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Introduction

Due to the ever-increasing number of  computed 
tomography (CT) scans, the rate of small pulmonary 
nodules is continually rising. The causes for increased CT 
scans are multi-fold. The National Lung Screening Trial 
demonstrated that use of low-dose CTs for high-risk patients 
showed a relative reduction in mortality of 20% from lung 

cancer (1), leading to the implementation of lung cancer 
screening programs. Chest CTs are also used for clinical 
staging in other malignancies (2), for preoperative evaluation 
prior to transcatheter aortic valve replacement (3),  
and for determination of coronary calcification (4). While 
most of these small nodules can be safely monitored, many 
other indeterminate nodules will need to undergo surgical 
biopsy to diagnosis to rule out malignancy.
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Concurrent to the increasing number of small lung 
nodules, thoracic surgery has progressed to more minimally 
invasive techniques. Video-assisted thoracoscopic surgery 
(VATS) and robotic-assisted thoracoscopic surgery (RATS) 
are increasingly being used for biopsy of small nodules and, if 
malignant, anatomic resection of early stage lung cancer (3).  
However, both VATS and RATS techniques can have 
trouble identifying small, nonsolid, or deep lung nodules as 
finger palpation is not feasible (4). In 1999, 54% of VATS 
cases for lung nodule resection required conversion to open 
thoracotomy, with the majority of conversions done to help 
identify the lesion (5). In order to aid with intraoperative 
identification of these nodules for accurate surgical 
resection, different preoperative localization techniques 
are available. Knowledge of these techniques and their 
potential complications is essential for thoracic surgeons. 
This article will describe the main types of preoperative 
marker placement, preoperative tracer or dye injection, 
and intraoperative localization techniques. We present the 
following article in accordance with the Narrative Review 
reporting checklist (available at https://ccts.amegroups.com/
article/view/10.21037/ccts-20-90/rc).

Methods

All reviews, case series and reports, and trials involving 
localization of pulmonary nodules within the last 25 years 
that were listed on PubMed were reviewed and relevant 
articles were included in this work.

Preoperative placement of markers

Placement of metallic markers preoperatively has been 
shown to be very effective for localization of small 
pulmonary nodules. The three main options are microcoil, 
hookwire, and fiducial marker placement. Each of these 
techniques requires coordination with colleagues in 
interventional radiology to place these markers using CT 
guidance prior to the procedure.

Microcoil placement

The microcoil technique involves placement of a coil next 
to the desired lung nodule, with one end deep to the nodule 
and one end superficial to the nodule. Thus, the microcoil 
is contained within the lung parenchyma and can be located 
intraoperatively with fluoroscopy (6). Multiple studies have 

shown a high rate of successful identification of the target 
pulmonary nodule with subsequent adequate resection 
and diagnosis. In two different series the identification 
success rate was 100%, Donahoe et al. in 63 patients and 
Rodrigues et al. in 124 patients (7,8). When compared to 
patients not receiving preoperative localization, Finley 
et al. demonstrated percutaneous CT-guided microcoil 
localization prior to VATS led to complete resection of 
the nodule for diagnosis in 93% (27/29) of patients vs. 
48% (13/27) in the control group (9). This study also 
demonstrated that microcoil preoperative localization was 
associated with a shorter operative time, decreased stapler 
use, and shorter mean hospital length of stay (9). Immediate 
confirmation of complete resection of the nodule can be 
determined with a plain radiographic image showing the 
microcoil in the specimen.

Though microcoil placement is a reliable marker, there 
are some complications associated with this technique. 
The previously mentioned studies described a 2% risk of 
preoperative pneumothorax (8), 1% risk of intraoperative 
episode of hemothorax (7), 1.6% risk of hemoptysis (7), and 
4% rate of microcoil dislodgement (8). In the patients with 
a displaced microcoil, an additional microcoil was required 
at the time of placement (8) which allowed for the 100% 
resection rate. While the rate of microcoil dislodgement 
was previously higher (10), the change in technique, with 
the coil being fully embedded within the lung parenchyma 
and not extending to the pleura, has led to more accurate 
placement (6).

Hookwire placement

Hookwire localization involves the percutaneous placement 
of a hook using CT guidance adjacent to, or deep to, the 
lesion, with the attached wire extending externally and 
taped to the skin. Intraoperative localization occurs using 
the wire to visualize the track to the nodule. Of note, 
the wire must be left with some slack at the skin, since a 
pneumothorax can cause the lung to pull away and dislodge 
the hook (6). The data for hookwire use also demonstrates 
high efficacy, with some studies showing 100% localization 
using this technique (11). Ciriaco et al. demonstrated a 
92% (49/53) rate of identification of small nodules, though 
only 58% (31/53) of the patients had nodules that were not 
visible or palpable on the pleural surface (12). Similar to 
microcoils, the use of hookwires has been associated with 
decreased operative time (12).

https://ccts.amegroups.com/article/view/10.21037/ccts-20-90/rc
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The hookwire method of nodule localization has similar 
complications to the microcoil, though at a higher rate. 
Pneumothorax rates after the localization procedure have 
been noted to be as high as 49% (206/417 of patients) 
directly after the procedure and up to 68% (284/417 of 
patients) 30 minutes after the procedure (13). Aspiration 
of the pneumothorax was required in 4.6% (19/417) of 
patients due to >50% collapse or presence of symptoms (13). 
Other groups demonstrate a smaller rate of pneumothorax, 
ranging from 7.5% to 35.8%, none of whom required a 
chest tube (11,12). Wire displacement is potentially higher 
than microcoils, as it has been seen in all analyzed series, 
varying from 2.7% to 13% (11,14,15). For many of these 
displaced hookwires, the hematoma on the pleura of the 
surface was sufficient to guide the surgeon to successful 
resection of the specimen (12). Dislodgment often occurred 
during transport to the operating room or while positioning 
and prepping the patient on the operating table for surgery. 
Positioning the patient appropriately on the operating 
table and leaving a longer length of hookwire outside of the 
chest in order to allow the single ventilated lung to deflate 
without issue showed a reduced risk of dislodgment (12). 
Hemoptysis and pulmonary hematoma complications were 
also higher with one study showing 11/417 and 37/417 
patients experiencing these respectively (13). Notably, 
hookwires are also associated with the risk of systemic air 
embolism. While one study demonstrated a 0.24% risk 
with spontaneous resolution (13), a case report described 
this complication with cardiovascular collapse and asystole 
directly after placement of the hookwire (16). CT images 
demonstrated a large quantity of gas in the ascending 
aorta, requiring Trendelenburg positioning and immediate 
resuscitation to prevent a mortality (16).

Fiducial markers

Similar to microcoils, radiopaque fiducial markers can be 
placed preoperatively in or adjacent to the target, with 
intraoperative identification using fluoroscopy. The gold 
markers are inert and rarely migrate if placed within the 
pulmonary parenchyma (10). This allows them to be placed on 
a different day than the procedure. Sancheti et al. demonstrated 
a 98% (57/58) success rate of nodule removal with the use of 
fiducials, with the mean size of 9.9±4.6 mm and mean depth 
from the visceral pleura of 18.7±12 mm (17). A smaller series 
demonstrated high efficacy as well, with a 95% (19/20) success 
rate; the one failure being due to deployment of the marker 

within the pleural space (18). Fluoroscopy time was measured 
and was found to be a mean of 46 seconds with an associated 
mean radiation dose of 12.97 mGy (18). A radiographic image 
of the removed lung is used to identify the presence of the 
fiducial in the specimen.

As with the other marker placements, there is a small rate 
of complications. A small series showed a 10% (2/20) rate 
of pneumothorax (18) vs. another which had no reported 
occurrences (17). No cases of hemoptysis were reported in 
the examined series, and only one case had the presence of a 
pleural hematoma (18). While the risk of fiducial migration is 
low, there was a 1.7% chance of migration in one series (17).  
More unique to fiducial markers is the risk of vascular 
embolization. Sancheti et al. demonstrated a 1.7% (1/58) 
chance of fiducial vascular embolization (17), with a case report 
from a different institution describing the fiducial embolizing 
through the pulmonary vein to the left ventricle (18). Though 
this patient had no long-term morbidity (19), there remains 
the potential risk of stroke with vascular embolization.

Preoperative tagging with liquids

Localization of small pulmonary nodules can be performed 
using CT-guided marking with liquids, such as methylene 
blue, barium, India ink, and radiotracers (10). Of these 
multiple options, the two most commonly used options are 
methylene blue injection and radiotracer injection. While 
the marker placements can occur within a various amount 
of time prior to surgical resection, tagging with methylene 
blue or radiotracers both require surgical resection within 
hours as the liquids diffuse over time which results in 
decreased localization accuracy (10).

Methylene blue localization

Methylene blue is a blue dye that has been used since the 
1990s for tagging small pulmonary nodules. Using CT 
guidance, the blue dye is injected superficial to the nodule 
and along the tract to the pleural surface with the majority 
of the dye injected into the subpleural parenchyma, allowing 
for identification of the target area (Figure 1). Importantly, 
the methylene blue dye must not be spilled into the pleural 
cavity, as the area marked for resection may then be larger 
than necessary. Of the available localization techniques, it 
requires the least amount of equipment and remains the 
most cost effective.

In a study performed during 1992–1996, Vandoni et al.  
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used methylene blue for pulmonary nodules less than 2.5 cm  
that were not located on the pleural surface, with a 93% 
(50/54) success rate (20). Of these nodules, 91% (49/54) 
were wedged out via VATS. They did note a 13% rate of 
post-injection pneumothorax prior to surgery, but these 
were clinically irrelevant and no intervention was needed. 
A more recent study evaluating 80 patients with lesions less 
than 2 cm demonstrated a 94% rate of localization with CT 
virtual simulation the day prior to surgery and methylene 
blue injection just prior to surgery (21). The average lesion 
size was 10.4±3.5 mm and average depth was 9.4±4.9 mm.

While most studies did not report any complications 
there is a small risk of allergic reaction, <1% (10). When 
evaluating different blue dyes that are used for sentinel 
lymph node mapping for other malignancies, methylene 
blue has the lowest rate of allergic reaction, which includes 
rashes, urticaria, or anaphylaxis (22). There have been 
no reported cases of anaphylaxis during preoperative 
localization for pulmonary nodules using methylene blue.

Technetium 99 localization

Several techniques using radiotracers have been used to 
localize small pulmonary lesions. Of these, technetium-99m 
(Tc-99m), the same radiotracer used in lung perfusion scans, 
has evolved as a safe and feasible option with reproducible, 
successful accuracy. While the technique requires 
coordination with radiology for preoperative injection, the 
radiotracer has a relatively long half-life, is stable in tissue, 
is easily localized with a gamma probe, and does not risk 
dislodgement.

In a two-stage, translational study from 2004, Daniel et al.  
reported the feasibility of using CT-guided transthoracic 
peritumoral injection of Tc-99m to localize small pulmonary 
lesions for subsequent resection (23). After radiographic 
injection of Tc-99m, intraoperative gamma probe 
localization was 100% successful (13 patients) in identifying 
the radiotracer during thoracoscopic surgery. In a large 
cohort of 211 patients undergoing thoracoscopic resection 
of sub-centimeter pulmonary nodules, Ambrogi et al. 
reported a localization accuracy of 99% (208/211) with Tc-
99m injection (24). All patients underwent surgical resection 
within 4 hours of CT-guided injection of radiotracer.

Regarding Tc-99m injection,  there are l imited 
complications. Daniel et al. had no reported complications 
from radiologic injection or surgical resection (23). In the 
series by Ambrogi et al., a small number of patients (10%) 
developed a pneumothorax prior to resection, which did 
not affect surgical resection or postoperative recovery (24). 
Similar to methylene blue, wide radiotracer parenchymal 
diffusion or spillage into the pleural space prevented 
localization in a small number of patients (24). The 
authors note that radiotracer diffusion was more common 
in patients with severe emphysema, suggesting a relative 
contraindication to the technique.

Concurrent operative localization

More recent developments have led to different techniques 
that allow for small pulmonary nodule localization in the 
operating room, resulting in the use of a single anesthetic 
and procedure for marking and resection. The two most 
promising developments are injection of dyes using 
navigational bronchoscopy and placement of markers at the 
time of the operation.

Near-infrared fluorescence (NIF) with indocyanine green 
(ICG)

Methods of  pulmonary nodule local izat ion using 
electromagnetic navigational bronchoscopy allow surgeons 
to complete localization in the operating room. Utilizing 
NIF technology via thoracoscopic cameras, peritumoral 
injection of ICG contrast has emerged as an accurate and 
efficient method for localizing pulmonary nodules and, an 
additional benefit when it is administered intravenously (IV), 
ICG can also delineate the intersegmental plane.

Performing localization starts with a preoperative review 

Figure 1 Intraoperative view during VATS with preoperative 
methylene blue localization. VATS, video-assisted thoracoscopic 
surgery.
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of collimated CT scan data using superDimensionTM 
software (Covidien, Minneapolis, MN, USA) to create a 
virtual bronchoscopic pathway to the target lesion. In the 
operating room, sensors are attached to the patient which 
are then registered with an electromagnetic bronchoscopy 
system. Virtual-guided bronchoscopy is then performed to 
within a goal distance of 1 cm or less to the target lesion 
and ICG contrast is injected via a bronchoscopic needle. At 
our institution, 0.5 mL of ICG solution is injected followed 
by a flush of 0.5 mL of sterile water. During robotic 
surgery on the Xi version of the da Vinci robotic system, 
the thoracoscopic camera is equipped with near-infrared 
technology (Firefly, Intuitive Surgical, Sunnyvale, CA, 
USA) and can identify the lesion (Figure 2).

In 2001, Sakamoto et al. were the first to describe 
pulmonary nodule localization using indigo carmine contrast 
injected via flexible bronchoscopy (25). A series of studies 
followed, reporting accurate localization of small pulmonary 
nodules using electromagnetic navigation bronchoscopy 
(ENB) with transbronchial injection of blue dyes, most 
commonly, methylene blue (26). While the accuracy of blue 
dye contrasts range from 79–100%, these agents are limited 
by quick diffusion in lung tissue, thereby limiting precision 
intraoperative visualization. A number of groups have 
conducted institutional studies regarding the accuracy of 
ENB-guided NIF using ICG for intraoperative localization. 
In 2014, Okusanya et al. conducted a two-stage trial with 
preoperative intravenous ICG (5 mg/kg) followed by open 
thoracotomy within 24 hours (27). NIF detected 16/18 

(88.9%) nodules. Furthermore, five additional nodules were 
identified which were not initially apparent on CT imaging. 
The authors found that the sensitivity for detecting nodules 
with ICG was dependent on tissue depth but independent 
of nodule size, metabolic activity, histology, or vascularity. In 
2018, Anayama and colleagues reported a series of 37 patients 
with small pulmonary nodules who underwent thoracoscopic 
wedge resection using a mixture of ICG and iopamidol for 
localization by either CT-guided percutaneous injection or 
bronchoscopic injection (28). In the CT-guided group, 15/15 
(100%) nodules were successfully and in the bronchoscopic 
group, 20/22 (90.9%) nodules were localized accurately.

Our institutional experience with NIF localization using 
ICG when administered both via ENB and intravenous 
injection has been previously detailed (29). In a cohort 
of patients undergoing robotic segmentectomy, 93 were 
selected for ENB localization with ICG. Lesions were 
localized based on size (favored for small lesions <2 cm), 
morphology (ground-glass opacification), and anatomy 
(favored in lesions deep to the pleural surface). Of these 
93 patients, the pulmonary nodule was successfully 
identified in 80 patients (86%). The most common reasons 
for localization failure were inaccurate electromagnetic 
navigational bronchoscopy or ICG injection (due to 
inaccurate mapping) and technical malfunctions of the 
equipment (inability to calibrate the electromagnetic 
field or inability to load the mapping data). Key factors to 
decrease inaccurate ICG injection include proper patient 
selection, as nodules far from an airway will be difficult to 
localize, and injection on the proximal aspect of peripheral 
nodules, as distal injection can lead to ICG infiltrating the 
pleural space.

Image guided video-assisted thoracic surgery (iVATS)

iVATS involves placement of a T-bar in small pulmonary 
nodules at the time of the operation in a hybrid operating 
room. This specialized room includes both a C-arm 
fluoroscopic imaging system as well as full equipment for an 
operating room. This intraoperative procedure eliminates 
patient transport between two locations. In the first clinical 
trial, there was 100% tagging on nodules with complete 
resection, with an average lesion size of 13±3.8 mm (30). A 
subsequent larger study of 50 patients from the same group, 
Gill et al., demonstrated a continued high success rate of 
97% utilizing this technique, with six different surgeons 
included in the study (31).

Figure 2 Intraoperative view during RATS after intraoperative 
navigational bronchoscopy with ICG contrast injection near 
the lesion. RATS, robotic-assisted thoracoscopic surgery; ICG, 
indocyanine green.
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Since iVATS is a relatively new technique, mostly 
described at a single center, the main risks associated are 
still being discovered. The combined studies demonstrated 
a low rate of postoperative pneumonia, prolonged air 
leak, one patient with an ileus and one patient with a 
splenic bleed requiring embolization (30,31). Due to the 
immediate transition from T bar placement to surgical 
resection, the risk of clinically significant pneumothoraxes 
was not noted (30,31). However, as with other markers, 
the T bar can be dislodged. In the larger series of patients, 
3 T bars were displaced into the diaphragm, chest wall, 
or liver (31). However, due to entry marks on the visceral 
pleura, the nodules were still identified and resected 
during the VATS.

Conclusions

The number of small pulmonary nodules that require 

surgical resection for diagnosis will only continue to increase 
due to the widespread use of CT scans. With pulmonary 
resections being done via minimally invasive techniques, 
thoracic surgeons must be familiar with the different 
techniques of localizing these lesions for successful resection 
(Table 1). While most techniques utilize preoperative 
image guided placement of markers or injection of liquids, 
newer technology is making concurrent localization and 
resection the direction of the future. However, these newer 
technologies need either surgeon expertise in navigational 
bronchoscopy or available hybrid operating rooms. If either 
of those are not available, preoperative localization requires 
the support of the interventional radiology department. 
The exact modality used to help identify these lesions will 
depend on the experience and resources available at each 
center. However, each of these techniques is an overall 
reliable and safe way to aid in surgical resection of small 
pulmonary nodules.

Table 1 Comparison of localization techniques for small pulmonary nodules

Localization technique Advantages Disadvantages Equipment needed

Preoperative markers

Microcoil No protruding wire 
Can be performed a separate day

Requires fluoroscopic identification CT guidance by IR 
Intraoperative fluoroscopy

Hookwire Easy to visualize the wire going to the nodule Must be performed the same day of OR 
Risk of air embolism

CT guidance by IR

Fiducial No protruding wire 
Can be performed a separate day 
Easier to place than microcoil

Requires fluoroscopic identification 
Risk of vascular embolization

CT guidance by IR 
Intraoperative fluoroscopy

Preoperative liquids

Methylene blue Visualize easily without special  
equipment

Rapid diffusion into tissue, so must be on 
same day as OR 
Anaphylactic reaction

CT guidance by IR

Tc-99m No need for fluoroscopy Rapid diffusion into tissue, so must be on 
same day as OR 
Radiation exposure

CT guidance by IR 
Radiotracer 
Gamma probe

Intraoperative techniques

NIF with ICG Performed by surgeon 
Same OR for tagging and surgery

Requires surgeon expertise at navigational 
bronchoscopy

Navigational bronchoscopy 
NIF camera

iVATS Same OR for tagging and surgery Requires radiologist availability at  
time of procedure

Hybrid room

Easy to visualize the wire going to the nodule 
Patient in the same position for tagging and 
resection

Dislodged T-bars CT guidance software and 
radiologist

CT, computed tomography; IR, interventional radiology; OR, operating room; Tc-99m, technetium-99m; NIF, near-infrared fluorescence; ICG, indo-
cyanine green contrast; iVATS, image guided video-assisted thoracic surgery.
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