer, n (%) 370 (73.3 %)
History of fever, n (%) 35 (6.9 %)
Ultrasound characteristics

Maximum diameter (mm), mean + SD 14.6 + 6.2
Round shape (L/S < 2), n (%) 304 (60.2 %)
Presence of calcifications, n (%) 124 (24.6 %)

SD: standard deviation; L/S: long/short axis ratio.
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Number of cases and corresponding proportions for the FNA diagnostic

category.

FNA diagnostic category

Cases (n, (%))

Category I (Inadequate/Insufficient)
Category II (Benign)

Category III (AUS/ALUS)

Category IV (Suspicious)

Category V (Malignant)

26 (5.1 %)
269 (53.3 %)
35 (6.9 %)
17 (3.4 %)
158 (31.3 %)

FNA: fine-needle aspiration; AUS/ALUS: atypical undetermined signifi-
cance/atypical lymphoid uncertain significance.

Surgery/CNB (n=7)

1 nondiagnostic (n=26)

505 patients (n=505)

Ultrasound or phone
follow-up (n=19)

Determinate (n=427)

— Diagnostic (n=479) H

Indeterminate (n=52)

Benign (n=4)

Malignant (n=3)

Benign (n=18)

Malignant (n=1)

(n=87)

Benign (n=5)
Malignant (n=7)

Benign (n=18)

Malignant (n=5)

Benign (n=1)
Surgery (n=8)
Malignant (n=7)

Ultrasound or phone Malignant (n=9)

follow-up (n=9)

Surgery/CNB (n=22)

Benign (n=269 Repeat FNA (n=4)

Ultrasound or phone
follow-up (n=243)

Surgery/CNB (n=71)

Ultrasound or phone
follow-up (n=87)

Malignant (n=158)

Surgery (n=12)

AUS/ALUS (n=35

Ultrasound or phone
follow-up (n=23)

Suspicious (n=17)

Fig. 2. Outcomes of the FNA for 505 small cervical lymph nodes FNA, fine-needle aspiration; CNB, core needle biopsy; AUS/ALUS, atypical un-
determined significance/atypical lymphoid uncertain significance.

Table 3
Analysis of ROM.

FNA diagnostic category Cases (n) Malignant cases (n) ROM (%)
Category I (Inadequate/Insufficient) 26 4 15.4
Category II (Benign) 269 22 8.2
Category III (AUS/ALUS) 35 12 34.3
Category IV (Suspicious) 17 16 94.1
Category V (Malignant) 158 158 100

Total 505 212

ROM: risk of malignancy; FNA: fine-needle aspiration; AUS/ALUS: atypical undetermined significance/atypical lymphoid uncertain significance.

differentiated cancer, invasive lymphoma, and high-grade sarcoma.

Benign lymphadenopathy constituted 58.0 % (293/505) of all cases, and ultrasound-guided FNA provided an accurate diagnosis in
84.3 % (247/293) of these cases. The most common benign condition was reactive hyperplasia, followed by normal lymph nodes,
granulomatous inflammation, necrotizing lymphadenitis, and tuberculosis. A total of five patients were finally diagnosed with
tuberculosis, and their FNA findings were reported to be benign in Category II. Cytological morphology in three cases displayed in-
flammatory granuloma, which is strongly suggestive of tuberculosis, whereas that in the remaining two cases indicated benign lesions.
Fortunately, all patients received timely and appropriate treatment without any delays.
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3.4. Accuracy of ultrasound-guided FNA

We conducted a comprehensive analysis to evaluate the diagnostic accuracy of ultrasound-guided FNA in patients with benign,
suspicious, or malignant cytopathology. To determine the accuracy, we compared the cytology results obtained through ultrasound-
guided FNA with the diagnoses established through surgical examination, CNB, repeat FNA, or follow-up examination. For small
cervical lymph nodes, the following metrics were used to determine the accuracy of ultrasound-guided FNA: sensitivity (88.8 %),
specificity (99.6 %), PPV (99.4 %), NPV (91.8 %), and overall accuracy (94.8 %) (Table 4).

4. Discussion

In this study, we primarily and thoroughly explored the diagnostic effectiveness of FNA in assessing small cervical lymph nodes that
are inaccessible to CNB, aiming to provide valuable insights into the diagnosis of conditions in the field of lymphadenopathy and to
enhance our understanding of the utility of FNA in such specific clinical scenarios.

We conducted ultrasound-guided FNA procedures in 505 patients to assess small cervical lymph nodes. The rate of non-diagnostic
specimens (according to Sydney System Category I) was 5.1 %, which was lower than the rates of inadequate sampling specimens
reported in previous studies (range: 10%-15 %) [22-28]. Category I specimens cannot be diagnosed due to factors such as scant
cellularity, extensive necrosis, or technical limitations [19]. Although there is no consensus on the minimum number of cells required
for a satisfactory lymph node sample, the presence of a polymorphous lymphoid population or obvious malignant cells is typically
considered sufficient to deem the sample adequate [29]. In this study, the proportion of Category I specimens is attributed to the
standardization of FNA techniques by experienced interventional ultrasound physicians, as the skill and expertise of the FNA operator
can influence specimen adequacy [30]. On-site evaluation of FNA samples is a potential strategy to enhance diagnostic yield; however,
its benefits and cost-effectiveness require further investigation [31,32].

Regarding the diagnostic performance of ultrasound-guided FNA for small cervical lymph nodes, we observed a sensitivity of 88.8
%, specificity of 99.6 %, PPV of 99.4 %, NPV of 91.8 %, and overall accuracy of 94.8 %. Notably, the specificity and PPV were high,
which is consistent with the findings of previous research [11,23,25,32]. The high specificity reaffirms the broad applicability of FNA
when metastatic disease is suspected, potentially reducing the need for more invasive interventions in patients with cancer.

In the current study, ultrasound-guided FNA demonstrated moderate sensitivity. Among the 22 false-negative cases, 19 cases were
of metastases and 3 were of lymphomas. While most lymphadenopathy cases are attributed to infections or benign conditions, “benign”
or “malignant negative” FNA results do not definitively exclude the possibility of malignancy in patients with unexplained lymph node
enlargement. Therefore, CNB or excisional biopsy should be considered in such cases, based on the clinical findings to further evaluate
and establish a definitive diagnosis.

Although FNA cytology is sensitive in detecting metastatic lymph nodes, its diagnostic utility is limited in lymphoma cases. Dis-
tinguishing between reactive and malignant lymphoid proliferation is particularly challenging in lymph node FNA, with specific
difficulties noted in differentiating between low-grade lymphoma and reactive hyperplasia [24,33]. Further excisional biopsy is
recommended for patients with malignant clinical considerations. As in our study, lymphomas were detected in only 1.8 % (9) of cases,
and this low incidence is possibly attributed to the preference for more invasive diagnostic methods, such as CNB or excisional biopsy,
when there is a clinical or radiological suspicion of lymphoproliferative disease. As a result, the condition in cases wherein lymphomas
were identified through cytology were primarily those without any prior clinical suspicion of lymphoproliferative disease or those
requiring exclusion of metastatic disease owing to a history of previous carcinoma.

Tuberculous lymphadenitis is a benign cause of unexplained cervical lymphadenopathy and requires prompt and accurate anti-
tuberculosis treatment for patients [34,35]. Although clinical evaluation and imaging studies can offer valuable clues, definitive
diagnosis relies on microbiological, cytopathological, or histological examinations [36]. However, the sensitivity and accuracy of FNA
for detecting tuberculous lymphadenitis are not reported to be particularly high [12].

FNA rarely leads to complications such as bleeding, infection, nerve damage, or tumor cell seeding. In our series of 505 cases with
lymph node involvement, no complications were observed, highlighting the safety and reliability of FNA.

This study has some limitations, including being a single-center study with a retrospective design. Furthermore, most malignant
and benign lymph nodes lacked further pathological confirmation, leading to reliance on ultrasound and follow-ups via phone as part

Table 4

Diagnostic accuracy of ultrasound-guided FNA for small cervical lymph nodes.
Variables Ultrasound-guided FNA
True-positive cases (a) (n) 174
False-positive cases (b) (n) 1
False-negative cases (c) (n) 22
True-negative cases (d) (n) 247
Sensitivity [a/(a+c)] (%) 88.8
Specificity [d/(b + d)] (%) 99.6
PPV [a/(a+b)] (%) 99.4
NPV [d/(c + d)] (%) 91.8
Diagnostic accuracy [(a+d)/(a+b + ¢ + d)] (%) 94.8

FNA: fine-needle aspiration; PPV, positive predictive value; NPV, negative predictive value.
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of the reference standard. This approach could potentially lead to misclassification, particularly of indolent malignancies that might
not have been definitively identified. Hence, our results should be interpreted with caution. Future investigations with larger sample
sizes and prospective designs are needed for more robust and conclusive findings.

5. Conclusion

Ultrasound-guided FNA is a minimally invasive method of evaluating lymphadenopathy. To our knowledge, this is the first study
specifically focused on the value of FNA in small cervical lymph nodes that are not approachable by CNB because of the technical
barriers owing to their small size or difficult accessibility. The results have shown that ultrasound-guided FNA with high sensitivity
(88.8 %), specificity (99.6 %), and overall accuracy (94.8 %) is effective and reliable in determining the etiology of these small cervical
lymph nodes. It can serve as a viable alternative to CNB and will be widely accepted by clinicians and pathologists. Nevertheless,
further research with larger and more diverse cohorts remains essential to validate and extend our findings and enhance diagnostic
accuracy and patient care.

Ethics approval

This study was approved by the Peking University Third Hospital Medical Science Research Ethics Committee (Approval No.
M2023383; date of approval June 4, 2023).

Informed consent

The requirement for informed consent was waived due to the retrospective nature of the study and the use of anonymized data.
Funding

None.
Availability of data and materials

The datasets collected and/or analyzed during this study are available from the corresponding authors upon reasonable request.
CRediT authorship contribution statement

Ying Fu: Writing — original draft, Investigation, Conceptualization. Chang Liu: Writing — review & editing, Writing — original draft,
Investigation, Formal analysis, Data curation. Minglei Ren: Data curation. Tingting Du: Data curation. Yihua Wang: Data curation.
Fang Mei: Methodology, Formal analysis. Ligang Cui: Writing — review & editing, Methodology, Conceptualization.

Declaration of competing interest

The authors declare that they have no known competing financial interests or personal relationships that could have appeared to
influence the work reported in this paper.

Acknowledgments
None.

References

[1] T. Tsuji, K. Satoh, H. Nakano, Y. Nishide, Y. Uemura, S. Tanaka, M. Kogo, Predictors of the necessity for lymph node biopsy of cervical lymphadenopathy,
J. Cranio-Maxillo-Fac. Surg. 43 (10) (2015) 2200-2204, https://doi.org/10.1016/j.jems.2015.09.010.

[2] M.G. Mack, J. Rieger, M. Baghi, S. Bisdas, T.J. Vogl, Cervical lymph nodes, Eur. J. Radiol. 66 (3) (2008) 493-500, https://doi.org/10.1016/j.ejrad.2008.01.019.

[3] S. Saha, N.R. Woodhouse, G. Gok, K. Ramesar, A. Moody, D.C. Howlett, Ultrasound guided core biopsy, fine needle aspiration cytology and surgical excision
biopsy in the diagnosis of metastatic squamous cell carcinoma in the head and neck: an eleven year experience, Eur. J. Radiol. 80 (3) (2011) 792-795, https://
doi.org/10.1016/j.ejrad.2010.10.020.

[4] L. Groneck, A. Quaas, M. Hallek, T. Zander, M.R. Weihrauch, Ultrasound-guided core needle biopsies for workup of lymphadenopathy and lymphoma, Eur. J.
Haematol. 97 (4) (2016) 379-386, https://doi.org/10.1111/ejh.12742.

[5] Y.J. Ryu, W. Cha, W.J. Jeong, S.I. Choi, S.H. Ahn, Diagnostic role of core needle biopsy in cervical lymphadenopathy, Head Neck 37 (2) (2015) 229-233,
https://doi.org/10.1002/hed.23580.

[6] F.Han, M. Xu, T. Xie, JW. Wang, Q.G. Lin, Z.X. Guo, W. Zheng, J. Han, X. Lin, R.H. Zou, J.H. Zhou, A.H. Li, Efficacy of ultrasound-guided core needle biopsy in
cervical lymphadenopathy: a retrospective study of 6,695 cases, Eur. Radiol. 28 (5) (2018) 1809-1817, https://doi.org/10.1007/s00330-017-5116-1.

[7] D. Teng, C. Dong, D. Sun, Z. Liu, H. Wang, Comparison of ultrasound-guided core needle biopsy under the assistance of hydrodissection with fine needle
aspiration in the diagnosis of high-risk cervical lymph nodes: a randomized controlled trial, Front. Oncol. 11 (2021) 799956, https://doi.org/10.3389/
fonc.2021.799956.

[8] Z.Cheng, P. Liang, US-guided core needle biopsy under assistance of hydrodissection to diagnose small lymph node metastases adjacent to cervical large vessels,
Diagn Interv Radiol 25 (2) (2019) 122-126, https://doi.org/10.5152/dir.2019.18166.


https://doi.org/10.1016/j.jcms.2015.09.010
https://doi.org/10.1016/j.ejrad.2008.01.019
https://doi.org/10.1016/j.ejrad.2010.10.020
https://doi.org/10.1016/j.ejrad.2010.10.020
https://doi.org/10.1111/ejh.12742
https://doi.org/10.1002/hed.23580
https://doi.org/10.1007/s00330-017-5116-1
https://doi.org/10.3389/fonc.2021.799956
https://doi.org/10.3389/fonc.2021.799956
https://doi.org/10.5152/dir.2019.18166

Y. Fu et al. Heliyon 10 (2024) e31238

[9] E. Novoa, N. Giirtler, A. Arnoux, M. Kraft, Role of ultrasound-guided core-needle biopsy in the assessment of head and neck lesions: a meta-analysis and
systematic review of the literature, Head Neck 34 (10) (2012) 1497-1503, https://doi.org/10.1002/hed.21821.

[10] K.T. Schafernak, L.F. Kluskens, R. Ariga, V.B. Reddy, P. Gattuso, Fine-needle aspiration of superficial and deeply seated lymph nodes on patients with and
without a history of malignancy: review of 439 cases, Diagn. Cytopathol. 29 (6) (2003) 315-319, https://doi.org/10.1002/dc.10346.

[11] A.P. Bueno, R.F. Palu, J.F. Dalcin, L.N. Moraes, E.C. da Silva, T. Novaes Silva, M.A. Saieg, Accuracy of fine-needle aspiration of lymph nodes: a cancer center’s
experience, Cytopathology 33 (1) (2022) 114-118, https://doi.org/10.1111/cyt.13057.

[12] B.M. Kim, E.K. Kim, M.J. Kim, W.L. Yang, C.S. Park, S.I. Park, Sonographically guided core needle biopsy of cervical lymphadenopathy in patients without
known malignancy, J. Ultrasound Med. 26 (5) (2007) 585-591, https://doi.org/10.7863/jum.2007.26.5.585.

[13] K.H.Ryu, J.H. Lee, S.W. Jang, H.J. Kim, J.Y. Lee, S.R. Chung, M.S. Chung, H.W. Kim, Y.J. Choi, J.H. Baek, US-guided core-needle biopsy versus US-guided fine-
needle aspiration of suspicious cervical lymph nodes for staging workup of non-head and neck malignancies: a propensity score matching study, J. Surg. Oncol.
116 (7) (2017) 870-876, https://doi.org/10.1002/js0.24747.

[14] H.J. Eom, J.H. Lee, M.S. Ko, Y.J. Choi, R.G. Yoon, K.J. Cho, S.Y. Nam, J.H. Baek, Comparison of fine-needle aspiration and core needle biopsy under
ultrasonographic guidance for detecting malignancy and for the tissue-specific diagnosis of salivary gland tumors, AJNR Am J Neuroradiol 36 (6) (2015)
1188-1193, https://doi.org/10.3174/ajnr.A4247.

[15] B. Brancato, E. Crocetti, S. Bianchi, S. Catarzi, G.G. Risso, P. Bulgaresi, F. Piscioli, M. Scialpi, S. Ciatto, N. Houssami, Accuracy of needle biopsy of breast lesions
visible on ultrasound: audit of fine needle versus core needle biopsy in 3233 consecutive samplings with ascertained outcomes, Breast 21 (4) (2012) 449-454,
https://doi.org/10.1016/j.breast.2011.10.008.

[16] M. Lin, C.D. Hair, L.K. Green, S.A. Vela, K.K. Patel, W.A. Qureshi, Y.H. Shaib, Endoscopic ultrasound-guided fine-needle aspiration with on-site cytopathology
versus core biopsy: a comparison of both techniques performed at the same endoscopic session, Endosc. Int. Open 2 (4) (2014) E220-E223, https://doi.org/
10.1055/5-0034-1377611.

[17] M. Kraft, H. Laeng, N. Schmuziger, A. Arnoux, N. Giirtler, Comparison of ultrasound-guided core-needle biopsy and fine-needle aspiration in the assessment of
head and neck lesions, Head Neck 30 (11) (2008) 1457-1463, https://doi.org/10.1002/hed.20891.

[18] K.T. Robbins, G. Clayman, P.A. Levine, J. Medina, R. Sessions, A. Shaha, P. Som, G.T. Wolf, American Head and Neck Society, American Academy of
Otolaryngology-head and Neck Surgery, Neck dissection classification update: revisions proposed by the American head and neck society and the American
academy of otolaryngology-head and neck surgery, Arch. Otolaryngol. Head Neck Surg. 128 (7) (2002) 751-758, https://doi.org/10.1001/archotol.128.7.751.

[19] M.A. Al-Abbadi, H. Barroca, B. Bode-Lesniewska, M. Calaminici, N.P. Caraway, D.F. Chhieng, 1. Cozzolino, M. Ehinger, A.S. Field, W.R. Geddie, R.L. Katz, O. Lin,
L.J. Medeiros, S.E. Monaco, A. Rajwanshi, F.C. Schmitt, P. Vielh, P. Zeppa, A proposal for the performance, classification, and reporting of lymph node fine-
needle aspiration cytopathology: the Sydney system, Acta Cytol. 64 (4) (2020) 306-322, https://doi.org/10.1159/000506497.

[20] B.R. Haugen, E.K. Alexander, K.C. Bible, G.M. Doherty, S.J. Mandel, Y.E. Nikiforov, F. Pacini, G.W. Randolph, A.M. Sawka, M. Schlumberger, K.G. Schuff, S.
1. Sherman, J.A. Sosa, D.L. Steward, R.M. Tuttle, L. Wartofsky, 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) (2016) 1-133, https://doi.org/10.1089/thy.2015.0020.

[21] L. Gao, B. Ma, L. Zhou, Y. Wang, S. Yang, N. Qu, Y. Gao, Q. Ji, The impact of presence of Hashimoto’s thyroiditis on diagnostic accuracy of ultrasound-guided
fine-needle aspiration biopsy in subcentimeter thyroid nodules: a retrospective study from FUSCC, Cancer Med. 6 (5) (2017) 1014-1022, https://doi.org/
10.1002/cam4.997.

[22] R.Khillan, G. Sidhu, C. Axiotis, A.S. Braverman, Fine needle aspiration (FNA) cytology for diagnosis of cervical lymphadenopathy, Int. J. Hematol. 95 (3) (2012)
282-284, https://doi.org/10.1007/5s12185-012-1024-y.

[23] Y. Houcine, E. Romdhane, A. Blel, M. Ksentini, R. Aloui, R. Lahiani, N. Znaidi, M. Ben Salah, S. Rammeh, Evaluation of fine needle aspiration cytology in the
diagnosis of cervical lymph node lymphomas, J. Cranio-Maxillo-Fac. Surg. 46 (7) (2018) 1117-1120, https://doi.org/10.1016/j.jems.2018.04.024.

[24] M.A. Pynnonen, M.B. Gillespie, B. Roman, R.M. Rosenfeld, D.E. Tunkel, L. Bontempo, I. Brook, D.A. Chick, M. Colandrea, S.A. Finestone, J.C. Fowler, C.

C. Griffith, Z. Henson, C. Levine, V. Mehta, A. Salama, J. Scharpf, D.R. Shatzkes, W.B. Stern, J.S. Youngerman, M.D. Corrigan, Clinical practice guideline:
evaluation of the neck mass in adults, Otolaryngol. Head Neck Surg. 157 (2_suppl) (2017) S1-S30, https://doi.org/10.1177/0194599817722550.

[25] A. Whitehorn, E.H. Ooi, C. Lockwood, Accuracy of core needle biopsy compared to fine needle biopsy for the diagnosis of neoplasm in patients with suspected
head and neck cancers: a systematic review protocol of diagnostic test accuracy, JBI Evid Synth 18 (7) (2020) 1602-1608, https://doi.org/10.11124/JBISRIR-D-
19-00225.

[26] C.P.Lo, C.Y. Chen, S.C. Chin, K.W. Lee, C.J. Hsueh, C.J. Juan, H.W. Kao, G.S. Huang, Detection of suspicious malignant cervical lymph nodes of unknown origin:
diagnostic accuracy of ultrasound-guided fine-needle aspiration biopsy with nodal size and central necrosis correlate, Can. Assoc. Radiol. J. 58 (5) (2007)
286-291.

[27] L. Horvath, M. Kraft, Evaluation of ultrasound and fine-needle aspiration in the assessment of head and neck lesions, Eur. Arch. Oto-Rhino-Laryngol. 276 (10)
(2019) 2903-2911, https://doi.org/10.1007/s00405-019-05552-z.

[28] Y.H. Lee, J.H. Baek, S.L. Jung, J.Y. Kwak, J.H. Kim, J.H. Shin, Korean Society of Thyroid Radiology (KSThR), Korean Society of Radiology, Ultrasound-guided
fine needle aspiration of thyroid nodules: a consensus statement by the Korean society of thyroid radiology, Korean J. Radiol. 16 (2) (2015) 391-401, https://
doi.org/10.3348/kjr.2015.16.2.391.

[29] S. Flatman, M.M.K. Kwok, M.J.R. Magarey, Introduction of surgeon-performed ultrasound to a head and neck clinic: indications, diagnostic adequacy and a new
clinic model? ANZ J. Surg. 90 (5) (2020) 861-866, https://doi.org/10.1111/ans.15886.

[30] Y. Zhu, Y. Song, G. Xu, Z. Fan, W. Ren, The bethesda system for reporting thyroid cytopathology (tbsrtc): a report of 2,781 cases in a Chinese population, Chin. J.
Cancer Res. 32 (2) (2020) 140-148, https://doi.org/10.21147/j.issn.1000-9604.2020.02.02.

[31] J.F. Nasuti, P.K. Gupta, Z.W. Baloch, Diagnostic value and cost-effectiveness of on-site evaluation of fine-needle aspiration specimens: review of 5,688 cases,
Diagn. Cytopathol. 27 (1) (2002) 1-4, https://doi.org/10.1002/dc.10065.

[32] S.Tandon, R. Shahab, J.I. Benton, S.K. Ghosh, J. Sheard, T.M. Jones, Fine-needle aspiration cytology in a regional head and neck cancer center: comparison with
a systematic review and meta-analysis, Head Neck 30 (9) (2008) 1246-1252, https://doi.org/10.1002/hed.20849.

[33] F. Matsumoto, S. Itoh, S. Ohba, H. Yokoi, M. Furukawa, K. Ikeda, Biopsy of cervical lymph node, Auris Nasus Larynx 36 (1) (2009) 71-74, https://doi.org/
10.1016/j.anl.2008.03.008.

[34] H.G. Ahmed, A.S. Nassar, I. Ginawi, Screening for tuberculosis and its histological pattern in patients with enlarged lymph node, Pathol. Res. Int. 2011 (2011)
417635, https://doi.org/10.4061/2011/417635.

[35] A. Polesky, W. Grove, G. Bhatia, Peripheral tuberculous lymphadenitis: epidemiology, diagnosis, treatment, and outcome, Medicine (Baltim.) 84 (6) (2005)
350-362, https://doi.org/10.1097/01.md.0000189090.52626.7a.

[36] S.Meghji, C.E. Giddings, What is the optimal diagnostic pathway in tuberculous lymphadenitis in the face of increasing resistance: cytology or histology? Am. J.
Otolaryngol. 36 (6) (2015) 781-785, https://doi.org/10.1016/j.amjoto.2015.08.001.


https://doi.org/10.1002/hed.21821
https://doi.org/10.1002/dc.10346
https://doi.org/10.1111/cyt.13057
https://doi.org/10.7863/jum.2007.26.5.585
https://doi.org/10.1002/jso.24747
https://doi.org/10.3174/ajnr.A4247
https://doi.org/10.1016/j.breast.2011.10.008
https://doi.org/10.1055/s-0034-1377611
https://doi.org/10.1055/s-0034-1377611
https://doi.org/10.1002/hed.20891
https://doi.org/10.1001/archotol.128.7.751
https://doi.org/10.1159/000506497
https://doi.org/10.1089/thy.2015.0020
https://doi.org/10.1002/cam4.997
https://doi.org/10.1002/cam4.997
https://doi.org/10.1007/s12185-012-1024-y
https://doi.org/10.1016/j.jcms.2018.04.024
https://doi.org/10.1177/0194599817722550
https://doi.org/10.11124/JBISRIR-D-19-00225
https://doi.org/10.11124/JBISRIR-D-19-00225
http://refhub.elsevier.com/S2405-8440(24)07269-4/sref26
http://refhub.elsevier.com/S2405-8440(24)07269-4/sref26
http://refhub.elsevier.com/S2405-8440(24)07269-4/sref26
https://doi.org/10.1007/s00405-019-05552-z
https://doi.org/10.3348/kjr.2015.16.2.391
https://doi.org/10.3348/kjr.2015.16.2.391
https://doi.org/10.1111/ans.15886
https://doi.org/10.21147/j.issn.1000-9604.2020.02.02
https://doi.org/10.1002/dc.10065
https://doi.org/10.1002/hed.20849
https://doi.org/10.1016/j.anl.2008.03.008
https://doi.org/10.1016/j.anl.2008.03.008
https://doi.org/10.4061/2011/417635
https://doi.org/10.1097/01.md.0000189090.52626.7a
https://doi.org/10.1016/j.amjoto.2015.08.001

	Accuracy of ultrasound-guided fine-needle aspiration for small cervical lymph nodes: A retrospective review of 505 cases
	1 Introduction
	2 Methods
	2.1 Ethics statement
	2.2 Study design and participants
	2.3 Ultrasonic evaluation
	2.4 Ultrasound-guided FNA and cytopathology
	2.5 Clinical data
	2.6 Diagnostic criteria
	2.7 Statistical analysis

	3 Results
	3.1 General information
	3.2 Cytopathological results
	3.3 Final diagnoses
	3.4 Accuracy of ultrasound-guided FNA

	4 Discussion
	5 Conclusion
	Ethics approval
	Informed consent
	Funding
	Availability of data and materials
	CRediT authorship contribution statement
	Declaration of competing interest
	Acknowledgments
	References


