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Preoperative CT-Guided Near-Infrared Dye Marking for Thoracoscopic Resection of Pulmonary Nodules: A Case Report
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Localization of small-sized pulmonary nodules is challenging during video-assisted thoracoscopic surgery. Several preoperative strategies have been developed to mark these targets. We describe our localization strategy using a preoperative computed tomography-guided near-infrared dye marking.
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INTRODUCTION

Minimally invasive surgery, including video-assisted thoracoscopic surgery (VATS), has been ideal for the resection of small nodules because it results in minimal postoperative morbidity and mortality, less pain, and a better quality of life than with an open thoracotomy (1, 2).

Localizing small-sized pulmonary nodules is challenging during VATS. Thus, several preoperative strategies have been developed to mark these targets (3, 4). Inadequate nodule localization may lead to prolonged operative time with an increased risk of performing an unplanned thoracotomy to find the nodule (5–7).



CASE DESCRIPTION

We present a case of a no smoker 62-year-old man diagnosed with two metachronous left lung metastases (15 and 12 mm) 20 months after surgery for colorectal adenocarcinoma (Figure 1). After discussion in a multidisciplinary meeting, the patient was scheduled to undergo double video-assisted thoracoscopic wedge resection.


[image: Figure 1]
FIGURE 1 | CT scan of two left lung nodules: (A) 15 mm upper lobe; and (B) 12 mm lower lobe.


We describe and discuss the technical steps of our localization strategy of nodules localization by using a preoperative CT-guided near-infrared dye marking (NIDM).

Written informed consent was obtained from the patient. The first step of the surgery consists of a preoperative CT-guided injection of indocyanine green (ICG). ICG is powder at 50 mg/10 ml and diluted in 20 ml of human albumin 20% (2.5 mg/ml). A 1 ml syringe was filled with the ICG/albumin mixture and connected to a CT-guided percutaneous 21-gauge needle, and the needle lumen was filled with the marking solution prior to the marking procedure. After local anesthesia with lidocaine, a marking solution (1 ml) was injected near the nodules (Figure 2). CT scan was repeated 30 min after the injection to monitor for pneumothorax or air embolism. The entire procedure lasted 60 min and was performed by expert interventional radiologists. Surgery was performed 5 h later. During bi-portal VATS, ICG-FL was visualized using Stryker’s SPY Fluorescence technology with a 30° camera, and the thoracoscopic NIDM detection was immediate (Figure 3). Thoracoscopic instruments were used to clamp the lung to set an imaginary staple line for the intended resection (green area), and wedges resections were performed using manual staplers. After resections, the specimen was observed, and the surgical margin was inspected macroscopically; the operative time was 52 min. The postoperative course was uneventful, and the patient was discharged on day 2. Final pathology confirmed R0 resection for both metastatic nodules.


[image: Figure 2]
FIGURE 2 | CT scan of needle injection of indocyanine green.
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FIGURE 3 | (A) Intraoperative field. Metastatic nodules: infrared (B) and white light (C) signal images.




COMMENTS

Detection of small pulmonary nodules has increased with the widespread use of chest CT screening (8, 9). Similarly, surgical resection of pulmonary metastases is nowadays widely performed in selected patients (10).

VATS is the minimally invasive procedure of choice in cases involving unsuccessful diagnosis through percutaneous transthoracic needle biopsy or the need for the resection of pulmonary nodules. However, two significant limits are strictly linked to the VATS procedure: the inability to visualize or palpate the target lesions. Furthermore, ground-glass nodule lesions do not alter the surface of the visceral pleura, and the elevation of tumors cannot be perceived in the deflated lung during VATS (11).

To overcome these problems, several localization methods have been developed to mark small-sized nodules before VATS (5–7). The most common markers are hook–thread, spiral wire needle, microcoil, fiducial marker, or dyes (methylene blue); each is injected into the lung near the target using a CT-guided percutaneous injection approach. Alternatively, barium and lipiodol or gamma-emitting radioisotopes can be injected, and the labeled nodules intraoperatively are detected using fluoroscopy or a gamma probe (12). Each of these methods is currently in clinical use but has unique drawbacks.

Kleedehn et al. reported that hook–wire needle localization has major complications like pneumothorax and pulmonary hemorrhage. The consequent dislodgement of the wire may make the surgical resection even more complex (13). The injection of methylene blue provides an effective, safe, and inexpensive method for intrathoracic localization, but diffusion away from the nodule represents the major limitation of this technique (3). Furthermore, radiation exposure is a problem for all radioisotopes. Asamura et al. first in 1994, and Lizza et al. later described a technique that involves the computed tomography-guided coil injection of a metallic coil and subsequent thoracoscopic resection under roentgenographic fluoroscopy (14, 15).

Our technique presents several specific advantages. First is the reproducibility and the absence of specific skills for an interventional radiologist who usually performs percutaneous TC lung biopsies. Second, the risk of radiation exposure is not present. Furthermore, target localization is usually not complicated by displacement or diffusion. ICG injection is well tolerated by the patient, which can freely move without the risk of any landmark dislocation. By the injection of other radiotracers like methylene blue or lipiodol is not easily identified the precise resection margin while has been described that dyes rapidly diffuse and do not remain in the target lesion. Finally, NIDM does not need immediate surgery because the marking persists from hours to days (3).

On the other side, NIDM presents some disadvantages. In cases of severe pulmonary emphysema, there is concern that liquid markers do not form a distinct spot but rather diffuse into pulmonary cysts; therefore, ICG may not be ideal in such cases. Moreover, the VATS equipment required to visualize ICG-FL is expensive and is available only in a limited number of institutions. The above-described procedure is the first European experience, having been exclusively described in oriental series (3, 4). The use of albumin as a solution for ICG is the first report in the literature.



CONCLUSION

In our experience, ICG diluted human albumin effectively overcame the diffusion and limitations of most common markers, facilitating accurate localization and resection of pulmonary nodules during VATS. Further investigation, including larger series, could confirm our initial report.
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