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Abstract: In this paper, we described our clinical experiences with respect to image-guided thoracic

surgery, including procedures involving percutaneous injection of fluorescent dye, radiotracers, and hook

wires, guided by preoperative computed tomography (CT); and transbronchial injection of fluorescent dye

by using electromagnetic navigational bronchoscope technology. Our recent experience with the intravenous

systemic injection of fluorescent dye for the intraoperative detection of pulmonary lesions and intersegmental

planes are also described in this review.
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Introduction

Image-guided surgery can be defined as surgery where
the operator utilizes surgical devices that incorporate the
use of tracking technology in conjunction with a fusion
of images in order to guide surgical procedures (1). This
method mainly uses video cameras or electromagnetic fields
to capture the anatomical information of the patients, and
the surgeon’s movement in relation to the patient, and
subsequently relay such information to computer monitors
in the operating room. Image-guided surgery was originally
developed for brain surgery (using stereotactic devices) or
radiosurgery that are generally guided by multiple imaging
modalities, such as computed tomography (CT), magnetic
resonance imaging, and positron emission tomography
(PET) ().

With recent advances in video-assisted thoracoscopic
surgery (VATS), there has been an increasing use of imaging
technology to facilitate minimal resection with minimal
incision (3,4). Generally, for the diagnosis of indeterminate
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pulmonary lesions, CT-guided transthoracic needle biopsy
of small lung lesions is performed (5,6). However, this
technique might be technically limited and problematic
because of low diagnostic yield for small ground-glass
lesions (7,8). Thus, VAT is a safe and minimally invasive
diagnostic procedure in such cases, which can also be used
simultaneously for the definite treatment of indeterminate
pulmonary lesions (9,10).

Imaging modalities for thoracic surgery include
techniques, such as intraoperative ultrasonography (11,12)
and use of fluorescent dyes (13,14) to identify small
nonpalpable nodules or to visualize sufficient resection
margins during sublobar resection (15). They also involve
preoperative localization techniques, such as dye injection
(16,17), radioisotope administration (18,19), or metallic
device use (microcoils or hook wires) with CT (20,21) or
electromagnetic navigational bronchoscopy (ENB) (22,23).
Historically, the CT-guided hook-wire marking method is
the most commonly used technique. The techniques using
microcoils or radiocontrast materials, such as lipiodol, also
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Figure 1 CT-guided hook wire localization with lipiodol. (A) Operative finding, (B) percutaneous injection of hook wire and lipiodol.

showed acceptable results in several studies (15); however,
the debate for establishing an ideal localization technique
for VAT S-based resection is currently ongoing as is the
development of noninvasive techniques using fluorescent
dyes or intraoperative ENB. In this article, we described
our experiences with various types of image-guided thoracic
surgeries and reported the outcomes. We also discuss our
recent preliminary investigation of ENB-based localization
for VATS and robotic surgery.

Dual localization techniques using radiocontrast
and hook wires

Preoperative hook-wire marking via CT-guided localization
is the most commonly used techniques for VAT S-based
resection of small peripheral pulmonary nodules. The
hook-wire technique has been reported to be accurate and
is associated with high success rates, while resulting in
higher rates of pneumothorax, bleeding, and dislodgement
of hook-wires compared to other methods (24,25). Wire
dislodgement or migration might be reduced by using short
length wire with suture system and by minimizing time
interval between procedure to operation. Alternatively,
localization with radiocontrast materials, such as lipiodol,
might be an option for ensuring accurate resection margins
using intraoperative cone-beam CT or C-arm fluoroscopy
while stapling. However, this method has also several
disadvantages, including a potential risk of dye embolism,
and is only available in hybrid operating rooms (cone beam
CT or C-arm fluoroscopy) (26,27). To compensate for the
disadvantages of solo localization with only hook-wires
or lipiodol, we planned a clinical study involving a dual
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localization technique with both hook-wires and lipiodol
use, guided via CT fluoroscopy for VATS resection of small
pulmonary nodules. Our method was performed in 32
patients with 36 nodules. Under CT-fluoroscopy guidance,
0.2 mL of lipiodol was injected into the center of the lesion,
followed by hook-wire (21-gauge needle, Kopans Breast
Lesion Localization needle; Cook Medical, Bloomington,
IN, USA) insertion at the same site (Figure 1). There
was no catastrophic event such as air embolism following
hookwire insertion in our study.

During surgical resection, we identified the pleural
location via the hook-wire and ensured adequate resection
margins using lipiodol spots under intraoperative C-arm
fluoroscopy. Using this method, we reported that all lesions
were successfully resected; however, one case involved hook-
wire dislodgement and could be identified by observing the
lipiodol under intraoperative C-arm fluoroscopy. The mean
resection margin was 4.9 mm and additional resection was
performed in three cases for further clearance of resection
margins. Lipiodol marking could provide surgeons clearer
target spot images so as to achieve more adequate surgical
resection margins during therapeutic sublobar resection (28).
Wire dislodgement or migration

Dual localization techniques using radiotracers
and hook wires

We reported the feasibility of VATS resection for small
subpleural pulmonary nodules after dual localization
using CT-fluoroscopy-guided hook-wire insertion and
radiotracer use; (99m)Tc-phytate. Usually, the hook-wire
marking technique has been showed acceptable success

7 Thorac Dis 2018;10(Suppl 6):S731-S738



Journal of Thoracic Disease, Vol 10, Suppl 6 April 2018

rates of target localization in several studies; however, there
have been problems related with hook-wire insertion, such
as displacement and pulmonary hemorrhage, which are
critical for VATS resection. Thus, we performed the dual
localization technique to compensate for the limitation of
hook wire localization using the dual localization method
with additional radiotracer markers on 36 pulmonary
nodules in 34 patients (19). In our trial, hook-wire marking
was used for the detection of pleural location. Subsequently,
after the removal of the hook-wire, we investigated
radioactivity with intraoperative hand-held gamma probes
(Neo02000; Devicor, Cincinnati, OH, USA). After resection,
we studied the yield using this method, with the pathologic
results. Hook-wire dislodgement occurred in seven cases;
however, we resected the target lesion successfully by
gamma probe-guided identification in all seven cases. This
technique uses radiotracers as a marking material, which
need hand-held gamma probes. The use of radiocontrast
materials, such as lipiodol, usually need a hybrid operation
setting for intraoperative detection (cone beam CT or C-arm
fluoroscopy; huge devices), which is not easily available.
The potential disadvantage of both techniques described
here is radiation exposure to patients from the radiotracers,
intraoperative CT, or C-arm fluoroscopy (18,29).

Intraoperative tumor detection by systemic
injection of fluorescent dye

Recently, near infrared fluorescence (NIR) imaging has
become an emerging technique for the localization for lung
lesion. Originally, fluorescent dyes, such as indocyanine
green (ICG), have been used for medical diagnosis to
determine cardiac output (30), hepatic function (31), or
during ophthalmic angiography (32). ICG has a peak
spectral absorption at about a wavelength of 800 nm (near
infrared). ICG has been used for the visualization of tumor
extent and cancer cells in cancer surgery (33,34). The
visualization of the extent to which lymph nodes harbor
tumor cells is frequently performed in breast cancer (35)
or skin tumor (36) using ICG injection to determine the
surgical extent required. Several studies demonstrated the
intraoperative visualization of NIR imaging a few hours or
days after systemic injection of ICG in colorectal hepatic
metastasis (37) and brain tumors (38).

For NIR visualization of lung lesion, Okusanya and
colleagues already demonstrated that pulmonary nodules
might be visualized via intraoperative NIR imaging by
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the systemic injection of ICG (5 mg/kg), 1 day before
operation (39). However, their use of 5 mg/kg ICG is the
maximum limit for humans and sometimes a high dose
might be associated with toxicity or allergic reaction to
iodine. In our preclinical trials, we demonstrated that
the perfusion of vital organs could be imaged using 0.6
mg/kg ICG via NIR imaging in a porcine model. From
the early preclinical experiences, we studied the optimal
human-dose of ICG for intraoperative NIR imaging by
reducing it to 1 mg/kg ICG, 1 day before surgery. In 11
patients, we evaluated intraoperative NIR imaging and
measured fluorescence intensities of lung lesions using
endoscopic fluorescence imaging systems. From the study,
we found that a low dose (1 mg/kg) of ICG was sufficient
for intraoperative NIR imaging of pulmonary tumors (40).
However, the fluorescent signal was not correlated with
the tumor pathology, size, or depth from pleura. We could
see the fluorescent signal on 3-mm sizes nodule which
was the smallest in our series. However, our result did
not discriminate the tumor from inflammatory lesions
on intraoperative NIR images with ICG (Figure 2). The
limitation of this study was the nonspecific NIR signal of
inflammatory lesion. Future study will focus on how we
could incorporate the intravenous ICG technique in real
clinical field for detection of pulmonary lesion.

Visualization of intersegmental planes during
segmentectomy with fluorescent dye

To define the intersegmental plane during the
segmentectomy, NIR fluorescence imaging techniques
with ICG could provide a clear real-time imaging
for intraoperative use. The various techniques for
intersegmental plane visualization during segmentectomy
have already been described in several studies (41,42). For
minimally invasive thoracic surgery, dye-based methods
using fluorescent dyes, such as ICG, could provide clear
real-time NIR images. Several studies reported that the
use of ICG injection for NIR imaging of intersegmental
planes for VATS segmentectomy (43-45). We studied real-
time intraoperative detection of intersegmental planes with
endoscopic NIR images by the systemic injection of ICG
after pulmonary artery division of target segments (Figure 3).

The optimal dose of ICG for intersegmental plane
visualization in the clinical setting was evaluated in animal
models, and we also found that an ICG concentration of
0.6 mg/kg was sufficient for fluorescent imaging (46).
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Figure 2 Pulmonary lesion after intravenous systemic injection of indocyanine green 6 hours before operation. (A) Subpleural mass, (B)
fissural lesion. Endoscopic fluorescent views of (C) subpleural mass, (D) fissural lesion. Arrows in (A) and (B) indicate the pleural lesion

on CT scan. Arrows in (C) and (D) indicate the endoscopic fluorescent view of ICG-stained pleural lesions matched with CT scan. ICG,
indocyanine green.

Figure 3 Intersegmental plane by intravenous injection of indocyanine green after pulmonary segmental artery division.
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Figure 4 Preoperative localization with combined lipiodol and fluorescent dye (indocyanine green). (A) CT localization with lipiodol and

indocyanine green, (B) operative finding of fluorescent dye.

Intraoperative localization under CT guidance
with fluorescent dye and lipiodol

There were some attempts to combine dye and contrast
agent without hook wire (47,48), the fluorescent images
have been reported to be used for preoperative localization
of lung nodules. However, soluble ICG can spread out
through the lung parenchyma without staying the injected
lesion. In addition, it is difficult to decide the resection
margin of deep-seated nodule for limited depth penetration
of fluorescent images (13,38).

Thus, to overcome these limitations, we developed
fluorescent iodized emulsion by mixing ICG dye with
lipiodol (lipid soluble radio contrast) to remain ICG on the
injected target and to reduce the depth limitation (Figure 4).
In prospective trial of 36 nodules, ICG signal was not
detected in two patients, but these two nodules were
detected and successfully resected under C-arm fluoroscopic
guidance.

Intraoperative localization via ENB with
fluorescent dye and lipiodol

More recently, ENB has been used to help localize the
target lesion or visualize the intersegmental plane during
VAT S-based surgical resection (Figure 5). Originally,
ENB was developed as a minimally invasive diagnostic
tool for peripheral lung lesion with less procedure-related
complications. The use of ENB has been increasing
for localization of target lung lesions during VATS or
robotic sublobar resection (49-51). In recent series of
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ENB localization for VATS resection, they reported the
acceptable results using methylene blue, indigo carmine or
ICG. However, soluble dye injection by ENB technique
might show the dye diffusion which could not see the
correct target location. In our study, we studied the efficacy
of mixed dye with ICG and lipiodol to prevent the dye
diffusion during ENB localization. We performed ENB
localization with ICG for VATS or robotic resection in 10
patients. The ICG and lipiodol was mixed with in the ratio
of 1:9 and injected 1 mL of mixed dye to target lesion using
1.9-mm diameter injection needle. Using this technique,
our preliminary data showed a 90% success rate and one
failure, probably because the target lesion was located in
the deep lung parenchyma (34-mm from the pleura) and
there was no adverse event and no dye diffusion. Although
we need further studies to ascertain the role of the ENB
localization technique as a virtual image guiding tool for
minimally invasive sublobar resection, this technique using
fluorescent dyes and mixed dye to minimize diffusion,
might be a promising tool for future image-guided thoracic

surgery.

Summary

In this article, we described our preclinical and clinical
applications of imaging techniques for thoracic surgery.
Although our preclinical or clinical experiences might not
demonstrate all innovations in image-guided techniques
for thoracic surgery, current techniques for image-guided
surgery might help thoracic surgeons perform minimal
resections with minimal incision to improve surgical
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Figure 5 Intraoperative localization under electromagnetic navigational bronchoscopy. (A) Navigation to target lesion on virtual map, (B)

real-time identification of lipiodol on C-arm fluoroscopy.

outcomes. Recent applications of ENB for localization will
enable surgeon-led localization with high accuracy and
patient’s safety; it will also facilitate patients-specific surgery
in the near future.
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