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Background: Using the non-intubated video-assisted thoracoscopic surgery (VATS) approach for small
pulmonary nodules (SPNs) can accelerate patients’ postoperative recovery. However, locating the SPNs
intraoperatively by palpation can be difficult for thoracic surgeons. The advantages of using different
preoperative positioning materials are different, especially for pulmonary-nodule-location-needle (P-N-
L-N) and the microcoil. This retrospective study analyzed the advantages of two preoperative positioning
techniques for VAT'S under non-intubation anesthesia.

Methods: The data were collected for a total of 150 patients with pulmonary nodules who underwent non-
intubated VAT at the First People’s Hospital of Yunnan Province from January 2018 to January 2021. The
patients were divided into a preoperative positioning group (including a P-N-L-N group and microcoil
group) and an unlocalized group. These included patients were all compliant with surgical guidelines and
were suitable for preoperative localization. Their intraoperative and postoperative indicators were compared,
and among these indicators, the operative time, number of postoperative drainage days, postoperative total
drainage volume, postoperative discharge time was efficacy group and the intraoperative blood loss was safety
group.

Results: Preoperative localization helped surgeons to explore nodules faster intraoperatively and remove
SPNs precisely under non-intubated VATS. But the advantages of using different preoperative positioning
materials are different. Positioning with either microcoil or P-N-L-N resulted in less operation time (P-N-
L-N group: 94.90+28.42 min, microcoil group: 112.80+28.6 min, P<0.05), less intraoperative blood loss
(P-N-L-N group: 35.80+21.17 mL, microcoil group: 75.00+65.22 mL, P<0.001) and less postoperative
thoracic drainage volume (P-N-L-N group: 64.90£181.96 mL, microcoil group: 648.52+708.81 mL,
P<0.001). However, the postoperative discharge time (P-N-L-N group: 5.02+1.35 days, microcoil group:
5.40+2.79 days, P=0.38) and postoperative drainage time(P-N-L-N group: 2.58+1.70 days, microcoil group:
3.18+2.49 days, P=0.16) was not statistically significant. Positioning with P-N-L-N seemed to have a better

auxiliary effect for non-intubated VAT, suggesting its use can assist surgeons to determine the location of
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the lesion more accuracy intraoperatively. There was no significant difference in the pathological results

among the groups.

Conclusions: Localization of SPNs is beneficial in non-intubated VAT'S, and the use of P-N-L-N was

more effective than the microcoil in reducing operative time, intraoperative blood loss, postoperative total

drainage volume, and postoperative discharge time.
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Introduction

With the popularization of low-dose computed tomography
(CT) imaging in clinical practice, more and more small
pulmonary nodules (SPNs) are being detected (1), which
can lead to the discovery of lung cancer (2). At present, the
preferred method for the early diagnosis and treatment of
pulmonary nodules is video-assisted thoracoscopic surgery
(VATS) (3). Thoracic pneumonectomy is performed under
conventional tracheal intubation anesthesia, but tracheal
intubation is an invasive procedure that can damage the
trachea, cause postoperative discomfort in the throat of the
patient, and also cause damage to the non-ventilated lung (4).
Moreover, it requires a large dose of anesthetics. Non-
intubated VAT reduces the above factors and it can reduce
the pain caused by endotracheal intubation to patients (5).
However, in non-intubated VATS, if the operation time
is too long, the cognitive function and postoperative
recovery of the patient is badly affected (6,7). In addition,
intraoperative exploration and accurate surgical resection of
the SPNs themselves can be difficult. Therefore, preoperative
localization of the SPNs is very important for smooth non-
intubated VATS and accurate tumor resection, especially for
nodules with a small diameter, low density and located distant
from the pleural edge.

There are various preoperative positioning techniques
for SPN, the commonly used clinical positioning techniques
include hook wire positioning, methylene blue puncture
positioning, bio-gel positioning and electromagnetic
navigation bronchoscopy (8). However, the use of Hook
Wire localization is likely to cause complications such as
pulmonary hemorrhage, hemoptysis, chest wall hematoma,
pneumothorax and even air embolism, in addition,
positioning with methylene blue Punctur, Bio-gel and
electromagnetic navigation bronchoscopy is time-consuming
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and can easily lead to blurred boundaries between SPNs and
surrounding lung tissue (9). At present, the more commonly
used positioning technology is pulmonary-nodule-location-
needle (P-N-L-N) or microcoil positioning, but the
structure and shape of these two positioning materials are
completely different, so they have different advantages.
We present the following article in accordance with the
STROBE reporting checklist (available at https://jtd.
amegroups.com/article/view/10.21037/jtd-22-114/rc).

Methods
Clinical data

A total of 150 patients with pulmonary nodules who
underwent non-intubated VATS in the Department of
Thoracic Surgery of the First People’s Hospital of Yunnan
Province from January 2018 to January 2021 were enrolled.
For SPNs patients, preoperative localization or non-
localization as well as two different localization techniques
during localization showed different results, so the
unlocalized patients were included in this study. Therefore,
they were divided into three groups: 50 patients who
underwent CT-guided puncture of the SPNs and placement
of a locating needle (Ningbo Sheng Jie Kang Biological
Technology Co., Ltd., Ningbo, China) comprised the
pulmonary-nodule-location-needle (P-N-L-N) group; 50
patients who underwent CT-guided puncture of the SPNs
and placement of a 0.018-in micro spring coil (specifications:
8 mm x 2 mm, 6 mm x 2 mm, 5 mm x 2 mm; Cook
Company, USA) comprised the microcoil group; other 50
patients who did not localization of the pulmonary nodules
before pneumonectomy were classified as the unlocalized
group. The basic clinical characteristics of all patients are
shown in Tuble 1.
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Table 1 Clinical characteristics of the patients

Yu et al. Advantages of P-N-L-N localization for non-intubated VATS

Positioning group

Variable” Unlocalized group T value P value
P-N-L-N group Microcoil group
Sex 6.887 <0.05
Male 8 16 20
Female 42 34 31
Age, years 51.34+10.02 53.98+8.17 48.74+10.16 1.346 0.185
Smoker 2.25 0.35
Yes 7 10 13
No 43 40 37
BMI, kg/m2 23.13+2.60 23.63+3.51 22.74+2.32 5.945 0.179
SPNs position 5.307 0.724
Upper left lung 12 10 15
Lower left lung 6 9 8
Upper right lung 18 19 16
Middle right lung 0 2 2
Lower right lung 15 10 10
SPN size, cm 0.76+0.25 0.85+0.32 0.84+0.20 -1.47 0.142
Operative technique 24.193 <0.001
Wedge resection 27 27 12
Segmentectomy 14 10 8
Lobectomy 0 2 2
Lobectomy + lymph node dissection 9 11 28
Pathologic result 14.83 <0.05
Benign 11 19 8
Malignant 39 31 42

?, continuous data are shown as mean = standard deviation. BMI, body mass index; P-N-L-N, pulmonary-nodule-location-needle; SPNs,

small pulmonary nodules.

Inclusion criteria

The inclusion criteria for the three groups were as
follows: (I) Location group patients agreed to preoperative
localization before undergoing VATS, (II) maximum
diameter of SPNs <2.0 c¢m, and imaging features suspicious
for malignant nodules, (III) patient was born in an area
with a high incidence of lung cancer or had a family history
of lung cancer, (IV) no contraindications to surgery, and
(V) American Standards Association class I or II. Ethical
approval for the study was granted by the Ethics Committee
of The First People’s Hospital of Yunnan Province (No.
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KHLL2021-KY091). In addition, written informed consent
was obtained from all patients who participated in the study.
All procedures performed in this study involving human

participants were in accordance with the Declaration of
Helsinki (as revised in 2013).

Exclusion criteria

The exclusion criteria for the three groups was essentially
the same: (I) patient chose regular review and declined
operation, (II) maximum diameter of SPNs was >2.0 cm, and
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Figure 1 A small pulmonary nodule with small diameter, low density
and located distant from the pleural edge. The red arrows indicate the
SPNs that need to be located. SPNs, small pulmonary nodules.

Figure 2 Localization of a nodule using the P-N-L-N. The red
arrow shows the location of SPNs. P-N-L-N, pulmonary-nodule-

location-needle; SPNs, small pulmonary nodules.

the imaging features suggested benign nodules, (III) patients
with thyroid dysfunction, blood system diseases, coronary
heart disease and other serious primary diseases, and (IV) a
history of difficulty with intubation or BMI >30 kg/m’.

Positioning

According to the preoperative CT images, for SPNs with
small diameter, low density and distant from the pleural edge
(Figure 1), the interventional radiologist placed the P-N-
L-N or microcoil in or near the SPNs in the CT room 2 h
before surgery. First, based on the location of the SPN, the
appropriate positioning of the patient was selected, and the
puncture route was marked on the body surface. After local
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Figure 3 Localization of a nodule using a microcoil. The red arrow

shows the location of SPNs. SPNs, small pulmonary nodules.

anesthesia with 2% lidocaine, the P-N-L-N was inserted
along the designated puncture path, according to the
standard procedure for P-N-L-N (10). Finally, CT scanning
was performed to observe whether the anchor positioning
was satisfactory (Figure 2). Using a similar approach, a
suitable microcoil was used for percutaneous localization
of SPNs. The needle tip was positioned in the normal lung
parenchyma around the SPN;, and the microcoil was inserted
through the puncture needle (Figure 3).

Surgery

Patients who underwent preoperative localization
proceeded to surgery on 2 hours later. VATS was performed
under intravenous anesthesia and local block (Figure 4),
using a laryngeal mask instead of endotracheal intubation
and maintaining spontaneous ventilation (Figure 5).
According to our operative procedures (11,12), wedge
resection or segmentectomy or lobectomy was performed
based on the location and size of the SPNs (Figure 6). After
the thoracic surgeon resected the affected lung tissue, the
tumors in the lung tissue samples were located and labeled
with silk sutures (Figure 7), before the specimens were sent
to the pathology department. If the pathological diagnosis
was malignant, radical resection of the lung cancer was

performed (13).

Observational indexes

The operative time were from the beginning of the
patient’s skin cutting to the end of the skin suturing, the
intraoperative blood loss were the volume of all fluid in
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Figure 4 Intercostal nerve block using ropivacaine. The red arrow

indicates the intercostal nerve.

Figure 5 The laryngeal mask is used instead of an endotracheal
tube for ventilation. The red arrow indicates the laryngeal mask.

This image is published with the patient’s consent.

Figure 6 The P-N-L-N seen during operation. The red arrow
indicates the tail of the P-N-L-N that is easy to see. P-N-L-N,

pulmonary-nodule-location-needle.
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Figure 7 The specimen of the lung after wedge resection.

container connected to aspirator during surgery minus the
fluid that irrigates chest, they were all from the anesthesia
log sheet. The number of postoperative drainage days were
from the first day after the patient’s surgery to the chest
tube was removed after the patient has no pneumothorax on
chest X-ray and the chest drainage flow is less than 150 mL
per day. The postoperative total drainage volume were
the total amount of chest drainage from the first day after
surgery until the chest tube was removed. The postoperative
discharge time were from the first day after surgery to
the discharge time of patients with normal chest X-ray,
blood routine examination and biochemical indicators.
The number of postoperative drainage days, postoperative
total drainage volume, postoperative discharge time were
from nursing record, the pathological diagnosis were from
report of postoperative pathological examination diagnosed
by pathology department. We also recorded the number
of cases in the localization group in which localization
materials were missing, displaced, or retained in lung tissue

during surgery.

Statistical analysis

The data in this study were analyzed by SPSS 22.0 statistical
software. Measurement data were expressed as mean = SD,
enumeration data were compared using ¥’ test; analysis
of variance was used for comparison between groups and
the least significant difference-t test was used for pair
comparison. In addition, multiple regression analysis is used
for comparison between P-N-L-N and Microcoil groups.
The test level was a=0.05, and P<0.05 was considered
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Variable P-N-L-N group (n=50) Unlocalized group (n=50) P value
Operation time (min) 94.90+£28.42 131.40+37.80 <0.001
Intraoperative blood loss (mL) 35.80+21.17 85.60+50.15 <0.001
Postoperative drainage (days) 2.58+1.70 3.90+1.18 <0.001
Postoperative total drainage (mL) 64.90+181.96 518.30+318.73 <0.001
Postoperative discharge time (days) 5.02+1.35 6.32+1.58 <0.001
P-N-L-N, pulmonary-nodule-location-needle.

Table 3 Comparison of indicators between the localization and unlocalized groups

Variable Microcoil group (n=50) Unlocalized group (n=50) P value
Operation time (min) 112.80+£28.6 131.40+37.80 <0.05
Intraoperative blood loss (mL) 75.00+65.22 85.60+50.15 0.35
Postoperative drainage (days) 3.18+2.49 3.90+1.18 0.10
Postoperative total drainage (mL) 648.52+708.81 518.30+318.73 0.27
Postoperative discharge time (days) 5.40+2.79 6.32+1.58 0.53

statistically significant.

Results

Based on the inclusion and exclusion criteria, we
retrospectively collected 100 cases of SPNs in the localized
group (50 cases in the P-N-L-N group, 50 cases in the
microcoil group) and 50 cases in the unlocalized group. In
the P-N-L-N group, inability to identify the localization
needle or its displacement and residual in the lung tissue
was not excluded. However, in the microcoil group,
1 patient had a microcoil that could not be found in the
lung tissue, 3 patients had a microcoil that could not
be clearly identified during surgery, and 3 patients had
microcoil displacement, these 7 patients were excluded.

CT-guided puncture of SPNs and placement of a
P-N-L-N before pulmonary resection during non-
intubated VAT significantly reduced the operative time,
intraoperative blood loss, drainage tube placement time,
postoperative total drainage volume, and postoperative
discharge time, as shown in Table 2.

CT-guided puncture of SPNs and placement of a
microcoil before pulmonary resection during non-intubated
VATS significantly reduced the operative time, as are shown
in Table 3.

CT-guided puncture of SPNs before pulmonary

© Journal of Thoracic Disease. All rights reserved.

resection and placement of either a P-N-L-N or a microcoil
can reduce the operative time, intraoperative blood loss,
and postoperative total drainage volume, as shown in Table 4.

Discussion

Enhanced recovery after surgery (ERAS) and the concept of
holistic minimally invasive surgery have become hot topics
in thoracic surgery. Both advocate optimizing the anesthesia
method, reducing surgical trauma and controlling the
stress response to reduce the injury caused by surgery and
anesthesia (14). At present, the popularization of the VATS
pulmonary resection technique has led to its widespread use
in clinical practice and it is the first choice for the treatment
of early lung cancer (15). Compared with thoracotomy,
its advantages are less trauma, short operation time, quick
recovery and fewer surgical complications (16). Double-
lumen or single-lumen endotracheal intubation single-lung
ventilation general anesthesia has been the main anesthesia
method for VATS, but both endotracheal intubation and
general anesthesia often have related complications (17)
such as acute lung injury and arrhythmia, which may delay
postoperative recovery, prolong postoperative hospitalization
time and increase hospitalization cost (18). In recent years,
based on the requirements of ERAS and holistic minimally
invasive surgery, the non-tracheal intubation anesthesia
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Table 4 Comparison of indicators between the P-N-L-N and microcoil groups

Variable P-N-L-N group (n=50) Microcoil group (n=50) P value
Operation time (min) 94.90+28.42 112.80+28.6 <0.05
Intraoperative blood loss (mL) 35.80+21.17 75.00+£65.22 <0.001
Postoperative drainage (days) 2.58+1.70 3.18+2.49 0.16
Postoperative total drainage (mL) 64.90+181.96 648.52+708.81 <0.001
Postoperative discharge time (days) 5.02+1.35 5.40+2.79 0.38

P-N-L-N, pulmonary-nodule-location-needle.

technique has been advocated and popularized (19).

In recent years, non-tracheal intubation anesthesia has
developed rapidly, and preservation of the patient’s self-
breathing during thoracoscopic surgery can effectively
avoid the occurrence of airway trauma and postoperative
complications caused by tracheal intubation (20,21).
In our team’s previous study (4), performing VATS
pneumonectomy under non-intubation anesthesia reduced
the intraoperative blood loss, postoperative drainage,
postoperative white blood cell and neutrophil proportions,
and reduced hospitalization costs. It has been reported
that endotracheal intubation can cause sympathetic nerve
excitation (22), which leads to increased blood pressure,
whereas the non-endotracheal intubation method avoids
the pressure effect, and hemodynamics remain more stable.
In addition, surgical trauma or tracheal intubation can lead
to an acute inflammatory response in the patient, producing
C-reactive protein (CRP), interleukin-6 and other
inflammatory factors (23). It has been reported that the
CRP level significantly decreased after non-endotracheal
intubation anesthesia pneumonectomy (24), which suggests
that it can reduce surgical or tracheal intubation trauma,
reduce the level of inflammatory factors and inflammatory
response, and thus reduce the use of antibiotics, shorten the
length of hospital stay and reduce the cost of hospital stay.

However, during thoracic surgery under non-tracheal
intubation anesthesia, the patient’s end-tidal carbon dioxide
(EtCQO,) will increase, which will have adverse effects on the
patient’s physiological response and the longer the operation
time, the greater the adverse effects on the patient (25,26).
Shorter operation time is better for rapid postoperative
recovery (27). In order to reduce the operation time and
for a smooth operation under non-endotracheal anesthesia,
it is necessary to locate the SPNs quickly. Therefore,
preoperative localization of SPNs is required.

There are various localization methods (28). The most

© Journal of Thoracic Disease. All rights reserved.

commonly used traditional positioning method is palpation,
whereby the surgeon intraoperatively determines the
location of the SPNs by touching and pressing with a finger
or instrument to identify the difference in density between
the SPNs and the surrounding lung tissue. However, for
some SPNs with a small diameter and at a long distance
from the pleural edge, palpation may not accurately identify
their location (29). In addition, due to deflation of the lung
during surgery, it can be difficult to accurately detect and
localize SPNs. It has been reported that the incidence of
changing from VATS to thoracotomy is high when there
is inaccurate localization or recognition of SPNs (30).
In addition, in the resected specimens, palpation is not
conducive to quickly and accurately finding the SPNs,
which can also prolong the pathological examination time.
In this study, the duration of surgery was shorter in the
localization group than in the unlocalized group, confirming
that preoperative localization of SPNs is essential to reduce
the operation time.

Ultrasonic positioning has been proposed (31), but for
patients with asthma, pulmonary bullae, diffuse emphysema
and pulmonary fibrosis, the resolution of ultrasound is
significantly reduced due to insufficient collapse of lung
tissue and presence of gas in the lung. Other methods also
proposed are injection of methylene blue, medical glue and
other contrast agents into the SPNs under CT guidance (32).
With these methods, the tissue around the nodules may
appear faint, and the boundary between the nodules and
surrounding tissues is not clear. The use of medical glue may
cause irritant cough in some patients (33). Hook-wire (34),
spring coil (35) and other positioning devices placed under
CT guidance have been described, but complications such as
pneumothorax, bleeding and dropping of positioning needles
can occur.

In this study, P-N-L-N and microcoil were used for
preoperative positioning of SPNs. For patients with
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microcoil positioning, the thoracic surgeon has to use
instrument palpation to identify its exact position, so there
is more traction on lung tissue, which may cause certain
damage to the lung tissue, leading to some exudation and
increased postoperative drainage and a longer postoperative
hospital stay. Therefore, the total postoperative drainage
volume, the number of days of drainage and the length of
postoperative hospital stay were not statistically significant
compared with the unlocalized group.

Compared with the microcoil, the attachment line of
the P-N-L-N has different color that makes it easier to
observe both during the operation and in the resected
specimen. Therefore, using this positioning method to
locate SPNs can reduce the operation time even more.
This benefit is especially powerful for surgery performed
under non-tracheal intubation anesthesia. Accurate
preoperative localization of SPNs can ensure precise
removal of the nodule and reduce the lung resection margin
during surgery, which preserves as much lung tissue of the
patient as possible, not only improving postoperative lung
function, but also reducing intraoperative blood loss, and
postoperative total drainage, as well as accelerating the
postoperative recovery of patients. In addition, special hook
structure in the front end of the P-N-L-N can be firmly
anchored in the lung tissue, thus reducing complications
such as displacement and decoupling during postural
changes, respiratory movements, and surgical traction (36).

According to the latest expert consensus (37), patients
can get out of bed early and eat as soon as possible after
SPN resection with non-intubation anesthesia. Removal
of SPNs is particularly suitable for non-intubated VATS
because most are early-stage tumors requiring only
sublobectomy. Preoperative positioning of SPNs is more
conducive to non-intubated VATS and conforms to the
concept of rapid recovery. Moreover, pneumonectomy with
non-intubated VAT has the same oncologic significance as
tracheal intubation anesthesia (38).

Study limitations

Non-endotracheal intubation anesthesia also has challenges
such as the effects of elevated EtCO, on patients, hypoxemia
and large mediastinal oscillations (39). In addition, CT-guided
localization with the P-N-L-N is an invasive procedure,
leading to some complications such as pleural reaction,
pneumothorax and intrapulmonary hemorrhage (40).
There are also some patients with SPNs that cannot be
located percutaneously, because localization is prevented by
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the patient’s ribs.

Future directions

Further research is needed on the physiological effects of
elevated ETCO, on patients undergoing non-intubated
VATS, and improvements are needed to overcome the effects
of greater respiratory mobility on surgical operations. For
the positioning method, some researchers have proposed the
use of electromagnetic guided bronchoscopy (41), which is
less traumatic and can reduce the displacement and shedding
of markers caused by respiratory movement (42). However,
at present, that method is expensive and the positioning
time is long. Therefore, we also need to further explore
better non-invasive ways of preoperative positioning for

non-intubated VAT'S.

Conclusions

In summary, preoperative localization of SPNs is conducive
for VATS under non-intubated anesthesia, and the effect of
positioning by P-N-L-N is better than with the microcoil.
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