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Background

Precise preoperative localization is of great importance to improve the success rate and reduce the operation time of VATS surgery. This study aimed to assess the efficacy, safety, patient perception between CT-guided indocyanine green (ICG) preoperative localization of lung nodule and hook-wire localization.



Methods

65 patients with 85 clinically suspicious pulmonary nodules underwent ICG preoperative localization in this study, and 92 patients with 95 nodules localized by conventional hook-wire served as controls. Both hook-wire localization and ICG injection were performed under CT guidance. Successful targeting rate, success rate in the operative field, incidence rate of complications and respiratory pain score were recorded and compared.



Results

The successful targeting rate for both groups is 100%, however, due to hook-wire dislodgement, the success rate in the VATS operation field of the hook-wire group (95.6%) is lower than that of the ICG group (100%), with no significant difference(p=0.056). The overall complication rate of the hook-wire group (37.0%) is significantly higher than the ICG group (35.4%) (p=0.038). The mean respiratory pain score of the hook-wire group is 3.70 ± 1.25, which is significantly higher than that of the ICG group (2.85 ± 1.05) (p<0.001).



Conclusions

ICG composed with contrast mixture are superior to the conventional hook-wire preoperative lung nodule localization procedure, with a lower complication rate, lower pain score, and relatively higher success rate. ICG is a promising alternative method for pulmonary nodule preoperative localization.
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Introduction

Lung cancer is the most common form of cancer and the leading cause of cancer death worldwide (1). Large-scale randomized clinical trials in recent years have supported the value of lung cancer mortality reduction with low-dose CT screening (2, 3).

A reasonable explanation is that detection of cancer at an earlier stage win over the opportunity for early intervention (3). For pulmonary nodule ≤ 30mm in diameter, video-assisted thoracoscopic surgery (VATS) is recommended for radical treatment with lower morbidity and shorter hospital stays compared with thoracotomy (4). However, since the location, depth of nodule, and the experience of the surgeon may vary, VATS can be changed to thoracotomy intraoperatively (5).

Several preoperative pulmonary nodule localization methods have been applied to improve the intraoperative nodule visibility (6). The most commonly adopted marking technique is perhaps the preoperative CT-guided hook-wire localization (6). The documented successful intraoperative targeting rate can be up to 94%-100% (7–9), however, complications such as pneumothorax, hemorrhage and wire dislodgement are commonly seen, while air embolism and other fetal events are rare complications. The overall complication rate of the procedure was reported around 20.1%-54% (7–10).

More importantly, it is not a comfortable experience for the patient with the hook-wire needle, a novel tumor navigation method that is less invasive is the direction for exploration.

As a novel in vivo tumor marking technique, indocyanine green(ICG) near-infrared (NIR) fluorescent imaging has achieved satisfactory results to enhance surgical field visualization (11–14), improve lymph node retrieval (15, 16), and exhibit endothelial abnormalities (17). Among many other dyes in the NIR spectrum, ICG is the only member introduced to clinical application (18), the wide clinical acceptance of ICG can attribute to its feature of decreased light scattering, adequate tissue penetration and low toxicity (19).

ICG has also been applied to CT-guided preoperative marking of lung nodules with safe and feasible results (20–22). Recent research has investigated the optimal ICG solution and lipiodol mixture emulsion with safe and successful out comings (23). To the best of our knowledge, little study has been focusing on the comparison between ICG and conventional hook-wire localization. This study aimed to assess the efficacy, safety, patient perception between CT-guided ICG preoperative localization of lung nodule and hook-wire localization.



Methods


Inclusion and Exclusion Criteria

The studies involving existing data of human participants were reviewed and approved by Peking Union Medical College Hospital Institutional Review Board. Written informed consent was obtained from all patients who received ICG or hook-wire localization. Inclusion criteria were: scheduled CT guided preoperative pulmonary nodule localization, age above 18 years, and signed informed consent. Exclusion criteria were: hemodynamic instability, pregnancy or lactation, severe coagulopathy (INR ≤ 1.5), serious cardiopulmonary dysfunction.

From October 2018 to October 2020, 92 consecutive patients with 95 nodules were localized by conventional hook-wire. The ICG was taken into practice in our institution in October 2020, after that until February 2021, 65 consecutive patients with 85 clinically suspicious pulmonary nodules who underwent ICG guided localization were included in this study.



Computed Tomography Scan During Localization

All processes for nodular lesions localization were performed with the guidance of either NeuViz 128 CT (Neusoft Medical Company, Shenyang, China) or a dual-source CT (SOMATOM Definition, Siemens Healthcare, Germany). The scanning parameters for the location were 80 kVp tube voltage, automatically modulated tube current (reference mAs: 180), 0.6 second gantry rotation time, 1.2 pitch, 128×0.625 mm collimation width, 360 mm field of view (FOV), 1 mm slice thickness, and 1 mm slice intervals. The effective dose-length product (DLP, mGy×cm) was recorded, and the effective dose (ED, mSv) was calculated for each ablation series using the equation: ED=DLP×k·[k=0.014·(mSv×mGy–1×cm–1)].

CT was examined to distinguish the shape, size, and location of the lesion, including the interaction with the adjacent tissues and vessels with the assistance of a radio-opaque grid mesh over the chest wall. Immediately before the surgery, patients were transferred to the CT department and placed on the CT scan table in a prone, supine, or lateral decubitus position according to the location of the lesion on the CT image. CT scans were performed during a pause in normal inspiration. Images were reconstructed using a 1-mm slice thickness and a 1-mm slice interval. Then, we obtained the ideal route and marked the point of the puncture. The entry site was prepared and draped in a sterile fashion. All localization was performed under local anesthesia consisting of injection of 1% lidocaine hydrochloride.



CT-Guided Hook-Wire Localization

All the localization was performed by a 7 or 10-cm-long, 20-gauge biopsy (GALLINI S.R.L., Italy) needle. The cannula needle was slowly inserted into the chest wall and lung parenchyma layer and located as close to the target nodular lesion as possible. The hook-wire was released after identifying the adequate placement of the introducer needle under the guiding CT scan, and then the introducer needle was cautiously pulled out. The examination of the CT scan was repeated to ensure the last location of the hook-wire and to search for the presence of complications such as pneumothorax or parenchymal hemorrhage (Figure 1). On finishing the localization procedure, patients were transferred to the pulmonary nodule VATS operation room within 60 minutes.




Figure 1 | CT guided images of pulmonary nodule localization. (A) CT-guided injection of the iodized indocyanine green at the region of the pulmonary ground-glass opacity of a 51-year-old female. Note the supine position due to the ventral side of the nodule. (B, C) CT-guided hook wire localization of the pulmonary ground-glass opacity in the right upper lobe region covered by the scapula in a 62-year-old female, note the prone position due to the dorsal side of this nodule and the needle pathway is tilted to detour the scapula. (D) Final CT confirmed parenchymal hemorrhage in the upper lobe of the left lung in a 53-year-old male, note the emerging area of consolidation developed in the track of the puncture in the left pulmonary parenchyma.





CT-Guided ICG Injection

25mg indocyanine green for injection (Dandong Yichuang Pharmaceutical Co. Ltd, Liaoning, China) was mixed with 50ml of Iopamiro (Shanghai Bracco Sine Pharmaceutical Corp. Ltd., China) before positioning operation. Under the guidance of CT, the puncture point is selected according to the nodule position with the principle of “the vertical nearest”; referring to the CT images of the patient before the operation, the individualized choice of supine, prone or lateral position was chosen according to the specific nodule location for the shortest puncture pathway.

After sterilization, 5ml-10ml of 1% lidocaine was used for local infiltration anesthesia of the chest wall. After determining the direction, angle and target position, puncture the micro-puncture needle through the vicinity pathway to the pulmonary nodule. Check the CT images in between the puncture process to make sure that the needle tip is less than 15mm away from the nodule. Slowly inject 0.03 ml ICG and contrast medium mixture, and perform the final CT scan to confirm that the positioning is satisfactory, confirm that the patient’s symptom and status, and to exclude pneumothorax, bleeding, or any other complications (Figure 1). The pulmonary hemorrhage is defined as an emerging area of consolidation developed in the track of the puncture in the pulmonary parenchyma. The puncture point in the skin is covered with a sterile dressing, and the patient is transferred to the operating room within one hour.



Patient Pain Score

Respiratory pain score was measured immediately after the localization procedure using the visual analog scale (PS-VAS), the patient answered the item “How do you rate your current respiratory status compared to the status before the intervention procedure?” The item had response categories on a ten-level Likert scale.



Statistical Analysis

Patient characteristics included age, sex, height and weight, in-out localization room time, first-last CT scan interval time, pain score and complications. Nodule characteristics included the maximum diameter, vertical diameter, depth of nodule from the pleural surface, pathology. Data was analyzed using SPSS Statistical Software (SPSS for Windows, version 25.0) Continuous variables were analyzed using Student t test. Categorical variables were compared using the Chi square test or Fisher exact test. Propensity-based matching is used to select hook-wire group patients who are similar to patients receiving ICG localization method. Cox proportional hazard regression models were used to compare the adjusted complication rate and pain score between those two groups of patients.




Results


Hook-Wire Group

The hook-wire group of 92 patients included 26 men and 66 women, with a mean age of 53.1 ± 10.6 years. Ninety-five pulmonary nodules underwent CT-guided hook-wire localization. The computed tomography features of the 92 included patients were listed in Table 1. The average maximum diameter of the 95 pulmonary nodules was 6.7± 2.4 mm, with a mean distance from the pleura to the nodules of 8.4 ± 6.7 mm.


Table 1 | Patients’ characteristics and detailed tumor parameters for both groups.



The targeting success rate after the final CT scan of the hook-wire localization was 100% of 95 nodules. However, the successful localization in the operative field is 95.6%, since the hook-wire was dislodged or fallen out before VATS resection in four targeted nodular lesions. However, they were successfully resected with the assistance of the remnant hemorrhagic marks on the lung parenchymal surface arising from the procedure of localization. The most common complication related to hook-wire localization was pneumothorax (n=26, 28.3%), diagnosed by CT scanning right after the localization procedure. The other complication is lung parenchymal hemorrhage (n=8, 8.7%). However, all patients with pneumothorax and hemorrhage were asymptomatic, and no further intervention procedure was required before operation. Hypotension occurred in one case after the operation. It was considered as the pleural reaction, and recovery was achieved with fluid supplementation and supportive treatment. The surgical margins were all negative on final pathology in all included cases. The details of the hook-wire localization procedure are shown in Table 1.

Histologic diagnosis included inflammatory benign lesions(n=17), atypical adenomatous hyperplasia primary (n=10), adenocarcinoma in situ (n=21), minimally invasive adenocarcinoma (n=16), invasive adenocarcinoma (n=31). Table 1 represents the details of pathologic results.



ICG Group

65 patients were included, among them, 16 men and 49 women, with a mean age of 51.3 ± 11.6 years. In total, 85 pulmonary nodules underwent CT-guided ICG localization. The computed tomography features of the 65 included patients were listed in Table 1. The average maximum diameter of the pulmonary nodules was 6.3 ± 2.4mm, with a mean distance from the pleura to the nodules of 9.2 ± 10.0 mm.

The targeting success rate of ICG localization was 100% of 85 nodules. Moreover, the successful localization in the operative field is 100%. The most common complication related to ICG localization was pneumothorax (n=18, 27.7%), diagnosed by the immediate CT scanning right after the localization procedure. The other complication is lung parenchymal hemorrhage (n=5, 7.7%). However, all patients with pneumothorax and hemorrhage were asymptomatic, and no further interventional procedure was required before operation. The surgical margins were all negative on final pathology in all included cases. The details of the ICG localization procedure are shown in Table 1.

Histologic diagnosis for included inflammatory benign lesions (n=12), granuloma (n=1), atypical adenomatous hyperplasia primary (n=5),adenocarcinoma in situ (n=22),minimally invasive adenocarcinoma (n=23), invasive adenocarcinoma (n=19),hamartoma (n=1),bronchial adenoma(n=2). Table 1 represents the details of pathologic results.



Propensity-Score Based Balancing

The basic characteristic data of the two groups showed no significant difference except the vertical nodule diameter. In order to obtain more accurate results and reduce potential selection bias, we performed propensity matching for the two groups, the nearest neighbor matching method is adopted. The match tolerance was 0.02. A total of 64 subjects were matched with 65 nodules after conducting the propensity analysis. There was no statistical difference between all feature data after the matching, the details features before and after the propensity score matching are listed in Table 1.



Comparison Between ICG and Hook-Wire Preoperative Localization

The successful targeting rate for both groups is 100%, however, due to hook-wire dislodgement, the success rate in the VATS operation field of the hook-wire group (95.6%) is lower than that of the ICG group (100%), with no significant difference. The overall complication rate of the hook-wire group (37.0%) is significantly higher than the ICG group (35.4%) (p=0.038). The mean respiratory pain score of the hook-wire group is 3.70 ± 1.25, which is significantly higher than that of the ICG group (2.85 ± 1.05) (=<0.001). (Table 2)


Table 2 | Efficacy, safety and patient perception of CT guided ICG preoperative localization of lung nodule and hook-wire localization.






Discussion

Identifying non-palpable and non-visible pulmonary nodule during VATS surgery is challenging, precise preoperative localization is of great importance to improve the success rate and reduce operation time of VATS surgery. Accordingly, various preoperative localization methods have been applied and studied to assist VATS to reduce operative difficulty and time, each kind of method has its own advantages and shortcomings, among them, hook-wire is the most widely applied method (7–10, 24).To the best of our knowledge, this study is the first comparative study between conventional hook-wire and emerging methods of ICG in the comprehensive perspective of efficacy, safety, and patient perception.

One recently published meta-analysis including 46 studies by Chul Hwan Park et al. compared the efficacy and safety of three preoperative methods (6), the reported success rate of hook-wire localization is about 98%. However, the successful localization rate in the operative field is around 94% with significant heterogeneity. Mark Kleedehn and colleagues have performed the study comparing methylene blue, another dye marker method, with hook-wire techniques, their study showed that the methylene blue method group achieved an equivalent preoperative localization success rate with a relatively lower complication percentage, this was similar to our finding (24).In our study, the successful targeting rate right after the localization is 100%, however, four hook-wires migrated or dislodged before or during the VATS operation, even though the surgeon managed to resect the nodules in the end, considering the prolonged VATS operation time and the extra procedures to handle the related hemorrhage, these four cases was classified as a failure in the term of intraoperative successful rate in this study. Therefore, the success rate of the hook-wire group in the operation field is 95.6%, which is consistent with the aforementioned systematic review.

In the ICG group, all 85 nodules were identified under the intraoperative near-infrared ray (NIR) thoracoscope to visualize ICG fluorescence, both the targeting success rate and the intraoperative successful rate was 100%, this result is consistent with early clinical studies with relatively fewer cases (n=30-37) applying ICG in pulmonary nodule preoperative localization (20–22). Even though studies have shown that ICG tends to be diffused easily (23), which may cause over resection of peritumor tissue, the actual period of ICG in vivo is unknown, one case report has shown the existence of ICG even 6 days after injection under infrared thoracoscopy (25). More researches are needed to explicate this issue.

One innovative point of the current study is that we have taken measures to deal with this problem, firstly, the preoperative localization procedure was scheduled within one hour before the VATS surgery, regardless hook-wire or ICG was used. Also, the mixed ICG and iodine solution was applied to reduce diffusivity (23). In the VATS operative field, ICG was rather localized than diffused, focused in the area where the nodule can be easily detected (Figure 2).




Figure 2 | (A) Intraoperative fluorescence using near-infrared thoracoscope, the nodule was localized in the green light area. (B) Gross appearance of the resected specimen.



The difference was noted of the average distance from the pleura to the nodules tends to be greater in the ICG group (9.2 ± 10.0mm in the ICG group vs. 8.4 ± 6.7 mm), however, the difference showed no statistical significance(p=0.528) even before the propensity analysis. As mentioned in the method section, the needle tip was placed less than 15mm away from the nodule to inject the solution. However, in the hook-wire group, the tip of the wire is placed as close to the target lesion as possible. Therefore, the ICG technique is prone to be applied in deeper localized lesion compared with the hook-wire arm. In another way, an underlying reason for the dislodgement in the hook-wire arm may result from more superficial lesions being localized and this should be mentioned in the discussion.

In terms of safety, any kind of complications in both groups were recorded, pneumothorax and hemorrhage were frequently seen in both groups, however, there is no significant difference regarding the incidence rate of these complications.

Pain is a major concern for human beings, another innovative point of this study is that we included the patient perception survey into consideration. The chief complaint after preoperative localization is breath pain. Based on this, the patient perception of each procedure was quantified by the VAS score. The hook-wire group showed a significantly higher pain score than the ICG group(p<0.001). This can be easily understood, given the rigid hook-wire nature into account.

The limitation of our study is obvious, as it is a single-center retrospective study. The sample size is relatively small and the study’s design was not a randomized controlled trial, even though a propensity-score based balancing procedure is performed to reduce selection bias, the robust of feasibility and safety can be inhomogeneous in different settings. Multicenter RCT research is needed to further study the accuracy of ICG localization technology. Second, the size and depth of nodule can influence the success rate of localization procedure and following VATS surgery. Based on the few failure cases, we did not provide evidence between the size, location of the nodule, and the success rate. A larger cohort is needed to analyze the potential relationship and provide a reference for the surgeons to make individualized surgery plan.



Conclusions

The current study suggests that the ICG composed with contrast mixture is superior to the conventional hook-wire preoperative lung nodule localization procedure, with a lower complication rate, lower pain score, and relatively higher success rate. ICG can be applied as a promising alternative method for the pulmonary nodule preoperative localization.
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variables

Hook-wire (n = 92) ICG group (n = 65) P value
Successful targeting rate 100% 100% NA
Success rate in the operative field 95.6% (88/92) 100% (65/65) 0.056
Incidence rate of complications 37.0% (34/92) 35.4% (23/65) 0.038
Respiratory pain score 2.85+1.056 370+1.25 <0.001

NA. Not Available.
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Variables

Age, years
Gender
Male
Female
Height (m)
Weight (kg)

Localization duration (Time between in-

out the localization room, min)

Localization duration (Time between first-

last CT scan, min)
Maximum nodule diameter (mm)
Vertical nodule diameter (mm)
Depth of nodule from surface (mm)
Nodule location

Right upper lobe

Right middle lobe

Right lower lobe

Left upper lobe

Left lower lobe
Radiological pattern

Solid nodule

Part-solid nodule

Pure ground glass nodule
Pathological diagnosis

Benign lesions

Granuloma

Atypical adenomatous hyperplasia

primary

Adenocarcinoma in situ

Minimally invasive adenocarcinoma

Invasive adenocarcinoma

Hamartoma

Bronchial adenoma

Before matching

After matching

Hook-wire group (No. of

Patient = 92 No. of
Nodule = 95)

53.1 £10.6

26

66
1.65 + 0.07
63.4 +10.5
24.47 £2.46

11.22 +1.91

6.7+24
53+26
84 +6.7

23 (24.2%)
12 (12.6%)
19 (20.0%)
17 (17.9%)
24 (25.3%)

13 (13.7%)
32 (33.7%)
50 (62.6%)

17 (17.9%)
0 (0%)
10 (10.5%)

21 (22.1%)
16 (16.8%)
31 (32.6%)
0
0

ICG group (No. of
Patient = 65 No. of
Nodule = 85)

51.3+11.6

16

49
1.65 +0.07
63.8 £ 11.7
24.52 + 3.43

1134+ 3.08

63+24
46+19
9.2 +10.0

33 (38.8%)
11 (12.9%)
19 (22.4%)
8(9.4%)
14 (16.5%)

13 (16.3%)
29 (34.1%)
43 (50.6%)

2 (14.1%)
1.(1.2%)
5 (5.9%)

22 (25.9%)

23 (27.1%)

19 (22.4%)
1(1.2%)
2 (2.4%)

P
value

0.299
0.611

0.617
0.836
0.911

0.779
0.209
0.039

0.528
0.127

0.942

0.154

Hook-wire group (No. of ICG group (No. of

Patient = 64 No. of Patient = 64 No. of
Nodule = 65) Nodule = 65)
51.9+11.1 51.3+11.7
14 16
50 48
1.65 + 0.07 1.65 + 0.07
63.4 +10.7 63.4 +11.4
2419 +2.35 24.53 + 3.46
11.30 + 1.87 11.38 £ 3.09
6.6 +2.1 6.4+24
50+18 48+1.9
8.4 +6.4 82+9.0
20 (30.8%) 20 (30.8%)
9(13.8%) 9 (13.8%)
16 (24.6%) 16 (24.6%)
7 (10.8%) 8 (12.3%)
13(20.0%) 12 (18.5%)
9 (13.8%) 7(10.8%)
19 (29.2%) 26 (40.0%)
37 (56.9%) 32 (49.2%)
10 (15.4%) 0(15.4%)
0(0%) 1(1.5%)
7 (10.8%) 5 (7.7%)
15 (23.1%) 21 (32.3%)
13 (20.0%) 14 (21.5%)
20 (30.8%) 13 (20.0%)
0(0%) 0(0%)
0(0%) 1 (1.5%)

value

0.781
0.676

0.834
0.997
0.512

0.863
0.655
0.603

0.881
0.999

0.427

0.589





