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Background: Virtual-assisted lung mapping (VAL-MAP), a bronchoscopic multi-spot dye-marking
technique, was tested for its ability to resect ground glass nodules (GGNs) in sublobar lung resections.
Methods: All patients were prospectively registered in the multi-institutional lung mapping (MIL-MAP)
study using VAL-MAP. The data were retrospectively analyzed, focusing on GGNs. GGN characteristics,
pathological findings, operation type, and the surgical contribution of VAL-MAP were evaluated.

Results: The 370 GGNs in 299 patients included 257 pure and 113 mixed GGNs. There were 146
wedge resections (43.6%), 99 simple segmentectomies (29.6%), and 60 complex segmentectomies (18.0%).
The largest number of marks were used in complex segmentectomy (4.05+0.74), followed by simple
segmentectomy (3.35+0.97) and wedge resection (2.96£0.80). The overall successful resection rate was
98.6%. Multiple [2-5] GGNs were concurrently targeted by VAL-MAP in 53 patients (17.7%) with 123
GGNs. Two concurrent resections were conducted in 36 patients (12.1%), most commonly wedge resection
and segmentectomies (21 patients). Among 190 sub-centimeter GGNs, 24 out of 51 GGNs <5 mm in
diameter (47.1%) and 113 of 139 GGNs >5 mm in diameter (81.3%) were primary lung cancer (P<0.0001).
Regarding the contribution of VAL-MAP to successful resection, wedge resection and pure GGNs were
graded higher than both other resection types and mixed GGNEs.

Conclusions: VAL-MAP enabled thoracoscopic limited resection of GGNs. Its multiple marks facilitated
resections of multi-centric GGNs. Resected suspicious GGNs >5 mm in diameter are likely to be lung
cancer. VAL-MAP may impact decision-making regarding the indications and type of surgery for suspicious
small GGNEs.

Keywords: Ground glass nodule (GGN); video-assisted thoracic surgery (VATS); wedge resection;

segmentectomy; lung cancer

Submitted Oct 10, 2017. Accepted for publication Jan 08, 2018.
doi: 10.21037/jtd.2018.05.13
View this article at: http://dx.doi.org/10.21037/jtd.2018.05.13

© Journal of Thoracic Disease. All rights reserved. jtd.amegroups.com F Thorac Dis 2018;10(5):2638-2647



Journal of Thoracic Disease, Vol 10, No 5 May 2018

Introduction

Ground glass nodules (GGNs) are often challenging for
thoracic surgeons because of the difficult decision-making
process regarding the management of these lesions (1-3).
Although the growth of lung adenocarcinoma characterized
by GGN s is generally slow or even indolent, some GGNs
may grow rapidly during follow-up (4). Accordingly, they
are a source of anxiety even for patients with small GGNs.
The cost and radiation exposure involved in their long-
term monitoring is another cause of concern. A further
difficulty is that small GGNs are not easily identified
intraoperatively by palpation, particularly in thoracoscopic
surgery. Although lung marking techniques have been
applied in some patients (5), computer-tomography (CT)-
guided needle-mediated methods, the most commonly used
marking technique, pose several safety risks, particularly
air embolism, which is potentially fatal (6-8). Moreover,
conventional marking techniques have inherent limitations.
For example, in addition to the intraoperative identification
of GGNes, satisfactory resection margins must be acquired
but this may be difficult in sublobar lung resection such
as wedge resection or segmentectomy. Finally, GGNs
frequently present as synchronous multi-centric lesions (9),
but conventional single marking techniques may not suffice
for their identification.

Virtual assisted lung mapping (VAL-MAP) is a relatively
new, preoperative bronchoscopic lung-marking technique
that makes use of virtual images, such as obtained by virtual
bronchoscopy, to place multiple dye marks, or “tattoos”,
on the lung surface (10,11). VAL-MAP is safe, as neither
air embolism nor other potentially fatal complications have
been reported in patients undergoing the procedure (12).
The multiple dye markings of VAL-MAP provide geometric
information on the lung surface that aids surgeons not
only in identifying a hardly palpable tumor but also in
determining oncologically satisfactory resection lines,
particularly in patients undergoing thoracoscopic sublobar
lung resection (11,13). The multiple markings feature may
also be applied to synchronous multi-centric GGNE.

Because of the unique features of VAL-MAP, including
its ability to safely mark multiple sites on the lung surface,
its introduction can change the clinical strategy for
managing GGNs. We recently reported the results of a
multi-center prospective study based on 500 patients (12), a
number of whom had single or multiple GGNs. The aims
of the present study were to retrospectively analyze the data
of the previous study, focusing on GGNs, and to reveal the
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potential role of VAL-MAP in the management of GGNss.

Methods

All patients were prospectively registered in the multi-
institutional lung mapping (MIL-MAP) study from 2012
to 2016 (12). Patients included in the study: (I) were
scheduled for sublobar lung resection (wedge resection or
segmentectomy) to resect a pulmonary lesion and (II) had
lesions expected to be hardly palpable intraoperatively or
whose resection margins needed to be carefully defined.
The study was conducted as a secondary analysis of the
MIL-MAP study that was registered as UMIN 00000803 1
at the University Hospital Medical Information Network
Clinical Trial Registry (http://www.umin.ac.jp/ctr/) and
conducted under the approval of the ethics committee
of each participating hospital. Each patient underwent
informed consent regarding the procedure and the
prospective clinical study.

A surgical plan was made followed by planning for
lung mapping using virtual bronchoscopy together with
systems or software as described previously (12). VAL-
MAP was conducted 0-3 days before surgery (Figure 1) by
either surgeons or respirologists, or both depending on
the center’s preference in an endoscopy room equipped
with a standard fluoroscope. After the patients were
administered local anesthesia and sedated, a bronchoscope
was progressed into the target bronchus and 1 mL of
blue dye (indigo carmine) was injected through a metal-
tip catheter (P6-CW-1, Olympus) toward the visceral
pleura under fluoroscopy. After the planned markings
had been completed, a CT scan was taken to localize the
actual marking on the three-dimensional lung map. The
final three-dimensional map was then used to conduct the
surgery, usually thoracoscopically.

In this study, patients with pure or mixed GGNs were
retrospectively selected. Pure GGNs were defined as lung
nodules with 100% ground glass opacity, and mixed GGNs
as lung nodules containing <100% ground glass opacities.
The patient characteristics, lesion characteristics, operation
type, and pathological outcome were analyzed. All patients
underwent simple segmentectomy, defined as the resection
of an anatomical segment(s), complex segmentectomy,
defined as single or combined subsegmentectomy, or
extended segmentectomy, which extended beyond the
anatomical segment into an adjacent segment (14).

The contribution of lung mapping to the success of
surgery was then evaluated by the surgeon. Non-parametric
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Figure 1 VAL-MAP. The procedure is composed of five parts including planning, bronchoscopic marking (mapping), post-mapping CT, 3D

reconstruction, and surgery. The arrow in “bronchoscopic lung mapping” indicates the metal-tip of an injection catheter under fluoroscopy.

The arrow in the post-mapping CT image indicates a visualized dye mark, in which the water density can be seen. The blue spots and the

red spot on 3D indicate dye marks and a target lesion. Arrows in the surgery panels indicate GGNs. VAL-MAP can be used in the setting of

wedge resection or segmentectomy. The multiple markings of VAL-MAP can also be applied to multiple resections in one patient and/or the

resection of multiple lesions in one specimen. VAL-MAP, virtual-assisted lung mapping; CT, computed tomography; 3D, three-dimensional;

GGN, ground glass nodule.

tests including Wilcoxon and Kruskal-Wallis tests were used
to compare the number of marks among the different types
of resection, the diameter and depth of lesions between pure
and mixed GGNs. Other statistical analyses were carried
out using x’ tests. The data are expressed as the mean + SD.
The statistical analyses were conducted using JMP version

11.0° (SAS Institute, Cary, NC, USA).
Iy,

Results
Patients and targeted lesions

In the original MIL-MAP study, 1,781 markings were
made in 500 patients (3.6+1.2 marks/patient) scheduled for
resections of 681 pulmonary lesions (1.36 lesion per patient)
at 17 centers (12). In this retrospective secondary analysis,
370 GGNs in 299 patients were evaluated (Figure 2). The
characteristics of the patients and basic information on
their VAL-MAP procedures are shown in 7able 1. Right-
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side GGNs and female sex were dominant. There were
257 pure GGNs and 113 mixed GGNSs. Table 2 compares
the preoperative characteristics of pure and mixed GGNis.
Pure GGNs were significantly smaller than mixed GGNs
(10.5+5.6 vs. 13.2£6.0 mm; P<0.0001) and both were most
often located in the right upper lobe (~30%). The average
percentage of a ground glass component in mixed GGNs
was 46.6%+30.0%. The distribution of the ground glass
component of mixed GGN:s is also shown in Tible 2.

VAL-MAP and surgery

As shown in Table 1, 1,072 marks were made using VAL-
MAP (3.6 marks per patient). The average time between
bronchoscope insertion and removal was 23.2 min, and the
average duration of the mapping procedure was 17.3 min. One
patient developed fever after undergoing VAL-MAP and the
subsequent planned operation was canceled. Other minor
complications included minor pneumothorax (n=11, 3.7%),

F Thorac Dis 2018;10(5):2638-2647
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| 681 lesions (500 patients) |

Y

- Nodule, cavity, others
(311 lesions)

| 370 GGNs (299 patients) |

:I Operation cancelled in 1 patient with 1 GGN

No resection conducted for 3 GGNs in 3
patients due to intraoperative judgement

A

366 GGNs (297 patients) Wedge resection 146
Simple segmentectomy 99
Complex segmentectomy 60
Others 29
Total 334
Including two concurrent resections in one patient
Wedge resection Wedge resection 8
Simple segmentectomy 11
Complex segmentectomy | 10
Other 3
Simple segmentectomy Simple segmentectomy 2
Other 1
Complex segmentectomy | Complex segmentectomy | 1
Tota 36

2641

28 resections included
multiple lesions (n=60)

Wedge resection 8

Simple segmentectomy 10

Complex segmentectomy

Others
Total 28
Y
One-by-one resection* Wedge resection 139
306 GGNs (278 patients) Simple segmentectomy 89
Complex segmentectomy 54
Others 24
Total 306

Figure 2 Flow diagram of patients in the study. *, one-by-one resection, in which only one targeted lesion is included. GGN, ground glass

nodule.

pneumomediastinum (n=1, 0.3%), and intrapulmonary
bleeding (n=4, 1.3%), none of which affected the following
surgery. Therefore, 298 patients underwent operation.
Three pure GGNs were not resected based on the
intraoperative findings. Resections of other lesions were also
scheduled in these three patients, in two of whom, VAL-
MAP was conducted for other lesions, too. These three
unresected pure GGNs were considered “minor” lesions
relative to the major ones (e.g., 5 mm pure GGN vs. 15 mm
mixed GGN) and, considering loss of the lung volume and/
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or distortion of the lungs, surgeons decided not to resect
these lesions. Accordingly, 344 resections were eventually
intended for 366 GGNs in 297 patients, including 146
wedge resections, 99 simple segmentectomies, 60 complex
segmentectomies, 22 wedge resections for biopsy purpose
followed by curative segmentectomy (n=3) or lobectomy
(n=19), and 7 other resections (Figure 2).

With the exception of the 28 resections that included
multiple GGNs in one specimen (in total 61 GGNs),

306 lesions of 278 patients were resected in a one-by-
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Table 1 Baseline demographics of the patients (n=299)

Parameter Data

Mean age (years) 65.2+10.6
Female sex, % (n) 62.5% [187]
Right-side GGN, % (n) 61.9% [185]

Number of targeted GGNs per patient (number of patients)

Sato et al. VAL-MAP for GGNs

one relationship (Figure 2). In total, 928 marks (3.03
marks per resection) were used for these resections.
The largest number of marks were those conducted for
complex segmentectomy (4.05+0.74), followed by simple
segmentectomy (3.35+0.97) and wedge resection (2.96+0.80)
(Figure 3; P=0.001). More than half of the pure GGNs
were resected by wedge resection, whereas most of the
mixed GGNs were managed by complex segmentectomies

1 246 :
(Figure 4; P=0.001).
2 40
3 10 :
Multiple GGNs targeted by VAL-MAP
4 2
5 ] In 53 patients (17.7%), multiple GGNs (225 lesions) were
targeted by VAL-MAP for 123 GGNss in total. The strategy
Number of marking per patient 3.6+1.2 [1-9] in each patient was either one resection to include multiple
Time from mapping to surgery (days) 0.9+0.6 [0-3] lesions if they were located close to each other, or multiple
Time for bronchoscopy (min) 239498 resection§ (Fz'gure 1).. Sixty—o.ne GGNS were tr.eated in
28 resections in which multiple lesions were included
Duration of mapping (min) 17.3+£8.2 . . . .
in once specimen (Figure 2). The resection types were
GGN, ground glass nodule. eight wedge resections, ten simple segmentectomies, six
Table 2 Comparison between pure and mixed GGNs
Parameter Total Pure GGN Mixed GGN P value
Number of lesions 370 257 113 -
Diameter (mm) 11.3£5.8 10.5+5.6 13.2+6.0 <0.0001
Depth (mm) 8.149.2 7.8+9.1 8.8+9.4 0.53
Anatomical distribution (%) -
RUL 108 (29.2) 71 (27.6) 37 (32.7)
RML 21 (5.7) 18 (7.0) 3(2.7)
RLL 92 (24.9) 63 (24.5) 29 (25/7)
LUL 87 (23.5) 57 (22.2) 30 (26.5)
LLL 62 (16.8) 48 (18.7) 14 (12.4)
GGO% (mean) 100 46.6+30.0 -
GGO >75% - - 29 (25.7)
50%< GGO <75% - - 41(36.3)
25%< GGO <50% - - 29 (25.7)
GGO <25% - - 14 (12.4)

GGN, ground glass nodule; RUL, right upper lobe; RML, right middle lobe; RLL, right lower lobe; LUL, left upper lobe; LLL, left lower lobe;

GGO, ground glass opacity.
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Figure 3 Number of VAL-MAP marks used for a single resection.
(A) Wedge resection, (B) simple segmentectomy, and (C) complex
segmentectomy. A significantly larger number of marks was used
in complex segmentectomies (P=0.001). VAL-MADP, virtual-assisted

lung mapping.
100% -
80% - Wedge (302.3%)

60% -

40% |

20% A Complex
segmentectomy

Other

0% -

Pure GGN Mixed GGN

Figure 4 Resection type for pure and mixed GGNs. The
difference in the choice of technique in patients with pure vs.
mixed GGNs differed significantly (P=0.001). GGN, ground glass

nodule.
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complex segmentectomies, and four others. Two concurrent
resections were performed in 36 patients (12.1%). The
most common combination was wedge resection and simple
segmentectomy (11 patients), followed by wedge resection
and complex segmentectomy (10 patients), and two wedge
resections (8 patients). Resections of multiple lesions in one
specimen were relatively common.

Pathological outcomes

Resection of the targeted lesions was pathologically
confirmed for 364 lesions. In addition to the three lesions
in which the intraoperative decision was made not to resect
them, the resection of two GGNs could not be confirmed
by pathology. Thus, the overall rate of successful resection
was 98.6%. The pathological outcomes of the successfully
resected GGNs are shown in Figure 5. Primary lung cancer
was diagnosed in >80% of the resected GGNs, and atypical
adenomatous hyperplasia (AAH) in >10%. There was no
difference in the distribution of the pathologies between
pure and mixed GGNs. However, GGNs >5 mm had a
significantly higher ratio of primary lung cancer than those
<5 mm. AAH was increasingly less frequent and primary
lung cancer more frequent with increasing lesion size. This
trend was similar between pure and mixed GGNs (P<0.0001;
Figure 5B,C).

Contribution of VAL-MAP to surgery

The contribution of VAL-MAP to surgery was evaluated
by the surgeons. The contribution was considered high
especially in pure GGNs (Figure 64; P<0.0001). Among the
types of lung resection, VAL-MAP contributed the most to
wedge resections followed by complex segmentectomy and
simple segmentectomy (Figure 6B; P=0.0002).

Discussion

The present study demonstrated that VAL-MAP is a safe
and effective preoperative marking technique to identify
GGNs for subsequent sublobar resection, including wedge
resections and segmentectomy. The multiple markings
achieved with VAL-MAP enabled the concurrent resection
of multiple small GGNs. The final pathology of the
resected lesions revealed a high probability of primary lung
cancer for those with a diameter >5 mm. Given the minimal

7 Thorac Dis 2018;10(5):2638-2647
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Figure 5 Pathological diagnosis of GGNs. (A) Distribution of the pathological diagnoses of pure and mixed GGNs. The difference was not
significant; (B) distribution of the pathological diagnoses based on the maximum diameter of pure GGNs. The difference between the group
of GGNs <5 mm in diameter and the other two groups was significant (P<0.0001); (C) distribution of the pathological diagnoses based on
the maximum diameter of mixed GGNs. The difference between the group of GGNs <5 mm in diameter and the other two groups was

significant (P<0.0001). GGN, ground glass nodule.

A
100% -

80% -
60% -
40% -

20% -

0% -

Pure GGN Mixed GGN

B 100% -

80% -
60% -
40% -
20% -
0%

Wedge Simple Complex
segmentectomy segmentectomy

" C: same operation was possible without VAL-MAP
= B: VAL-MAP enabled confident performance of the operation
m A: the same level of operative precision impossible without VAL-MAP

Figure 6 Contribution of VAL-MAP to surgery as evaluated by surgeons. (A) The contribution of VAL-MAP was significantly higher in
cases of pure than of mixed GGNs (P<0.0001); (B) the contribution of VAL-MAP higher in wedge resections than in segmentectomies

(P=0.0002).

invasiveness of this marking technique and subsequent
thoracoscopic sublobar lung resection, the inclusion of
VAL-MAP may impact the clinical approach to small
GGN:E.

The results of the MIL-MAP study revealed the
satisfactory safety and effectiveness of VAL-MAP (12).
This result was confirmed in the present secondary analysis
limited to GGNs. Successful resection was achieved in
98.6% of the cases, and complications were limited. The
role of sublobar lung resection in the treatment of early
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primary lung cancer characterized by GGNs has been
described (15,16) and is being further explored (17). VAL-
MAP, by facilitating sublobar resection, provides several
potential advantages of clinical importance in the field of
thoracic surgery. One theoretical advantage of VAL-MAP
over conventional lung marking techniques is its ability to
achieve multiple markings rather than a single marking (11),
which makes it highly resistant to technical errors. Multiple
markings serve as a complementary backup in case of a
failed marking and thereby increase the probability of

J Thorac Dis 2018;10(5):2638-2647
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successful lung resection (18). In addition, the multiple
markings of VAL-MAP provide “geometric information” on
the lung surface. Using these multiple reference points on
the lung, the surgeon identifies not only the tumor location
but also the ideal resection lines yielding sufficient resection
margins (11,13,18). This is an important consideration
because the acquisition of sufficient resection margins is
essential in sublobar resection, as they predict locoregional
recurrence and ultimately affect patient survival (19-21).
Although reporting of the measured resection margins was
not mandatory in our study, the preliminary data indicated
the superiority of VAL-MAP over conventional CT-guided
percutaneous marking in obtaining resection margins (22).

A further advantage of multiple markings using VAL-
MAP is that multiple lesions can be targeted at the same
time. Multi-centric synchronous and/or metachronous
GGNes in a single patient are a common phenomenon (9).
For concurrent multiple small GGNs, surgical resection
consisting of multiple concurrent sublobar resections is
appropriate (9,23). However, in these cases conventional
CT-guided needle-mediated marking is likely to cause
pneumothorax, based on a reported rate of 30-50% (5,24).
The multiple dye markings made in VAL-MAP allows
for multiple concurrent sublobar resections. Indeed, in
this study, 36 patients (12.1%) successfully underwent
multiple concurrent resections. Although VAL-MAP does
not completely avoid the pneumothorax as a potential
complication, the incidence in our series was low (~4%).
Moreover, the degree of pneumothorax was such that in
most affected patients it was barely identifiable in post-
mapping CT and thus did not interfere with multiple
markings or necessitate additional treatment (12).

The GGNs in this study had a wide range of sizes,
and those >5 mm in diameter were found to have a high
likelihood of being lung cancer (Figure 5), in agreement
with a previous report on the outcomes of subcentimeter
GGNs (25). However, whether these relatively small
GGNs should be surgically treated is currently a matter of
discussion (1-3). Because the intraoperative identification
of a tumor is challenging in the absence of an appropriate
marking technique, a wait-and-see policy is often justified.
The indications for surgery depend on multiple factors,
including the danger of the lesion (e.g., invasiveness
and growth speed), risk of operation, the patient’s life
expectancy, and the patient’s level of anxiety (3). Given the
safety and efficacy of VAL-MAP in assisting minimally
invasive thoracoscopic sublobar lung resection, the
technique may lower the threshold for surgical diagnosis
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and treatment. Although when a subcentimeter GGN's
should be surgically managed remains controversial, the
introduction of VAL-MAP may guide decision-making for
patients with these lesions.

Although mostly successful, there were cases wherein
intended resection was cancelled (n=3) or successful
resection was not pathologically confirmed (n=2). The
former appears to have happened due to the discrepancy
between the surgical plan and actual intraoperative findings,
resulting in the surgeons’ judgement to avoid too much
resection. Indeed, this is one of the major problems of multi-
centric GGNGs. All the three lesions have been undergoing
careful observation; two of the three remain stable while
one has enlarged from 8 to 11 mm but without emergence
of a solid component. Regarding the two patients with
missed pure GGNs, one has been followed for three years
without evidence of any residual disease or local recurrence
and the other has undergone completion lobectomy of the
right upper lobe, which did not reveal obvious disease. It
is probable that the lesions were involved in or very close
to the staple line, which made pathological confirmation
difficult. Commonly to these two lesions, the location was
deep relative to the diameter (diameter and depth were 4
and 16 mm, and 8 and 35 mm, respectively). We recognize
that appropriate setting of a resection line for a deeply
located lesion is a major limitation of superficial marking
techniques including current VAL-MAP (11). As such, the
next generation of VAL-MAP is under investigation to
overcome the challenge. The original and present study
demonstrated an excellent reproducibility among different
centers with different settings and personnel. On the other
hand, it is true that the process shown in Figure 1 may seem
complex and redundant. Thus far, we found all the steps are
essential to maintain the quality of VAL-MAP. For example,
we found that post-mapping CT is still mandatory because
of the possible dislocation of each mark in the present
technique of VAL-MAP (18). Electromagnetic navigation
bronchoscopy (ENB) already used for lung marking (26,27)
may eventually eliminate the necessity of post-mapping CT
in VAL-MAP and this is one of the realistic directions VAL-
MAP should be further developed toward. In Japan, ENB
has been approved recently but only for the biopsy purpose
and the cost remains another limitation. We consider it
important to prepare a range of options available depending
on the availability of different techniques, to accomplish the
ultimate goal of satisfactory lung resection.

The present study had several limitations. First,
although the original ML-MAP study was prospective,

F Thorac Dis 2018;10(5):2638-2647
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it was single-armed and direct comparison was not made
with other marking methods. Although we have compared
different techniques previously (11), a fair comparison
has been precluded by different indications. Comparison
with a historical control has shown a good preliminary
result (22) but further investigation is necessary. Second,
surgical margins were not evaluated, despite the theoretical
advantage of the multiple markings of VAL-MAP in
subsequently obtaining sufficient resection margins. In the
setting of the original study, a challenge was to standardize
the measurement of surgical margins, for example, of
deflated versus inflated lungs and the management of
staple lines (12). An ongoing study in Japan is prospectively
evaluating VAL-MAP in guiding the resection margins of
sublobar lung resection. Third, the current multi-center
study did not report the details of the decision-making
process regarding the indications for surgery or the choice
of resection type. For example, some small GGNs were
likely to be resected during lobectomy of another lobe,
although only lesions whose resections were guided by
VAL-MAP were included in this study. Thus, in decision-
making regarding the surgical resection of GGNs, the
results presented herein should be carefully interpreted.

In conclusion, our study demonstrated the utility of
VAL-MAP in the resection of pure and mixed GGNss,
including in patients with synchronous multi-centric
GGNs. VAL-MAP may allow for less invasive and more
accurate thoracoscopic sublobar resection of subcentimeter
GGNs in the lung. The use of this new technique may
impact decision-making in terms of the timing and type of
surgical resection for small GGNs.
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