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Background: With the widespread adoption of computed tomography (CT) technology, the number of 
detected pulmonary nodules has gradually increased. CT-guided percutaneous needle biopsy has become the 
primary method for qualitative diagnosis of pulmonary nodules. Benefiting from its three-dimensional (3D) 
reconstruction capability, cone-beam CT (CBCT) technology has also been widely adopted. Nevertheless, 
pneumothorax remains the most common complication of these diagnostic and therapeutic procedures. This 
study assessed the diagnostic accuracy of conventional CT (CCT)- and CBCT-guided coaxial core needle 
biopsy (CCNB) and the effectiveness of gelfoam particle suspension in reducing complications through tract 
embolization.
Methods: A retrospective analysis was conducted on 320 patients who had undergone CCNB for nodules 
≤3 cm from January 2020 to June 2022 at Zhongshan People’s Hospital, comprising 325 biopsies (145 CCT-
guided and 180 CBCT-guided). Gelfoam tract embolization was specifically used in biopsies of patients 
identified with a high risk of complications. Comparative statistics involved diagnostic outcomes (sensitivity, 
specificity, accuracy), procedural lengths, complication occurrences, and radiation doses.
Results: Diagnostically, both CCT (sensitivity 93.3%, specificity 100%, accuracy 94.1%) and CBCT 
(sensitivity 92.8%, specificity 100%, accuracy 93.8%) offered a similarly high performance. The CCT 
technique was preferable in terms of shorter median operational times (19 vs. 24 minutes; P<0.001) and 
greater radiation exposure (13.9 vs. 10.1 mSv; P<0.001). The complication rates of CBCT and CCT, such 
as those of pneumothorax (18.9% vs. 20.7%; P=0.69) and hemorrhage (23.9% vs. 18.6%; P=0.25), were 
comparable. Of note, the comparison of biopsies with and without gelfoam embolization revealed a marked 
reduction in postoperative pneumothorax incidence (1.24% vs. 7.9%; P=0.004) and the requirement for 
drainage (0% vs. 4.27%; P=0.02), indicating the effectiveness of this procedure.
Conclusions: CCT- and CBCT-guided lung biopsies demonstrate equivalent diagnostic capacities, 
with CCT providing shorter median operational times. Importantly, gelfoam embolization substantially 
diminishes the risk of postoperative pneumothorax, underscoring its value in high-risk patients.
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Introduction

With the popularity of computed tomography (CT) and 
the increase in public health concerns, a growing number 
of pulmonary nodules are being detected. When malignant 
lesions are suspected, a percutaneous transthoracic needle 
biopsy can be conducted to obtain diseased tissues for 
exhaustive histopathologic diagnoses and treatment-related 
molecular biology tests, which accounts for the elevated 
demand for this procedure (1,2).

CT is currently the most widely used guidance method in 
clinical practice, as it provides high soft-tissue contrast and 
spatial resolution. Previous studies have demonstrated that 
CT-guided needle biopsy of pulmonary nodules is highly 
safe and diagnostically accurate (3-5). In recent years, a new 
guidance method, cone-beam CT (CBCT), has emerged 
to compensate for the inability of conventional CT (CCT) 
to perform three-dimensional (3D) reconstruction and has 
the advantage of fast multiplanar reconstruction. It has been 
revealed that CBCT guidance is superior to CCT guidance 
in terms of puncture needle navigation, which reduces the 
radiation exposure and procedure time of patients (6,7). 
However, advances in computer technology and software 
algorithms have allowed for a progressive increase in the use 
of CT with the function of 3D reconstruction, which may 
supplant CBCT as the superior method for guiding needle 
biopsy of the lungs. 

Pneumothorax remains the most common complication 
of biopsy, typically ranging from 20.5% to 37.5% (8-13). 
It can cause shortness of breath, chest pain, and even life-
threatening conditions. When the degree of pneumothorax 
is severe or the patient’s tolerance is low, thoracic puncture 
with catheter placement is a common treatment with an 
occurrence rate of 2–15% (14). The onset of pneumothorax 
causes discomfort to patients, while increasing their pain 
and likelihood of unexpected hospitalization.

Several methods have been studied to reduce the 
incidence rate of pneumothorax induced by biopsy, 
including the injection of sealing materials into the biopsy 
puncture tract, such as thrombin, water, and autologous 
blood clots (15-22). Gelfoam is a kind of embolic agent 
that is recommended for needle tract embolization due to 
its absorbability and expansibility. However, the gelfoam 
slurry used in previous studies was manually created, and its 
particle diameter could not be accurately evaluated. It was 
primarily applied using coaxial needles with diameters of 
19–20 G (19,23). Grange et al. applied the gelfoam in 16- 
to 18-G coaxial needles, concluding that it could reduce the 

risk of pneumothorax (24). However, no studies have yet 
investigated its use in pulmonary nodules ≤3 cm.

We thus conducted a single-center, retrospective cohort 
study to compare the accuracy, safety, procedure time, and 
radiation exposure of CCT-guided and CBCT-guided 
needle biopsies of pulmonary nodules ≤3 cm. Concurrently, 
we investigated the role of the gelfoam particle suspension 
in needle tract embolization complications of 17-G coaxial 
needle biopsies. We present this article in accordance with 
the STARD reporting checklist (available at https://qims.
amegroups.com/article/view/10.21037/qims-24-342/rc).

Methods

Patient information

Data were collected from all patients who underwent 
coaxial core needle biopsy (CCNB) at Zhongshan People’s 
Hospital from January 2020 to June 2022. The exclusion 
criteria for patients were as follows: (I) nodule size >30 mm, 
(II) no pulmonary ventilatory function test results, and (III) 
preoperative imaging data from other institutions (Figure 1).  
In this study, the choice between CT or CBCT guidance 
was based on the availability of equipment as per the 
schedule. All procedures were performed by interventional 
radiologists with 20 years of biopsy experience.

Ethical statement

This work was approved by the Ethics Committee of 
Zhongshan People’s Hospital (No. 2023-004) and was 
conducted in accordance with the Declaration of Helsinki (as 
revised in 2013). Informed consent was obtained from all 
patients involved in the study.

Preoperative preparation

Before the procedure, all patients underwent enhanced chest 
CT, pulmonary function test, and laboratory tests. The 
team (including physicians from the respiratory, imaging, 
oncology, and thoracic surgery departments) discussed 
the necessity of biopsies, defined the target nodule for the 
biopsy, and performed a risk assessment for surgical safety. 
Subsequently, patients signed an informed consent form for 
the procedure. The day before the procedure, the patients 
were trained to breathe in and hold their breath. On the 
day of the procedure, the target nodule for the biopsy was 
reconfirmed, and the puncture path was designed to avoid 

https://qims.amegroups.com/article/view/10.21037/qims-24-342/rc
https://qims.amegroups.com/article/view/10.21037/qims-24-342/rc


Quantitative Imaging in Medicine and Surgery, Vol 14, No 9 September 2024 6481

© Quantitative Imaging in Medicine and Surgery. All rights reserved.   Quant Imaging Med Surg 2024;14(9):6479-6492 | https://dx.doi.org/10.21037/qims-24-342

Figure 1 Flow diagram of the study. CCNB, coaxial core needle biopsy; CBCT, cone-beam computed tomography; CCT, conventional 
computed tomography.

Patients undergoing CCNB from January 2020 to June 2022
(N=1,427)

Included patients (N=320)

325 biopsies of CCNB

Imaging guidance method

Outcome comparison

Accuracy/sensitivity/specificity

Complications

Radiation dose procedure time

CBCT (N=180) Yes (N=161)

Gelatin sponge suspension injection

Outcome comparison

Postoperative pneumothorax

Aspiration or drainage

CCT (N=145) No (N=164)

Exclusion (N=1,107)
•	 Size >30 mm (N=995)
•	 No pulmonary ventilatory function test results (N=77)
•	 Preoperative imaging data from other institutions (N=35)

5 repeated biopsies

dangerous structures that could cause complications, such 
as blood vessels, pneumatoceles, and interlobar fissures. 
Gelatine sponge particles could be injected or to minimize 
the incidence of complications based on the accumulation 
of risk factors for complications.

CCT guidance

Guided by a large-aperture CT simulation positioning 
system (Discovery RT Gen 3, GE HealthCare, Chicago, 

IL, USA), featuring up to an 80-cm extended display field 
of view (FOV) and equipped with free-breathing gating 
technology, a low-dose CT (LDCT) scanning program for 
lung biopsies was selected, optimizing patient safety and 
minimizing radiation exposure. A whole-lung scan with 
a layer thickness of 5 mm was initiated after the breath-
holding of patients was detected. The scanning parameters 
were as follows: voltage, 120 kV; current, 60 mA; and pitch, 
0.938. Subsequently, the lesion area was scanned with a 
layer thickness of 1.25 mm, and 3D images were generated 
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using the reform program. Based on the 3D imaging 
results, a suitable puncture path was selected. Patients were 
required to hold their breath during the puncture. When 
the program detected the breath-holding of patients, the 
interventional radiologist gradually advanced the coaxial 
needle to the target lung lesion. The interventional 
radiologist left the operating room and performed the 
scanning maneuver outside the operating room. Repeated 
CT scans were performed to ensure that the coaxial needle 
was correctly positioned, and then a biopsy was completed 
to obtain the specimen (Figures 2-4). Finally, a final CT scan 
was conducted to assess the complications of the procedure 
(hemorrhage and pneumothorax). 

CBCT guidance

Data were acquired with XperCT software in combination 
with an Allura Xper FD20 C-arm X-ray system (Philips, 
Amsterdam, the Netherlands) and sent to the postprocessing 

Figure 2 A 71-year-old man with a history of lung cancer after 
surgery. CT showed a 13 mm × 13 mm nodule (white arrow) in 
the lower right lung. Pulmonary function tests indicated GOLD 3 
(severe). CT, computed tomography; GOLD, Global Initiative for 
Chronic Obstructive Lung Disease.

Figure 3 Under the guidance of three-dimensional reconstruction, the coaxial needle completed one puncture to reach the edge of the 
pulmonary nodule. 3D, three-dimensional; DFOV, display field of view; STND, standard; VOI, volume of interest; R, right; L, left; RS, 
right superior; LI, left inferior; AIR, anterior inferior right; PSL, patient safety limit; AL, anterior left; PR, posterior right; S, superior; I, 
inferior; RAS, right anterior superior; LPI, left posterior inferior; SAL, scan axis length; IPR, image processing reconstruction.



Quantitative Imaging in Medicine and Surgery, Vol 14, No 9 September 2024 6483

© Quantitative Imaging in Medicine and Surgery. All rights reserved.   Quant Imaging Med Surg 2024;14(9):6479-6492 | https://dx.doi.org/10.21037/qims-24-342

Figure 4 Mild pulmonary hemorrhage was observed on CT. The patient was administered a gelatin sponge particle suspension. (A) The 
pulmonary window revealed minimal alveolar hemorrhage (wide arrows), with the needle path occluded by a gelatin sponge particle 
suspension (hollow arrows). (B) The mediastinal window displayed the gelatin sponge particle suspension with a density inferior to that of 
the pulmonary nodules (white arrows), delineating a clear contrast. CT, computed tomography.

Figure 5 A gelfoam particle suspension was prepared. (A) Premanufactured gelfoam particles, measuring 560–710 μm in diameter and 
amounting to at least 100 mg, were used. (B) These were combined with saline to create a 2-mL gelfoam particle suspension. 

workstation (XperGuide, Philips) for reconstruction to 
directly generate isotropic 3D volumetric images as thin as 
0.4 mm. The puncture path was selected based on the 3D 
reconstruction results, and patients were required to hold 
their breath during the puncture. After the interventional 
radiologist observed that patients had held their breath, the 
coaxial needle was gradually advanced to the target lung 
lesion. The remainder of the procedure was the same as that 
of CT guidance. 

Biopsy

When the 17- G coaxial introducer needle (Argon Medical 

Devices, Athens, TX, USA) reached the desired position, 
the stylet was withdrawn and the 18-G biopsy needle 
(BioPince Full Core Biopsy Instrument, Argon Medical 
Devices) was advanced for pathologic tissue sampling, with 
a tissue length of 13 or 23 mm. Since our unit was unable 
to perform an on-site rapid cytopathological examination, 
the interventional radiologist needed to determine whether 
sufficient pathological tissues were available. Patients 
were injected with a suspension prepared with 3 mL of 
sponge particles with a diameter of 560–710 μm and 2 mL  
of normal saline (Figure 5) if they met at least one of 
the following criteria: (I) Global Initiative for Chronic 
Obstructive Lung Disease (GOLD) pulmonary disease 

A B

A B
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stages 3 and 4 [grading criteria according to the 2021 
GOLD: GOLD 3 (severe), forced expiratory volume in 1 s  
(FEV1)/forced vital capacity (FVC) <70% and FEV1% 
≥30% predicted and <50% predicted; GOLD 4 (extremely 
severe), FEV1/FVC <0% and FEV1% <30% predicted], 
(II) intraoperative hemorrhage, (III) pneumothorax, and 
(IV) age over 70 years. The suspension was injected into the 
needle tract through the coaxial needle, while the coaxial 
needle was withdrawn until it exited the pleura. Chest X-ray 
examination was conducted again within 12 hours in order 
to postoperatively analyze delayed complications.

Data collection

General information was collected for each biopsy. The 
detailed information of the nodule, such as size, and 
location was recorded. For each needle biopsy, the surgical 
data, including all complications (e.g., pneumothorax, 
intrapulmonary hemorrhage, hemoptysis, especially 
hemoptysis, and delayed pneumothorax after injection of 
gelatin sponge particles), procedure time (from the time 
the patient entered the operating room until he or she left 
the operating room), radiation dose, and puncture depth 
(distance from the pleura to the lesion) were collected. 
The pathological diagnosis was correct if the pathological 
examination of the biopsied tissue showed a malignant 
tumor. Meanwhile, the pathological diagnosis was also 
considered correct if the biopsied tissue was benign as 
indicated by the pathological examination and if the benign 
lesion was confirmed by surgery or had disappeared, 
shrunk, or stabilized for more than 1 year after treatment. 
According to the detailed method proposed by Priola  
et al. (25), the biopsy results of pulmonary nodules were 
categorized as true positive, true negative, false positive, or 
false negative. The effective dose of CCT was calculated 
with the following formula: dose = dose − length product 
× κ factor. That of CBCT was calculated based on the 
following formula: dose = dose − area product × dose 
conversion factor. The κ factor of conventional chest CT 
was 0.0146 mSv/mGy*cm (26). The conversion factor 
was a previously described factor (0.31 mSv/Gy cm2) for 
the Allura Xper FD20 system, which was obtained from a 
published phantom study (27).

Statistical analysis

SPSS 26.0 software (IBM Corp., Armonk, NY, USA) 
was used for the comparison of data between groups. 

Continuous data conforming to normal distribution and 
homogeneity of variance were compared between the two 
groups with the independent samples t-test and expressed as 
mean ± standard deviation. Data with skewed distribution 
were compared with the Mann-Whitney test and are 
summarized as medians and quartiles. Categorical and count 
data are presented as frequencies (rates) and were analyzed 
with the Chi-squared test or Fisher exact test. Receiver 
operating characteristic (ROC) analysis was performed 
with the “reportROC” package in R version 4.3.0 (The R 
Foundation of Statistical Computing). A two-sided test was 
performed, and a difference was considered statistically 
significant at P<0.05.

Results

A total of 325 biopsies were performed on 320 consecutive 
patients, among which 5 repeated biopsies, due to the 
inability to reach a definitive diagnosis, were considered as 
new cases. These repeated biopsies were performed using a 
new needle tract each time with a 17-G coaxial introducer 
needle. The mean size of the target nodules in these 
biopsies was 22±5.4 mm, with the longest diameter ranging 
from 6 to 30 mm. 

Pulmonary nodule biopsies were completed in all cases, 
including 180 under CBCT guidance and 145 under CT 
guidance. General data are detailed in Table 1. There were 
no significant differences between the two guidance groups 
in terms of gender (P=0.94), age (P=0.62), and nodule 
characteristics including size (P=0.66), location (P=0.97), 
and puncture depth (P=0.68). The percentage of malignant 
lesions was also similar between the CBCT and CCT 
groups (77.2% vs. 82.1%; P=0.38) (Table 1). 

Diagnostic performance

In the CBCT and CCT groups, the final diagnosis failed 
for 19 (10.6%) and 10 biopsies (6.9%), respectively due to 
insufficient abundance of heteromorphic cells in the tissue 
specimen or loss to follow-up. False-negative diagnoses 
were confirmed by surgery in 10 (6.2%) and 8 (5.9%) cases 
of the two groups, respectively. The sensitivity, specificity, 
accuracy, positive predictive value, and negative predictive 
value of the CBCT guidance group were 92.8% [95% 
confidence interval (CI): 88.5–97.1%], 100% (95% CI: 
100–100%), 93.8% (95% CI: 89.7–97.9%), 100% (95% CI: 
100–100%), and 68.8% (95% CI: 52.7–84.8%), respectively. 
Additionally, the CCT guidance group had a sensitivity of 
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Table 1 Basic characteristics 

Variable Total (n=325) CBCT (n=180) CCT (n=145) t/Z/χ2 P value

Males, n (%) 205 (64.1) 113 (63.8) 92 (64.3) 0.006 0.94c

Age (years), mean (range) 64.78±10.89 (30.0–88.0) 65.04±10.54 (37.0–87.0) 64.44±11.35 (30.0–88.0) 0.496 0.62a

Lesion size (mm), n (%) 0.197 0.66c

≤20 99 (30.5) 53 (29.4) 46 (31.7)

>20, ≤30 226 (69.5) 127 (70.6) 99 (68.3)

Depth in the lung (mm), n (%) 0.256 0.68c

≤30 141 (43.4) 76 (42.2) 65 (44.8)

>30 184 (56.6) 104 (57.8) 80 (55.2)

Location, n (%) 0.001 0.97c

Upper and middle lobe 211 (64.9) 117 (65.0) 94 (64.8)

Lower lobe 114 (35.1) 63 (35.0) 51 (35.2)

Procedure time (min), n (IQR) 22.0 (19.0, 26.0) 24.0 (21.0, 27.0) 19.0 (16.0, 22.0) −10.048 <0.001b

Effective dose of X-ray (mSv), n (IQR) 10.70 (9.95, 13.80) 10.10 (9.43, 10.40) 13.90 (13.0, 14.70) 15.052 <0.001b

Pneumothorax, n (%) 64 (19.7) 34 (18.9) 30 (20.7) 0.165 0.69c

Pulmonary hemorrhage, n (%) 70 (21.5) 43 (23.9) 27 (18.6) 1.319 0.25c

Malignant lesions, n (%) 258 (79.4) 139 (77.2) 119 (82.1) 0.856 0.38c

a, the independent samples t-test; b, the Mann-Whitney test; c, the Chi-square test. CBCT, cone-beam computed tomography; CCT, 
conventional computed tomography; IQR, interquartile range.

93.3% (95% CI: 88.8–97.8%), a specificity of 100% (95% 
CI: 100–100%), an accuracy of 94.1% (95% CI: 90–98.2%), 
a positive predictive value of 100% (95% CI: 100–100%), 
and a negative predictive value of 66.7% (95% CI: 52.7–
84.8%) (Table 2).

Complications

Between the CBCT and CCT groups, there was a 
nonsignificant difference in the incidence of pneumothorax 
(18.9% vs. 20.7%; P=0.69) and hemorrhage (23.9% vs. 
18.6%; P=0.25). After counting, a total of 161 biopsies were 
injected with gelfoam particle suspension, with their general 
information being collected (Table 3). Within 12 hours  
postoperation, chest X-ray examination revealed that 
in the group injected with gelfoam particle suspension,  
2 biopsies (1.24%) developed asymptomatic pneumothorax 
without undergoing aspiration or tube drainage, whereas, 
in the noninjected group, 13 biopsies (7.9%) experienced 
pneumothorax, representing a significant difference 
(P=0.004), as seen in Table 4. Among these, 7 biopsies 

(4.27%) underwent aspiration or catheter drainage, 
again representing a significant difference (P=0.02). No 
biopsied patients developed hemoptysis in the gelfoam 
particle suspension injection group, and 2 patients (1.22%) 
experienced mild hemoptysis in the noninjection group, 
but this did not represent a significant difference (P=0.50). 
Hemoptysis ceased after treatment. Neither ectopic 
embolism of the circulatory system nor air embolism was 
observed.

Radiation dose and procedure time

With both the CBCT-guided and CT-guided biopsies, the 
effective radiation dose was not normally distributed (Shapiro-
Wilk test, P<0.001). Therefore, the medians were compared. 
The median radiation dose for CBCT-guided biopsies was 
10.10 mSv, with the first quartile being 9.43 mSv and the 
third quartile being 10.40 mSv; meanwhile, the median 
radiation dose for CCT-guided biopsies was 13.9 mSv, with 
the first quartile being 13 mSv and the third quartile being 
14.7 mSv. The median effective radiation dose for CBCT-
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Table 2 Histological diagnosis with CBCT-guided and CCT-guided biopsies

Diagnosis CBCT (n=180) CCT (n=145)

Malignant lesions, n (%) 139 (77.2) 119 (82.1)

Adenocarcinoma 63 59

Squamous cell carcinoma 23 18

Small cell carcinoma 5 2

Metastases 38 35

Unspecified cancer 7 5

Neuroendocrine tumor 3 –

Benign lesions, n (%) 22 (12.2) 16 (11.0)

Inflammatory infiltrates 11 9

Tuberculosis 7 5

 Fungal infection 1 –

Pneumoconiosis – 1

Epithelioid granulomas 3 1

Indeterminate lesions, n (%) 19 (10.6) 10 (6.9)

Sensitivity, % (95% CI) 92.8 (88.5–97.1) 93.3 (88.8–97.8)

Specificity, % (95% CI) 100.0 (100.0–100.0) 100.0 (100.0–100.0)

Accuracy, % (95% CI) 93.8 (89.7–97.9) 94.1 (90.0–98.2)

PPV, % (95% CI) 100.0 (100.0–100.0) 100.0 (100.0–100.0)

NPV, % (95% CI) 68.8 (52.7–84.8) 66.7 (52.7–84.8)

CBCT, cone-beam computed tomography; CCT, conventional computed tomography; CI, confidence interval; PPV, positive predictive 
value; NPV, negative predictive value.

guided biopsies was 27.3% lower than that for CCT-
guided biopsies (Figure 6), which was statistically different 
(Mann-Whitney test; P<0.001). Significant differences were 
observed in the median procedure time between patients 
undergoing CCT-guided and CBCT-guided biopsies (19 vs. 
24 min; P<0.001). Additionally, the median procedure time 
between groups with and without gelfoam suspension was 
assessed (23 vs. 21 min; P=0.19), showing no statistically 
significant difference.

Discussion

Recently, CBCT-guided pulmonary biopsies have attracted 
widespread attention as an emerging technology. Several 
studies have demonstrated that CBCT-guided pulmonary 
biopsies have comparable diagnostic performance and 
safety to CCT-guided pulmonary biopsies (7,8,28,29). 
Furthermore, the 3D reconstruction function and open-

frame design offer unique advantages to CBCT (30). 
Specifically, the 3D reconstruction function of CBCT 
provides accurate positioning and puncture needle 
navigation. In other words, the target nodule and the 
puncture path are visualized by CBCT (31), enabling 
physicians to more accurately guide the needle tip to 
the target area, which enhances the accuracy and success 
of the puncture. Additionally, the open-frame design of 
CBCT provides a larger surgical space, which increases the 
flexibility and FOV of surgeons as compared to the closed-
rack structure of CCT guidance systems. Although the 
resolution of CBCT is not as high as that of CCT, lung 
tissues have excellent self-contrast under CBCT, which is 
sufficient for puncture guidance in intrapulmonary lesions. 
The 3D reconstruction function of CT is being widely 
used as computer technology and software algorithms 
evolve. Fortunately, CT guidance systems are now capable 
of achieving high-quality 3D image reconstruction and 
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Table 3 Basic information of patients injected with gelatin sponge suspension

Variable Total (n=325)
Gelatin sponge suspension injection

t/Z/χ2 P value
Yes (n=161) No (n=164)

Males, n (%) 205 (64.1) 116 (73.4) 89 (54.9) 11.925 <0.001c

Age (years), mean (range) 64.78±10.89 (30.0–88.0) 74.8±3.27 (70.0–88.0) 60.44±5.55 (30.0–69.0) 28.352 <0.001a

Lesion size (mm), n (%) 8.308 0.004c

≤20 99 (30.5) 61(37.9) 38 (23.2)

>20, ≤30 226 (69.5) 100 (62.1) 126 (76.8)

Depth in the lung (mm), n (%) 1.329 0.25c

≤30 141 (43.4) 75 (46.6) 66 (40.3.0)

>30 184 (56.6) 86 (53.4) 98 (59.7.0)

Location, n (%) 2.302 0.13c

Upper and middle lobe 211 (64.9) 98 (60.9) 113 (68.9)

Lower lobe 114 (35.1) 63 (39.1) 51 (31.1)

Procedure time (min), n (IQR) 22.0 (19.0, 26.0) 23.0 (18.0, 27.0) 21.0 (17.0, 25.0) −1.315 0.19b

Effective dose of X-ray (mSv), n (IQR) 10.70 (9.95, 13.80) 12.6 (9.76, 14.6) 12.4 (9.45, 14.48) −1.119 0.26b

GOLD, n (%) – <0.001c

GOLD 1–2 223 (68.6) 59 (36.6) 164 (100)

GOLD 3–4 102 (31.4) 102 (63.4) 0 (0)
a, the independent samples t-test; b, the Mann-Whitney test; c, the Chi-squared test. GOLD, Global Initiative for Chronic Obstructive Lung 
Disease; IQR, interquartile range. 

Table 4 Complications after injection of gelatin sponge suspension

Variable Total (n=325)
Gelatin sponge suspension injection

χ2 P value
Yes (n=161) No (n=164)

Pneumothorax 64 (19.7) 51 (31.7) 13 (7.9) 28.978 <0.001

Intraoperative pneumothorax 49 (15.1) 49 (30.4) 0 – <0.001

Postoperative pneumothorax 15 (4.6) 2 (1.24) 13 (7.9) 8.246 0.004

Hemorrhage 70 (21.5) 68 (42.2) 2 (1.22) 80.878 <0.001

Intraoperative hemorrhage 68 (20.9) 68 (42.2) 0 – <0.001

Postoperative hemoptysis 2 (0.6) 0 2 (1.22) – 0.50

Aspiration or drainage 7 (2.2) 0 7 (4.27) – 0.02

Data are presented as n (%). The P value was calculated with the Chi-squared test. 

have CBCT-like positioning and navigation functions. 
Accordingly, the advantages of CBCT-guided pulmonary 
biopsies over CCT-guided pulmonary biopsies have 
gradually diminished with improvements in CT technology 
although CBCT-guided pulmonary biopsies have been 

shown to be significantly superior in previous studies (6,7). 
In our study, a head-to-head, single-center, retrospective 
analysis of CBCT-guided and CCT-guided pulmonary 
biopsies was again performed. 

A few single-center studies have directly compared 
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CBCT-guided and CCT-guided needle biopsies of the 
lungs (7,8,29,32). In these studies, the sensitivity, specificity, 
and accuracy were 87–97%, 96.7–100%, and 89–100% 
for CBCT-guided pulmonary biopsies and 92–100%, 
95.7–100%, and 94–100% for CCT-guided pulmonary 
biopsies, respectively; these findings suggest no statistically 
significant difference in diagnostic performance between 
the two imaging-guided modalities, with both modalities 
demonstrating excellent diagnostic performance. Lee  
et al. (28) performed a multicenter study that included 
eight medical institutions and 9,239 patients and reported 
that the sensitivity, specificity, and accuracy of CBCT vs. 
CCT were 95.6% vs. 94.8%, 95.5% vs. 88.3%, and 95.5 
vs. 93.3%, respectively. Of note, our study showed similar 
results, with the sensitivity, specificity, and accuracy of 
CBCT-guided vs. CCT-guided needle biopsies of the lungs 
being 92.8% vs. 93.3%, 100% vs. 100%, and 93.8% vs. 
94.1%, respectively, indicating that both biopsy methods 
had favorable diagnostic performance.

CBCT not only has the same excellent diagnostic 
performance as CCT but also facilitates the procedure due 
its 3D reconstruction function and open-frame design. 
A meta-analysis revealed a mean total procedure time of 
12–32 minutes for CBCT-guided biopsies (33). In previous 
single-center controlled studies, CBCT-guided biopsies 
had shorter procedure times than did CCT-guided biopsies 
(7,32). With the rise in computer processing capabilities 
and the advancements in iterative reconstruction software 

algorithms, the duration required by CCT to create 3D 
images has been markedly reduced, and its image creation 
speed has now surpassed that of CBCT. This has allowed for 
the more intuitive planning of puncture paths and reduced 
the dependence on frame tilting, thus compensating for 
the inability of CT to rotate the CT gantry. The large-
aperture CT simulation positioning device features an  
80-cm extended display FOV, providing a larger space for 
surgical maneuvers, which also diminishes the advantage 
of CBCT’s open-frame design. Moreover, CCT’s laser 
positioning function allows it to complete the first scanning 
examination faster, and CCT can even more accurately 
and quickly complete the puncture when combined with 
respiratory gating. In our study, the procedure time was 
substantially shorter for CCT-guided pulmonary biopsies 
than for CBCT-guided pulmonary biopsies (19 vs. 24 min; 
P<0.001). We now prefer to perform lung puncture biopsies 
under CCT guidance. 

Pneumothorax and hemorrhage are the most common 
complications of pulmonary biopsies, and they have widely 
varying incidence rates, usually ranging from 20.5% to 
37.5% (9-13) and from 10.9% to 21.7% (7,30), respectively, 
similar to incidence rates in our study. Risk factors for 
pneumothorax are numerous, including pulmonary 
emphysema, nodule size, body position, longer puncture 
distance, multiple puncture, coaxial needle diameter, and 
subpleural nodules (6,7,10,11,30,34,35). The risk factors 
of hemorrhage include advanced age and nodule size (30). 
In general, these complications are detected during the 
puncture or on immediate review after the tissue specimen 
has been obtained. Notably, sealing materials such as 
thrombin, water, and autologous blood clots) have been 
applied to seal the needle tract (15-22), which has been 
confirmed to decrease the incidence of pneumothorax and 
hemorrhage. Gelfoam is recommended for needle tract 
embolization due to its absorbability and expansibility 
and has achieved good clinical results. In our study, it was 
hypothesized that prefabricated gelatin sponge particles 
are capable of reducing the pneumothorax risk among 
high-risk patients. The study incorporated samples of 
nodules smaller than 3 cm in diameter, which are associated 
with higher puncture difficulties and an increased risk of 
pneumothorax. The findings underscore the importance of 
this technique for patients at high risk of pneumothorax, 
thereby demonstrating its considerable clinical application 
value. Furthermore, by maintaining the consistency of the 
sample characteristics, the study minimized the variation 
in pneumothorax risk caused by differences in nodule 

Figure 6 Median effective dose (mSv) for CBCT-guided and 
CCT-guided biopsies of pulmonary nodules. CBCT, cone-
beam computed tomography; CT, computed tomography; CCT, 
conventional computed tomography.
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diameter. In contrast, the gelfoam slurry used in previous 
studies was handmade (19,23,24), making it impossible to 
accurately assess its particle diameter. During the biopsy 
or tissue sectioning process, damage to the pulmonary 
vein can occur (36), and an uncertain particle diameter 
might increase the risk of ectopic embolization from a 
pulmonary vein embolus to the circulatory system. Cousin 
et al. reported a case where a 0.8 mm × 3 mm gold marker 
was implanted via pulmonary puncture for radiotherapy 
respiratory positioning. A chest CT scan performed 
immediately after the surgery showed that the gold marker 
had migrated to the left atrium (37). Olaiya et al. reported 
a case where a 1.2×3 mm gold marker was implanted via 
pulmonary puncture for localization during pulmonary 
wedge resection. Intraoperative fluoroscopic evaluation 
showed that the marker had embolized to the distal left 
anterior descending artery (38). Therefore, greater attention 
should be paid to the risk of systemic circulation embolism, 
especially those particles with uncertain diameters. The 
smaller the diameter is, the higher the risk, and adopting 
prefabricated gelfoam particles with precise and consistent 
sizes is crucial to reducing this risk. After injection of the 
gelfoam particles, they expand within the needle tract, 
forming a filling that closely fits the shape of the needle 
tract. This filling exerts pressure on the surrounding blood 
vessels and bronchi, effectively preventing bleeding and air 
from entering the pleural cavity via the puncture channel.

There are few reports on the use of prefabricated 
gelfoam particles for sealing the puncture path, and there is 
no consensus on the appropriate choice of particle diameter. 
Some researchers have reported that using prefabricated 
gelfoam particles with a diameter of 1,000–1,200 μm to 
seal the puncture path after lung biopsy can effectively 
reduce the risk of pneumothorax. We believe that smaller 
diameters can close smaller blood vessels and bronchi more 
effectively. A previous study suggested that the diameter 
of bronchopulmonary anastomoses is about 325 μm (39). 
Based on this, we use a diameter of 560–710 μm to balance 
the sealing effect and reduce the risk of systemic circulation 
embolism. In this study, in patients aged over 70 years with 
intraoperative pneumothorax or hemorrhage and with 
GOLD stage 3–4 lung function, needle tract embolization 
was performed via injection of gelfoam particle suspension. 
When compared with that of biopsies without injection, 
the rate of postoperative delayed pneumothorax was 
significantly lower (1.24% vs. 7.9%; P=0.004); the 
requirement for aspiration or chest drainage was also lower 
(0% vs. 4.27%; P=0.02). Previous studies reported that 

in patients in whom gelfoam slurry was injected, those 
needing chest drainage were 3.5–6.9% (19,24). In this study, 
however, no biopsies required chest drainage after gelfoam 
particle injection. We consider this to be the result of using 
gelfoam particle embolization technology for high-risk 
pneumothorax patients, which prevented the exacerbation 
of pneumothorax. This in turn reduced the incidence of 
postoperative delayed pneumothorax and aspiration or tube 
drainage needs, even when higher-risk 17-G coaxial needle 
biopsy was used.

We opted for prefabricated gelfoam particles due to 
their precisely defined particle diameter, reducing the risk 
of systematic ectopic embolism and increasing the safety 
of needle tract embolization. Furthermore, this approach 
can save operation time, especially when pneumothorax 
is rapidly increasing and needle tract embolization is 
required. Despite the additional step of applying gelfoam 
embolization during the procedure, it did not significantly 
extend the operation time (23 vs. 21 min; P=0.19). However, 
more clinical studies are required on the selection of particle 
diameter and the preventive strategy of embolization.

In order to compare the effective radiation doses of CCT 
and CBCT, we need to establish comparable conversion 
criteria based on prior studies (26,27). Previous single-
center comparative studies (8,29,32) reported that the 
effective radiation dose of CCT was higher than that of 
CBCT, which is consistent with our results. Meanwhile, 
another study indicated that CT provided higher-quality 
images (39). This study examined the application of LDCT 
in pulmonary CCNB. LDCT is widely used in the diagnosis 
of lung diseases, especially in lung cancer screening, due 
to its reduced radiation exposure (40). However, while 
LDCT reduces the radiation dose, it may impair image 
clarity and detail, posing challenges for accurate diagnosis 
and biopsy procedures. Our research specifically focused 
on the impact of low-dose scanning on the accuracy of 
lung nodule biopsies. After comprehensively assessing 
diagnostic performance and complication rates, we found 
that the radiation dose from LDCT was not only lower—
only 27.3% higher than that of CBCT—but also that by 
optimizing scanning parameters and employing advanced 
image reconstruction techniques, LDCT could reliably 
detect nodules smaller than 3 cm without significantly 
increasing the risk of complications such as pneumothorax 
or bleeding. This finding has significant implications for 
balancing image quality with radiation dosage in clinical 
practice. By exploiting the properties of conventional CT, 
Kallianos et al. developed an LDCT protocol to guide 
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needle biopsies of the lungs, which can autonomously set 
the voltage, current, and scanning range while guaranteeing 
sufficient image quality. The results showed that this 
protocol reduced the radiation dose by 64.4% (41). Future 
research needs to focus on optimizing voltage, current, 
and scanning range to explore the use of LDCT-guided 
pulmonary biopsy. 

Our study has several limitations which should be 
mentioned. First, we employed a single-center, retrospective 
design, which might have introduced bias. Second, although 
we compared two devices, CCT and CBCT, in guiding 
needle biopsies of the lungs, CBCT is equipped with the 
latest technology, whereas CCT has more up-to-date 
software and hardware support. Therefore, the results we 
observed may not be fully representative of the performance 
of all CBCT devices. Third, only 1 year of follow-up was 
completed for biopsies with benign nodules, which might 
have resulted in bias related to the diagnostic performance.

Conclusions

CCT- and CBCT-guided lung biopsies demonstrate 
equivalent diagnostic capacities, with CCT providing 
shorter median operational times. Importantly, gelfoam 
embolization substantial ly diminishes the risk of 
postoperative pneumothorax, underscoring its value in 
high-risk patients.
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