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Abstract.10

BACKGROUND: With the widespread use of low-dose spiral computed tomography (LDCT) and increasing awareness of11

personal health, the detection rate of pulmonary nodules is steadily rising.12

OBJECTIVE: To evaluate the success rate and safety of two different models of Hook-Wire needle localization procedures for13

pulmonary small nodule biopsy.14

METHODS: Ninety-four cases with a total of 97 pulmonary small nodules undergoing needle localization biopsy were15

retrospectively analyzed. The cases were divided into two groups: Group A, using breast localization needle steel wire (Bard16

Healthcare Science Co., Ltd.); Group B, using disposable pulmonary nodule puncture needle (SensCure Biotechnology Co.,17

Ltd.). All patients underwent video-assisted thoracoscopic surgery (VATS) for nodule removal on the same day after localization18

and biopsy. The puncture localization operation time, success rate, complications such as pulmonary hemorrhage, pneumothorax,19

hemoptysis, and postoperative comfort were observed and compared.20

RESULTS: In Group A, the average localization operation time for 97 nodules was 15.47 ± 5.31 minutes, with a success rate21

of 94.34%. The complication rate was 71.69% (12 cases of pneumothorax, 35 cases of pulmonary hemorrhage, 2 cases of22

hemoptysis), and 40 cases of post-localization discomfort were reported. In Group B, the average localization operation time23

was 25.32 ± 7.83 minutes, with a 100% success rate. The complication rate was 29.55% (3 cases of pneumothorax, 15 cases of24

pulmonary hemorrhage, 0 cases of hemoptysis), and 3 cases reported postoperative discomfort. According to the data analysis in25

this study, Group B had a lower incidence of puncture-related complications than Group A, along with a higher success rate and26

significantly greater postoperative comfort.27

CONCLUSIONS: The disposable pulmonary nodule puncture needle is safer and more effective in pulmonary small nodule28

localization biopsy, exhibiting increased comfort compared to the breast localization needle. Additionally, the incidence of29

complications is significantly lower.30

Keywords: CT-guided, pulmonary small nodule, needle localization, Hook-Wire needle31

1. Introduction32

With the widespread use of low-dose spiral computed tomography (LDCT) and increasing awareness33

∗Corresponding author: Songsen Chen, Department of Interventional Radiology, the Second Affiliated Hospital of Xiamen
Medical College, Fujian, China. Tel.: +86 13806090489, E-mail: g06032@adm.cgmh.com.cn.

0928-7329 c© 2024 – The authors. Published by IOS Press. This is an Open Access article distributed under the terms of the
Creative Commons Attribution-NonCommercial License (CC BY-NC 4.0).

https://creativecommons.org/licenses/by-nc/4.0/


Galley Proof 25/04/2024; 8:35 File: thc–1-thc248027.tex; BOKCTP/ljl p. S2

S2 Z. Lin et al. / Clinical application of two types of Hook-Wire needle localization procedures

of personal health, the detection rate of pulmonary nodules is steadily rising. Research [1] indicates an34

incidence of 35.5% for pulmonary nodules, with 0.54% being diagnosed as lung cancer. The National35

Lung cancer Screening Trial (NLST) results show a 20% reduction in lung cancer mortality with LDCT36

screening compared to standard chest X-rays [2]. Due to the extensive application of LDCT, more37

early-stage pulmonary nodules, especially Ground Glass nodules (GGN), are being discovered. Currently,38

the primary treatment for pulmonary nodules is video-assisted thoracoscopic surgery (VATS), which39

is an effective, minimally invasive, and feasible therapeutic technique [3]. However, performing VATS40

for the resection of pulmonary nodules, especially invisible and untouchable GGN, poses significant41

challenges. Existing literature has highlighted the higher safety of hook-wire needle localization for42

pulmonary nodules before VATS, not only reducing surgery time but also significantly decreasing the43

chance of conversion to open thoracotomy.44

Various techniques for pulmonary nodule localization have been reported, including Hook-Wire needle,45

spring coil, liquid material injection localization (methylene blue, etc.), bronchoscopy-assisted CT46

virtual 3D (three dimensions) assisted localization, each with its own advantages and disadvantages [4].47

According to our previous experience and literature review, Hook-Wire needle is the most commonly48

used and reliable method for localization. However, there is limited comparative research among different49

models of Hook-Wire needles. In this study, we aim to collect and analyze information on various50

complications and patient comfort during surgeries involving two different models of needles (breast51

localization needle and disposable pulmonary nodule puncture needle). Our goal is to explore the52

effectiveness and safety advantages of these two needle models in nodule biopsy localization.53

2. Materials and methods54

This study employed two different models of Hook-Wire localization needles. The first one is the55

breast localization needle [Bard Healthcare Science (SHANGHAI) Co., Ltd. (SHANGHAI) CO LTD]56

with a standard number: National Medical Devices Registration: 20163771636, specifications: 20 G/10.757

cm. It is a tail-wired localization needle (Group A). The second one is the disposable pulmonary nodule58

puncture needle [Ningbo SensCure Biotechnology Co., Ltd.] with National Medical Devices Registration:59

20193150175, specifications: 20 G/10 cm. It is a tail-soft-wired localization needle (Group B). Surgical60

time, complications, patient comfort, puncture depth, and other factors were statistically collected and61

analyzed during the puncture localization to compare the efficiency of the Hook-Wire needle puncture62

method and its clinical benefits.63

2.1. Clinical patient data and grouping64

Patient data were collected from Xiamen Chang Gung Hospital Radiology Department from June 201965

to April 2023 for CT-guided pulmonary small nodule localization biopsy. A total of 94 patients with 9766

pulmonary nodules were included (Table 1), including 46 males and 48 females. Patients using different67

needles were divided into two groups, namely Group A using the breast localization needle (53 nodules)68

and Group B using the disposable pulmonary nodule puncture needle (44 nodules).69

2.2. Methods70

All patients underwent procedures guided by Siemens Dual-Source CT (SOMATOM Force, 2 × 9671

rows, 2 × 192 layers, 90 mSv, 61–69 mAs, layer thickness 2.5 mm). Prior to the operation, patients72
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Table 1
Basic parameters

Bard Localization
Needles 53 (Group A)

SensCure Localization
Needles 44 (Group B)

Average age 53.32 ± 10.21 51.11 ± 13.19
Gender

Male 32 14
Female 21 27

Nodule diameter < 10 mm < 10 mm
Nodule localization

Left upper lobe 8 8
Left lower lobe 12 8
Right upper lobe 14 11
Right middle lobe 2 6
Right lower lobe 17 11

Fig. 1. Depicts the case of a single patient with a nodule in the left lower lobe (highlighted by yellow arrows) in the right lateral
decubitus position. Puncture was performed using a breast localization needle: A. Pre-puncture localization of the nodule.B.
After adjusting the angle of the puncture needle, it was inserted into the lung, revealing alveolar hemorrhage (indicated by
red arrows) and a small pneumothorax (indicated by blue arrows). C. Release of the hook-wire, with the distal end anchored
(indicated by green arrows) within 1 cm of the lesion. D. Post-release scan confirming the position of the localization needle and
assessing lung complications. The steel wire tail (indicated by black arrows) was then externally ligated.The difficulty in securing
the metal tail wire after hook-wire anchoring may lead to increased friction with the chest wall, resulting in a higher likelihood
of secondary pneumothorax and alveolar hemorrhage, contributing to a less favorable patient experience.E and F: Surgical field
views observing the condition of the hook-wire and postoperative excised pathological specimens, with the specimens removed
for further examination after detaching the localization needle.
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Fig. 2. Illustrates the case of the same patient with a nodule in the right upper lobe (highlighted by yellow arrows) in the
supine position. Puncture was performed using a disposable pulmonary nodule puncture needle: A. Pre-puncture localization
of the nodule. B. After adjusting the angle of the puncture needle(indicated by green arrows), it was inserted into the lung. C.
Post-release scan confirming the position of the localization needle (indicated by green arrows) and assessing lung complications.
The steel wire tail was then externally ligated. No alveolar hemorrhage or pneumothorax was observed within the lung, and the
tail wire was easily secured after hook-wire anchoring, providing a comfortable experience for the patient. D and F. Surgical field
views observing the condition of the hook-wire (indicated by black arrows) and postoperative excised pathological specimens.
The specimens were sent for examination, carrying the hook-wire along for further analysis.

received preoperative counseling, psychological support, and signed informed consent. AI was utilized to73

measure the number, size, and depth of the target lesions, simulating needle insertion paths and depths.74

Local anesthesia was administered during the procedure. Before puncture, routine full lung scans were75

performed. The puncture needle was inserted into the chest wall at the predetermined depth, and a76

verification scan was conducted to adjust the needle angle. Patients were instructed to inhale and hold77

their breath while the needle was inserted. Subsequently, a local CT scan around the target lesion was78

performed to confirm the needle’s position and depth, ensuring it reached the target lesion depth. The79

hook-wire was released once the ideal position was achieved. After securing the hook-wire, a slight80

attempt to pull the tail wire should encounter resistance.If the preset position was suboptimal, a repeat CT81

scan was conducted before the puncture needle entered the pleura to make necessary adjustments. This82

process was repeated until the hook-wire was embedded within the target lesion or within 1 cm of it (see83

Fig. 1 for Group A and Fig. 2 for Group B). The exposed skin at the tail end was immediately bandaged84

and covered with sterile gauze. A low-dose lung CT scan was performed again to observe the position of85

the localization needle, as well as any lung bleeding or pneumothorax. Finally, the patient was transferred86

to the operating room for planned video-assisted thoracoscopic surgery (VATS).87

2.3. Outcome measures and data processing88

(1) Incidence of alveolar hemorrhage during the localization biopsy procedure with the two types of89

needles; (2) Incidence of pneumothorax during the localization biopsy procedure with the two types90



Galley Proof 25/04/2024; 8:35 File: thc–1-thc248027.tex; BOKCTP/ljl p. S5

Z. Lin et al. / Clinical application of two types of Hook-Wire needle localization procedures S5

Table 2
Incidence of complications in nodule localization

Bard Localization
Needles 53 (Group A)

SensCure Localization
Needles 44 (Group B) X2 P -value

n % n %
Pneumothorax 12 22.64 3 9.76 4.60 P < 0.05
Alveolar Hemorrhage 35 66.04 15 34.09 9.82 P < 0.05
Decoupling during Thoracoscopy 3 5.66 0 0 – P < 0.05
Hemoptysis 2 3.77 0 0 – P < 0.05
Localization Success Rate 94.34% (50/53) 100% (44/44) – P < 0.05
Complication Incidence Rate 38/53 71.69% 13/44 29.55%
Average Localization Time 15.47 ± 5.31 (min) 25.32 ± 7.83 (min)
Localization Success Rate 94.34% (50/53) 100% (44/44)
Number of Postoperative Discomfort Cases 40 3
Number of air embolism during puncture 0 0

of needles; (3) Incidence of hemoptysis during the localization biopsy procedure with the two types of91

needles; (4) Decoupling situations during surgical thoracoscopy (That is, during surgery, the positioning92

needle is removed from its original position and floats in the chest cavity); (5) Average puncture time;93

(6) Success rate of puncture localization; (7) Number of patients with discomfort after the puncture (e.g.94

cough, pain at the puncture site, hemoptysis, etc.) (8) Number of cases of air embolism during puncture95

(Table 2). Data were analyzed using SPSS 25.0 (IBM SPSS Statistics, IBM Corp) for statistical analysis.96

Continuous variables are presented as mean ± standard deviation or median (range), and categorical97

variables are presented as counts or percentages. Chi-square test or Fisher’s exact test was used for the98

comparison of binary variables. A p-value less than 0.05 was considered statistically significant. This99

study was approved by the Xiamen Chang Gung Hospital Review Committee, and the requirement for100

informed consent for the use of patient records was waived. Informed consent for surgery was obtained101

from all patients before the procedure. All methods were conducted following the principles of the102

Helsinki Declaration.103

3. Results and analysis104

By collecting and analyzing data from 94 patients (97 pulmonary nodules) in our hospital, the results105

are summarized as follows: For patients in Group A, who used the Bard localization needles, there were106

53 cases, including 32 males and 21 females, with an average age of 53.32 ± 10.21 years. Pneumothorax107

occurred in 12 cases, accounting for 22.64%; alveolar hemorrhage occurred in 35 cases, accounting for108

66.04%; hemoptysis occurred in 2 cases, accounting for 3.77%; decoupling during thoracoscopy occurred109

in 3 cases, accounting for 5.66%. Postoperative discomfort was reported by 40 cases, accounting for110

75.41%. For patients in Group B, who used SensCure localization needles, there were 41 cases, including111

14 males and 27 females, with an average age of 51.11 ± 13.19 years. Pneumothorax occurred in 4112

cases, accounting for 9.76%; alveolar hemorrhage occurred in 13 cases, accounting for 31.71%; there113

were no cases of hemoptysis (0.00%) or decoupling during thoracoscopy. Postoperative discomfort was114

reported by 3 cases, accounting for 6.82%. According to clinical observation, the discomfort of patients115

was mainly manifested in pain at the puncture point. In group A, 40 cases were mainly caused by the116

friction of the puncture needle tail, and in group B, 3 cases were mainly caused by the weakened effect117

of local anesthesia due to the longer operation time. Moreover, the discomfort manifested in cough and118

hemoptysis, which had a certain correlation with alveolar hemorrhage after puncture. According to the119
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confirmed CT observations during and after the puncture and the literature reviewed, no air embolization120

appeared in all patients, which may be because the puncture involved small blood vessels, so the incidence121

of embolization was very low. The localization success rate was 94.34% in Group A (50/53) and 100% in122

Group B (44/44). Statistical analysis revealed no significant differences between the two groups (P <123

0.05). The lower success rate in Group A may be attributed to the shallow position of the punctured124

nodules. After needle release, patients in Group A experienced a strong foreign body sensation, and the125

metal wire easily rubbed against the pleura repeatedly. The shallow position of the nodules and repeated126

traction may lead to decoupling. Moreover, patients in Group A often reported discomfort and had127

restricted postoperative positioning. In contrast, Group B achieved a 100% success rate in localization.128

Patients in Group B were not restricted in positioning after the puncture, and the soft tail wire was129

less likely to rub against the pleura repeatedly, resulting in significantly higher comfort levels. In the130

comparison of postoperative complications, Group B exhibited a lower incidence of alveolar hemorrhage131

and pneumothorax during the localization procedure compared to Group A. In this study, the occurrence132

of alveolar hemorrhage and pneumothorax was related to the tail wire of the hook needle. The retention133

of the metal tail wire, repeated friction against the pleura, and patient positioning changes contributed to134

these complications. Some cases were associated with greater puncture depth, consistent with findings135

by scholars like Tyler Sargent [5]. Group B did not experience any cases of postoperative hemoptysis or136

decoupling during thoracoscopy. However, Group B had a longer average puncture time, which may be137

related to the operator’s proficiency and the method of data collection (the time interval was calculated138

from the beginning of needle puncture to needle release in Group A, while it was calculated from the139

positioning image to the end of puncture in Group B). Therefore, the analysis of data from this study140

confirms that the complications associated with the use of disposable lung nodule puncture needles are141

lower.142

4. Discussion143

With the increasing use of low-dose spiral CT in health examinations, the proportion of patients144

with pulmonary nodules requiring surgical treatment is rising. Currently, single-port video-assisted145

thoracoscopic surgery (VATS) is commonly used for the resection of pulmonary nodules. However,146

unclear preoperative localization of pulmonary nodules can make it challenging to identify them during147

thoracoscopic surgery, especially for non-palpable ground glass nodules. This can lead to prolonged148

surgery times, increased postoperative complications, and ultimately extended hospital stays. Therefore,149

precise preoperative localization of pulmonary nodules is crucial [6]. Currently, pulmonary nodule150

localization methods include CT-guided percutaneous puncture-assisted localization, bronchoscopic151

puncture-assisted localization, and CT virtual 3D-assisted localization [7]. Among the commonly used152

CT-guided percutaneous puncture-assisted localization methods, there are techniques such as percutaneous153

Hook-wire localization [8], percutaneous spring coil localization [9,10], and percutaneous injection of154

liquid materials for localization (e.g., methylene blue) [11,12,13,14,15]. Hook-wire localization is the155

most commonly used method in CT-guided percutaneous puncture-assisted localization [16]. In the156

two types of needles studied in this paper, Group A’s localization needle has a metal hook at the tip157

followed by a metal wire. However, the metal wire is prone to displacement and detachment, resulting in158

a higher failure rate, observed in three cases (5.66%) in this group. The rigid and sharp hook wire causes159

twisting stress on the lung parenchyma and movement of the chest wall, causing significant discomfort or160

pain. This leads to an increased likelihood of intraoperative and postoperative alveolar hemorrhage and161

pneumothorax. Postoperatively, patients can only adopt a passive position due to the strong discomfort162
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caused by the friction and pain of the steel wire, resulting in a poor overall experience. This is generally163

consistent with literature reports [17]. In contrast, Group B’s soft tail wire conforms better to the puncture164

hole, causing less friction and traction. Postoperatively, patients can adopt a comfortable position, and165

the chances of decoupling and subsequent trauma-related alveolar hemorrhage and pneumothorax are166

significantly reduced.In other literature, the “dragging tail” spring coil localization method requires167

secondary release of the spring coil, increasing the number of CT scans and posing a risk of localization168

failure [18]. Additionally, the depth of spring coil release is closely related to the operator’s experience.169

However, for patients with pleural adhesions and pigmentation on the lung surface, the surgery time and170

intraoperative nodule removal time are shorter compared to patients localized with methylene blue [19]. In171

the injection of liquid material localization method, methylene blue is commonly used [21], but its rapid172

diffusion requires immediate surgery post-puncture, and it is challenging to identify on the lung surface173

with pigment deposition [22,23]. Bronchoscopic puncture-assisted localization techniques require the use174

of electromagnetic navigation bronchoscopy [10,20], and CT virtual 3D-assisted localization techniques175

involve the use of 3D printing technology to create a localization template. Both of these techniques176

have high equipment requirements, and only a few institutions currently employ them. Therefore, finding177

a safe, accurate, and convenient localization method is crucial for the clinical treatment of pulmonary178

nodules. In this study, the use of a disposable pulmonary nodule puncture needle effectively reduced the179

occurrence of decoupling during thoracoscopic surgery. Furthermore, during the surgical process, the180

CT zone localization method accurately identified the lesion’s position, preventing excessive removal181

and missection of lung tissue. This not only shortened the surgery time but also reduced trauma to the182

patient, preserved more lung tissue, lowered the risk of postoperative complications, increased the surgical183

success rate, and promoted patient recovery. Additionally, compared to the breast localization puncture184

needle, the disposable pulmonary nodule puncture needle had a lower incidence of complications and185

significantly higher patient comfort.186

5. Conclusion187

In conclusion, among the various preoperative localization methods, the Hook-Wire needle localization188

method stands out for its simplicity, reliable positioning, high safety, and low complication rate. This189

study confirms that preoperative localization with a disposable pulmonary nodule puncture needle is190

safer, with a lower complication rate and higher patient comfort. This approach prevents intraoperative191

missection and facilitates the smooth progress of VATS surgery. It is worthy of clinical promotion and192

use.193
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