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Background: Localizing small lung nodules during thoracoscopy is challenging for thoracic surgeons.
In this case series, a novel technique for intraoperative localization that combines preoperative computed
tomography (CT) with direct measurement during thoracoscopy is described.

Methods: A preoperative CT within two months before surgery was mandatory for precise planning of
the resection area. During thoracoscopy, intracorporeal direct measurement (ICDM) for intraoperative
localization was undergone if the targeted nodule was non-palpable and non-visualized. According to the
location of the targeted nodule, longitudinal, and horizontal landmarks were chosen. The distances between
the nodule and these landmarks were obtained from both CT images and intraoperative measurements
during thoracoscopy. Based on the measurements, the x-axis and y-axis coordinates of the nodule were
calculated and marked on the visceral pleura. A thoracoscopic wedge resection with an adequate margin was
performed. From July 2014 to December 2018, ICDM was applied in 27 patients with peripheral pulmonary
nodules smaller than 2 cm. Their medical records were reviewed retrospectively to evaluate the feasibility
and safety of this technique.

Results: Twenty-six of the twenty-seven nodules were successfully identified (96.3%). The nodules included
13 primary lung cancers, 5 metastases, and 9 benign lesions. The median nodule size was 7 mm (range,
4-17 mm), and the median distance of the nodule from the visceral pleura was 8.1 mm (range, 1.0-31.2 mm).
The median localization time was 24 minutes (range, 8-109 mm). Two patients (7.4%) had a prolonged air
leak, but there was no procedure-related mortality.

Conclusions: ICDM is an effective and safe method for localizing peripheral lung nodules during

thoracoscopy.
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Introduction thoracoscopic approach through minimal skin incisions.
Several techniques have been introduced to help surgeons to

Thoracoscopic surgery provides similar survival benefits but localize the targeted nodule, such as computed tomography

results in a shorter length of hospital stay as compared to
open surgery in early-stage non-small cell lung cancer (1)
and is thought to be the mainstay procedure for the excision
of small lung nodules. It is, however, challenging for

thoracic surgeons to identify these small lesions with the
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(CT)-guided marking methods, electromagnetic navigation
bronchoscopy (ENB), intracavitary ultrasound guidance, a
hybrid operating theater and three-dimensional 3D) CT-
simulation (2-6). These techniques provide remarkable
advantages over conventional palpation and inspection
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in localizing the targeted nodule. At the same time, some
of these techniques need special instruments or require
the participation of experienced interventional specialists,
resulting in increased medical costs and patients’ waiting
time. These techniques are also not always available or
feasible. For example, ENB, a hybrid operating theater, and
3D CT-modeling require expensive instruments and special
software that may not be available in some hospitals. CT-
guided marking may not be a valid option if the nodule is
near a vessel, the patient has a high risk of pneumothorax
or bilateral lung nodules, or no experienced interventional
radiologist is available.

CT scans are obtained for nearly all patients who undergo
thoracoscopic surgery and are valuable in localizing lung
nodules. Consequently, a localizing method that combines
CT images with intracorporeal direct measurement {CDM)
to facilitate the intraoperative localization of a targeted
pulmonary nodule during thoracoscopy is developed. The
aim is to introduce this technique and evaluate its safety and

feasibility.

Methods
Study design and patients

Between July 2014 and December 2018, the medical
records of all consecutive 152 patients with a peripheral
lung nodule <2 c¢m hospitalized for thoracoscopic excision
were retrospectively reviewed. The patients who underwent
ICDM were included for this study. The selection criteria
for ICDM were patients who had peripheral lung nodules
with the size <2 cm and the depth <3 ¢cm on CT, and the
targeted nodules were not detectable by conventional
palpation and inspection during thoracoscopy. All patients
had an indication for the surgical excision of the targeted
nodules that was either highly suspicious for primary or
metastatic malignancy or had a clinically inconclusive
diagnosis after an at least 3-month follow-up. Written
informed consent was obtained from each patient before the
surgery. None of these patients underwent any preoperative
localization. This study was approved by the institutional
review board of E-Da Hospital (approval number: EMRP-
108-013).

Surgical technique

For precise planning of the resection area, a preoperative
CT within no more than two months before surgery was
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mandatory. The patient was placed in the lateral decubitus
position under general anesthesia with endotracheal
intubation. Single-lung ventilation was achieved by either
double-lumen endotracheal tube intubation or single-lumen
tube intubation with an endobronchial blocker depending
on the evaluation of the anesthesiologist. A 10-mm skin
incision was made along the mid-axillary line in the 7" or
8" intercostal space (ICS) for a 10-mm 30° scope. Another
30-mm skin incision was made along the anterior axillary
line in the 5* or 6™ ICS. An inframammary incision was
preferred in female patients, if feasible. Carbon dioxide was
not routinely insufflated, but only if the lung collapse was
not ideal. The operator stood at the patient’s ventral side
and performed the surgery via the anterior working port.
The assistant stood at the dorsal side of the patient to hold
the scope. First, the operator aimed to detect the nodule by
visual inspection and palpation using fingers or instruments
via the working port. When the nodule could be identified,
wedge resection was performed directly.

In cases where the nodule was not detectable with this
method, ICDM was performed. The steps were as follows:

Choosing the horizontal landmark and calculating the
y-axis coordinate

Because of their rigidity and coverage by the mediastinal
pleura, the position of the hilar structures remains almost
unchanged even with complete lung collapse, and they are
therefore suitable to guide nodule location. For the left
lung, the level between the sub-aortic arch (sub-AA) and
inferior pulmonary vein (IPV) was fixed (Figure 14). For
the right lung, the level between the azygos vein (AV) and
IPV was fixed (Figure 1B). These landmarks divided the
lung into four horizontal zones: from the apex to sub-AA/
AV, from sub-AA/AV to the sixth bronchus (B6), from B6
to the IPV, and from the IPV to the base. Within these four
zones, the first and fourth were movable while the second
and third were fixed. If the nodule was located in the second
or third part, its y-axis location was calculated from the
nearest landmark on the CT, for example, 1 cm above the
IPV. If the nodule was located in the first or fourth part, the
y-axis location was calculated in proportion to the distance
between the IPV and base after releasing the pulmonary
ligaments. For example, if the nodule was located 3 cm
below the IPV and 1 cm above the base on the CT; its y-axis
coordinate was at a ratio of 3:1 from the measured distance
between the IPV and base during thoracoscopy. If there was
a complete fissure, this could be used as a landmark, and
a nodule located in zone 3 of the right upper lobe (RUL)
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Figure 1 Illustration of landmarks for intracorporeal direct measurement. (A) Left lung; (B) right lung; (C) convexity of the aorta (arrow); (D)

the projection of the nodule in zone 1 (black) to zone 2 (gray) and the mid-axillary line (dashed) helps to establish the longitudinal landmark.
LUL, left upper lobe; LLL, left lower lobe; RUL, right upper lobe; RML, right middle lobe; RLL, right lower lobe; AA, aortic arch; DA,
descending aorta; B6, the bronchus of the sixth segment; IPV inferior pulmonary vein; AV, azygos vein.

was managed in proportion to the distances between the
fissure and the hilar structures. It needs to be emphasized
that the distance on the visceral pleura should be obtained,
especially for the lesions located in RUL and left upper
division, because the pleura line was a curve not a straight
line.

Choosing the longitudinal landmark and obtaining the
distances on CT

For the left lung, the descending thoracic aorta (DA) forms
a convexity on the lung surface, which provides an useful
landmark (Figure 1C). For the right lung, the mediastinum
and the fissure (lobar edge) were used as landmarks. The
horizontal distances on the visceral pleura between the
fissure, the surface projection of the target nodule, and the
DA or mediastinum were obtained from the preoperative
CT. For lesions located in the first and fourth zone, it was
sometimes challenging to choose a longitudinal landmark in
this way. In this situation, there were two alternative ways
to establish the longitudinal landmark: making a projection
to the second or third zone, or using the mid-axillary line,
where the camera port was situated (Figure 1D).
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Measuring the distance between landmarks on the
visceral pleura and calculating the x-axis coordinate
Under thoracoscopic inspection, a sterile paper ruler (Aspen
Surgical, Caledonia, MI, USA) was placed on the lung
surface at the level of the y-axis coordinate to measure the
distance between the fissure and the DA or mediastinum,
the chosen landmark (Figure 2A,B). In proportion to the
ratio of the CT distance to this measured distance, the x-axis
coordinate of the projection point was obtained and marked
on the pleura (Figure 2C,D). Depending on the depth of the
nodule, wedge resection with adequate margins was then
performed using an endostapler (Figure 2E,F). The video

demonstration of this technique was shown in Figures 3,4.

Data collection and analysis

From the institutional prospectively maintained medical
database, the demographic data and surgical outcomes
were retrieved and reviewed. The descriptive statistics are
presented as number (percentage) for categorical data and
as median with interquartile range and range for continuous
data, and were carried out with IBM SPSS Statistics for
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Figure 2 Steps of localization by intracorporeal direction measurement. (A) On preoperative computed tomography (CT) images, choose

the mediastinal landmark for the targeted nodule (dotted circle). In this case, right inferior pulmonary vein (IPV, arrowhead) and the lobar

fissure (black arrow) are used as the landmark; (B) use a sterile paper ruler to obtain the distance between the horizontal landmarks: the

fissure and right IPV; (C) obtain the distances between the fissure (black arrow), the targeted nodule (dotted circle), and right IPV (arrowhead)

on the preoperative CT images; (D) mark the lesion on the visceral pleura after calculating the distance; (E) wedge resection with adequate

margin is performed; (F) the targeted nodule is successfully removed.
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Figure 3 Demonstration of intracorporeal direct measurement
performed in 59-year-old male patient with a 9-mm ground-glass
neoplasm in the right lower lobe (7).

Available online: http://www.asvide.com/watch/32995

Windows, version 22 (IBM Corp., Armonk, NY, USA).

Results

ICDM was performed in 27 patients with peripheral

© Journal of Thoracic Disease. All rights reserved.

AME

. Publishing Company

Video 2. Demonstration of intracorporeal direct
measurement proceduy farmed in a 51-year-old
female patient with bi nd-glass neoplasms.
bcalizing the 4-mm
he left lower lobe

This technique wa:
ground-glass ne

Ming-Wei Kao

Division of Thoracic Surgery, Department of Surgery, E-Da
Hospital, Kaohsiung

Figure 4 Demonstration of intracorporeal direct measurement
procedure performed in a 51-year-old female patient with bilateral
ground-glass neoplasms. This technique was used in localizing the
4-mm ground-glass neoplasm in the left lower lobe (8).

Available online: http://www.asvide.com/watch/32996

pulmonary nodules <2 cm. Among these 27 patients,
ground-glass neoplasms (GGNs), defined as lesions
with consolidation-to-tumor ratio <0.5, were found
on the preoperative CT in 20 patients (74%). Patient
characteristics are summarized in 7zble 1. The median
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Table 1 Clinical features in 27 cases undergoing thoracoscopic

resection of peripheral pulmonary nodules after localization by

direct measurement
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Table 2 Surgical outcomes of 27 cases undergoing thoracoscopic

resection of peripheral pulmonary nodules after localization by

direct measurement

Variables Values (N=27) Variables Values (N=27)

Gender Successful localization 26 (96.3%)
Female 18 (67%) Localization time (minutes) 24 (53) [8-109]
Male 9 (33%) Bilateral surgery 3(11.1%)

Age (years)
Body mass index (kg/m?)
Nodule size (mm)

Depth on CT (mm)

59 (15) [36-72]
24.3 (5.6) [18.1-31.1]
7 (5.1) [4-17]
8.1(10.7) [1.0-31.2]

GGN (CTR <0.5) 20 (74%)
Nodule location
Left upper lobe 1 (4%)
Left lower lobe 6 (22%)
Right upper lobe 10 87%)
Right middle lobe 0 (0%)
Right lower lobe 10 37%)

Operative method following localization

Wedge resection

19 (70.4%)

Segmentectomy 2 (7.4%)*
Lobectomy 6 (22.2%)
Tube drainage (days) 2 (1.3) [0-27]
Hospital stay (days) 5 (4) [2-28]

Complication

Prolonged air leak 2 (7.4%)
Mortality 0
Histology

Malignant, primary lung

13 (48.1%)

Categorical data are presented as number (percentage) and
continuous data presented as median (interquartile range)
[range]. CT, computed tomography; GGN, ground-glass neo-
plasm; CTR, consolidation-to-tumor ratio.

localization time was 24 minutes. Two patients (7.4%) had
severe pleural adhesions and needed extensive adhesiolysis,
resulting in a longer localization time (80 and 109 minutes)
as compared to the other patients and prolonged air leaks.
Three patients underwent bilateral thoracoscopic excisions
of multiple pulmonary nodules (11.1%). Twenty-six nodules
(96.3%) were successfully localized by ICDM. One nodule
could not be identified with the method (3.7%) but was
successfully removed by segmentectomy. The surgical
outcomes are shown in Tuble 2.

Discussion

In the era of minimally invasive surgery, it is critical for
thoracic surgeons to localize a small targeted nodule
via a small incision. In the current practice of pre-
operative localization, CT-guided marking techniques
are widely used, for example, the placement of a hook-
wire (9,10) or injection of detectable agents (11-14).
However, an accidental penetration of the visceral pleura
during these procedures may cause complications, some

© Journal of Thoracic Disease. All rights reserved.

Malignant, metastasis 5(18.5%)
Benign, infectious 3(11.1%)
Benign, non-infectious 6 (22.2%)

Categorical data are presented as number (percentage) and
continuous data presented as median (interquartile range)
[range]. *, including the case in which the intracorporeal direct
measurement failed to localized the nodule, that consecutively
was successfully removed by segmentectomy.

of which are potentially disastrous, such as hematoma,
hemothorax, pneumothorax, air embolism, or pleural
seeding of the tumor (15-19). Zaman et a/l. (20) reviewed
the literature and reported the success rate of the hook-
wire technique to differ between hospitals, ranging from
58% to 97.6%, and the failures were mainly caused by
wire dislodgement. Ciriaco er al. (10,21), reporting on
their experience, suggested that preoperative CT-guided
hook-wire localization is a useful technique to identify
pulmonary nodules during thoracoscopy when performed
by experienced hands. Dye injection has been considered to
be of equivalent accuracy but has less severe complications
compared to hook-wire placement (22). However, a failure
rate of 13% has been reported, part of which resulted from
an excessive volume of dye injected, an error that might
be minimized in expert hands (12,23,24). For patients
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with a high risk of pneumothorax and patients with lesions
located near vessels or close to the scapula and ribs, the
interventional radiologist with limited experience is unlikely
to suggest CT-guided marking. In an article discussing the
most appropriate procedure for localizing small pulmonary
nodules, Kato ez 4l. (25) and colleagues emphasized that the
surgeon should be familiar with the anatomical structures
and make the planning in person because of the surgeon’s
unique view during surgery. The thoracic surgeon has to
find the alternative method to localize the targeted nodule
in addition to the conventional visual inspection and digital
palpation. Navigational bronchoscopy and hybrid operating
rooms are advanced intraoperative techniques to localize
the targeted nodule and could be performed by thoracic
surgeons personally in the operating theater (3,5,26,27), but
these techniques require special instruments and increase
patients’ medical expense (28) and are therefore unlikely to
be available in many institutions.

ICDM is a non-invasive procedure for the localization
of a nodule during thoracoscopy based on a combination of
preoperative CT images, intraoperative measurements, and
simple mathematic calculations. No special instruments are
required. It is designed to assist the operator in identifying
targeted nodules that could not be detected by inspection
and palpation, and when preoperative localization is not
available. Especially for patients with bilateral lung lesions,
preoperative CT-guided hook-wire or dye marking is
concerning due to the possibility of bilateral pneumothorax,
wire migration, and dye diffusion with time, which will
make the nodule difficult to identify. For these patients,
ICDM is an alternative method for nodule localization.

ICDM is suggested in cases that the distance between
the targeted nodule and the visceral pleura is less than
3 cm. In this report, there was only one patient who had
a nodule locating 31.2 mm deep from the visceral pleura.
The reason is that the severe adhesion in his pleura cavity
made segmentectomy much more difficult than ICDM to
localize and remove the nodule. Performing segmentectomy
is another useful method to localize pulmonary nodules.
Kato er al. (6) showed that thoracoscopic anatomical
segmentectomy using 3D CT simulation is effective in
removing non-palpable and non-visible lung nodules. In
my institute’s experience, segmentectomy was excellent
to remove centrally located pulmonary nodules but
took much more time than ICDM to remove peripheral
nodules [median time: 135.5 (IQR: 60) minutes versus 56.5
(IQR: 78.8) minutes; Mann-Whitney U test P=0.001.
Unpublished data].

© Journal of Thoracic Disease. All rights reserved.
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In this series, 96.3% of nodules were successfully
identified and removed. The case in which ICDM failed
occurred during the early phase of applying this method
(6™ patient). The nodule was located in the 3™ segment
of RUL with an incomplete fissure and 17.7 mm deep
from the visceral pleura. I failed to remove it because I did
not separate the fissure enough for an adequate resection
margin. After applying the endostapler, it did not reach
deep enough to include the nodule that consecutively was
successfully removed by segmental resection.

In my experience, ICDM has two limitations. First, it is
challenging to perform in cases of severe pleural adhesions,
because it needs at least two completely exposed landmarks
as the x-axis and y-axis coordinates. If a comprehensive
adhesiolysis is necessary to establish these landmarks,
the localization time and probably also the air leak are
prolonged. Second, ICDM only provides an estimated
surface marking, and the operator must evaluate the nodule
depth based on the preoperative CT images to decide on
the resection margin. In other words, ICDM may not
be beneficial for a centrally located lesion, which may be
removed by segmental resection instead. Similar to the case
described above, segmentectomy is strongly recommended
for rescue.

This is a small-sized retrospective study based on a single
surgeon’s experience, introducing a selection bias. ICDM
requires validation by other surgeons in the future to
improve the technique and establish the optimal indications.
The cost-effectiveness of ICDM compared with other
localization techniques may also need to be investigated.

Conclusions

In conclusion, for peripheral small pulmonary nodules
which are not detectable by the conventional palpation
and inspection, ICDM is a feasible and safe method for
intraoperative localization.
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