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ABSTRACT

Background: Pathological confirmation of suspicious lymphadenopathy is essential for
oncologic staging and treatment planning. This study evaluated the diagnostic
performance and safety of a standardized ultrasound-guided core-needle biopsy (CNB)
protocol for suspicious malignant lymphadenopathy. Materials and Methods: This
single-center diagnostic accuracy study included 328 adults who underwent
ultrasound-guided core-needle biopsy (CNB) at Yangquan First People's Hospital
between January 2021 and June 2023. A standardized workflow was used for
ultrasound assessment, route planning, real-time Doppler-assisted guidance,
specimen handling, and postprocedural surveillance. Saline-assisted hydrodissection
was applied for vascular-adjacent lymph nodes. Final diagnosis was established using
surgical pathology, repeat biopsy, immunohistochemistry, microbiological
confirmation, or at least 6-month clinical/imaging follow-up. Resul/ts: Technical success
was achieved in 317 of 328 patients (96.6%). Among technically successful cases, 175
malignant and 142 benign lesions were identified. Diagnostic accuracy was 95.9%
(304/317), sensitivity 96.6% (169/175), specificity 95.1% (135/142), positive predictive
value 96.0% (169/176), and negative predictive value 95.7% (135/141). The area under
the receiver operating characteristic curve was 0.983 (95% confidence interval [Cl],
0.972-0.994). Complications occurred in 14 patients (4.4%), with no severe adverse
event. Conclusion: Standardized ultrasound-guided CNB is a safe and accurate
minimally invasive approach for suspicious malignant lymphadenopathy and can
support pathological confirmation for oncologic staging and treatment decision-
making.

INTRODUCTION Open surgical excision remains diagnostically
valuable, especially for lymphoma subtyping, but it is
Lymph nodes are key components of the immune more invasive, requires greater perioperative

and lymphatic systems and are frequently involved in
inflammatory disease, granulomatous infection,
lymphoma, and metastatic malignancy. In patients
with known or suspected cancer, accurate
characterization of lymphadenopathy is particularly
important because nodal status may determine
tumor stage, treatment strategy, radiotherapy target
delineation, systemic therapy selection, and
prognosis. Imaging findings can suggest malignancy,
but histopathological confirmation is often required
when imaging features are equivocal, when
lymphoma is suspected, or when treatment decisions
depend on nodal pathology (1. 2). Recent studies
published in the International Journal of Radiation
Research have also emphasized the clinical
importance of lymph-node imaging in tumor-imaging
and radiotherapy pathways, including cervical
metastatic lymphadenopathy, papillary thyroid
carcinoma cervical lymph-node metastasis, and nodal
staging before radiotherapy (3-6).

resources, and may not be suitable for deep or
anatomically complex lymph nodes. Fine-needle
aspiration is minimally invasive but may provide
insufficient tissue architecture for
immunohistochemistry and lymphoma classification.
Ultrasound-guided core-needle biopsy (CNB) offers
real-time visualization, targeted sampling, avoidance
of major vessels, and acquisition of tissue cores for
histopathology and ancillary testing. For oncologic
imaging and staging practice, this technique may
bridge the gap between noninvasive imaging and
surgical pathology (7-10),

Although ultrasound-guided CNB is widely used in
clinical practice, its diagnostic yield and safety
depend strongly on target selection, puncture-route
planning, needle visualization, specimen handling,
and management of vascular-adjacent lesions.
Published experience with ultrasound-guided biopsy,
ancillary  testing, saline-assisted access, and
complication management supports the need for a
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standardized, reproducible protocol (11-14),

This study evaluated the diagnostic performance
and safety of a standardized ultrasound-guided CNB
protocol in adult patients with suspicious malignant
lymphadenopathy. The study focused on technical
success, diagnostic accuracy against a composite
reference standard, specimen adequacy,
complications, and technical risk factors for puncture
failure. To improve alignment with tumor imaging
and oncologic staging, the analysis emphasized lymph
nodes requiring pathological confirmation for
suspected metastatic cancer, lymphoma, or treatment
-planning decisions. The novelty of this work is the
evaluation of a reproducible ultrasound-guided CNB
workflow that integrates Doppler-assisted route
planning, selective saline-assisted hydrodissection
for vascular-adjacent nodes, standardized specimen
handling, and a composite reference standard in a
large oncologic staging cohort.

MATERIALS AND METHODS

Study design and ethics

This was a single-center diagnostic accuracy study
conducted at the Department of Ultrasound,
Yangquan First People’s Hospital, Shanxi Province,
China. The study included consecutive eligible adult
patients who underwent ultrasound-guided CNB for
suspicious lymphadenopathy between January 2021
and June 2023. The study was approved by the
Institutional Review Board of Yangquan First
People’s  Hospital (registration/approval No.
YQDYRMYY-LL-2020-101;  approval date: 29
December 2020). Written informed consent was
obtained before the procedure. Patient information
and images were anonymized in accordance with
institutional privacy requirements and the principles
of the Declaration of Helsinki.

Study population

A total of 328 patients were enrolled. Eligible
patients were aged 18 years or older and had lymph
nodes requiring pathological confirmation because of
suspected malignant involvement, lymphoma, or
clinically unresolved lymphadenopathy in an
oncologic diagnostic pathway. Target sites included
cervical, supraclavicular, axillary, inguinal, and
abdominal lymph nodes. Sonographic inclusion
criteria were a superficial short-axis diameter of 8
mm or greater or a deep short-axis diameter of 10
mm or greater, and at least one suspicious
sonographic feature, including loss of the echogenic
hilum, asymmetric cortical thickening greater than 3
mm, cystic or necrotic change, microcalcification,
rounded morphology, or abnormal mixed/peripheral
vascular distribution.

Exclusion criteria were uncorrectable
coagulopathy (international normalized ratio >1.5 or

platelet count <50 x 109/L), lack of a safe ultrasound-
visible puncture route, active infection or skin
disruption along the puncture path, inability to
tolerate the required position, pregnancy, or previous
radiotherapy to the target lymph-node region when it
could substantially confound local anatomy or
procedural safety assessment.

Ultrasound imaging equipment, materials, and
biopsy system

Ultrasound examinations and procedures were
performed using a Mindray Kunlun 7 color Doppler
ultrasound system with a high-frequency linear
probe (L18-5, 5-18 MHz) and a convex probe (C9-2, 2
-9 MHz) (Mindray Bio-Medical Electronics Co., Ltd.,
Shenzhen, China). The linear probe was used for
superficial lymph nodes with a depth of 3 cm or less,
and the convex probe with harmonic imaging was
used for deeper lymph nodes. Color Doppler and
microvascular imaging were used to evaluate
vascular distribution and to select a safe needle path.
Gain, wall filter, pulse repetition frequency, depth,
and focus were adjusted individually to optimize
visualization while avoiding artifactual flow signals.
No magnetic resonance imaging (MRI), computed
tomography (CT)-guided biopsy, contrast-enhanced
ultrasound (CEUS), or ultrasound contrast agent was
used in this protocol.

All procedures were performed using an 18-gauge
disposable semi-automatic core biopsy needle (A-
type, 1.2 mm [18G] x 160 mm, REF 11101201;
LEAPMED Medical, Suzhou Lipu Medical Technology
Co., Ltd, Suzhou, China). Local anesthesia was
performed with 1% lidocaine hydrochloride
injection; hydrodissection used sterile 0.9% normal
saline; and tissue fixation used 10% neutral-buffered
formalin. No contrast agents were used. The sampling
length was adjusted according to lymph-node size
and the available safe path. The same needle gauge
was used throughout the study to minimize
heterogeneity in diagnostic yield and complication
assessment.

Standardized ultrasound-guided CNB procedure

The standardized workflow consisted of four
steps: preprocedural assessment, puncture-route
planning, real-time guided biopsy, and specimen
processing.

First, the patient was positioned to expose the
target lymph node. Multiplanar ultrasound scanning
was performed to measure long-axis and short-axis
diameters, depth from the skin, relationship to
adjacent vessels and nerves, echogenic hilum, cortical
morphology, necrotic or cystic areas, and vascular
distribution. Elastography was used when available
to help avoid predominantly necrotic areas and to
target solid portions of the lymph node.

Second, the puncture point and needle route were
planned according to the shortest safe path that
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avoided major vessels, nerves, lung apex, bowel, and
necrotic areas. Local anesthesia was administered
with 5 mL of 1% lidocaine from the skin to the tissue
surrounding the target. For lymph nodes adjacent to
major vessels, saline-assisted hydrodissection was
performed by slowly injecting 3-5 mL sterile normal
saline between the lymph node and the adjacent
vessel under real-time ultrasound guidance. The
biopsy route was used only after a temporary liquid
separation zone was confirmed.

Third, the needle was advanced freehand under
continuous real-time ultrasound visualization. The
needle tip was kept within the imaging plane
whenever possible. For superficial lymph nodes, a
shallow approach of approximately 10-15 degrees
was preferred; for deep lymph nodes, the angle was
adjusted according to target depth and safe-route
feasibility. One to three puncture passes were
performed according to specimen length, target
accessibility, and real-time tissue-core quality.
Necrotic or cystic areas were avoided. After sampling,
the puncture site was compressed for at least 5
minutes, and ultrasound re-examination was
performed after 30 minutes to exclude active
bleeding or hematoma formation.

Fourth, tissue cores were immediately placed in
10% neutral-buffered formalin, labeled, and sent to
the Department of Pathology within 30 minutes.
Samples were visually assessed for core integrity and
length. Immunohistochemistry (IHC), microbiological
testing, or additional pathological consultation was
performed when clinically indicated, especially for
suspected lymphoma or granulomatous disease.

Pathological investigation was performed by two
experienced pathologists who were not involved in
the ultrasound-guided procedure. Tissue cores were
fixed, paraffin embedded, sectioned at approximately
4 pm, and stained with hematoxylin and eosin. IHC
panels were selected according to morphology and
clinical suspicion: metastatic carcinoma was
evaluated using epithelial and site-specific markers
when required; suspected lymphoma was assessed
using lymphoid lineage, germinal-center, and
proliferation markers; and granulomatous disease
was assessed using special staining, microbiological
tests, or clinicopathological correlation when
indicated. Discordant or indeterminate diagnoses
were resolved by consensus review and correlation
with repeat biopsy, surgery, microbiology, or follow-

up.

Reference standard

To avoid incorporation bias, the ultrasound-
guided CNB result was treated as the index test. The
final reference-standard diagnosis was based on
surgical pathology when available, repeat biopsy,
immunohistochemistry ~ with  clinicopathological

consensus, microbiological confirmation, or at least 6
-month clinical and imaging follow-up. Cases with
persistent diagnostic uncertainty were reviewed by
two senior pathologists and the clinical team.
Malignancy was defined as metastatic carcinoma or
lymphoma confirmed by the reference standard.
Benign disease included reactive hyperplasia,
granulomatous inflammation including tuberculosis,
cat-scratch disease, sarcoidosis-like disease,
Castleman disease, and other nonmalignant
inflammatory lesions.

Outcome measures

The primary outcome was diagnostic accuracy for
malignancy among technically successful biopsies.
Diagnostic indices included sensitivity, specificity,
positive predictive value, negative predictive value,
and area under the receiver operating characteristic
curve. Secondary outcomes included technical
success, specimen-quality grade, complications
within 24 hours, and risk factors for puncture failure.

Technical success was defined as successful
needle placement into the target lymph node and
acquisition of tissue containing lymph-node material.
Specimen quality was graded as follows: Grade A,
intact tissue cores of at least 10 mm containing
preserved lymphoid architecture or definitive
malignant structures; Grade B, diagnostic tissue cores
of 5-9 mm with partial tissue fragmentation but
sufficient for pathological interpretation; and Grade
C, limited or suboptimal tissue requiring ancillary
testing, repeat pathological review, or correlation
with follow-up, but not automatically classified as
technical failure. Technical failure was defined as
inability to obtain lymph-node tissue because of off-
target sampling, severe motion, inaccessible depth, or
inadequate visualization.

Statistical analysis

Statistical Package for the Social Sciences (SPSS)
version 26.0 (IBM Corp., Armonk, NY, USA) was used
for statistical analysis. Continuous variables are
presented as mean #* standard deviation or median
and range as appropriate. Categorical variables are
presented as number and percentage. Diagnostic
performance was calculated from a 2 x 2 contingency
table and reported with 95% confidence intervals
(CIs) when available. Differences between superficial
and deep lymph-node groups were assessed using
the independent-samples t test for continuous
variables and chi-square or Fisher’s exact test for
categorical variables. Logistic regression was used to
identify risk factors for technical failure. Variables
included in the model were age, lymph-node depth,
short-axis diameter, anatomical site, and vascular-
adjacent location. A two-sided P value <0.05 was
considered statistically significant.
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RESULTS

Baseline characteristics

A total of 328 patients were included. There were
176 men (53.7%) and 152 women (46.3%), with a
median age of 54 years and an age range of 28-79
years. Target lymph nodes were cervical in 152 cases
(46.3%), axillary in 94 cases (28.7%), inguinal in 58
cases (17.7%), and abdominal in 24 cases (7.3%).
The mean short-axis diameter was 12.3 * 3.7 mm.
Superficial lymph nodes had a mean depth of 1.8 *
0.7 cm, whereas deep lymph nodes had a mean depth
of 4.6 + 1.2 cm (P<0.001). Suspicious sonographic
findings included loss of the echogenic hilum in 257
cases (78.4%), asymmetric cortical thickening in 214
cases (65.2%), and cystic or necrotic change in 110
cases (33.5%).

Table 1. Baseline characteristics of the study population

(n=328). Abbreviations: none.

Characteristic Value

Sex, male/female 176/152 (53.7%/46.3%)

Age, years Median 54; range 28-79

Cervical lymph nodes 152 (46.3%)

Axillary lymph nodes 94 (28.7%)
Inguinal lymph nodes 58 (17.7%)
Abdominal lymph nodes 24 (7.3%)
Mean short-axis diameter 12.3+3.7 mm
Superficial lymph-node depth 1.8+0.7cm
Deep lymph-node depth 46+1.2cm
Loss of echogenic hilum 257 (78.4%)

Asymmetric cortical thickening 214 (65.2%)

Cystic or necrotic change 110 (33.5%)

Technical success and specimen quality

Technical success was achieved in 317 of 328
patients, corresponding to a technical success rate of
96.6%. Eleven cases were classified as technical
failures. Nine failures occurred in deep abdominal
lymph nodes because of respiratory displacement or
insufficient needle-tip stability, and two failures
occurred in small cervical lymph nodes with a short-
axis diameter less than 8 mm because of needle-path
deviation. The mean number of puncture passes was
1.4 + 0.6 (range, 1-3). Deep lymph nodes required
more passes than superficial lymph nodes (2.1 + 0.8
vs. 1.2 + 0.4, P<0.001). Representative anonymized
ultrasound images with arrows marking the target
region of interest (ROI) are shown in figures 1-5.

Among 317 technically successful biopsies,
specimen quality was Grade A in 198 cases (62.5%),
Grade B in 99 cases (31.2%), and Grade C in 20 cases
(6.3%). Grade C samples were mainly observed in
lymph nodes deeper than 4 cm or in nodes with
necrotic components exceeding 50% of the target
region. Logistic regression showed that depth greater
than 3 cm (odds ratio [OR]=4.27, 95% CI 2.15-8.49,
P<0.001) and short-axis diameter less than 10 mm
(OR=3.18, 95% CI 1.72-5.88, P<0.001) were
independent risk factors for technical failure.

Table 2. Technical success, specimen quality, and risk factors.
Abbreviations: Cl, confidence interval; OR, odds ratio.
Parameter Result
Technical success 317/328 (96.6%)
Technical failure 11/328 (3.4%)
Mean number of passes 1.4 +£0.6; range 1-3

Deep vs. superficial pass |, 1, 5 g\ 17+ 0.4; P<0.001

number
198/317 (62.5%)

Grade A specimen
Grade B specimen 99/317 (31.2%)
20/317 (6.3%)

Grade C limited specimen
Depth >3 cm as failure risk OR=4.27; 95% Cl 2.15-8.49;

factor P<0.001
Short-axis diameter <10 mm | OR=3.18; 95% Cl 1.72-5.88;
as failure risk factor P<0.001

Final pathological classification

Among the 317 technically successful cases
included in the diagnostic-performance analysis, the
final reference standard identified 175 malignant
lesions (55.2%) and 142 benign lesions (44.8%).
Malignant lesions included 120 metastatic
carcinomas and 55 lymphomas. The most common
metastatic primary tumors were lung
adenocarcinoma, breast cancer, and gastric cancer.
Lymphoma subtypes included diffuse large B-cell
lymphoma, follicular lymphoma, and Hodgkin
lymphoma. Benign lesions were mainly reactive
hyperplasia and granulomatous inflammation,
including tuberculous granuloma. A small number of
cases were classified as cat-scratch disease,
sarcoidosis-like disease, Castleman disease, or other
inflammatory lesions after clinicopathological
correlation.
Table 3. Final reference-standard pathological classification
among technically successful cases (n=317). Abbreviations:

none.
Percentage
Category Pathological type Number| within
category
Benign Reactive hyperplasia 89 62.7%
Benign Grapulomgtous mﬂamm'atlon 38 26.8%
including tuberculosis
Benign |Other inflammatory diseases| 15 10.6%
Malignant Metastatic carcinoma 120 68.6%
Malignant Lymphoma 55 31.4%
Met.astatlc Lung adenocarcinoma 42 35.0%
carcinoma
Met?statlc Breast cancer 37 30.8%
carcinoma
Met.astatlc Gastric cancer 21 17.5%
carcinoma
Met?statlc Other primary tumors 20 16.7%
carcinoma
Lymphomal|Diffuse large B-cell ymphoma| 32 58.2%
Lymphoma Follicular lymphoma 12 21.8%
Lymphoma Hodgkin lymphoma 8 14.5%

Diagnostic performance for malignancy

The diagnostic-performance analysis was based
on 317 technically successful biopsies. According to
the final reference standard, there were 175
malignant and 142 benign lesions. Ultrasound-guided
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CNB correctly identified 169 malignant lesions and
135 benign lesions. There were 7 false-positive and 6
false-negative results. Overall diagnostic accuracy
was therefore 95.9% (304/317). Sensitivity was
96.6% (169/175), specificity was 95.1% (135/142),
positive predictive value was 96.0% (169/176), and
negative predictive value was 95.7% (135/141). The
area under the receiver operating characteristic
curve (AUC) was 0.983 (95% CI, 0.972-0.994;
P<0.001). Subgroup analysis showed that diagnostic
performance was slightly higher for metastatic
carcinoma than for lymphoma, reflecting the greater
need for preserved tissue architecture and
immunophenotyping in lymphoma diagnosis.

Table 4. Diagnostic contingency table for malignancy among
technically successful cases (n=317). Abbreviation: CNB,
core-needle biopsy.

Reference-standard | Reference-standard
malignant benign

CNB result

CNB positive for
malignancy
CNB negative for
malignancy

169 (true positive) 7 (false positive)

6 (false negative) 135 (true negative)

Table 5. Diagnostic performance indices. Abbreviations: AUC,
area under the receiver operating characteristic curve; Cl,
confidence interval; ROC, receiver operating characteristic.

Index Value
Accurac 95.9% (304/317; 95% Cl, 93.1-
Y 97.6)
e s 96.6% (169/175; 95% Cl, 92.7-
Sensitivity 98.4)
[ 95.1% (135/142; 95% Cl, 90.2-
Specificity 97.6)
0, . 0, -
Positive predictive value 96.0% (169/278%)95/’ cl,92.0
0, . 0, -
Negative predictive value 35.7% (135/%;;16)95A cl,91.0

Area under the ROC curve 0.983 (95% Cl, 0.972-0.994)

Optimal cut-off in

ultrasound score model 0.52 by Youden index

Complications

Fourteen complications were recorded within 24
hours after biopsy, corresponding to an overall
complication rate of 4.4% among technically
successful cases. Local hematoma occurred in 9 cases
(2.8%), with maximum diameter ranging from 1.2 to
2.3 cm; all resolved after compression or
conservative management. Transient nerve-related
symptoms occurred in 3 cases (0.9%), presenting as
numbness of the ipsilateral upper limb after axillary
lymph-node biopsy; all resolved within 1 week. Local
infection occurred in 2 cases (0.6%) and resolved
after oral antibiotics. No major hemorrhage,
pneumothorax, permanent nerve injury, or
procedure-related death occurred. Hematoma was
more frequent in lymph nodes with abundant blood
flow than in those with lower vascularity.

Table 6. Postprocedural complications. Abbreviations: none.

Complication Number|Rate Outcome
Resolved with
Local hematoma 9 2.8% compression or

conservative treatment

Transient nerve symp-

3 0.9%[Resolved within 1 week|
toms

Resolved after oral

. . o
Local infection 2 0.6% antibiotics

Major hemorrhage/
pneumothorax/ 0 0%
permanent nerve injury|

Not observed

Total complications 14 (4.4% No severe adverse

event

1 BE® 1.35cm
2 B 1.23cm

Figure 1. Representative grayscale ultrasound image of a
suspicious lymph node with caliper measurement. The arrow
indicates the target region of interest (ROI) selected for
ultrasound-guided core-needle biopsy (CNB).

Figure 2. Representative color Doppler ultrasound image of a
suspicious lymph node. The arrow indicates the solid target
ROI while Doppler imaging demonstrates adjacent and
intranodal vascular signals.

1 8 1.31cm
2 BE® 0.85cm

Figure 3. Representative grayscale ultrasound image of a small
suspicious lymph node. The arrow indicates the measured
target ROI.
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Figure 4. Representative color Doppler ultrasound image used
for route planning. The arrow indicates the target ROl selected
after assessment of vascular distribution.

1 % 1.35cm
2 E® 0.78cm

Figure 5. Representative grayscale ultrasound image of a
suspicious lymph node. The arrow indicates the target ROl and
the measured short-axis region.

DISCUSSION

This single-center study indicates that a
standardized ultrasound-guided CNB protocol can
provide reliable pathological confirmation for
suspicious malignant lymphadenopathy in an
oncologic diagnostic setting. Rather than replacing
imaging, the procedure complements tumor-imaging
and staging workflows by providing tissue for
histopathology, @ IHC, and clinicopathological
correlation when imaging alone is insufficient (1-6).

Compared with recent IJRR imaging studies, the
present study addresses a complementary tissue-
confirmation question. Jia et al. reported that CEUS
and shear wave elastography (SWE) were useful for
differentiating metastatic from tuberculous cervical
lymphadenopathy, and Yu et al reported improved
diagnostic performance when CEUS was combined
with CT for cervical lymph-node metastasis in
papillary thyroid carcinoma G. 5. Those studies
support noninvasive risk stratification, whereas our
protocol provides histological confirmation and
ancillary testing material; therefore, the high
diagnostic performance observed here is clinically
plausible and directly relevant when imaging results
must be confirmed before oncologic staging or
treatment planning.

This study emphasizes oncologic staging and
tumor  imaging  rather than  unexplained
lymphadenopathy in a broad internal-medicine sense.
In patients with suspected or known malignancy,
nodal pathology may change the disease stage,
determine the need for systemic therapy, guide
radiotherapy target definition, or establish lymphoma
subtype. Ultrasound-guided CNB is particularly useful
for superficial cervical, supraclavicular, axillary, and
inguinal nodes, where real-time imaging allows
accurate needle placement and avoidance of critical
structures. For deeper nodes, technical difficulty
increases, but systematic route planning and Doppler-
assisted safety assessment can maintain procedural
feasibility.

A key methodological feature of this study was the
use of a composite reference standard rather than
treating the CNB result itself as the gold standard.
When the index test and reference standard are not
clearly separated, diagnostic accuracy may be
overestimated. In this analysis, final diagnosis was
based on surgical pathology when available, repeat
biopsy, = immunohistochemistry, = microbiological
confirmation, or 6-month clinical/imaging follow-up.
This approach better reflects real-world diagnostic
practice while reducing incorporation bias.

The standardized workflow may explain the
favorable technical success and safety profile.
Preprocedural assessment identified lymph-node
morphology, depth, vascularity, and necrotic
components. Real-time ultrasound guidance allowed
needle-tip monitoring, and Doppler imaging helped
avoid major vessels. Saline-assisted hydrodissection
was used for vascular-adjacent lesions, creating a
temporary protective fluid plane between the target
and vessel. This maneuver is especially relevant for
cervical and axillary lymph nodes, where important
vessels and nerves are often close to the target (11-14),
In addition, specimen handling within 30 minutes and
early pathological quality assessment improved the
likelihood of obtaining diagnostically useful cores.

Deep location and small short-axis diameter were
independent risk factors for technical failure. This is
clinically plausible because deep abdominal lymph
nodes are affected by respiratory motion and needle-
angle instability, while small nodes provide a narrow
target and are more vulnerable to off-target sampling.
In such cases, repeated route planning, respiratory
training, alternative patient positioning, and
avoidance of necrotic components may improve
success. If sufficient tissue cannot be obtained, repeat
biopsy or surgical excision should be considered,
particularly when lymphoma is suspected.

The diagnostic performance for metastatic
carcinoma was slightly higher than that for
lymphoma. Metastatic carcinoma often requires
identification of malignant epithelial cells and may be
reliably diagnosed from small core samples. In
contrast, lymphoma diagnosis and subtyping require
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preservation of tissue architecture,
immunophenotyping, and sometimes molecular
testing. Therefore, CNB can provide an important
preliminary and often definitive diagnosis, but it
should not be regarded as a universal replacement
for excisional biopsy in all suspected lymphoma cases
(8-10),

This study has several limitations. First, it was
conducted at a single center, and operator experience
may limit generalizability. Second, rare lymph-node
diseases were underrepresented. Third, although a
composite reference standard was used, not all
patients underwent surgical excision, and follow-up-
based confirmation may introduce verification bias.
Fourth, this study did not directly compare CNB with
fine-needle aspiration, endobronchial biopsy, cryo-
node biopsy, or CT-guided biopsy, all of which may
have roles in selected clinical settings (15-17). Future
multicenter prospective studies should compare
different  biopsy techniques, evaluate cost-
effectiveness, and determine which patient
subgroups benefit most from ultrasound-guided CNB.

CONCLUSION

Standardized ultrasound-guided CNB is a safe and
accurate method for pathological confirmation of
suspicious malignant lymphadenopathy. It provides
high sensitivity, specificity, and overall accuracy for
distinguishing malignant from benign lymph-node
disease and can support oncologic staging and
treatment decision-making. Saline-assisted
hydrodissection and real-time Doppler-assisted route
planning may improve procedural safety for vascular
-adjacent lymph nodes. Deep lymph nodes and small
short-axis diameters remain important technical
challenges and should be addressed through careful
patient selection and procedural planning.
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