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Introduction: Computed tomography (CT)-guided percutaneous pulmonary
nodule biopsy is a technique for determining the nature of nodules. However,
the puncture accuracy and biopsy success rate decline as pulmonary nodule
diameter decreases. This study aimed to evaluate the clinical applicability of a CT-
guided coaxial needle using suture-anchored needle guidance sequential
puncture and coupled needle retraction-and-advancement technique biopsy
modes for pulmonary nodules, compared with conventional pulmonary nodule
synchronous puncture and coaxial needle insertion biopsy modes. In addition,
pulmonary nodule puncture accuracy and biopsy success rates were evaluated.
Methods: A total of 158 patients with solitary pulmonary nodules were randomly
assigned to two groups (79 patients per group). Group A underwent a sequential
puncture mode of pulmonary nodules and coupled needle retraction-and-
advancement technique biopsy, whereas Group B underwent a conventional
synchronous puncture mode of pulmonary nodules and coaxial needle insertion
biopsy (Group B). The rst coaxial needle withdrawal rate, off-target rate, target
periphery rate, target central rate, biopsy tissue strip length, rstand nal biopsy
success rates of pulmonary nodules, and procedure-related complications were
compared between the groups.

Results: The success rate of rst-attempt biopsy in Group A was signi cantly
higher than that in Group B (76/79 [96.2%] vs. 60/79 [75.9%], P = 0.002). The
relative risk (RR) of rst-attempt biopsy success in Group A vs. Group B was 1.27
(95% con dence interval [CI], 1.13-1.43%), and the absolute risk difference was
20.3% (95% CI, 8.7-31.9%). Needle withdrawal occurred in 4 patients (5.1%) in
Group A, which was signi cantly lower than the 31 (39.2%) patients in Group B (P <
0.001). The composition ratios of the three spatial positions of coaxial needle tips
and pulmonary nodules differed signi cantly between the two groups (P < 0.01).
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The ratio of sampling strip length to pulmonary nodule diameter x 100% on the
rst biopsy was signi cantly higher in Group A than in Group B (100 [50,100] vs.

40 [3,76], P < 0.001).

Discussion: CT-guided coaxial needle sequential puncture with suture-

anchored needle guidance can enhance pulmonary nodule puncture accuracy,

and the coupled needle retraction-and-advancement technique improves

biopsy success rate.

Clinical trial registration: http://www.chictr.org.cn, identi er (ChiCTR2400088764).

KEYWORDS

accurate puncture, biopsy needle, coaxial needle, CT-guided, small pulmonary

nodule

1 Introduction

Computed tomography (CT)-guided percutaneous pulmonary
nodule biopsy is a widely used technique for determining the nature
of the nodules (1, 2). However, puncture accuracy and biopsy success
rate of pulmonary nodules decline as the diameter of pulmonary
nodules decreases (3, 4). Various approaches to pulmonary nodule
puncture and biopsy have been explored (4-13). Nonetheless, the
traditional coaxial needle puncture method has the following
shortcomings:1) For pulmonary nodules with a diameter of 1 cm or
adjacent to the diaphragm and blood vessels, real-time guidance cannot
be achieved during lung puncture, and positioning deviation is likely to
occur due to respiratory movement; 2) Nodules near the diaphragm are
signi cantly affected by respiratory movement. Even with respiratory
control techniques (such as breath-holding puncture), the risk of
pneumothorax or bleeding may still increase due to displacement; 3)
Repeated adjustments of the angle or depth of the coaxial needle may
expand pleural damage (14, 15). The incidence of pneumothorax can
reach 15-28% (especially in patients with emphysema) (14, 16, 17); and
4) If blood vessels are not accurately avoided during the operation, the
coaxial sheath may puncture small blood vessels, leading to hemoptysis
or intrathoracic hemorrhage. Among these challenges, improving the
accuracy and success rate of lung nodule biopsy remains an urgent
problem to be solved in clinical practice (18).

Previous studies have shown that the suture-anchored needle
guidance method can more accurately control the puncture angle and
depth, effectively improve puncture precision, and signi cantly
reduce the risk of needle tract bleeding (19). In this study, a
sequential pulmonary nodule puncture mode and a coupled needle
(coaxial and biopsy needles) retraction-and-advancement biopsy
method were employed and compared with the conventional
synchronous pulmonary nodule puncture mode and coaxial needle
insertion biopsy method to evaluate their clinical applicability. This
study aimed to determine whether these combined methods improve
the puncture accuracy and biopsy success rate of pulmonary nodules.

Abbreviations: 3D, three-dimensional; CONSORT, Consolidated Standards of
Reporting Trials; CT, computed tomography; mGGN, mixed ground-glass
nodules; pGGN, pure ground-glass nodules; TCM, Traditional Chinese Medicine.
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2 Materials and methods

2.1 Study patients and data collection

This was a randomized controlled single-center clinical trial.
This study was approved by the Ethics Committee of Shijiazhuang
Traditional Chinese Medicine (TCM) Hospital on September 12,
2023 (ID: 20230912001), and registered with the China Clinical
Trial Registration Center on August 31, 2024 (http://
www.chictr.org.cn; registration number: ChiCTR2400088764).
This trial began on September 2, 2024, and ended on April 30,
2025. All patients signed an informed consent form before the trial.
The Consolidated Standards of Reporting Trials (CONSORT)
checklist was used for patient enrolment and allocation
(Figure 1). Patients with solitary pulmonary nodules admitted to
Shijiazhuang TCM Hospital between September 2, 2024, and April
30, 2025, were selected. This manuscript is prepared in accordance
with the CONSORT reporting checklist.

The authors are accountable for all aspects of the work in
ensuring that questions related to the accuracy or integrity of any
part of the work are appropriately investigated and resolved. This
study was conducted in accordance with the principles of the
Declaration of Helsinki and its subsequent amendments. All
participants were informed of the procedural risks and provided a
written informed consent form.

The inclusion criteria were as follows: 1) Lung nodule diameter
ranging from 5 to 15 mm; 2) CT of the nodule density showing solid
pulmonary nodules, mixed ground-glass nodules (MGGN), and pure
ground-glass nodules (pGGN); 3) prothrombin time-to-
international normalized ratio< 1.5 and platelet count > 50 10%/L;
4) patients agreeing to participate in the study and signing the
informed consent form; and 5) anticoagulant discontinuation at least
7 days before procedure.

The exclusion criteria were as follows: 1) severe cardiopulmonary
insuf ciency (such as severe pulmonary hypertension), 2)
uncorrectable coagulation dysfunction, 3) anatomically or
functionally isolated lung, 4) obvious infectious lesions on the
puncture path, 5) bullae, vascular malformation, aneurysm, or
pulmonary hydatid disease, 6) mechanically ventilated patients, and
7) disturbance of consciousness, dysphoria, or severe cough.
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FIGURE 1
Flow diagram of the study.

Upon enrollment, all patients were randomly assigned to two
groups with 79 patients in each group, using a 1:1 allocation ratio. A
statistician who was not involved in patient enrollment and data
collection generated the randomization sequence using IBM SPSS
21.0 software. Allocation concealment was implemented using
sequentially numbered, opaque, and sealed envelopes. Envelopes
were made of light-impermeable kraft paper, sealed with glue,
stamped with the study-speci c seal, and only labeled with a
consecutive number (1-158) without group information. An
independent research assistant opened the envelopes sequentially
after enrollment to determine the group assignment. Each envelope
contained a card indicating the group assignment (Group A or
Group B) and was opened only after the patient had been enrolled
and baseline data collected by an independent research assistant not
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involved in the randomization process. Outcome assessors
(pathologists) were blinded to group allocation. All biopsy
specimens were labeled with unique identi cation numbers
(assigned by an independent research assistant) without any
group-related information. Pathologists only received basic
clinical data (age, sex, nodule size, and specimens with unique
numbers) and judged the biopsy success based on a uni ed
pathological standard. Communication between pathologists and
researchers was limited to specimen numbers to maintain blinding
until data locking. Group A involved the sequential puncture mode
and coupled needle retraction-and-advancement technique biopsy
mode for pulmonary nodules, and Group B included the
synchronous puncture mode and coaxial needle insertion biopsy
method for pulmonary nodules.
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2.2 Instruments and methods

A 64-slice spiral CT machine (General Electric, Boston,
Massachusetts, USA) was used in this study. TSK Co. Ltd.
(Kyoto, Japan) provided the disposable coaxial puncture
positioning needle (coaxial needle; 17G 6 cm and 17G 12 cm)
and a semi-automatic tissue cutting biopsy needle (biopsy needle;
18G 8.5 cm and 18G 14.5 cm). A biopsy Kkit, surgical hole towel,
100-cm white silk thread, several surgical forceps, 2% lidocaine, a
monitor, and oxygen inhalation equipment were also provided
(TSK Co. Ltd.). Preoperative routine blood tests, coagulation tests,
cardiopulmonary function tests, and enhanced lung CT scans were
performed to exclude contraindications for lung puncture.

The appropriate body position was selected based on the
location of the pulmonary nodule, aiming for participant comfort
and ease of operation. CT scanning parameters included a tube
voltage of 120 kV, tube current of 200-300 mA, slice thickness of 2.5
mm, and reconstructed slice thickness of 1.25 mm. The participants
were instructed to breathe calmly. The operator referred to the
enhanced lung CT scan, selected the optimal puncture point, placed
the positioning grid on the chest surface, and determined the
puncture point, direction, and depth from the skin to the nodule
under CT guidance.

Regarding Group A, the suture-anchored method of the coaxial
needle tail was adopted to assist in coaxial needle pulmonary nodule
puncture; the middle of the white thread was xed to the coaxial
needle tail, and both ends of the thread were secured with vascular
clamps on the surface of the hole towel (Figure 2). First, the
direction of the needle tip was changed and pointed to the lung
nodules by adjusting the pulling direction and tension of both ends
of the thread, according to the spatial position of the needle tip and
pulmonary nodules shown on the CT scan. Subsequently, the needle
body was pushed forward by rst adjusting the direction of the
needle and then advancing it in the forward-sequential puncture
mode (Figure 3). After inserting the coaxial needle into the center of
the pulmonary nodule, the needle core was withdrawn, and a biopsy
needle was inserted along the outer sheath of the coaxial needle to
make the cutting groove exceed the front end of the outer sheath by

10.3389/fonc.2026.1762515

0.5-1.5 cm. After xing both needles together, they were lifted by
0.5-1.5 cm simultaneously, exposing the diameter of the pulmonary
nodule completely in the biopsy slot. The biopsy needle was then
red, and both needles were xed and inserted downward
synchronously, keeping the outer sheath in the center of the
pulmonary nodule. The biopsy needle was withdrawn, and the
biopsy tissue was collected. In this manner, the circular process of
xing both needles, simultaneous lifting and cutting, concurrent
insertion down reset, and sampling was repeated (Figure 4).
Regarding Group B, using the current routine manual puncture
mode and biopsy method for pulmonary nodules, a coaxial needle
was inserted through the puncture point and along the direction of
the puncture. Based on the CT scan showing the spatial location of
the needle tip and the pulmonary nodule, the direction of the needle
tip was adjusted while advancing the needle forward. A coaxial
needle tip was inserted into the pulmonary nodule to ensure that the
front end of the sheath remained approximately 2-3 mm in the
super cial layer of the nodule. The needle core was subsequently
withdrawn, and a biopsy needle was inserted along the coaxial
needle sheath for pulmonary nodule biopsy. Three pulmonologists
with over 11 years of experience in lung biopsies performed
all procedures.

2.3 Outcomes

The primary outcome was the success rate of biopsy on the rst
attempt. A successful biopsy of the pulmonary nodule was de ned
as the presence of abnormal lung tissue on histopathological
examination; otherwise, the biopsy failed. The secondary
outcomes were the number of needle withdrawals, the spatial
position of the needle tip and pulmonary nodule, sampling strip
length divided by pulmonary nodule diameter ~ 100% on the rst
biopsy, the success rate of biopsy on the entire attempt, and the
number of pneumothorax and hemorrhages.

During the puncture procedure, any instance of coaxial needle
withdrawal 1 was considered a needle withdrawal event. The
spatial relationship between the needle tip and the pulmonary
nodule was recorded upon initial insertion, which was de ned as

A ST

FIGURE 2
Schematic of the coaxial suture-anchored needle guidance method. (A) Double-threaded suture-anchored needle guidance; (B) Single-threaded
suture-anchored needle guidance; (C) single-support-assisted suture-anchored needle guidance. (A, B) are mostly used for coaxial needle vertical
CT scanning beds to puncture pulmonary nodules, while (C) is suitable for coaxial needle parallel CT scanning beds or parallel to the tangent line of
the pleura. CT, computed tomography.
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FIGURE 3

into the center of the nodule.

A 63-year-old male with a standard lung window revealed a small solid nodule under the subpleural region of the right middle lobe. Pathological
results showed lung adenocarcinoma. (A) Plain chest computed tomography (CT) scan showing a 13-mm solid nodule under the subpleural area of
the right middle lobe; (B) Puncture of pulmonary nodule with a coaxial needle assisted by suture-anchored guidance, and the needle tip inserted

the needle tip deviating from the nodule; the target peripheral
position indicated that the needle tip was located in the outer third
of the three-ring target area of the nodule (outer ring), and the
target central position denoted that the needle tip was located in the
middle and inner third of the three-ring target area of the nodule
(central ring).

2.4 Statistical analysis

Based on our clinical experience, the success rate of biopsy on
the rst attempt in conventional pulmonary nodule synchronous
puncture and coaxial needle insertion biopsy modes was 60%. In
our pilot study, the success rate of biopsy on the  rst attempt using a
CT-guided coaxial needle with suture-anchored needle guidance
and sequential puncture and coupled needle retraction-and-
advancement technique biopsy modes for pulmonary nodules was

FIGURE 4

81%. According to the following comparison formula of the two
independent sample rates:

n=05 Qatt)
' sin 15p, sin 1%p,

Each group requires 72 participants (power: 0.8; type | error:
0.05; u, = 1.96, u, = 0.842). To prevent unexpected situations, such
as exclusion and loss, we increased the number of patients in each
group by 10%, resulting in 79 patients in each group.

Statistical analyses were performed using the IBM SPSS
Statistics for Windows, version 21.0 (IBM Corp., Armonk, NY,
USA). The primary outcome was analyzed using the chi-square (c )
test and expressed as percentages. For the secondary outcomes,
categorical variables were analyzed using the ¢ test and expressed
as percentages; the spatial position of the needle tip and pulmonary

Schematic of coupled needle (coaxial and biopsy needle) retraction-and-advancement technique for biopsy of pulmonary nodules. (A) Coaxial
needle inserted into the pulmonary nodule; (B) Cutting groove penetrating pulmonary nodules; (C) Coupled needle xed and lifted together,
exposing the whole nodule diameter to the cutting groove; (D) Firing biopsy needle; (E) Coupled needle xed and inserted downward reset;

(F) Withdrawing the biopsy needle and removing the nodule tissue.
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