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Background: Various methods exist for locating lung nodules, each with its own advantages and
disadvantages. Aiming to find a more accurate, safe, effective, economical and practical method for locating
lung nodules, this study evaluated the safety and feasibility of a precise three-dimensional (3D) method for
positioning small pulmonary nodules based on anatomical landmarks.

Methods: From June 2019 to December 2021, 120 patients with 131 pulmonary nodules who underwent
video-assisted thoracoscopic surgery at the University of Hong Kong-Shenzhen Hospital were included in
the study. Surgical data such as the positioning time, accuracy rate, pathological result, localization-related
complication rate and length of postoperative hospital stay were retrospectively reviewed and analyzed.
During surgery, pulmonary nodules were accurately located by the 3D positioning method based on
anatomical landmarks and then removed to determine the pathology.

Results: A total of 120 patients, including 35 males and 85 females, were included, and the median age was
53 years [interquartile range (IQR), 41-63 years]. No mortality or major morbidity occurred within 30 days.
The median localization time was 11 minutes (IQR, 8-14 minutes). The accuracy of localization was 98.5%.
The median diameter of the pulmonary nodules was 8 mm (IQR, 7-13 mm), and the median distance from
the visceral pleura was 6 mm (IQR, 2-10 mm). No location-related complications occurred. The median
length of postoperative hospital stay was 5 days IQR, 3-7 days).

Conclusions: The proposed positioning method is accurate, safe and feasible for selected patients with
pulmonary nodules. Compared with other preoperative and intraoperative positioning methods, it can

significantly reduce localization-related complications.
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Introduction computer tomography (CT) examinations have become
With the continuous improvement in people’s living increasingly popular, and the screening rate of lung
standards, the increase in lung cancer screening programs nodules in the population has been increasing. Some of
and the improvement in oncological follow-up, chest these patients require thoracoscopic surgery for lung
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wedge resection and biopsy to determine the pathological
nature. However, small lung nodules with a diameter
of <1 cm and a distance of >0.5 cm from the pleura,
especially ground glass nodules, are invisible and intangible
during the operation, and the probability of thoracotomy
is as high as 63% (1). How to accurately locate these
nodules has become a popular research topic. At present,
many types of positioning methods are used by clinical
doctors worldwide, including preoperative CT-guided
hookwire positioning (2,3), coil positioning (4,5), lipiodol
positioning (6,7), radiotracers (8-10), electromagnetic
navigation bronchoscope-guided positioning (11-13),
and intraoperative ultrasound-assisted positioning
(14,15). However, pros and cons exist to each approach.
Correspondingly, positioning-related complications can
occur, such as the inability to locate the nodule, positioning
failure, complicated operations, and increased exposure to
CT radiation, which can increase costs.

Based on these considerations, we aim to find a safer,
easier, and more acceptable positioning method. Under
continuous exploration and improvement, our thoracic
surgery team found that a precise three-dimensional
(3D) positioning method based on anatomical landmarks
can meet the above requirements. More importantly, it
can minimize positioning-related complications, such
as pneumothorax, bleeding or air embolism caused by
hookwire positioning under CT guidance. Additionally, it
does not require repeated CT location irradiation before
surgery, reducing the risk of CT radiation exposure. This
method is performed intraoperatively such the patient
does not experience the anxiety and discomfort elicited
by another invasive preoperative positioning operation.
Therefore, we hope that this comparison study can
provide clinical colleagues and patients with a safer and
more effective choice. We present the following article in
accordance with the STROBE reporting checklist (available
at https://jtd.amegroups.com/article/view/10.21037/jtd-22-
203/rc).

Methods
Clinical information

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). This study
was conducted with the formal and written approval of
the Institutional Ethics Committee of the University of
Hong Kong-Shenzhen Hospital (No. hkuszh2020198).
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Informed consent was signed by all individual participants
included in this study before the surgery. This was a
retrospective review of surgical data obtained from patients
who were diagnosed with lung nodules and underwent
thoracoscopic surgery at the Department of Thoracic
Surgery, the University of Hong Kong-Shenzhen Hospital,
from June 2019 to December 2021. The screening criteria
included the following: age between 18 and 80 years
old; normal capacity for civil conduct; ability to sign an
informed consent form for the operation independently;
the presence of lung nodules as determined by CT
examination (the CT showed clear boundaries, diameter
less than or equal to 3 c¢m, and lungs surrounded by air-
bearing lung tissue nodular lesions); no other invasive
examinations, such as fine needle aspiration, performed
before thoracoscopic surgery; preoperative examination
to assess cardiopulmonary function for general anesthesia;
no related surgical contraindications; evolving nodules or
highly suspicious nodules discussed with a multidisciplinary
tumor board; and the absence of retraction of the visceral
pleura on preoperative CT-scan. A total of 154 patients with
pulmonary nodules who agreed to undergo thoracoscopic
wedge resection between June 2019 and December 2021
were involved in the study. Thirty-four patients with
pulmonary nodules visible to the naked eye during surgery
were excluded by our surgical team to avoid potential bias.
During the operation, 120 patients with 131 pulmonary
nodules were accurately located using the precise 3D
positioning method based on anatomical landmarks, and
then the pulmonary nodules were accurately removed to
clarify the nature of the pathology.

The data of positioning time, accuracy rate, pathological
result, localization-related complication rate and length of
postoperative hospital stay were retrospectively reviewed
and analyzed. The follow-up assessments were performed
through direct examination by a clinician at the outpatient
clinic as well as through questionnaire surveys and
telephone calls at 1 week and 1 month after discharge.

Positioning method

Before the operation, the image of the thin-slice CT scan of
the patient with pulmonary nodules was imported into the
Fuji SYNAPSE 3D image processing and analysis system,
and the software was used to reconstruct and then find the
location of one line (line A) and two points (point A and
point B) in summary. Point A is the thoracic or mediastinal
projection point of the pulmonary nodule; it refers to the
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Figure 1 Before the operation, the head of the transverse process of the vertebral body and the upper edge of the rib were used as relatively

fixed body landmarks on the software to identify the target nodule. (A) In a 44-year-old male patient, a nodule in the posterior basal segment

of the left lower lobe was found and highly suspected of malignancy. (B) With the help of the Fuji SYNAPSE 3D image processing and

analysis system, the marking point was identified as being very close to the 9th rib. (C) CT sagittal view of lung nodule located on the

upper edge of the 9th rib. (D) We measured the distance from this marked point to the head of the transverse process of the vertebral body,

recording it as 49.0 mm.

projection point of the pulmonary nodule on the thoracic
or mediastinum surface, which should be the closest
point perpendicular to the lung nodule when the lung is
inflated (Figure 1A4). Line A is an anatomical marker line
that refers to the linear anatomical structure (straight line
or arc) adjacent to point A (Figure 1B), such as the upper
edge of the rib (Figure 1C,1D), the lower edge of the rib,
the superior vena cava, the blood vessels in the thorax, the
subclavian artery, and the trachea. Point B is an anatomical
marker point: it is located on line A and can be clearly
identified during the operation, for example, the top of

© Journal of Thoracic Disease. All rights reserved.

the transverse process of the vertebral body, the beginning
of the left subclavian artery (Figure 2), the intersection of
the superior vena cava and azygos vein (Figure 3) and the
intersection of costal cartilage and internal thoracic vessels.
Then, the length of line A between point A and point B was
measured and recorded using 3D reconstruction software.

Intraoperative positioning

All patients received general anesthesia in the operating
room and underwent the double-lumen endotracheal
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Figure 2 The beginning of the left subclavian artery was used as relatively fixed body landmarks on the software to identify the target

nodule. (A) In a 56-year-old male patient, a subsolid nodule in the apical posterior segment of the left upper lobe was found close to the

subclavian artery. (B) We measured the distance from the marking point to the root of the left subclavian artery. (C) The measured distance

was 22.1 mm. (D) From the specimen, the pulmonary nodule was located just below the marking point.

intubation technique as usual, and then they were placed
in a 90-degree lateral decubitus position. The surgical side
of the chest was prepped and draped in a sterile fashion.
A 3 to 4 cm single-hole incision was made between the
anterior axillary line and the mid-axillary line of the 4th
or 5th intercostal space as the thoracoscopic observation
hole and operation hole. When the lung on the surgical
side collapsed and the wound protective sleeve was
applied, a 30-degree 5 mm thoracoscope was inserted
for observation. First, we looked for the relatively fixed
anatomical landmarks (point B) and line A mentioned above
(Figure 4A). Starting from point B, the distance along line A
was measured using a sterile soft ruler to find point A. After

© Journal of Thoracic Disease. All rights reserved.

point A was identified, a marking device, such as a small
cotton ball tied around the head of a small infusion catheter
(12G, produced in Shandong, China), was inserted through
the surgical port and fixed to marking point A using a 4.0
Prolene thread (Figure 4B) or Kangpai glue (2 mL, produced
in Beijing, China). Then, the anesthesiologist was asked to
fully inflate the lungs. The airway pressure was maintained
using a 40 cm water column. After the lungs were fully re-
expanded, the anesthesiologists were asked to maintain
this inflated state for several seconds. A 1 mL syringe with
0.05 mL melanin solution was prepared in advance and
quickly injected into the small cotton ball at the front
through the small infusion catheter (Figure 4C). The
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Figure 3 The intersection of the superior vena cava and azygos vein was used as relatively fixed body landmarks on the software to identify

the target nodule. (A) In a 38-year-old male patient, a mixed ground glass nodule in the apical segment of the right upper lobe was found and

highly suspected of malignancy. (B) The nodule was very close to the superior vena cava. (C) We measured the distance from the marking

point to the junction of the superior vena cava and azygos vein, recording it as 33.2 mm. (D) From the specimen, the pulmonary nodule was

located just below the marking point.

melanin solution on the small cotton ball was printed on the
pleura of the lung, marking point A, which was the closest
point perpendicular to the target lung nodule (Figure 4D).
Then, the anesthesiologist was asked to ventilate the
contralateral lung, and the lung on the surgical side was
collapsed again. After the lung was collapsed for better
exposure, we used oval forceps to clamp the pre-resected
lung tissue with the melanin mark and then used fingers to
feel whether a nodule could be palpated intraoperatively.
Then, we removed the lung tissue containing the palpable
nodules with a thoracoscopic linear cutting stapler. The
specimen was placed in a sterile specimen bag and removed

© Journal of Thoracic Disease. All rights reserved.

from the thoracic cavity, and then it was cut off at the
marked point to identify the pulmonary nodule (Figure 2).
The distance from the center of the marked point to the
visceral pleura closest to the pulmonary nodule on the
specimen was measured and recorded, and a distance less
than 20 mm with a negative surgical margin was identified
as accurate positioning. Once the pulmonary nodule was
confirmed to be removed, the specimen was quickly frozen
and sent to the pathology department for pathological
examination to evaluate the nature of the pulmonary
nodules to determine the next step of the operation.
The target nodule localization time includes the whole
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Figure 4 Pleura marking process in actual operation. (A) During the operation, we first looked for the first rib from top to bottom and

counted it down to the 9th rib. Then, we used a soft ruler to measure the distance 49 mm from the head of the transverse process of the

vertebral body to identify the marking point. (B) A small infusion tube was used with a small cotton ball tied around the head and fixed to

the marking point by using a 4.0 Prolene thread. (C) A 1 mL syringe with 0.05 mL melanin solution was drawn in advance and quickly

injected into the small cotton ball at the front through the small infusion tube after the lungs were re-expanded completely. (D) The melanin

solution on the small cotton ball was printed on the pleura of the lung as the marking point.

operation process from the beginning of finding point B to
determining point A on the pleura. Each key step of actual
operation can be seen in the Video 1.

Statistical analysis

SPSS for Windows version 25.0 (SPSS Inc., Chicago, IL,
USA) was used for statistical analysis of the data obtained
from this study. The descriptive statistics included the mean
(standard deviation), median [interquartile range (IQR),
25% quantile, 75% quantile], or numbers (percentages)

© Journal of Thoracic Disease. All rights reserved.

according to the types and distributions of the variables.
The normality of the distribution was confirmed with the
Kolmogorov-Smirnov test. The data of this study that did
not follow a normal distribution are presented as medians
(25% quantile and 75% quantile) or numbers (percentages).

Results

A total of 120 patients with 131 pulmonary nodules
who underwent video-assisted thoracoscopic surgery
at our department were enrolled, of whom 11 patients
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SYNAPSE three dimensional(3D) was used to reconstruct

Video 1 This video is going to show you how it works to identify

the target nodule by using positioning method of three-dimensional
(3D) localization based on anatomical landmarks. A 71 years old
male patient with a mixed ground glass nodule was found in the
lower lobe of left lung. First, the head of the transverse process of
the vertebral body as point B and the upper edge of the rib as line
A were used as relatively fixed body landmarks on the software
to identify the target nodule before the operation. Then, pleura
marking process in actual operation was done step by step including
the targeting of point B, line A and point A + cotton ball fixation +
ventilation of the lung + melanin injection + pleural projection of
point A identification. Finally, lung tissue containing the palpable

nodule was removed with a thoracoscopic linear cutting stapler.

had two nodules in the lung. A total of 120 patients
were included, with 35 males and 85 females, and the
median age was 53 years (IQR, 41-63 years). All patients
successfully completed the operation without death or
serious complications. No mortality or major morbidity
occurred within 30 days. The median localization time was
11 minutes (IQR, 8-14 minutes). The accuracy of
localization was 98.5%. The median diameter of the
pulmonary nodules was 8 mm (IQR, 7-13 mm), and the
median distance from the visceral pleura was 6 mm (IQR,
2-10 mm). Among them, nodules were located in the
right upper lobe of the lung in 36 cases (27.5%), the right
middle lobe in 4 cases (3.1%), the right lower lobe in 26
cases (19.8%), the left upper lobe in 46 cases (35.1%), and
the left lower lobe in 19 cases (14.5%). According to the
CT images, 62 cases (47.3%) of pure ground glass nodules,
54 cases (41.2%) of mixed ground glass nodules, and 15
cases (11.5%) of solid nodules were found. No positioning-
related complications occurred during the operation.
No patient required a switch to a thoracotomy during
surgery. The distance from the localization point to the
pulmonary nodule was measured on the gross specimen.

© Journal of Thoracic Disease. All rights reserved.
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Eighty-nine patients (67.9%) had a distance of 1 to 5 mm,
37 patients (28.2%) had a distance of 6 to 10 mm, and 5
patients (3.8%) had a distance of 11 to 15 mm. The final
postoperative pathology results showed that 83.2% of the
nodules in this group were adenocarcinomas, including 15
cases (11.5%) of adenocarcinoma in situ (ACIS), 41 cases
(31.3%) of microinvasive adenocarcinoma (MIA), and two
cases that underwent further segmental pneumonectomy
combined with lymph node sampling. Fifty-three patients
(40.5%) had microinvasive adenocarcinoma (IA), and 28
patients underwent further lobectomy combined with
radical lymphadenectomy. Furthermore, 6 cases (4.6%)
of atypical adenomatous hyperplasia (AAH), 12 cases
(9.2%) of benign nodules (all nodules were confirmed
in the postoperative specimens), one case (0.8%) of
metastatic adenocarcinoma of the rectum, 2 cases (1.5%)
of inflammatory myofibroblastoma and one case (0.8%)
of minute pulmonary meningeal epithelioid nodules were
found. The median length of postoperative hospital stay was
5 days (IQR, 3-7 days). All patients completed outpatient
follow-up at 1 week and 1 month after discharge. Details
are shown in Table 1.

Discussion

As technology has continued to advance, the application of
CT has become increasingly extensive, and the screening
rate of lung lesions, especially pulmonary nodules, has also
increased. A pulmonary nodule is defined as a lung nodule
whose diameter was <3 cm on CT scan. Ground glass nodules,
with clear borders, are not accompanied by atelectasis,
pleural effusion or mediastinal lymphadenopathy (16).
However, CT cannot accurately distinguish benign from
malignant pulmonary nodules (17). Percutaneous lung
biopsy, bronchoscopic approaches (including robot-assisted)
or thoracoscopic wedge resection biopsy is still the main
way to diagnose the nature of lung nodules; however,
percutaneous lung biopsy is not an all-encompassing
method. Studies have found that as the diameter of lung
nodules decreases, the effective rate of biopsy gradually
decreases. For example, the positive rate of puncture biopsy
for lung nodules larger than 1.5 cm was 73.5%, whereas
the positive rate of puncture for lung nodules smaller
than 1.5 cm was 51.4% (18). Fortunately, after decades of
development, thoracoscopic wedge resection surgery has
become available for the diagnosis and treatment of unclear
pulmonary nodules and shows excellent sensitivity and
specificity (19). Moreover, the advantages of a single-hole
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Table 1 The characteristics of the study population, total patients
(n=120) with 131 pulmonary nodules

Characteristic Values
Age, years 53 [41-63]
Gender

Female 85 (70.8)

Male 35(29.2)
Accuracy of pulmonary nodule localization 129 (98.5)
The target nodule localization time, min 11 [8-14]
Diameter of lung nodule, mm 8 [7-13]
Vertical distance from pleura, mm 6 [2-10]
Length of postoperative hospital stay, days 5 [3-7]
Surgical margin involved by the tumour 0 (0.0
Invasion of pleura 0 (0.0
Imaging performance

Pure ground glass nodules 62 (47.3)

Mixed ground glass nodules 54 (41.2)

Solid nodule 15 (11.5)

The distance from the localization point to the pulmonary nodule

0-5mm 89 (67.9)
6-10 mm 37 (28.2)
11-15 mm 5(3.8)
Pathology
AAH 6 (4.6)
ACIS 15 (11.5)
MIA 41 (31.3)
IA 53 (40.5)
No significant evidence of malignancy 12(9.2)
Metastatic adenocarcinoma of rectum 1(0.8)
Inflammatory myofibroblastoma 2(1.5
Minute pulmonary meningeal epithelioid nodule 1(0.8)

Data are expressed as the median (25th, 75th percentiles)
[interquartile range] or n (%). AAH, atypical adenomatous
hyperplasia; ACIS, adenocarcinoma in situ; MIA, microinvasive
adenocarcinoma; IA, invasive adenocarcinoma.

minimally invasive incision, a short operation time, light
pain, and fast recovery also make these patients to accept
surgery more readily (20).

Thoracoscopic surgery also faces some challenges,
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such as ground glass nodules with very low density on CT
imaging or pulmonary nodules with a diameter of <1 cm
or a distance of >0.5 cm from the pleura, which cannot
be visualized or palpated during the operation, even with
instruments or fingertips; thus, these results are inaccurate
and unconvincing. According to relevant literature reports,
lung nodules cannot be accurately located during the
operation, and the probability of thoracotomy is as high as
63% (1), which undoubtedly increases the patient’s surgical
risk. Methods for locating pulmonary nodules efficiently
and accurately and completely removing pulmonary
nodules are key technical questions. Various positioning
methods can be used, such as preoperative CT-guided
hookwire positioning and coil positioning as well as lipiodol
positioning, electromagnetic navigation bronchoscope-
guided positioning, and intraoperative ultrasound-assisted
positioning. The success rate of these positioning methods
is 89.6% to 100% (21-26). However, these methods have
their own advantages and disadvantages. For example,
preoperative CT-guided hookwire positioning, spring coil
positioning, and lipiodol positioning all require a puncture
needle to penetrate the chest wall and then enter the chest
cavity for positioning, which can result in preoperative
CT-guided hookwire positioning-related complications
and pneumothorax. The incidence of pneumothorax
is as high as 35%, that of intrathoracic hemorrhage is
approximately 4% to 27% (27,28), and that of positioning
point displacement is approximately 6%. In some severe
cases, fatal air embolism or even death may occur. The
probability of occurrence rate is approximately 0.061% to
0.07% (29). Electromagnetic navigation bronchoscope-
guided positioning and intraoperative ultrasound-assisted
positioning require expensive auxiliary equipment and
experienced imaging colleagues.

Based on the above considerations, the thoracic surgery
team under the leadership of Dr. Pang in our hospital
has conducted a long-term investigation and found that
the precise 3D positioning method based on anatomical
landmarks can both satisfy the need for accurate positioning
and significantly reduce the occurrence of complications.
This method originally used relatively fixed body
landmarks, such as the head of the transverse process of the
vertebral body, the rib head, the junction of the horizontal
and oblique fissure of the lung, the arch of the azygos vein,
the superior vena cava, the internal thoracic artery and vein,
the brachio-cephalic trunk, the common carotid artery and
the subclavian artery, and the relative positioning of lung
nodules on the 3D software SYNAPSE before surgery.
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The relative distance between the points and the fixed
anatomical landmarks of the human body is measured, and
then the lung nodules are accurately located during the
operation. The chest wall does not need to be penetrated
with a puncture needle, unlike with the hookwire
positioning method. More importantly, this method can
also be used to locate sites that cannot be effectively located
by the hookwire positioning method, such as those that
are difficult to reach due to the shielding of the scapula or
ribs or those that are very close to the major blood vessels
of the heart and can easily cause massive bleeding. By
retrospectively analyzing the data of this group of cases,
we found that intraoperative application of the precise 3D
positioning method based on anatomical landmarks has a
positioning accuracy of 98.5%, which is comparable with
that of hookwire positioning under the guidance of pre-art
CT (96%) (6), and no positioning-related complications
occurred during and after the operation. All lung nodules
were completely removed, and thoracotomy was not
needed. At present, the hookwire positioning method
commonly used in our medical center has been replaced
by the precise 3D positioning method. According to the
literature, some centers are trying to perform thoracoscopic
wedge resection of pulmonary nodules based on 3D
reconstruction pulmonary nodule localization, but the
principle of positioning is different. Their method is to use
relatively fixed anatomical landmarks on the lung surface
after reconstruction. Then, the relative distance from these
relatively fixed anatomical landmarks to the projection
point of the pulmonary nodule is measured, but the lung
is partially collapsed during the positioning process, which
will cause displacement and deviation of the positioning
(30-32). This feature makes wide adoption of this method
in the clinic difficult. Our method uses relatively fixed
anatomical landmarks on the chest wall, which has more
landmarks than on the lung surface. When the localization
of pulmonary nodules is completed, the lungs are still
fully inflated, similar to two peas before surgery, which
makes the positioning process more accurate, simpler and
easier. Generally, the relatively fixed landmark we use for
the nodules close to the back of the ribs is the top of the
transverse process of the vertebral body, the relatively
fixed landmark we often use for the nodules close to the
front of the ribs is the internal thoracic vessels, and the
relatively fixed landmark we use for the nodules close to
the mediastinum is the great vessels of the heart. The
relatively fixed landmark we often use for nodules close
to the diaphragm is the different partition position of the
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diaphragm.

According to our experience in thoracic surgery, accurate
3D positioning based on anatomical landmarks has the
following irreplaceable advantages: (I) this method can
be performed intraoperatively, is simple to operate, and
has a short positioning time; the median target nodule
localization time was 11 minutes (IQR, 8-14 minutes). It
is performed under direct visualization throughout the
entire process, avoiding injury to intercostal blood vessels,
pulmonary blood vessels, cardiac blood vessels, nerves and
other important structures. Therefore, this method stands
out from and is better than other methods, which may
cause pneumothorax, bleeding, positioning needle fall off,
and air embolism. According to our statistics, the incidence
of complications in this group of cases was 0%. (II) No
invasive puncture of the pulmonary nodules or visceral
pleura occurred during localization; thus, needle puncture-
related metastasis or pleural dissemination was not possible.
(IIT) One-step positioning: patients do not need to travel
between the CT room and operating room and do not need
to be exposed to additional radiation. At the same time, this
reduces the workload of radiologists and ultrasound doctors
and simplifies the overall process. (IV) As this positioning
method is performed after general anesthesia during
the operation, the patient will not feel discomfort from
the needle puncture, unlike with the hookwire puncture
positioning, which is guided by CT before the operation
and elicits anxiety and discomfort in patients. Thus, this
method can reduce the patient’s psychological stress and
improve patient satisfaction. (V) Finally, it has a wide range
of applications. This method is also applicable for locations
such as the ribs, scapula, close to the heart and great blood
vessels, close to the diaphragm, and close to the breast in
women. At the same time, it is cost effective and does not
require additional high-value consumables, which is in
line with the concept of “green surgery” advocated by the
country.

Of course, this method also has some limitations.
In patients with severe pleural adhesions, due to the
intraoperative separation of pleural adhesions, the
anatomical landmarks on the chest wall surface are affected
by blood and become blurred, which can affect clinical
judgment; in some patients, the visceral pleural surface
has obvious signs. Pigmentation is easily confused with
melanin deposits. Positioning failed in two of the patients
in this group because massive adhesions were found in the
thoracic cavity during the operation. After the adhesions
were separated, the local anatomy became difficult to clearly
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identify, which led to deviations in positioning. In these two
patients, the first case was a 70-year-old female patient with
an 8 mm nodule in the left lower lobe and 13 mm from the
pleura. No nodules were found in the first wedge resection.
After the second extended wedge resection, the target
nodule was found 2 cm away from the cutting margin. The
frozen pathological results showed IA. The second case was
a 39-year-old female patient with 7 mm pure ground glass
nodules in the right upper lobe and 13 mm from the pleura.
No nodules were found in the first wedge resection. After
the second extended wedge resection, the target nodule
was found 1.5 cm away from the cutting margin. The
frozen pathological result showed suspected ACIS. After
informing the patient’s family of the frozen pathological
result, the family members of the two patients decided
that further lobectomy or segmentectomy was not needed.
In view of the results described for the aforementioned
patients, our positioning method has clearly improved over
time. In the aforementioned situation, we found that we
could change to Kangpai glue for positioning to prevent this
situation from recurring. In addition, another disadvantage
of this localization method compared with ultrasound or
radiotracers is that sometimes whether the nodule is included
in the specimen or whether to evaluate the resection margins
intraoperatively cannot be determined (14,33).

Limitations

"This study has some limitations that should be noted. First,
this study was retrospective in nature with a relatively
small sample size and lacked a comparison group. Second,
this was a single-center retrospective study, and further
randomized controlled trials are needed in the future.

Conclusions

The precise 3D positioning method based on anatomical
landmarks is accurate, safe and feasible for selected patients
with pulmonary nodules. Compared with other preoperative
and intraoperative positioning methods, it can significantly
reduce localization-related complications.
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