Case Report

Electromagnetic navigation bronchoscopy guided injection
of methylene blue combined with hookwire for preoperative
localization of small pulmonary lesions in thoracoscopic surgery
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Abstract: Video-assisted thoracoscopic surgery (VATS) has been widely used in the resection of small

pulmonary lesions in the clinical practice. The accurate preoperative localization of small pulmonary

lesions is significant to guide the operation. We report a thoracoscopic pulmonary wedge resection with

electromagnetic navigation bronchoscopy (ENB) guided injection of methylene blue combined with

hookwire to localize the small pulmonary lesion in a 50-year-old woman. We successfully performed VATS

followed by the combined localization of these two methods. This localization method has a higher accuracy

and fewer complications, which can effectively guide the surgical resection.
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Introduction

The current review confirms that video-assisted
thoracoscopic surgery (VATS) is a superior procedure
than open lobectomy in lung resection (1). However, the
accurate localization prior to VATS is very significant to
the resection of small lung lesions (2). There are a variety
of clinical methods, such as placing hookwire, coil, dye
marking, fiducial marker placement and so on (3-7), to
localize small lesions at present. While each method has
its benefits as well as its limitations, a combined method
that utilizes the advantages of different fashions might
result in more accurate in the localization of small lung
lesions and a rare incidence of complications. We describe a
modality using an electromagnetic navigation bronchoscopy
(ENB) guided injection of methylene blue combined with
percutaneous hookwire to localize the small lung lesions.
To our knowledge, it is the first publication describing
localization of small pulmonary lesion by using ENB guided
injection of methylene blue combined with hookwire.
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Case presentation (Figures 1,2)

A 50-year-old female patient presented to our hospital
complaining of finding a lung shadow of the right upper
lobe in physical examination 6 months ago. There was no
fever, cough, hemoptysis and other symptoms. She was
healthy previously and no smoking history. So no measures
were taken but the patient was asked to follow-up. She
was received a reexamination in our hospital and the chest
computed tomography (CT) scan showed that there was a
small ground glass opacity with the size of about 0.6 cm x
0.5 cm in the subpleural area of the right upper lobe. The
ground glass opacity had a mild lobulation and an uneven
density (Figure 14). The patient received two weeks’ anti-
inflammatory treatment and came to our hospital. A CT
scan was performed in order to confirm the effect. But it
showed that there was no significant change compared
with the previous one. Relevant inspections including
blood test, coagulation function, lung function and
electrocardiogram were all normal. The patient required
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to perform surgical operation to identify the diagnosis.
The lesion located in the subpleural area and had a mild
leaf and an uneven density. It was considered to be an early
adenocarcinoma in situ according to the multidisciplinary
consultation. Given that the patient strongly demanded to
undergo surgery, we decided to give the patient an accurate
preoperative localization followed by VATS. So the method
of ENB guided injection of methylene blue combined with
percutaneous hookwire was selected to localize the lesion.
ENB (superDimension, Covidien, USA) was performed
under local anesthesia and moderate sedation with midazolam
and fentanyl. Keep the patient’s venous channel available
and continue to offer oxygen. Vital signs were monitored
constantly. A bronchoscope (BF-1T260, Olympus, Japan)
together with the navigational system was used as previously
described in the literature (9). Electromagnetic navigation
system created an electromagnetic field around the
patient’s chest. The locatable guide (LG) was inserted the
bronchoscope through the extended working channel (EWC).
Once the sensor probe of the LG was placed within the
electromagnetic field, its position in the X, Y, and Z planes, as
well as its orientation (roll, pitch, and yaw movements) were
captured by the electromagnetic navigation system. This
information was then displayed on a monitor in real time.
The monitor displayed a graphic depiction of the sensor
probe’s position superimposed on reconstructed 3-D CT
images of the patient’s anatomy in coronal, sagittal and axial.
The sensor probe and the EWC were successfully steered
to the lesion with the guidance of 3-D CT images and the
“tip-view” orientation. The closest distance between the
sensor probe and the targeted lesion was 1.0 cm (Figure 1B).
The video of the registration and navigation of ENB
could be available in Figure 2. Once the targeted lesion
was reached, the sensor probe and the EWC were
observed with the fluoroscopy to insure them in the
optimal position. The LG was withdrawn from the EWC.
While the EWC was left in situ with a 21-gauge needle
(NA-2C-1, Olympus) got through it. Approximately
0.6 mL of methylene blue was then injected at the
location through the needle under the guidance of X
fluoroscopy (Figure 1C). It took about 14 minutes and
15 seconds to complete the procedure, which was a little
shorter than the time reported by Bolton er al. (10).
The patient was given an immediate chest CT scan after
the injection, which showed that some floccules like cloud
occurred above the lesion (Figure 1D). The patient was
asked to lie left position and a chest CT scan was carried
out to determine the optimal needle path, angle and length.
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After sterilization of skin around the puncture site and local
anesthesia, the hookwire (Breast Localization Needle; Bard
Peripheral Vascular, Inc., Reynosa, Tamaulipas, Mexico)
was inserted through the chest wall and placed as close
as possible to the lesion. The horn of the hookwire was
released when the outer cannula needle was withdrawn. A
CT scan was performed to confirm that the horn was below
the lesion, and to identify that there were no complications,
particularly for pneumothorax and hemorrhage. The
hookwire extending outside the chest wall was positioned
carefully on the skin under gauze dressings. This procedure
took about 16 minutes. The patient was then transferred to
the operating room within one hour for VATS. The lesion
could be seen located in the region between methylene
blue and hookwire (Figure 1E). There was no significant
diffusion of methylene blue and the thoracic cavity was
not contaminated. Thoracoscopic wedge resection of the
right lung lobe was performed and it only took 10 minutes
of the whole operation. We didn’t have observed any
complications of the patient after the operation. The
pathological result was adenocarcinoma in situ (Figure 1F).
Methylene blue and hookwire did not affect the observation
of pathology. The patient recovered well after VATS.

Discussion

With the advent of VATS, thoracotomy is no longer
required for the excision of peripheral lung lesions.
However, VATS is limited to lesions which can be seen or
palpated by the surgeon. Failure to visualize or palpate a
lesion can lead to conversion thoracotomy rates of up to
46% according to the report by Suzuki er a/. (11). So it is
very significant to explore effective preoperative localization
method.

The existing literatures suggest that preoperative
localization of small nodules can contribute to the surgery.
Hookwire localization is commonly used in preoperative
localization on account of its simple and feasible feature. The
success rate of hookwire localization for small nodules can
reach 58% to 97% according to the ACCP guidelines (2).
However, the incidence of the complications such as
pneumothorax, hemorrhage, pleural reaction is high because
of its percutaneous puncture technique. Furthermore, the
hookwire had a dislodgement rate ranging from 2.9% to
7.5% in the previous studies (3,4,7), which will lead to the
localization failure.

ENB appeared in 2005 as a new diagnosis of peripheral
lung lesions technology. For the small peripheral lung

www.jthoracdis.com F Thorac Dis 2015;7(12):E652-E656



E654 Sun et al. ENB combined with hookwire for preoperative localization of small pulmonary lesions

[N . o A AT

t1: 1.0cm
t11_Path_1

N

Figure 1 (A) It was the preoperative CT scan of the patient, which showed a ground glass opacity (white arrow) in the right upper lobe; (B)

it was the real-time navigation screen when the distance between the sensor probe and the lesion was nearest; (C) injection of methylene blue

through extended working channel (EWC) under the guidance of X fluoroscopy; (D) it was the chest CT scan after injection of methylene

blue, some floccules like cloud (red arrow) occurred after injection of methylene blue; (E) the lesion could be seen located in the region between

methylene blue and the hookwire during the process of the VATS; (F) the pathology result showed it was adenocarcinoma (40x).

Video 1. Vided Dgistration and
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Figure 2 Video of the registration and navigation of ENB (8).
The time (00:00:00 to 00:01:08) is the registration phase. The
registration point is main carina (MC), right upper lobe (RUL),
right middle lobe (RML), right lower lobe (RLL), left upper lobe
(LUL), left lower lobe (LLL) in sequence. The following time
(00:01:09 to 00:02:39) is the navigation phase. The nearest distance
from the locatable guide (LG) to the target (tl in the video) is
1.0 cm. It is considered to be arrived at the accuracy location.
Available online: http://www.asvide.com/articles/750
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lesions, the probe of ENB can reach the fourth order of
bronchi or beyond that is unreachable by conventional
bronchoscopy (12). ENB system can monitor the distance
between the LG and the lesion in real time, which can
guide the LG reaching the desired area. Bolton er al. (10)
reported that small lung lesions can be positioned with
dye marking under the guidance of ENB before VATS,
which effectively solved the localization problem of small
peripheral lung lesions. Krimsky er a/. (7) reported a
prospective and multi-center study that the small lesions
can be preoperative positioned under the guidance of ENB.
The success rate could reach 81% (17 of 21) using indigo
carmine dye or methylene blue marking nodules. ENB can
reach those bronchi that are unreachable by conventional
bronchoscopy through natural orifice, which effectively
decreases the incidence of the bleeding and pneumothorax.
As was reported by Gex er al. (13), the occurance rate of
pneumothorax was about 10 times lower than transthoracic
needle biopsy. The dose of methylene blue that we used was
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very low and can be metabolized quickly. So it didn’t have
side effects to the patient. But the technology that located
the lesions via the injection of methylene blue under the
guidance of ENB has some defects. The diagnostic yield
of ENB can reach 79% (30/38) in patients with bronchus
sign on the CT imaging, while it only reach 31% (4/13)
without bronchus sign in the clinical study of Seijo et a/. (14).
So the success of the technology was largely dependent on
the presence of bronchus sign. ENB is expensive and time-
consuming. In addition, methylene blue is water soluble
and easy to spread. If the duration time between dye maker
placement and operation was too long, it would result in the
failure of the localization (7).

Previous studies have pointed out that CT-guided
hookwire combined with methylene blue localization
has a higher success rate compared with a separate
localization of hookwire or dye marking. And the incidence
of complications was similar to either technology using
alone (15). But the localization accuracy of this approach
depended on the accuracy of the puncture needle. Because
both the hookwire and injection of methylene blue were
performed through the puncture needle. We used ENB
guided injection of methylene blue through bronchus,
which greatly improved the accuracy of the localization.
The lesion of the patient was difficult to localize through
percutaneous puncture owing to its small size and the
hookwire was easily to dislodge on account of its superficial
location. Given the lesion had bronchus leading to, we
chose the method to localize the lesion. This was just one
example of our exploration. More cases should be expanded
in the future to compare the effects of the percutaneous
localization, ENB guided localization and combined with
these two methods. Our major concern of the modality
is that it will not suitable for the lesions that don’t have
bronchus signs. We reckon that its advantages outweigh its
disadvantages and recommend using this method to localize
the lesions in those patients that have bronchi leading to.

Conclusions

"This approach provides a more safe and effective method to
localize small lung lesions prior to VATS, which can shorten
the operation time of VAT and is worthy of further clinical
study.
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