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Abstract

Intraoperative localization is essential for video-assisted thoracoscopic surgery of non-palpable pulmonary nodules. Although
a computed tomography (CT) guided hook-wire localization is widely used, it might be accompanied by a rare but fatal
complication such as an air embolism. We applied a mobile CT scanner with a navigation system to resolve this problem.
The three-dimensional images obtained by the mobile CT scanner were transferred to the navigation system, which allowed
for virtual fluoroscopy to scan the nearest skin site from the target lesion using a navigation probe. The lung surface was
stamped by a dyed gauze ball anchored just beneath the skin marking and a needle was placed at this point as a landmark.
With this method, we could verify the positional relationship between the needle and target lesion by the additional CT scan

without any procedure-related morbidity.

Keywords Ground glass nodule - Mobile computed tomography - Navigation system - Image-guided video-assisted

thoracoscopic surgery

Introduction

Widespread use of low dose computed tomography (CT)
in lung cancer screening has led to the increased detection
of small pulmonary nodules such as ground glass nodules.
Because those lesions are difficult to detect either by visual
inspection or digital palpation, an accurate intraoperative
localization technique is essential. Although a CT-guided
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hook-wire localization method for peripheral non-palpable
nodules has been widely accepted because of its simplicity
and effectiveness [1-3], the hook-wire insertion might cause
air embolisms by permitting the passage of air between the
bronchiole and adjacent pulmonary vasculature [4]. It rarely
occurs [2, 4], but could be fatal [5] and is inevitable aslong
as a percutaneous pleural puncture is required. We intro-
duced a mobile CT scanner with a navigation system as a
substitute for the CT guided hook-wire marking.

Technique

A mobile CT scanner (O-arm™, Medtronic Japan Co. Litd.,
Tokyo, Japan) and navigation system (Stealth Station™ S7,
Medtronic Japan Co. Ltd., Tokyo, Japan) were used for the
localization of peripheral pulmonary nodules. Under gen-
eral anesthesia with a double-lumen tube, each patient was
placed in the lateral decubitus position on a radiolucent
operating table (MAGNUS carbon fiber table top, Getinge
Group Japan K.K., Tokyo, Japan). We placed a navigation
camera at the foot of the patient and a navigation reference
on the anterior superior iliac spine to calibrate the naviga-
tion software (Fig. 1). We obtained three-dimensional (3D)
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Hg. 1 Navigation system camera (arrowhead) was placed at the foot
of the patient and a navigation reference (arrow) was placed on the
anterior superior iliac spine

images using a mobile CT scanner during a breath-hold
at the maximum inspiratory level under positive-pressure
ventilation. During the scanning, a navigation system rec-
ognized the navigation reference of the patient through the
camera and received the CT images. The mobile CT scanr
ner was removed from the operative field once the desired
images were obtained. The navigation system synchronized
the hand probe on the reference and CT images through the
camera and enabled grasping the location of the lesion and
also simulating the trajectory for the instruments by virtual
fluoroscopy. We placed the skin marking at the shortest

distance over the target lesion using the probe (Fig. 2). After
standard skin sterilization and draping, we inserted a Lapa-
Her-Closure needle (Hakko Co. Ltd., Nagano, Japan) at the
skin marking under thoracoscopic guidance. We inserted a
nylon thread from the other port and withdrew it from the
thoracic cavity by a Lapa-Her- Closure, and anchored a gauze
ball containing gentian violet dye at the end of the thread on
the parietal pleura (Fig. 3a) [6]. We expanded the collapsed
lung fully enough to stamp dye on the lung surface and
placed a needle at that point (4-0 PDS, PS-4) (Fig. 3b). We
verified the proper needle placement by a second CT scan
(Fig. 4) and performed a VATS wedge resection of the lung
shortly thereafter. In the case of an apparent discrepancy, we
translocated the needle to a more appropriate site confirmed
by an additional scan. The supplemental movie file shows an
overview of this method (see Online Resource 1).

Comment

In comparison to a CT-guided hook-wire localization, this
method using a mobile CT scanner with a navigation sys-
tem could avoid air embolisms because of no need for a
percutaneous pleural puncture. We applied this method in
12 patients (12 nodules) over 16 months without any proce-
dure-related morbidities. One lesion located on the posterior
segment of the right upper lobe required a redo marking
because of a 32 mm discrepancy between the initial marking
and target nodule (Fig. 5a, b). We considered that a small

Doarm ooge: sl B

Hg. 2 Proper skin marking was determined with the navigation hand probe (arrow) registered on the navigation system, which showed the three-
dimensional anatomy both in the sagittal and axial views verifying the virtual index of the probe (arrow heads)
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Hg. 3 a Gauze ball containing
gentian violet dye was anchored
on the parietal pleura. b After
full expansion of the lung, a
needle was placed at the dye
marking site stamped on the
lung surface

Hg. 4 Second scan with the mobile computed tomography scarr
ner confirmed the appropriate needle placement just above the target
lesion

difference in the angle of the Lapa-Her-Closure needle inser
tion made a large gap between the skin marking and target
lesion because of the thick dorsal chest wall with a narrow
intercostal space. This kind of error might be avoided using

Hg. 5 a Case with a mark

ing failure had a gap distance
of 32 mm between the initial
marking (arrowhead) and target
lesion (arrow). b After the redo
marking, the needle was suc-
cessfully placed adjacent to the
nodule

the navigation probe in an aseptic fashion to ascertain the
correct trajectory of the needle insertion during surgery [7].
The remaining 11 patients were successfully targeted during
the initial attempt. Consequently, all lesions were localized
and removed successfully. Redo marking in case with an
apparent discrepancy or dislodgement is hardly available
in the hook-wire method due to a pneumothorax, which is
the most common complication. These results suggest that
our method is preferable to improve not only the safety but
marking accuracy. Our method also would be more benefi-
cial to reduce the patients’ stress than the hook-wire mark-
ing, because both the marking and lung resection could be
done in a single stage procedure under general anesthesia.
To avoid air embolisms, several noninvasive methods
have been developed. CT guided marking without a pleural
puncture is one of the most promising techniques and would
be safer and more useful than a hook-wire method [6, 8l.
However, they require digital palpation to confirm the loca-
tion of the nodule relying upon the dye pigmentation on the
surface of the visceral pleura. Meanwhile, we considered
that an objective evaluation of the positional relationship
between the marking site and target lesion by visual con-
firmation as shown in our method would be more accurate
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than a subjective digital palpation alone. Moreover, we also
considered that the same respiratory condition both at the
time of the skin marking and stamping on the lung under
positive-pressure ventilation would lead targeting accuracy.
In the intrathoracic stamping method, because they marked
the skin based on the preoperative CT images scanned at
a maximal inspiration during spontaneous breathing and
stamped the lung inflated by positive-pressure ventilation,
the positional relationship between those two markers might
have been discrepant. In addition, because the navigation
system allows surgeons to view 3D anatomy and to simulate
the optimal needle trajectory through the chest wall using
the navigation probe under the same patient’s position, we
could insert the needle with accurate trajectory by this pre-
operative simulation. Different patient’s positions and res-
piratory conditions between the preoperative CT and the sur
gery might lead a targeting discrepancy in the intrathoracic
stamping method. Therefore, the advantage of the mobile
CT with the navigation system would be accuracy compared
with methods using conventional CT.

Although we could identify the nearest point from the
target lesion with this method, deeper lesions might be
missed by a wedge resection depending on the depth from
the pleura. Our method may be applicable only to peripheral
lesions which are amenable to a wedge resection with an
enough vertical margin reserved.

Radiation exposure of the high definition 3D protocol
of the O-arm™ was reported to be lower than that of the
conventional CT in the O-arm™ Imaging System Dosimetry
Report by Medtronic Navigation Inc. Because the frequency
of CT scans is equivalent with both methods, which require
at least two scans, we considered that the radiation exposure
would be equal or lower with our method than the hook
wire method. The radiation exposure to the medical staff was
deemed to be a minor concern, because the mean radiation
dose to the scan operator during the mobile CT scan has
been reported to be only 0.63 pSv [9].

In conclusion, the marking method using a mobile CT
scanner with a navigation system seemed to be a feasible
option for the localization of peripheral non-palpable pul-
monary nodules. Further accumulation of cases might prove
its accuracy and safety.
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