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Progress in preoperative localization for small pulmonary nodules
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Video-assisted thoracic surgery (VATS) is associated with
reduced postoperative pain, shorter hospital stay, and fewer
perioperative complications than thoracotomy, and its
application in surgery for both primary lung cancer and
metastatic lung tumors is increasing. Lung cancer screening
with annual low-dose computed tomography (CT) has
reduced morality from lung cancer, as compared with
chest radiography (1), while 24.2% of screened cases were
positive in the low-dose CT group. The current guidelines
recommend surgical biopsy if a lung nodule is >8 mm in size
and the probability of malignancy is high (2). Furthermore,
VATS wedge resection is recommended to obtain diagnosis
for an indeterminate nodule. The increased use of CT
screening for lung cancer will increase the number of cases
where VAT is necessary for small pulmonary nodules.

By definition, VATS is a form of thoracic surgery
performed under videoscopic guidance, with one access
incision of maximum length of 8 cm and two port incisions
of 0.5 cm, without rib spreading (3). Identification of
nodule in the lung parenchyma by finger palpation is
often hindered by the small skin incision and the limited
access. Suzuki et 4l. reported in 1999 that the probability
of failure to detect a nodule was 63% if the nodule is <10
mm and the distance to the pleural surface was >5 mm (4).
When identification of a nodule during VATS is likely to
be uncertain, preoperative localization will help surgeons
to identify small pulmonary nodules. In one randomized
controlled study by Finley ez al. (5), patients with nodules
of <15 mm were randomized to either no preoperative
localization (n=27), or preoperative microcoil localization
(n=29). They found that preoperative localization with a
microcoil was associated with a higher rate of successful
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VAT'S wedge resection, decreased operative time, and fewer
staples used, without increasing the total costs. The study
was limited in that it was a single-institutional study and
treatment arms were not blinded to the surgeons. Surgeons
should make an informed decision about the indication
for preoperative localization of nodules, based on (I) the
characteristics of the nodule, including the size, the distance
to the pleural surface, and whether it is a ground glass
nodule; (II) the availability of equipment for localization
in their institution; and (III) their skill in performing the
procedure.

To date, only a few studies have evaluated preoperative
localization using cone-beam CT (6) and ultrasonography (7).
Two representative procedures include a trans-thoracic
approach under CT guidance and a trans-bronchial
approach using flexible bronchoscopy. Important factors
when evaluating each technique are efficacy and safety for
localization. Efficacy includes successful identification of
markers on the surface of the lung, without dislodgment,
during VATS, and successful wedge resection, without the
need for conversion to thoracotomy. Cost analysis has rarely
been reported. Furthermore, many studies in the literature
are retrospective and single-institutional, and some studies
include only a small number of patients, which may induce
some bias.

For localization of a nodule, markers need to be located
on the pleural surface of the lung, in order for markers to
be recognized visually during VATS. In previous studies,
markers have been evaluated using various means, including
hook-wire, microcoil, lipiodol, radiolabelled technetium,
and dye markers. Some markers (i.e., lipiodol) require
fluorescence during VAT to identify markers and confirm
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complete resection, while a gamma-probe is necessary for
radio-guided surgery. Barium causes allergic reactions in the
lung parenchyma and might preclude a precise pathological
evaluation of the nodule and surgical margin. Dye markers
are considered to diffuse easily and lead to overresection,
although recent studies using dye markers have reported
promising results. Zaman ez 4/. concluded that radiolabelled
technetium is a highly accurate and preferable method,
with minimal complications and operator-dependence,
for detecting nodules as compared to other techniques (8).
However, their study has been criticized because they
only reviewed 19 studies, with only two studies that used
radiolabelled technetium for 56 patients (9). Park ez al.
evaluated the efficacy and safety of three marking methods,
i.e., hook-wire, microcoil, and lipiodol, in trans-thoracic
approaches under CT guidance (9). In their meta-analysis,
all three methods had similarly high success rates, with
lipiodol showing the highest success rates, and microcoils
the lowest complication rates, respectively. In contrast,
hook-wire had a lower success rate during VATS, because
of dislodgement of markers, in addition to the highest rates
of pneumothorax and hemorrhage. These unfavorable
results with the hook-wire approach may be because this
approach has been most frequently studied and reported in
literature. Seo er al. examined 174 patients who underwent
trans-thoracic localization of hook-wires under CT
guidance (10). The study included eight cases with
dislodgment of wires, and the distance between the tip of
the hook-wire and pleural surface was a significant factor for
successful localization. They concluded that in localization
by means of a hook-wire, sufficient depth from the pleural
surface is important.

Representative complications related to nodule
localization include pneumothorax and hemorrhage, and
most studies have reported that the procedures were safe.
However, the rare but serious complication of air embolism
is also reported in this procedure (11). The exact frequency
of air embolism related to this procedure remains unknown.
However, the frequency of air embolism in CT-guided
trans-thoracic needle biopsy of lung lesions is reported
to be 0.061% (6/9,783) (12), and this value can serve as a
reference when performing a trans-thoracic localization of a
nodule. Trans-bronchial approaches are expected to reduce
the risk of air embolism as compared with trans-thoracic
approaches, and it might in part explain why recent studies
more frequently favor trans-bronchial approaches.

Marino et al. reported their results of localization
with methylene blue using electromagnetic navigation
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bronchoscopy in a retrospective manner (13). Their study
included lung nodules <10 mm and nodules <20 mm that
were also located >10 mm from the pleural surface, and
marking was successful in 70 of 72 nodules (97.2%). Recent
trends for using trans-bronchial approaches are based on
advances in multi-detector CT and software that allow
three-dimensional visualization of images and generation of
virtual bronchoscopic images. Electromagnetic navigation
bronchoscopy utilizes virtual bronchoscopy and computer
guidance to identify the route to the nodule through the
bronchus and to guide small catheters accurately in the
periphery of the lung. Combination of these techniques has
enabled accurate preoperative localization of markers to
identify small pulmonary nodules during VATS procedures.

The prevalence of CT screening for lung cancer has
increased the number of small pulmonary nodules identified
at the periphery, and solid evidence for preoperative
localization is required when considering that the technique
is utilized widely in clinical practice. Sato et 4l. conducted a
multi-institutional prospective study of the trans-bronchial
localization technique using virtual bronchoscopy and
dye markers, with 1,781 markings in 500 patients who
underwent VATS, and concluded that the technique was
safe and reproducible among multiple centers (14).

In conclusion, surgeons should be encouraged to make
use of preoperative localization techniques and VATS
procedures guided by markers.

Acknowledgments

We would like to thank Editage (www.editage.jp) for
English language editing.
Funding: None.

Footnote

Provenance and Peer Review: This article was commissioned
and reviewed by the Section Editor Chengwu Liu
(Department of Thoracic Surgery, West China Hospital,
Sichuan University, Chengdu, China).

Conflicts of Interest: Both authors have completed the
ICMJE uniform disclosure form (available at http://dx.doi.
org/10.21037/vats.2017.05.08). The authors have no
conflicts of interest to declare.

Ethical Statement: The authors are accountable for all
aspects of the work in ensuring that questions related

Video-assist Thorac Surg 2017;2:36


http://dx.doi.org/10.21037/vats.2017.05.08
http://dx.doi.org/10.21037/vats.2017.05.08

Video-Assisted Thoracic Surgery, 2017

to the accuracy or integrity of any part of the work are
appropriately investigated and resolved.

Open Access Statement: This is an Open Access article
distributed in accordance with the Creative Commons
Attribution-NonCommercial-NoDerivs 4.0 International
License (CC BY-NC-ND 4.0), which permits the non-
commercial replication and distribution of the article with
the strict proviso that no changes or edits are made and the
original work is properly cited (including links to both the
formal publication through the relevant DOI and the license).
See: https://creativecommons.org/licenses/by-nc-nd/4.0/.

References

1. National Lung Screening Trial Research Team, Aberle
DR, Adams AM, et al. Reduced lung-cancer mortality with
low-dose computed tomographic screening. N Engl ] Med
2011;365:395-409.

2. Gould MK, Donington J, Lynch WR, et al. Evaluation
of individuals with pulmonary nodules: when is it lung
cancer? Diagnosis and management of lung cancer, 3rd
ed: American College of Chest Physicians evidence-based
clinical practice guidelines. Chest 2013;143:€93S-120S.

3. Swanson SJ, Herndon JE 2nd, D'Amico TA, et al. Video-
assisted thoracic surgery lobectomy: report of CALGB
39802--a prospective, multi-institution feasibility study. J
Clin Oncol 2007;25:4993-7.

4. Suzuki K, Nagai K, Yoshida J, et al. Video-assisted
thoracoscopic surgery for small indeterminate pulmonary
nodules: indications for preoperative marking. Chest
1999;115:563-8.

5. Finley R], Mayo JR, Grant K, et al. Preoperative
computed tomography-guided microcoil localization
of small peripheral pulmonary nodules: a prospective
randomized controlled trial. ] Thorac Cardiovasc Surg

doi: 10.21037/vats.2017.05.08
Cite this article as: Yoshida Y, Nakajima J. Progress in
preoperative localization for small pulmonary nodules. Video-
assist Thorac Surg 2017;2:36.

© Video-Assisted Thoracic Surgery. All rights reserved.

10.

11.

12.

13.

14.

vats.amegroups.com

Page 3 of 3

2015;149:26-31.

Rouzé S, de Latour B, Flécher E, et al. Small pulmonary
nodule localization with cone beam computed tomography
during video-assisted thoracic surgery: a feasibility study.
Interact Cardiovasc Thorac Surg 2016;22:705-11.

Wada H, Anayama T, Hirohashi K, et al. Thoracoscopic
ultrasonography for localization of subcentimetre lung
nodules. Eur J Cardiothorac Surg 2016;49:690-7.

Zaman M, Bilal H, Woo CY, et al. In patients undergoing
video-assisted thoracoscopic surgery excision, what is the
best way to locate a subcentimetre solitary pulmonary
nodule in order to achieve successful excision? Interact
Cardiovasc Thorac Surg 2012;15:266-72.

Park CH, Han K, Hur J, et al. Comparative Effectiveness
and Safety of Preoperative Lung Localization for
Pulmonary Nodules: A Systematic Review and Meta-
analysis. Chest 2017;151:316-28.

Seo JM, Lee HY, Kim HK, et al. Factors determining
successful computed tomography-guided localization of
lung nodules. ] Thorac Cardiovasc Surg 2012;143:809-14.
Horan TA, Pinheiro PM, Aradjo LM, et al. Massive gas
embolism during pulmonary nodule hook wire localization.
Ann Thorac Surg 2002;73:1647-9.

Tomiyama N, Yasuhara Y, Nakajima Y, et al. C'T-

guided needle biopsy of lung lesions: a survey of severe
complication based on 9783 biopsies in Japan. Eur J Radiol
2006;59:60-4.

Marino KA, Sullivan JL, Weksler B. Electromagnetic
Navigation Bronchoscopy for Identifying Lung Nodules
for Thoracoscopic Resection. Ann Thorac Surg
2016;102:454-7.

Sato M, Kuwata T, Yamanashi K, et al. Safety and
reproducibility of virtual-assisted lung mapping: a
multicentre study in Japan. Eur J Cardiothorac Surg
2017;51:861-8.

Video-assist Thorac Surg 2017;2:36


https://creativecommons.org/licenses/by-nc-nd/4.0/

