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Abstract
Background: Computed-tomography(CT) guided hookwire localization has disadvantages, such as pain,
patient transport risk and increased radiation exposure. In order to overcome the above shortcomings, our
method is post-anesthesia hookwire localization guided by preoperative CT three-dimensional
reconstruction. The effectiveness and safety of this method will be studied.

Methods: A total of 36 patients(36 nodules) with ground glass nodules were consecutively included in
this study. Three dimensional reconstruction of chest CT was performed to simulate the puncture path.
The puncture point, the depth and angle of needle insertion were recorded. After anesthesia, the puncture
point was marked on the patient's body surface. Hookwire was placed according to the previous planned
puncture direction and depth. The effectiveness and complications of the localization were evaluated
during the operation.

Results: Hookwire dislocation was found in 1 patient in operation. The other 35 nodules were
successfully positioned. The median distance between hookwire and lesion was 14mm(3-25mm). The
effective rate was 97.2%(35/36). Only one patient found a small amount of blood in the chest. There was
no pulmonary hematoma, blood pressure or oxygen decreasing in all patients. The complication rate was
2.8% (1/36) and the severe complication was 0. The median time for localization was 3 minutes.

Conclusion: Post-anesthesia hookwire localization guided by preoperative three-dimensional
reconstruction is a simple, safe and effective localization method, which is suitable for appropriate
nodules, and is an important supplement to CT guided localization.

Trial registration: ChiCTR1900023853. Registered in Chinese Clinical Trail Registry on 14 June 2019,
http://www.chictr.org.cn/showprojen.aspx?proj=40060

Background
Accurate localization of ground glass nodules during thoracoscopic surgery is important. At present, the
most commonly used localization method is to embedding localizer(hookwire, microcoil, cyanoacrylate or
indocyanine green) under computed tomography(CT) guidance before operation(1–4). These are
accurate methods, but risks, such as bleeding, pneumothorax, pain and increased radiation exposure,
should not be ignored, because the localization was performed in the CT room and the surgery may start
after a few hours. At the same time, it takes up residents much extra time to contact the radiology
department before operation, especially in larger hospitals.

Therefore, in order to overcome the above shortcomings, we carried out this study. Hookwire localization,
guided by preoperative three-dimensional(3D) reconstruction, was performed after anesthesia. Now we
report 36 cases localization and aim to examine the feasibility in clinical application.

Methods
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This is a prospective cohort study without control group. Inclusion criteria: (1) patients scheduled for
thoracoscopic lung surgery. (2) On thin slice CT, the lesions was pure ground glass nodules or non-pure
ground glass nodules with solid components ≤ 50%. (3) Patients agreed to participate in the study and
signed informed consent. Exclusion criteria: (1) patients with pneumothorax and pleural effusion, unable
to perform lung puncture; (2) patients' lesion covered by scapula; (3) large blood vessels around the
lesions; (4) lesions are close to pleura and pleural traction sign may be directly seen during operation.

3D reconstruction before operation

The DICOM format CT image �les were imported into software Materialise Mimics (Leuven, Belgium,
version: 21.0.0.406). The lesions, ribs and chest skin were reconstructed. The route of needle insertion
was planned, which was led from the lesion to the skin surface, avoiding ribs, and perpendicular to the
skin tangent line as far as possible. The intersection point with the skin was the puncture point. Taking
the ipsilateral nipple and midline as reference in reconstructed skin, the location of inserting point,
number of intercostal, direction and depth were recorded(Figure 1).

Localization Procedure after anesthesia

The patient was placed in a supine position after general anesthesia, and the nurse raised the patient's
arm consistent with the position of preoperative CT scanning. Find the corresponding intercostal and
mark puncture points referred by nipple and midline. Insert the hookwire(Argon Medical Devices Inc, USA)
into the subcutaneous and intercostal muscle after disinfection. At this time, let the anesthesiologist
in�ate the lung and maintain it. Then put the needle into the lung according to the predetermined angle
and depth, release the hookwire and pull out the cannula. Return to mechanical ventilation and put the
patient in the operation position.

Effectiveness and complication evaluation

Effectiveness and complication of localization was evaluated in video assisted thoracoscopy
surgery(VATS). Wedge resection or segmentectomy was performed around hookwire. If the lesion was
found in the specimen, it was regarded as successful localization. If there was no lesion or hookwire
dislocation, it was considered as failure, and then segmentectomy or lobectomy should be continued. The
diagnosis of complications is based on whether there is bleeding, pulmonary hematoma, pericardial
injury, or changes of vital signs on monitor when entering the chest.

Statistical Analysis

All data were recorded and analyzed in SPSS(version 23.0; IBM SPSS Inc, Armonk, NY).

Results
Between April 2020 and October 2020, 36 patients with 36 ground glass nodules(GGN) were actually
participated in the study. Patients’ baseline and nodule characteristics are summarized in Table 1.
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Table 1. Patients’ baseline and nodules characteristics

Variables N

Gender, female/male 28/8

Median age 55(27~77)

CT features of lesions  

 mGGN 6

 pGGN 30

Median size(cm) 0.8(0.5~1.3)

Median distance between pleura and lesion(cm) 2.0 (0.7~2.8)

Lobe  

 RUL 16

 RML 4

RLL 6

LUL 8

LLL 2

mGGN: Mixed ground glass nodules; pGGN: pure ground glass nodules; RUL: right upper lobe; RML: right
middle lobe; RLL: right lower lobe; LUL: left upper lobe; LLL: left lower lobe. 

Only one patient had a small amount of hemothorax, the volume was about 20ml, and there was no
active bleeding at the puncture site. No pulmonary hematoma, blood pressure and oxygen decreasing
were found in all 36 patients. Therefore, the slight complication rate was 2.8% (1/36) and the severe
complication was 0 (Table2).

 

Table 2. Localization evaluation and surgical results
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Variables N

Insertion direction  

 Perpendicular to skin 26

 Oblique insertion 10

Median time consuming of localization(min) 3(1~5)

Median distance between hookwire and lesion(mm) 14(3~25)

Median distance between  nodules and resection margins(mm) 22(15~28)*

Slight complication 1

Resection range  

 Wedge resection 23

 Segmentectomy 12

Lobectomy 1

Touchable  

 Yes 7

 No 29

Successful localization 35

Pathology  

  AIS 4

  MIA 24

  Adenocarcinoma 8

AIS: adenocarcinoma in situ; MIA: minimally invasive adenocarcinoma

*patients with wedge resection were measured.

 

There was one hookwire dislocation when entering the chest. Because the palpation was not successful,
lobectomy was performed. The lesion was found in the resected lobe, and the pathology was invasive
adenocarcinoma. No dislocation was found in the remaining 35 patients. Under the hookwire guidance,
wedge resection was performed in 23 cases and segmentectomy in 12 cases. The mean distance
between hookwire and lesion was 14 mm (3-25 mm). The effective rate of localization was 97.2%
(35/36).
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The median time for localization was 3 minutes (1-5 minutes) and 7 minutes (4-13 minutes) for
preoperative 3D reconstruction. There were no perioperative complications, such as bleeding, embolism,
arrhythmia, respiratory failure or chylothorax.

During the operation, 80.5% (29/36) of GGN were negative by palpation. Postoperative pathology: 4 GGN
was adenocarcinoma in situ, 24 were microinvasive adenocarcinoma, and 8 were invasive
adenocarcinoma. The latest postoperative staging was T1bN0M0.

Discussion
Some scholars have proposed methods that do not rely on CT guided lung puncture positioning, such as
the use of intrathoracic natural anatomical markers, intraoperative ultrasound, 3D printing navigational
template, intraoperative virtual reality, magnetic navigation/virtual bronchoscope(5–12). These methods
reduce the risk of puncture, but the economic and time cost for latter several methods are too expensive
to implement. The localization introduced in this study is not only an effective method but can reduce the
risk of puncture and patient's painfulness as far as possible because the positioning procedure was
performed in the operating room and after anesthesia. In addition, this method can decrease the radiation
exposure of patients and the workload of doctors as much as possible.

The most important points of this study is to ensure that the localization is accurate and effective. The
theoretical hypothesis is that localization is not biopsy and we only need to put the hookwire close to
GGN to indicate the scope of the lesion. The following points are the key steps for an accurate
localization. (1) The planned puncture point should be close to the anatomic landmarks of the body
surface, such as nipple, midline, outer edge of breast and vertical line of nipple. The direction of puncture
should be perpendicular to the skin section. The reason of the failure localization is that the designed
route is oblique, which makes the angle di�cult to simulate. (2) Make sure that the intercostal is correct.
Generally, the �rst intercostal space is under the clavicle, and the sternal angle corresponds to the second
rib. It is also could be con�rmed by the distance from the nipple and the midline. (3) During puncture, pay
attention to maintain the same body position as the preoperative CT scanning, such as keeping the upper
limbs elevated.

In 2017 and 2019, Chen C., et al reported 3D printing navigational templates localization(9, 11). The
principle is similar to our method. The position and direction of puncture are determined by navigational
templates covered on patients’ body. The median error between hookwire and the center of lesion is 10
mm. The effectiveness and safety of navigational templates localization are perfect. But the procedure is
still performed in CT room, which is di�cult to use on a large scale because of its high economic and
time cost.

This study has certain limitations. Firstly, not all GGN localization are suitable for this method, because
puncture can only be performed in supine position. When the patients stay on the side or prone position,
the GGN location is different from that of preoperative CT, which cannot guarantee the accuracy.
Secondly, it cannot be evaluated after localization, which can only be veri�ed during operation. If the
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localization fails and the lesion is untouchable, lobectomy or segmentectomy may be required. Finally,
the number of cases is small. This is only a feasibility study, which needs more cases to verify.

Conclusion
Post-anesthesia hookwire localization guided by preoperative three-dimensional reconstruction is a
simple, safe and effective localization method, which is suitable for appropriate nodules, and is an
important supplement to CT guided localization.

Abbreviations
CT: computed-tomography

3D: three-dimensional

GGN: ground glass nodule

VATS: video assisted thoracoscopy surgery
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Figures

Figure 1

Flow chart of hookwire localization guided by preoperative computed tomography 3D reconstruction


