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Objective: This study explores the value of the application of simultaneous localization of
multiple pulmonary nodules in a hybrid operating room for uniportal video-assisted thoracic
surgery (VATS).
Methods: This study performed a retrospective analysis of 60 patients with multiple
pulmonary nodules (the number of nodules in every patient was ≥2, 131 in total) admitted
to our hospital from September 2020 to September 2021. After computerized tomography
(CT) scanning in a hybrid operating room, a multi-hook locating needle was used for
simultaneous localization. The localization success, surgical resection, and locating needle
unhooking rates of multiple pulmonary nodules were analyzed. The complication incidence,
localization time, operation time, anesthesia time, post-isolation nodule search time, and
postoperative hospital stay length were analyzed. In addition, the patients’ anxieties about the
puncture localization were evaluated.
Results: The intraoperative CT scans successfully showed all pulmonary nodules. The
localization success, unhooking, and nodule resection rates were 98.5% (129/131), 1.5%
(2/131), and 100% (131/131), respectively. The median times of the localization, operation,
anesthesia, post-isolation pulmonary nodule search, and hospital stay were 19 min [inter-
quartile range (IQR): 15–30 min], 98 min (IQR: 80–110 min), 149.5 min (IQR: 126–171
min), 3.5 min (IQR: 1–5 min), and 6 d (IQR: 4–9 d), respectively. The incidences of
pneumothorax and pulmonary hemorrhage were 20.0% (12/60) and 13.3% (8/60), respec-
tively. The self-rating anxiety scale score of the patients was 53.6 ± 6.1.
Conclusion: The hybrid operating room could be beneficial in accurately localizing multi-
ple pulmonary nodules with reasonable safety and patient tolerance, and it is applicable to
uniportal VATS.
Keywords: hybrid operating room, intraoperative CT, multiple pulmonary nodules, uniportal
thoracoscopy

Introduction
Video-assisted thoracic surgery (VATS) is a primary treatment method for the
resection of pulmonary nodules. However, it is difficult to detect most pulmonary
nodules during an operation.1 It is challenging in an uniportal VATS, and the
palpation failure rate is about 54%.2 Even if pulmonary nodules could be excised
successfully, it takes a long time to find them in isolated lung tissue.3 Thus, the
accurate localization of pulmonary nodules is crucial to guide surgeons to find them
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quickly and remove them completely. This study primarily
investigates the preoperative localization of multiple pul-
monary nodules. In practical clinical work, there are more
cases of multiple pulmonary nodules, many of which are
multiple primary malignant pulmonary nodules. The loca-
lization of multiple pulmonary nodules is relatively com-
plicated. Preoperative multi-needle puncture localization
methods will increase injury; this is difficult for patients
to accept, so they fail to cooperate well. Meanwhile,
complications increase, affecting localization success and
excision rates. Thus, thoracic surgeons face great chal-
lenges. From September 2020 to September 2021, the
simultaneous localization of multiple pulmonary nodules
combined with uniportal VATS in a hybrid operating room
was conducted. This study examines the results of 60
patients, and the efficacy is satisfactory.

Materials and Methods
Clinical Data
The patients who underwent simultaneous localization for
multiple pulmonary nodules in a hybrid operating room
from September 2020 to September 2021 were retrospec-
tively included in this study.

The inclusion criteria were as follows: ≥2 ipsilateral
pulmonary nodules; pure ground-glass nodules ≥5 mm;
solid or mixed density nodules ≥8 mm; pulmonary nodules
difficult to detect during an operation; and patients whose
cardiopulmonary and other organ functions could tolerate
surgery. The exclusion criteria included patients with nodules
located in the hilum, patients with the puncture route running
through large vessels, if the bony structure of the chest wall
was obviously obscured, and if the patient had general con-
ditions that could not tolerate surgery.

Methods
Surgical Indications
High risk nodules were absolute surgical indications. The
definition of high-risk nodules: 1. Ground glass nodules
over 8mm, especially those with mixed density; 2. Ground
glass nodules gradually increased in the follow-up process,
or realistic components, or solid components increased; 3.
Ground glass nodules persisted for more than 1 year, and
there was no reduction in follow-up. 4. Nodules with
malignant signs in CT imaging, such as vascular penetra-
tion sign, burr sign, pleural pull sign, vacuole sign, etc. 5.
History of malignant tumors. For pulmonary nodules dis-
covered for the first time, we suggest patients follow up

for 3–6 months or even 1 year according to the different
conditions of the nodules. If the above conditions are met,
surgical resection will be recommended.

Localization of Multiple Pulmonary Nodules
Under general anesthesia, intubation was performed in the
two lumens, and the appropriate position was selected
according to the location of the nodules. According to
preoperative chest computerized tomography (CT) data,
a fully covered metal localization grid was placed in the
thorax, and a large-aperture sliding rail CT scan (Siemens,
Germany; SOMATOM Confidence) was used in a hybrid
operating room to confirm the skin puncture point of each
nodule and measure the puncture depth and angle, as is
shown in Figure 1.

Puncture of Multiple Pulmonary Nodules
A disposable pulmonary nodule locating (multi-hook) nee-
dle (model: SS510-10 Senscure, China) was used for
puncture (Figure 2). The anchor needle was “four-claw”
circular arc, the puncture needle and push tube were made
of medical stainless steel, and the positioning line was
made of medical suture material (non-absorbable). The
anchor needle is made of nickel-titanium memory alloy
wire. When the hook is released, it will firmly grasp the
adjacent lung tissue, even if it is inserted into small blood
vessels will not cause bleeding, low decoupling rate. Two
surgeons operated simultaneously and synchronously
punctured multiple locating needles to the side of each
nodule according to the puncture path. After pushing out
the needle core, the push rod exited the puncture trocar
and pulled out the connecting wire at the end of the
locating needle. After the completion of localization, CT
reexamination was conducted to confirm the positional
relationship between the locating needle and the nodule.
In addition, pneumothorax, bleeding, unhooking, and other
complications were examined, as is shown in Figure 3.

Operation Method
Under general anesthesia plus double-lumen endo-tracheal
tube, the patient was placed in a 90-degree lateral position to
the healthy side. After completion of disinfection and surgi-
cal drape laying, a 3–4 cm incision was made in the 4–5
intercostal space between the mid axilla and the front of the
affected side, and an uniportal thoracoscopy was performed
to detect the position of each locating mark and whether the
locating needle was unhooked. According to the comprehen-
sive judgment of the nodule size, shape, location, and lung
function of the patients, pulmonary wedge resection,
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segmentectomy, or lobectomy under uniportal thoracoscopy
was chosen. Lung tissues were taken out from the specimen
bag, and pulmonary nodules were searched along the locat-
ing needle to judge the integrity of the locating needle and
nodules. An intraoperative pathological examination was
rapidly conducted to confirm the property of the nodule. In
the case of invasive adenocarcinoma, a lobectomy combined
with lymph node dissection was performed.

Statistical Treatment
The localization success, surgical resection, and locating
needle unhooking rates of multiple pulmonary nodules
were calculated. The incidence rates of complications
(eg, pneumothorax and pulmonary hemorrhage) were cal-
culated. Postoperative hospital stay length and localiza-
tion, operation, anesthesia, and post-isolation nodule
search times were recorded. The patients’ anxiety about

Figure 1 Localization of multiple pulmonary nodules in hybrid operating room. (A) Hybrid operating room and large-aperture sliding rail CT; (B) schematic diagram of
simultaneous localization and puncture of pulmonary nodules 1 and 2 with full-coverage thoracic surface locating grid.

Figure 2 A disposable pulmonary nodule locating needle was used for puncture.
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puncture localization was evaluated using the self-rating
anxiety scale (SAS), where a score of 50–59 points indi-
cated mild anxiety; 60–69 points indicated moderate anxi-
ety; and more than 70 points indicated severe anxiety.

Results
In total, 60 patients were included in this study with 131
pulmonary nodules in total. Among them, 50 patients had
two high-risk pulmonary nodules, and 10 patients had
three high-risk pulmonary nodules. The average size of

the nodules was 8.02 ± 0.9 mm, and the nodules were 3.47
± 1.2 mm away from the pleura. The average patient age
was 55 ± 14.1 years (Table 1).

All pulmonary nodules were examined by intraopera-
tive frozen pathological. Two patients underwent lobect-
omy due to they had 2 nodules located in the same lobe
and they were confirmed with primary invasive lung
cancer by intraoperative frozen pathology. Besides, 56
cases underwent segmentectomy and 71 wedge resection.
The postoperative pathology identified 88 were primary

Figure 3 Simultaneous localization and puncture of right upper pulmonary nodule 1 and right lower pulmonary nodule 2 in hybrid operating room.

Table 1 Observation Indicators and Results of Simultaneous Localization of Multiple Pulmonary Nodules in Hybrid Operating Room

Average Age (y) Number of Nodules (n) Mean Size (mm) Mean Depth Away from the
Pleura (mm)

55±14.1 131 8.02±0.9 3.47±1.2

Median localization time (min) Median operation time (min) Median anesthesia time (min) Post-isolation nodule search time (min)

19 98 149.5 3.5

Median hospital stay time (d) Localization success rate (%) Surgical resection rate (%) Unhooking rate (%)

6 98.5% 100% 1.5%

Incidence of pneumothorax (%) Incidence of pulmonary bleeding (%) SAS score (points) Proportion of malignancy (%)

20.0% 13.3% 53.6±6.1 72%
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lung cancer nodules, 6 were lung metastases nodules,
and 37 were benign nodules. Among the primary malig-
nant nodules, 17 were atypical adenomatous hyperplasia,
21 were adenocarcinoma in situ, 42 were microinvasive
adenocarcinoma, and 8 were invasive adenocarcinoma
(Table 2). All pathological results showed negative
resection margin. Systematic dissection was performed
in 4 patients undergoing lobectomy, including N1 and
N2. Selective lymph node sampling was only performed
in the remaining patients, and no lymph node metastasis
was found in all patients.

In this study, all pulmonary nodules were successfully
displayed by intraoperative CT in a hybrid operating room.
Among the 131 nodules, 129 were localized accurately (a
localization success rate of 98.5%). Two of the subpleural
nodules showed locating needle loss (an unhooking rate of
1.5%). Later, the 60 patients received an uniportal thor-
acoscopy, and all nodules were completely removed (a
resection rate of 100%). The median times for lesion
localization, operation and anesthesia time, post-isolation
pulmonary nodule search, and hospital stay were 19 min
[interquartile range (IQR): 15–30 min], 98 min (IQR: 80–
110 min), 149.5 min (IQR: 126–171 min), 3.5 min (IQR:
1–5 min), and 6 d (IQR: 4–9 d), respectively. A small
amount of pneumothorax occurred in 11 patients, and
a moderate amount occurred in one patient [a pneu-
mothorax incidence of 20.0% (12/60)]. Eight cases
showed a small amount of bleeding in the intrapulmonary
needle passage [an intrapulmonary bleeding incidence of

13.3% (8/60)]. No severe bleeding occurred. The bleeding
site was removed along with the pulmonary nodules. The
patients’ SAS scores were 53.6 ± 6.1, and the rate of
postoperative malignant nodules was 72%, as is shown in
Table 1.

Discussion
With the application of high-resolution CT, enhanced
awareness of physical examination, and the emergence of
an aging population, the detection rate of pulmonary
nodules increases gradually,4 and many patients manifest
with multiple pulmonary nodules. Some pulmonary
nodules have a high risk of malignancy,5 and in particular,
the ground-glass opacity malignancy probability is as high
as 63%.6 Thus, more attention has been paid to the surgi-
cal treatment of multiple pulmonary nodules. The accurate
localization of multiple pulmonary nodules is key to the
success of the surgery. If they fail to be localized, doctors
will be forced to adopt palliative resections, extend resec-
tion protocols, or even perform a second operation, all of
which will adversely affect patients.

Traditional intraoperative anatomical, tactile pressure
sensing, and ultrasonic localizations have a high failure
rate,7 so the classical preoperative CT puncture localiza-
tion method is often used to locate pulmonary nodules.
However, current research primarily focuses on single
pulmonary nodules.8,9 This method is implemented step
by step, as follows: after localization in the CT room, the
hook-wire locating needle is inserted; the patient is then
transferred to the operating room for surgery. The preo-
perative waiting time is uncertain. During the waiting
period, the risk of pneumothorax and bleeding increases,
both of which can easily cause locating needle loss.
Moreover, CT room rescue conditions are limited. Once
complications occur in puncture localization, emergency
treatment is required, and doctors are often in a passive
position. Clinical findings show that complications are
more apparent when more pulmonary nodules are loca-
lized. To avoid this, Chao et al10 used intraoperative loca-
lization of pulmonary nodules in a hybrid operating room.
It achieved good effects and reduced the risk of complica-
tions. However, multiple pulmonary nodules were not
studied in this method. Some domestic scholars used pre-
operative CT for the simultaneous localization of multiple
pulmonary nodules and achieved good results on the
whole, but they still could not avoid the risk of puncture
complications and the heavy psychological burdens to the
patients.11 Currently, there are few studies on single

Table 2 The Operation Procedure and Final Pathological Results

Parameters N

Operation procedure

Lobectomy 4

Segmentectomy 56
Wedge resection 71

Final pathology

Primary lung cancer 88
Lung metastases 6

Benign nodule 37

Type of primary malignant nodules

Atypical adenomatous hyperplasia 17
Adenocarcinoma in situ 21

Microinvasive adenocarcinoma 42

Invasive adenocarcinoma 8
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nodule localization in hybrid operating rooms in China.
This study’s results indicate that the hybrid operating room
was used to successfully achieve the simultaneous locali-
zation of multiple pulmonary nodules and avoid a series of
disadvantages of preoperative puncture localization
technology.12,13 After anesthesia, this method was imple-
mented by two surgeons simultaneously to ensure the
effective puncture and accurate localization of each nodule
and the resection of all pulmonary nodules at once. The
results show that the technique had a high success rate of
localization and nodule resection, with a low incidence of
complications, equivalent to the preoperative CT localiza-
tion of single nodules. Due to accurate localization, sur-
geons can quickly locate each nodule in the lung tissue and
reduce surgery and anesthesia times. In this study, locating
needle loss was found in two nodules in thorax explora-
tion. This was not caused by the puncture technique but
was due to the location of the two nodules (below the
pleura) and the fact that the locating needle was too
shallow. After the puncture, the connecting wire was
fixed in vitro, and an intraoperative pneumothorax resulted
in unhooking due to the pull of the connecting wire for
localization; during the operation, remedial localization
was performed to locate the unhooked pulmonary nodules
through hemorrhagic pleural points, and they were com-
pletely resected. Thus, for patients with subpleural nodules
combined with emphysema, it is recommended that the
puncture needle be placed 1–2 cm deep in the nodules to
reduce the probability of unhooking. In this study, there
was little evidence of pneumothorax and intrapulmonary
bleeding after a puncture, so they did not cause any diffi-
culty in anesthesia and surgery.

Preoperative CT locating puncture is an invasive opera-
tion performed in the waking state of patients, and patients
generally have a great fear of the procedure. The high
tension and anxiety during the puncture and the pain and
chest discomfort after results in patients having a very poor
treatment experience.14 This study evaluated puncture loca-
lization in a hybrid operating room after general anesthesia,
and the results showed that the SAS score was 53.6 ± 6.1,
indicating mild anxiety. Patients reported no uncomfortable
experience caused by the punctures. This method, com-
bined with uniportal VATS, causes minor trauma, few
complications, and a short hospital stay. In addition, the
patients’ satisfaction with the treatment is significantly
improved.

In this study, the incidence of pneumothorax was 20%.
All pneumothorax occurred in our study were small amount

of pneumothorax with lung compression no more than 10%,
which was limited to the local thorax. The possible reasons
were as follow: 1. Patients with emphysema are more likely
to develop pneumothorax; 2. The deeper nodules with mul-
tiple nodules are prone to pneumothorax; 3. Intraoperative
positive pressure ventilator ventilation may increase the
inducement of pneumothorax; 4. In this study, all the
patients included were multiple nodules. Compared with
single nodules, puncture sites increased and the incidence
of pneumothorax increased. However, it has been reported
in literatures that the incidence of hookwire locating pneu-
mothorax is 21.6%-38%.15–17 The incidence of pneu-
mothorax in this study is lower than that reported in the
literatures. Except for one case of decoupling caused by
moderate amount of pneumothorax, the occurrence of
a small amount of pneumothorax did not affect the position-
ing accuracy and patients.

Conclusion
In conclusion, simultaneous localization of multiple pul-
monary nodules in a hybrid operating room combined with
uniportal thoracoscopy technology perfectly combines pre-
cision and minimal invasion. This “one-step” operation
mode can easily achieve the localization and resection of
multiple pulmonary nodules. This method is highly safe
and effective and is easily acceptable to patients.
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