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Use of virtual assisted lung mapping (VAL-MAP), a bronchoscopic
multispot dye-marking technique using virtual images, for precise
navigation of thoracoscopic sublobar lung resection
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Objective: We have developed a novel bronchoscopic multiple marking technique to assist resection of hardly
palpable lung tumors. Because 3-dimensional virtual images were used and multiple markings made on the
lung surface to provide ‘‘geometric’’ information, we termed this technique ‘‘virtual assisted lung mapping’’
(VAL-MAP). The safety and efficacy of VAL-MAP were evaluated.

Methods:Virtual bronchoscopy was used to select 2 to 4 appropriate bronchial branches for marking. Bronchos-
copy was conducted with the patient under local anesthesia. A metal-tip catheter was inserted into a selected
bronchus and advanced to the pleura. The location of the catheter tip was fluoroscopically confirmed, and 1
mL of indigo carmine was injected. This procedure was repeated to complete all the planned markings.
Post–VAL-MAP computed tomography was used to visualize the localization of the multiple markings on
3-dimensional virtual images, which were used as references in the subsequent operation.

Results:Of the 95 marking attempts made for 37 tumors in 30 patients, 88 (92.6%) were identified and contrib-
uted to the surgery. No clinically evident complications were associated with the procedure. A total of 15 wedge
resections and 18 segmentectomies were thoracoscopically conducted, with a successful resection rate of 100%.
Multiple markings of the VAL-MAPwere complementary, enabling us to achieve complete resection even when
1 of the markings failed. The markings were visible even on interlobar fissures, at the apex, and on the
diaphragm, which conventional percutaneous marking can hardly reach.

Conclusions: VAL-MAP was safely conducted with satisfactory outcomes in our early experience. Additional
confirmation of its safety and efficacy is necessary. (J Thorac Cardiovasc Surg 2014;147:1813-9)
Sublobar lung resection (wedge resection and segmentec-
tomy) for small tumors is often challenging because of
the small size and minimal palpability of the tumor. Less
invasive video-assisted thoracic surgery (VATS) has made
tumor identification even more difficult. Even if a tumor
is identifiable, it is crucial to obtain a secure surgical
margin, especially around the hardly palpable ground glass
opacity (GGO) components. An efficient intraoperative
navigation system could play an important role in over-
coming these challenges.

Various strategies have been reported to identify small
pulmonary lesions.1-10 However, percutaneous computed
tomography (CT)-guided marking has been technically
limited by the presence of anatomically inaccessible
locations such as the lung apex.1-7,10 Moreover, although
the hook wire method has reportedly been generally
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successful, multiple risks have been reported, including
pneumothorax, bleeding, dislodgement and loss of the
marker,1-3,10 and, most concerning, life-threatening air em-
bolism with subsequent cerebral or cardiac infarction.11-16

Although CT-guided bronchoscopic transairway lung
marking17-20 has been less concerning with respect to
these safety issues, such procedures have not been
commonly conducted because of the difficulties associated
with the settings and the extended radiation exposure.
To overcome the limitations of conventional lung

marking techniques and to realize efficient intraoperative
navigation for thoracoscopic lung resection, we report a
new strategy termed ‘‘virtual assisted lung mapping’’
(VAL-MAP). This simple technique uses 3-dimensional
(3D) images and bronchoscopic dye injection under con-
ventional fluoroscopy to achieve simultaneous multiple
marking (lung mapping). In addition to the purpose of con-
ventional lung marking to localize tumors, the ‘‘geometric’’
information on the lung surface provided by VAL-MAP can
navigate thoracoscopic sublobar lung resection and secure
sufficient resection margins.

METHODS
Patient Selection

The patients were selected for VAL-MAP according to 1 of the

following criteria: a pulmonary lesion that was expected to be hardly
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Abbreviations and Acronyms
3D ¼ 3-dimensional
CT ¼ computed tomography
GGO ¼ ground glass opacity
VATS ¼ video-assisted thoracic surgery
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palpable; a pulmonary lesion that should be resected by wedge resection or

segmentectomy, necessitating careful determination of the resection mar-

gins because of the tumor location and/or extension of the GGO compo-

nent; or severe pleural adhesions expected to interfere with tumor

identification. Patients with significant pleural adhesions were included

because even a solid tumor of reasonable size could become hardly identifi-

able in such cases and intraoperative disorientation could easily occur,

especially during VATS. Patients with a medical history of bronchial

asthma were excluded. All patients provided consent for inclusion in the

present study. The ethics committee of the Kyoto University Graduate

School and Faculty ofMedicine examined and approved the study protocol.

VAL-MAP Design
VAL-MAP was conducted according to the steps shown in Figure 1.

VAL-MAP was designed with 2 to 3 markings for wedge resections and

3 to 4 markings for segmentectomy. Representative cases of wedge resec-

tion and segmentectomy are shown in Figures 2 and 3, respectively. The

location of the markings was designed to provide ‘‘geometric’’

information on the lung surface to help with tumor identification and

determination of the resection lines. 3D virtual bronchoscopy was

constructed from thin-slice CT images using computer software (Aquarius

iNtuition Client Viewer; TeraRecon, Inc, Tokyo, Japan), and the target

bronchial branches were manually identified. The marking plan was also

reviewed by constructing 3D images. For suspected lung cancer with a

solid component on CT scans or pure GGO lesions>1 cm in diameter, seg-

mentectomy was selected, and VAL-MAP was designed to obtain a resec-

tion margin of >2 cm. For pure GGO lesions <1 cm in diameter or

suspected metastatic tumors, segmentectomy or wedge resection was

selected, depending on the tumor size and location. VAL-MAP was de-

signed to obtain a resection margin of>1.5 cm in these cases.

Marking Procedure
Marking procedures were conducted within 24 hours before each oper-

ation in a bronchoscopy suite equipped with fluoroscopy. The timing of the

procedure was determined according to logistical reasons. The steps of the

marking procedures have been described on the right side of Figure 1. Lar-

yngopharyngeal local anesthesia was established using 4% lidocaine spray,

and this was followed by intravenous sedation with 2 to 3 mg of midazo-

lam. Sedation was maintained at the level at which the patient could

respond when their name was called. A regular flexible bronchoscope

(BF 260; Olympus, Tokyo, Japan) was orally inserted. A metal-tip bron-

choscopic spray catheter (PW-6C-1, Olympus) was preloaded with 1 mL

of indigo carmine (Daiichi-Sankyo Inc, Tokyo, Japan). After identification

of a target bronchus using virtual bronchoscopic guidance, the catheter was

inserted through the working channel of the bronchoscope into the target

bronchus. The direction of the catheter was confirmed fluoroscopically,

and the catheter was advanced further to reach the visceral pleura

(Figure 2, C). The 3-way stopcock connecting the catheter and a syringe

containing air (10 or 30 mL) was then opened. At this point, the catheter

tip was usually wedged, and resistance was felt through the plunger if it

was gently pushed. The plunger was never forcefully pushed further.

The catheter was slowly and continuously withdrawn while feeling

the resistance on the plunger until the point at which the resistance sud-

denly decreased, and the plunger could be easily pushed. Fluoroscopy
1814 The Journal of Thoracic and Cardiovascular Sur
was turned off, and 30 to 90 mL of air per mark was gently injected. The

catheter was then withdrawn. This process was repeated for all targeted

bronchi.

Post–VAL-MAP CT and 3D Image Construction
After bronchoscopic marking, thin-slice CT was performed within 3

hours to examine the localization of the actual markings. Although indigo

carmine is not radiopaque, the markings were identifiable on the CT scan as

a GGO-like attenuation, with or without some bronchial dilatation, presum-

ably because of creation of artifact similar to that observed after bronchoal-

veolar lavage (ie, water in the lung parenchyma; Figure 2, D). 3D lung

images that included the markings and a target lesion were constructed

(Figures 2, E, and 3, C). Using this information, the final lung resection

strategy was adjusted (interrupted lines in Figures 2, E, and 3, C). In cases

of planned segmentectomy, the 3D images were also used to predetermine

the hilar structures to be resected (pulmonary arteries and veins and

bronchi).

Surgical Resection
VATSwas used for all surgical resections. For wedge resection, a stapler

was primarily used along the resection line planned by VAL-MAP. Electro-

cautery was also used if necessary, depending on the tumor location and

surgeon preference. For segmentectomy, the hilar structures were dissected

and resected according to the preoperative plan. Resection lines were made

using electrocautery or a stapler, or both. The segmentectomy procedures

were either conventional (guided by intersegmental veins) or unconven-

tional (subsegmentectomy, pulmonary artery-guided segmentectomy,21 or

extended segmentectomy that went beyond the anatomic segment into an

adjacent segment22).

Statistical Analysis
Data are expressed as the mean � standard deviation, as appropriate.

No statistical analyses were performed throughout the study.
RESULTS
VAL-MAP Design and Preparation

From August 2012 to March 2013, 37 lesions in 30
patients were scheduled to undergo resection using
VAL-MAP. The characteristics of the patients and lesions
and a list of the selected procedures are presented in
Table 1. VAL-MAP was conducted for expected pleural
adhesion in 4 cases: reoperation in 2, previous pleurodesis
in 1, and a history of tuberculous pleuritis in 1. A total of
95 lung markings were planned. The VAL-MAP design,
using virtual bronchoscopy, required 20 minutes to 1
hour, depending on the number of markings and the famil-
iarity of the surgeon and/or bronchoscopist with the 3D
software.
Marking Procedure
The marking procedure was conducted on the same day

of surgery for 70 markings of 23 patients, and 25 markings
of 7 patients were performed the day before surgery for
logistical reasons. A total of 95 marking attempts were
made among the 30 patients using VAL-MAP. One marking
took an average of 2 to 3 minutes, and the whole procedure
required 5 to 15 minutes per patient, depending on the num-
ber of markings and the difficulty in inserting the catheter.
gery c June 2014



FIGURE 1. Steps of virtual assisted lung mapping (VAL-MAP). CT, Computed tomography; 3D, 3-dimensional.
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The fluoroscopic radiation exposure time was 20 to 45 sec-
onds per mark, and the total radiation time was limited to 1
to 2 minutes per patient. No clinically evident complica-
tions were associated with the marking procedure. The clin-
ically silent complications included intra-alveolar bleeding
in 1 (minor temporal bleeding during bronchoscopy that
was visible as limited infiltration on the CT scan), a tiny
bulla found intraoperatively beneath the visceral pleura in
1, and minimal pneumothorax found on postmarking CT
scan in 2.

Outcome of VAL-MAP
Of the 95 marking attempts, 91 were visible during the

operation (95.7%). The markings attempted the day before
surgery were as clearly visible during the operation as those
performed the same day. In patients with significant pleural
adhesions, the markings were clearly visible and were help-
ful for establishing orientation, identifying the target lesion,
and obtaining a secure surgical margin. Of the 4 failed
markings, 1 was found in the relatively central airway on
the postmarking CT scan, suggesting that the catheter had
not reached the visceral pleura. In another case, the location
of the marking appeared to be overlapping with dense
pleural anthracosis. No clear explanation was found for
the other 2 failed markings. Of the 91 visible markings, 3
were considered unsuccessful. In 2 of these 3 patients, a
marking was mistakenly conducted through a small bron-
chial branch that was not visualized on 3D virtual bron-
choscopy, leading to localization of the marking too far
from the original plan to assist in surgery; in the third pa-
tient, the postmarking CT findings were misinterpreted
because of artifact that had probably been created during
the marking procedure. The remaining 88 markings
(92.6%) were visible and believed to be helpful for surgical
resection.
The Journal of Thoracic and Car
Outcome of Surgical Resection
All surgical procedures were completed using VATS, and

all 37 lesions were successfully resected with satisfactory
resection margins. During segmentectomy for suspected
lung cancer with a solid component or a pure GGO lesion
of>1 cm in diameter, a resection margin of>1.5 cm in
collapsed lungs was confirmed intraoperatively. During
segmentectomy or wedge resection of pure GGO lesions
>1 cm in diameter or suspected metastatic tumors, a resec-
tion margin>1.0 cmwas confirmed if the tumors were iden-
tifiable intraoperatively. A total of 21 lesions were not
palpable during surgery, even after extraction of the spec-
imen. However, 12 of these lesions were identified during
surgery by cutting the specimen according to the mapping
information, and the existence of the lesion was confirmed
by frozen section analysis. A sufficient resection margin
was then confirmed visually. In the remaining impalpable
lesions, the localization and resection margin were esti-
mated according to the mapping information; these lesions
were eventually identified pathologically, again, according
to the mapping information. The final pathologic entity of
these lesions is summarized in Table 1.
Although one of the multiple markings failed in 7 pa-

tients, as described, the other markings functioned as a suf-
ficient ‘‘map’’ to guide the surgery in these cases. The
surgeons did not have to switch from wedge resection to
segmentectomy or from segmentectomy to lobectomy
because of unreliable markings that could have necessitated
extended resection for complete removal of the target
lesions. The total operation time and interval from the initi-
ation of the operation to extraction of the specimen was 55
� 14 and 21 � 6 minutes for single wedge resection
(n ¼ 7) and 190 � 43 and 119 � 35 minutes for single
segmentectomy (n ¼ 20). The operations that included>2
resections were excluded. Surgical complications included
diovascular Surgery c Volume 147, Number 6 1815



FIGURE 2. Conduction of virtual assisted lung mapping (VAL-MAP). A, Computed tomography (CT) scan of a patient who was found to have a ground

glass opacity lesion (8 mm in diameter) in the right upper lobe during chest CT screening. B, Three-dimensional view of the VAL-MAP plan. The target

lesion (red) and 3 planned markings (blue) are shown. C, Fluoroscopic view of the metal-tip catheter inserted into a target bronchus and reaching the pleura.

D, CT scan taken 1 hour after VAL-MAP showing 3 markings as new ground glass opacity-like changes (arrows). E, Three-dimensional image constructed

from post–VAL-MAPCT scan shown in Figure D. The target lesion (red) and 3 actual markings (blue) are shown. The interrupted line indicates the planned

resection line by a stapler. In this case, the apical and lower lateral markings would have been included in the resection specimen, with the lower medial

marking used as a reference to obtain the lateral resectionmargin, which would at the same time provide information regarding the depth of resection when a

stapler was used. F, Intraoperative thoracoscopic view showing 3 blue markings on the lung surface (arrows). The interrupted line indicates the actual resec-

tion line. Permanent pathologic examination demonstrated carcinoma in situ.
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intraoperative bleeding during repeat thoracotomy in 1, a
persistent intrathoracic space after segmentectomy in 1,
and atelectasis in the lingular segment after left superior
segmentectomy in 1. None of them were attributed to
VAL-MAP.

DISCUSSION
We have reported our early experience with a novel bron-

choscopic multiple marking technique, VAL-MAP. This
technique is characterized by the following features. First,
the marking procedure is planned using 3D lung images
and virtual bronchoscopy to precisely guide the later bron-
choscopic marking procedures without real-time CT guid-
ance. Second, bronchoscopic lung marking is performed
by injecting indigo carmine under regular fluoroscopy
1816 The Journal of Thoracic and Cardiovascular Sur
without puncturing the lung to minimize the risk of air em-
bolism. Finally, multiple markings can help surgeons, not
only to identify the target lesion, but also to obtain a suffi-
cient resection margin by providing ‘‘geometric’’ informa-
tion on the lung surface. In the 95 attemptedmarkings for 37
lesions in 30 patients using VAL-MAP, no clinically evident
adverse events were experienced, and all targeted lesions
were resected successfully.

Percutaneous CT-guided lung marking has technical lim-
itations and safety concerns. For the hook wire method,
multiple risks have been reported, including pneumothorax
(32.1%), bleeding (14.9%), hemothorax (0.6%), and
dislodgement and loss of the marker (�5% of cases).2

Similarly, critical air embolism has also been reported
with percutaneous CT-guided lung biopsy at a rate of
gery c June 2014



FIGURE 3. Representative case of virtual assisted lung mapping (VAL-MAP) used for segmentectomy. A, A ground glass opacity lesion of 9 mm in diam-

eter found in the right lower lobe. Resection of the superior subsegment of the posterolateral basal segment was planned. B, VAL-MAP plan with 4markings

indicating the location of the target lesion and intersegmental resection lines. C, Post–VAL-MAP 3-dimensional image constructed from a thin-slice

computed tomography (CT) scan taken after VAL-MAP. Note, the localization of the actual markings was slightly away from the original plan in

Figure B but still provided information regarding the location of the target lesion and resection lines. Thus, the operation plan was adjusted according

to the ‘‘actual’’ markings after VAL-MAP. D, Intraoperative thoracoscopic view showing 4 blue markings on the lung surface. Note, the relationships among

the markings were identical to those observed on the post-VAL-MAP 3-dimensional image in Figure C. The blue dots in Figures B and C indicate markings;

the red dot indicates the target ground glass opacity lesion. The interrupted lines indicate the planned resection line. Permanent pathologic examination

demonstrated stage T1a adenocarcinoma with a free resection margin.
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0.05% to 0.07%.23 In contrast, VAL-MAP had a low risk of
pneumothorax (6.6% per case; 2.1% per mark) with no he-
mothorax. Also, no concern exists regarding dislodgement
of the instrument. Although more cases are needed, no
air embolism developed in our series or other series of
bronchoscopic marking.17-20 Moreover, theoretically,
bronchoscopic techniques have no anatomic limitations
regarding accessibility—the lung apex, area behind the
scapula, and, even, interlobar fissures are accessible.

Furthermore, VAL-MAP possesses the advantages of
bronchoscopic marking techniques.17-20 We also
successfully introduced 3D lung images and virtual
bronchoscopy to precisely guide later bronchoscopic
marking procedures without real-time CT guidance, avoid-
ing special settings in a CT room and excessive radiation
exposure. Because of this simplicity, multiple markings
(ie, mapping) were easily achieved within a limited period.

The primary purpose of VAL-MAP is to identify lesions
expected to be hardly identifiable. A variable sensitivity of
50% to 100% has been reported for each method (ie, hook
wire, dye, and radio-guided).10 One of the largest reports on
The Journal of Thoracic and Car
a CT-guided wire method showed a resection success rate of
117 of 125 lesions among 108 patients (93.6%).5 Although
a simple comparison would not be appropriate because of
different patient cohorts and surgical approaches, it is
notable that our strategy using VAL-MAP resulted in a
100% resection success rate, including a number of sub-
centimeter lesions.
Importantly, the high resection success rate in our cohort

could not simply be attributed to the success of a single
marking procedure but to the multiple marking strategy
we undertook. Of the 95 marking attempts, 91 markings
were visible during surgery (95.7%), and 88 markings
(92.6%) were thought to be truly helpful for surgical resec-
tion. However, the multiple markings in VAL-MAP allowed
some room for technical failure. First, even if one of the
markings failed, the other markings were still helpful to
guide surgery; thus, multiple marking worked as ‘‘insur-
ance’’ for satisfactory resection. Although we experienced
several failures in marking, the remaining markings enabled
successful complete resection. Second, visualization of the
actual markings on the post–VAL-MAP CT scans and their
diovascular Surgery c Volume 147, Number 6 1817



TABLE 1. Patient and lesion characteristics

Radiographic

characteristics

Patients

(n)

Gender

(M/F) Age (y)

Lesions

(n)

Selected operation

(patients [n])

Lesion size

(mm)

Marks

(n)/patient Pathologic findings (lesions)

Solitary pure GGO 17 5/12 62.6 � 11.4 17 Wedge (4)

Conv seg (8)

Unconv seg (5)

6.7 � 1.3

11.0 � 2.2

10.8 � 5.4

2.8 � 0.5

3.9 � 0.4

3.8 � 0.4

Tis (3), fibrosis (1)

Tis (2), T1a AD (5), T1b AD (1)

Tis (1), T1a AD (4)

Two pure GGO 2 0/2 50, 52 4 Wedge 3 1* (1)

Wedge 3 2 (1)

4, 7

4, 7

3

3

Tis (1) þ T1a AD (1) Fibrosis (1)

þ Tis (1)

Three pure GGO 1 0/1 63 3 Unconv seg* (1) 4, 6, 15 4 Tis (2) þ T1a AD (1)

Solitary mixed GGOy 4 3/1 64.0 � 3.7 4 Wedge (1)

Conv seg (2)

Unconv seg (1)

12

16, 24

16

2

2, 2

2

T1a AD (1)

T1a AD (1), T1b Ad (1)

T1a AD (1)

Mixed and pure GGO 1 0/1 71 2 Unconv seg* (1) 13, 6 3 Tis (1) þ T1a AD (1)

Solitary nodule 3 3/0 64.0 � 1.0 3 Wedge (2)

Conv seg (1)

8, 11

12

2, 2

3

T1a AD (1), Met colon Ca (1)

T1a AD (1)

Two nodules 2 2/0 46.5 � 20.5 4 Wedge 3 2 (2) 5.0 � 2.2 4, 4 Met sarcoma (4)

Total 30 13/17 63.4 � 10.9 37 Wedge (14)

Conv seg (11)

Unconv seg (8)

9.3 � 4.7 3.2 � 0.9 Fibrosis (2), Tis (11), T1a AD

(17), T1b AD (2), Met (5)

Data presented as mean � standard deviation or number of patients or lesions, as appropriate.M, Male; F, female; GGO, ground glass opacity (lesion);Wedge, wedge resection;

Conv seg, conventional segmentectomy;Unconv seg, unconventional segmentectomy; AD, adenocarcinoma;Met, metastatic; Ca, carcinoma. *Multiple lesions were resected in a

single specimen. yLesions containing both GGO and solid components.
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3D image reconstruction allowed for misplacement of the
markings. Because the catheter direction can be controlled
only to the fifth to sixth bronchial branches, the markings
can be diverted from the original plan; however, this would
still be acceptable in most cases, because the surgical plan
can be adjusted according to the actual markings depicted
on the post–VAL-MAP CT scan.

Using conventional marking techniques, infrequent posi-
tive resection margins and recurrence at the surgical stump
have been reported.3,5 Even if amarking has been successful
in the identification of a tumor, the marker does not inform
the surgeon of how extended the resection should be. In
contrast, the multiple marking strategy of VAL-MAP can
help surgeons to obtain a secure resection margin. During
wedge resection, VAL-MAP could indicate how far and
deep a stapler should be placed. For example, in Figure 2,
E, the imaginary staple line was designed by considering
the size of the GGO lesion. The 2 markings at both ends
of the staple line indicated where to start and finish stapling,
and the other marking indicated how much lateral margin
should be taken and, thus, the depth of the lung tissue to
be resected. Similarly, during segmentectomy, VAL-MAP
helped to obtain a safe resection margin, especially when
the tumor was located close to the intersegmental line and
the resection needed to be extended into an adjacent
segment (extended segmentectomy22).

The present patient cohort was our very first experience.
However, in a preclinical study, we refined the broncho-
scopic marking technique using dogs (data not shown).
We found that the injection of air after the indigo carmine
enabled vivid visualization of the markings by efficiently
spraying the dye against the peripheral lung tissue. To avoid
1818 The Journal of Thoracic and Cardiovascular Sur
excessive pressure on the peripheral lung tissue, we found it
important to withdraw the catheter to the point at which the
catheter tip was unwedged, and extra air could then escape
through the side of the catheter. In the first 20 cases,
we experienced 2 cases of minor pneumothorax; we subse-
quently reduced the amount of air from 90 to 30 mL/mark.
Gentle catheter insertion and manipulation was also impor-
tant to avoid complications such as pneumothorax and
intra-alveolar bleeding.

Through early experiences using VAL-MAP, we identi-
fied the tips and pitfalls of the technique. First, confirmation
of the location of the metal tip under fluoroscopy at dye in-
jection is key to successful marking. In an early case, we
identified the marking in the relatively central airway on
post–VAL-MAP CT scan; however, the marking was invis-
ible during surgery. Since that experience, we have
routinely rotated the fluoroscope to confirm the catheter
tip is located at the periphery of the lung (Figure 2, C). Sec-
ond, once the catheter has been inserted distally into the
airway, dye injection should be completed without
repeating catheter withdrawal and insertion. We found
that repeated manipulation of the catheter could create an
artifact in the lung, which could lead to misinterpretation
of the post–VAL-MAP CT results.

We acknowledge that the present VAL-MAP technique
has multiple limitations and, thus, room for technical
improvement. First, improvement in the injection catheter
could allow for more accurate marking using a thinner bron-
choscope. The use of navigational bronchoscopy would
help to guide a bronchoscope to more peripheral bronchial
branches for more accurate marking. Second, indigo
carmine could be mixed with or replaced by contrast
gery c June 2014
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material to better visualize the markings during CT. Third,
the multiple steps necessary to complete the procedure
could be shortened by introducing a hybrid operation
room in which cone-beam CT is usable with the patient un-
der general anesthesia. Nevertheless, although these tech-
nical issues could be overcome in the near future, we
would emphasize that we intended to make the present tech-
nique feasible using only materials and equipment already
commercially available and less costly. The catheter cost
is in the range of US$300 and reusable. Although the cost
for imaging software will vary, free software is available
for use during VAL-MAP. We believe that the present tech-
nique will be widely applicable in many institutions.

CONCLUSIONS
We developed a novel bronchoscopic multiple marking

technique using 3D virtual images and termed it
‘‘VAL-MAP.’’ The ‘‘lung map’’ can help identify the lesion
and design secure resection lines in thoracoscopic opera-
tions. The technique is theoretically safer than conventional
percutaneous techniques and has been free of clinically
evident complications in our early experience. Additional
accumulation of cases is required to establish the safety
and usefulness of the technique.

The authors gratefully thank Drs Akihiro Aoyama, Tetsu
Yamada, Toshi Menju, Masaki Ikeda, Yuhei Yokoyama, and
Fumiaki Gochi for their contribution to the clinical procedure.
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