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Abstract 

Background: Detection of small pulmonary lesions has increased and often they are difficult to localize and 

resect. We present our mature experience with preoperative computer-tomography (CT)-guided radiotracer 

localization followed by resection of these lesions. 

Methods: Patients with pulmonary nodule smaller than 1 cm and/or deep below the visceral pleura underwent 

CT-guided injection of radiotracer technetium macroaggregates (99mTc-MAA) in/close to the lesion. A gamma 

probe was used to localize the marked area that was resected and in case of primary lung cancer, a lobectomy 

with nodal dissection was performed. 

Results: Between November 2007 and December 2017, 262 patients (196 men; median age 63 years) underwent 

preoperative radiotracer injection with a successful marking in all patients. Complications included 35 (13.4%) 

asymptomatic pneumothoraces, 36 (13.7%) parenchymal hemorrhage suffusions, and 2 (0.7%) mild allergic 

reactions to contrast medium. In all cases, except for 3, the gamma probe revealed the pulmonary lesion. Mean 

distance from the pleura was 10 mm (range, 0-40 mm). Pulmonary resection was performed by thoracoscopy in 

212 (80.9%) cases, intentional thoracotomy in 42 (16.0%), converted thoracoscopy in 8 (3.1%). Mean 

pathological nodule size was 9.3 mm (range, 2.5-39 mm). 166 (63.4%) nodules were nonsolid, 64 (24.4%) were 

partially solid, and 32 (12.2%) had a solid morphology. Histology showed 16 (6.1%) benign and 246 (93.9%) 

malignant lesions (218 primary lung cancers). 

Conclusions: Preoperative radiotracer localization of small/indistinct pulmonary lesions is simple and feasible 

with a high rate of success. It may be an effective and attractive alternative in managing lung lesions. 

 

Abstract Word count: 249 
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 In the last decades, thoracic surgeons are faced more and more with the management of an increasing number of 

patients with small lung nodules due to a diffuse use of computed tomography (CT) scans in daily clinical 

practice [1-6]. These patients are evaluated based on patient and imaging characteristics to determine the 

probability of the nodule being malignant [7]. 

The early diagnosis of these small pulmonary nodules is important because in cases of lung cancer the 

prognosis of these patients is correlated with their size [8,9]. However, preoperative attempts to obtain a 

cytological or histological diagnosis through transbronchial or transthoracic needle biopsy and positron emission 

tomography (PET) scans do not always allow definitive exclusion of the malignant nature of these lesions 

[10,11]. Patients with a solitary small lung nodule that is highly suspicious for primary lung cancer undergo 

wedge resection, intraoperative pathological evaluation, followed by a lobectomy, if proven malignant.  

Traditionally, these patients underwent a thoracotomy followed by palpation of the lung and eventually 

resection of the lesions. Patients with a nodule that was >5 mm away from the pleura that was <1 cm in size had 

about 63% chance of needing thoracotomy to remove the nodule [12]. However, the advancement of both video-

assisted thoracoscopic surgery (VATS) and robotic-assisted minimally invasive procedures has led to the 

development of advanced localization techniques to avoid thoracotomy. 

Advanced localization techniques are performed with either transbronchial or transthoracic localization. 

The most common transbronchial technique utilizes electromagnetic navigation bronchoscopy to place a fiducial 

marker with concurrent methylene blue dye injection. On subsequent thoracoscopic examination, the lesion can 

be identified with methylene blue on direct visualization and the fiducial can be identified with fluoroscopy [13]. 

Another option is to perform transthoracic localization with CT-guidance by a radiologist who leaves a 

hookewire [14-16], microcoil [17-19], dye and contrast dye [20-24] or radiotracer in the nodule immediately 
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prior to surgical resection [25-30]. This latter method has been largely used in our Institution since 2007. It 

consists in the preoperative percutaneous placement of a technetium (99TC) radiotracer in or near the lung lesion 

using CT guidance with subsequent thoracoscopic localization by endoscopic radio probe. This technique has 

been modified by other authors [26-28] who used 99TC macro-aggregated albumin (MAA) that stayed localized 

in lung parenchyma for 18-24 hours.  

The purpose of this study was to evaluate the results of our consolidated experience in terms of 

feasibility, safety, and efficacy of the procedure of preoperative CT-guided radiotracer localization followed by 

resection of small, indistinct, or non-palpable pulmonary lesions.  

 

PATIENTS AND METHODS 

Study Patients 

The proposal to place 99TC radionuclide to guide subsegment lung resection was approved by our Institutional 

Review Board. All patients with small pulmonary nodules who were enrolled to receive preoperative CT-guided 

radiotracer localization followed by resection were informed of the procedure's benefits, risks, and limitations 

and gave their written approval. 

Between November 2007 and December 2017, 262 consecutive patients underwent radiotracer injection 

followed by thoracoscopic localization for solitary undiagnosed lung nodules. Patients who had more than one 

nodule requiring localization were excluded from this study.  

 

Indication for Tumor Localization  
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Indications for surgical biopsy of the small or ill-defined pulmonary lesion were the presence of a PET positive 

nodule or a nodule increasing in size in subsequent CT scans even if PET was negative. Patients were selected 

for the radiotracer procedure in the following cases: a) when solid nodules were present, localization was 

recommended for small (diameter <10 mm) or deeply located (distance from the visceral pleura >10 mm) 

nodules; b) subpleural cavitary lesions and ground glass opacities (GGOs) were localized regardless of their size 

and depth.  

 

Technique of preoperative CT-guided radiotracer localization  

The technique of preoperative localization of lung lesions by the use of preoperative CT-guided percutaneous 

placement of 99TC radiotracer has been previously reported [29, 30]. Briefly, a radiologist experienced in 

interventional techniques performed CT-scan localization (Figure 1A). Positioning of patients in the CT scanner 

was performed to achieve the shortest direct path from the skin to the pulmonary lesion to be marked. Images 

acquired to localize the lesion were 1.25 mm thick without contrast medium. When possible, a direct and vertical 

needle trajectory was used to reach the target lesion. After injection of local anesthetic, the correct placement of 

the tip of a 25G needle in or near the nodule was verified with a further series of 12 to 20 images (Figure 1B). 

Once this was confirmed, 0.2 to 0.3 mL of a solution composed of 0.1 to 0.15 mL 99TC-MAA (MAASOL; GE 

Healthcare, Buckingamshire, UK) and 0.1 to 0.15 mL nonionic iodinated contrast medium was injected. 

Depending on the time interval between localization and the planned surgery, 4 µg to 9 µg human serum albumin 

macro aggregates labeled with 7 to 15 MBq eluted 99TC-MAA were used. A further CT scan was performed at 

the end of the injection procedure to define the distribution of the contrast medium, which also allowed us to 
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check for any iatrogenic pneumothorax (Figure 1C). An immediate postprocedure nuclear medicine scintigram 

was obtained to confirm the intraparenchymal location of the radiotracer (Figure 1D). 

 

Surgical Treatment 

 The surgical procedure was performed within 24 hours from the nodule localization with 99TC-MAA, 

either on the same day or the next day. The patient was placed in the lateral decubitus position after that a 

general anesthesia with single-lung ventilation was induced. Video-thoracoscopic camera was usually introduced 

in the VII intercostal space. A second thoracoscopic incision or small anterior utility thoracotomy was then 

performed for the introduction of the endoscopic gamma detecting probe (Neo 2000; Neoprobe, Dublin, OH) 

(Figure 2A) which allowed to identify the exact location of the nodule passing its over the surface of the 

involved lung (Figure 2B). In some cases, this procedure was performed trough a lateral muscle-sparing 

thoracotomy. The identification of the nodule was based on the maximum signal intensity by both a numeric and 

an acoustic signal (Figure 2C). The identified 99TC marked area was lifted up and a long clamp was positioned 

below this area. The lung parenchyma below the clamped zone was checked by radioprobe (Supplemental File 

1,A) and if the signal was absent or very low respect to the marked nodule, the stapler was placed here and fired 

(Supplemental File 1,B), and the specimen was removed in an endobag. The radioprobe was used to confirm the 

absence of signal in the remaining lung (both stapled line and nearby parenchyma) (Supplemental File 1,C) and 

to determine scintigram counts of the resected specimen (Figure 2D). A frozen-section examination of the 

resected lesion was performed. Patients with a confirmed diagnosis of primary lung cancer underwent immediate 

lobectomy or segmentectomy followed by nodal dissection. 
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RESULTS 

Characteristics of Patients and Pulmonary Lesions 

Between November 2007 and December 2017, 262 patients with ill-defined or not palpable pulmonary lesions 

underwent CT-guided radiotracer placement, with a successful marking in all the patients, and radio-guided 

surgical biopsy. Table 1 depicts the general characteristics of the study participants. There were 196 male and 66 

female patients, with a median age of 63 years (range, 19 to 79). The mean nodule size was 9.3 mm (range, 2.5-

39 mm). Radiological aspects of the pulmonary nodules were as follows: in 166 cases (63.4%) they were non-

solid with GGO aspect; in 64 cases (24.4% they were partially solid, and in 32 cases (12.2%) they were solid 

lesions. 

 

Localization Procedure 

No significant complications occurred in relation to CT-guided marking of the lesion, except for a) 35 

patients (13.4%) who developed a small asymptomatic pneumothorax (demonstrated only by post-procedural CT 

and ranging from few millimeters to 3.0 cm) all managed conservatively except two requiring chest tube 

placement before surgery; b) 36 patients (13.7%) who presented a parenchymal hemorrhage suffusion which did 

not need neither surgical intervention, nor blood transfusion; c) and two cases (0.7%) who had mild allergic 

reaction after the percutaneous injection of contrast medium controlled by of steroid administration. Of these 

patients, four had simultaneously a pneumothorax associated with hemorrhage suffusion.  

All radiotracer injections were confirmed with scintigraphy which showed that 248 patients (94.6%) had 

a correct radiotracer positioning while 14 patients (5.4%) had a mild extravasion of radiotracer into the pleura or 

diffusion into the surrounding area of the target; however, that did not interfere with the detection of radiotracer 
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at surgery. 105 patients (40.1%) underwent surgery on the same day of the localization procedure, and 157 

patients (59.9%) the day after the localization procedure. The reduction of radioactive signal related to the 6-

hour half-life of 99TC-MAA in the delayed cases did not affect our ability to localize lesions. 

 

Operative and Perioperative Results 

 At surgery, pulmonary resection of the lung undetermined nodule was performed by thoracoscopy in 

212 patients (80.9%) and by intentional thoracotomy in 42 cases (16.0%). Intentional thoracotomy was 

performed for deep nodules that the surgeon believed were not removable by the thoracoscopic stapling 

technique. The nodules were not palpable at open thoracotomy and required radioprobe guidance for localization 

and successful excisional biopsy. Eight patients (3.1%) required conversion to open thoracotomy and biopsy 

after thoracoscopic assessment of the nodule's actual location by the operating surgeon judged the nodule was 

too deep for thoracoscopic wedge excision (Table 2).  In every case a frozen section of the nodule was 

performed and the surgical procedure was then completed according to the result of the pathological 

examination. Table 2 reported the histology of the biopsied nodules. There were 16 cases (6.1%) of benign 

lesions while malignant lesions were encountered in 246 cases (93.9%). Of these, 218 patients (83.2%) had a 

primary lung cancer while 28 patients (10.7%) had a metastatic lesion. All patients found to have primary lung 

cancer underwent an immediate lobectomy and lymph node complete resection or, if severe emphysema was 

present, underwent a segmentectomy or a wide wedge resection. Overall, lobectomy was performed in 187 

patients, segmentectomy in 11 cases, and wedge resection in 64 cases. A frozen section of the surgical margins 

of the initial wedge resection of the 246 malignant cases was also performed and in no of these there was 

microscopic neoplastic disease. Neither intraoperative nor postoperative mortality occurred. Postoperative 
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complications were reported in 32 cases (12.2%) and included prolonged air leaks (n=24), atrial fibrillation 

(n=6), pulmonary embolism (n=1), and transient ischemic attack (n=1). 

 

COMMENT 

As the use of CT becomes widespread in clinical practice, the frequency of encountering small or faint lesions 

on CT is increased [31]. Low-dose CT greatly increases the likelihood of detection of small nodules, and 51.7% 

of detected lung cancers found during baseline screening were GGO [32]. According to some authors, these 

small nodules may be safely followed with serial CT scans to assess for their growth; some of these nodules, 

particularly those less than 5 mm, are said to be unlikely to be malignant. However, there is an increasing rate of 

malignancy in nodules greater than 5 mm. In some experiences, is reported that a 12% of patients with nodules 

between 5.0 and 9.0 mm were diagnosed with malignancy at follow-up [32]. It is intuitive that the risk of 

malignancy increases with the increasing diameter of the pulmonary nodule. Given these data, it is essential to 

definitively establish a diagnosis for small lung nodules in high-risk patients. 

The accurate early diagnosis of these small nodules is challenging, even with dedicated CT, PET-CT, or image-

guided percutaneous biopsy [10, 11]. We have not found percutaneous biopsy to be useful for these lesions, 

particularly for sub centimeter nodules. Others have reported a significant risk of false-negative results and 

complications with this technique [33]. The most accurate means for obtaining a definitive tissue diagnosis for 

suspicious, small nodules remains the surgical excision biopsy.  

VATS resection remains the preferred surgical procedure for both diagnosis and, in selected cases, treatment of 

pulmonary nodules. One of the major problems often encountered during VATS is localization of the target 

nodule, which depends on its location, size, and characteristics such as nodule consistency. Further, when small 
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nodules are located more than 2 cm below the pleural surface, it is difficult for surgeon to determine their exact 

location during operation [34]. Failure to localize pulmonary nodules often results in the conversion of VATS to 

open thoracotomy with a conversion rate ranging from 54% up to 63% for subcentimeter nodules [12, 35]. 

Several preoperative and intraoperative techniques have been described for nodule localization when performing 

VATS [13-30]. These procedures include metallic hookwire localization under CT guidance, CT-guided micro-

coil, a localization technique using barium or staining with methylene blue, and endothoracic pulmonary 

sonography. These methods are generally effective but burdened with significant rates of failure and 

complications: a) dye placement is limited by diffusion away from the nodule and difficulty in visualization in 

patients with extensive anthracotic pigmentation; b) the injection of liquids that are not soluble may be a 

potential risk of embolism and cerebrovascular accidents if these inadvertently reach the systemic circulation 

[22]; c) there is an high incidence of dislodgement of the hookwire or micro-coil during transportation to the 

operating room or during lung deflation for thoracoscopy, inducing pneumothorax, or during the maneuvers for 

pulmonary surgical resection, thereby rendering the procedure unsuccessful. Moreover, probably due to this 

dislodgement, the hookwire technique may lead to intrapulmonary hemorrhage, pleuritic pain, and air embolism.  

The main advantage of the intraoperative thoracoscopic ultrasonography technique for the localization of 

pulmonary nodules is that it does not require preoperative procedures. Unfortunately, this technique has an 

intrinsic limitation due to the absence of propagation of ultrasound in the presence of air. Therefore, in patients 

with emphysematous lung, in case of incomplete pulmonary collapse and in case of the presence of small and 

deep lesions, the rate of successful localization is seen to reduce significantly. Moreover, its success is operator-

dependent [36]. 
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In the literature are reported few experiences with the use of the percutaneous injection of radiotracer 

[26-30]. We perform CT-guided radiotracer injection using 99TC-MAA solution, modifying the technique 

described by Grogan [28], by adding a small amount of nonionic iodinated contrast medium to the radiotracer 

which allowed (a) to visualize the contrast medium distribution in relation to the nodule and (b) better guides the 

intraoperative localization performed by the surgeon.  

CT-guided percutaneous radiotracer localization seems to overcome many of the limitations of the 

previous mentioned techniques, has a high success rate, and has fewer and acceptable procedure-related 

complications. The marking of the nodule with a radiotracer is possible in any portion of the lung and does not 

interfere with the histological examination. Furthermore, the technique can increase the accuracy of the resection 

by verifying in real time the absence of radioactivity just above and below the stapler line, thus assuring an 

adequate oncological margin. Other advantages of this technique are the following: it does not require 

intraoperative fluoroscopy, does not require a skilled ultrasonographer, and uses an available radionuclide (lung 

scan), available radio probes (breast sentinel node procedures), available CT technology, and available 

thoracoscopic technology.  

Some pitfalls have been experienced but have been adjusted for. The first one, occurring in 4 cases in 

our experience, is the possibility of an extravasation of the radiotracer inside the lung parenchyma in case of 

bullous emphysema adjacent to the nodule. This can lead to a wider area of radioactivity, which reduces the 

precision of the resection. In our experience, we preferred to convert to a small thoracotomy, with the nodule 

nonetheless found inside the radioactive area. On the basis of this experience, we can say that bullous 

emphysema around the target lesion could be considered the only true contraindication for this technique. 

However, we overpass this risk by leaving the radiotracer near the target area and performing the lung resection 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

12 
 

according the exact visualization of CT scans which guide us to the correct identification of the lung area that 

must be resected.  

A second pitfall also described by other authors [26, 28], and occurred in 10 patients of our experience, 

is the spillage of the radiotracer into the pleural space, which may happen if the radiotracer is injected near the 

pleural surface of a major fissure, or more frequently if a pneumothorax develops during injection. This 

increases the ground radioactivity, thus enabling the correct localization of the lesion, even if, as occurred in our 

experience, part of the radiotracer was correctly injected within the nodule. We overcame this pitfall by adopting 

routine post-CT-placement nuclear medicine scintigram to confirm parenchymal placement of the radiotracer.  

A third pitfall could be considered the relatively short half-life of the radionuclide, which may lead to 

some difficulties in scheduling injection procedure and operation. Preoperative marking of the lesion should be 

followed by surgical resection, either immediately or within a few hours. Thus, in case the planned operation 

must be postponed, radiotracer could have dissolved the day after its introduction and no longer be detectable. In 

our experience, this problem has been overcome with the 99TC MAA solution that does not dissipate rapidly into 

the lymphatic system or surrounding parenchyma. In fact, we successfully localized nodules up to 15-20 hours 

after the injection of the contrast. In our experience about 60% of patients were operated on the day after the 

radiotracer injection without difficulty to detect the marked area.  

Evaluating the risks of this procedure, we have to underline the possibility to develop a pneumothorax 

like all procedures that require CT-guided placement. In our experience, in all the cases in which this happened 

(n=25, 9.6%), it was small and asymptomatic except for two cases requiring a chest drain placement before 

surgery. 
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The rate of detection through videothoracoscopic approach was high in our experience reaching the rate 

of 80.9% (n=212). Even during the open approach, the method was useful for the correct localization of the 

nodule, which was resected through simple wedge resection or typical segmentectomy. Another important point 

to consider is the risk of pleural dissemination due to the presence of positive surgical margins with initial wedge 

resection. Pathologic data on the surgical margins of the initial wedge resection of the 246 malignant cases 

revealed that in no of these there was microscopic neoplastic disease on the resected margins. This data confirm 

that our technique of nodule identification and resection may be considered a safe procedure without risk of 

pleural dissemination. 

At the light of our mature experience, we can affirm that the radiotracer localization technique is safe 

and effective, as evidenced by the acceptable rate of minor complications after the radiotracer injection, by the 

absence of intraoperative and perioperative morbidity and mortality, and the high rate of malignancy in resected 

nodules (93.9%). Our use of the localization procedure for both VATS and thoracotomy shows that this is a 

versatile technique that can be applied to various surgical approaches.  

 In conclusion, we have reported here our results of a large-experience in using radiotracer localization 

and subsequent radioprobe-guided excision in 262 patients with small or undefined pulmonary nodules. All 

nodules were successful localized and excised; most of them were malignant, 83.2% being primary lung cancer. 

Excised benign nodules were a very small amount (6.1%); thus, we believe that high rate of resected primary 

lung cancers justifies the use of this technique in patients with the clinical and radiologic suspicious of lung 

cancer. 
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Table 1. Clinical and radiological characteristics of the population 

 

Variable  Number 

Patient population 262 

Male/Female 

Median age (range) 

Mean nodule size (range) 

Mean pleural distance (range) 

Nodule morphology (%) 

     Non solid 

     Partially solid 

     Solid 

Radiological complications 

     Aymptomatic pneumothorax  

     Parenchymal hemorrhage soffusion 

     Mild allergic reaction to c.m. 

Radiotracer confirmation at scintigraphy 

     Correct 

     Extravasation 

196/66 

63 years (19-79) 

 9.3 mm (2.5-39) 

 10 mm (0-40) 

 

166 (63.4%) 

  64 (24.4%) 

  32 (12.2%) 

63 (24%) 

   35 (13.4%) 

   36 (13.7%) 

    2 (0.7%) 

 

248 (94.6%) 

14 (5.4%) 

  

 
c.m. = contrast medium
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Table 2. Surgical and Pathological Characteristics of the Population 
 

Variable  Number 

Patient population 262 

Time of the surgical resection  

     Same day of injection 

     Day after injection  

Pulmonary resection technique 

     Thoracoscopy 

     Intentional Thoracotomy 

     Converted Thoracoscopy 

 

Histology (%) 

     Benign 

     Malignant 

          Primary lung cancer 

          Metastasis 

 

   105 (40.1%) 

   157 (59.9%) 

  

  212 (80.9%) 

     42 (16.0%) 

     8 (3.1%) 

 

 

 16 (6.1%) 

246 (93.9%) 

218 (83.2%) 

  28 (10.7%) 
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Figure Legends 

Figure 1. CT images of the percutaneous placement of technetium and scintigram exam. A. CT scan localization 

of the GGO in the left upper lobe. B. Placement of needle tip near the GGO. C. CT scan at the end of procedure. 

D. Scintigram showing the correct placement of the radiotracer. 

 

Figure 2. Surgical technique of identification of the marked nodule. A. Introduction of the gamma probe under 

thoracoscopic vision. B. Identification of the marked nodule by the gamma probe. C. Visualization of the 

maximum intensity of the numeric radioactivity signal. D. Identification the nodule directly on the resected 

specimen. 
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