Pre prints.org

Article Not peer-reviewed version

Comparison between One-Stage
and Two-Stage CT-guided
Localization of Lung Nodules with
Surgical Resection: A Single
Medical Center Experience

Kai Yun Hsueh , En Kuei Tang, Fu Zong Wu , Ping Chung Tsai, Chih Wen Shu, Yih Gang Goan,
Yen Chiang Tseng

Posted Date: 21 July 2023
doi: 10.20944/preprints202307.1428.v1

Keywords: CT-guided localization; OSCT; TSCT; pulmonary lesions; minimal invasive VATS

_' E Preprints.org is a free multidiscipline platform providing preprint service that
is dedicated to making early versions of research outputs permanently
available and citable. Preprints posted at Preprints.org appear in Web of
Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This is an open access article distributed under the Creative Commons
Attribution License which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.



https://sciprofiles.com/profile/3016901
https://sciprofiles.com/profile/2784177
https://sciprofiles.com/profile/560050
https://sciprofiles.com/profile/791929
https://sciprofiles.com/profile/587610

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 21 July 2023 do0i:10.20944/preprints202307.1428.v1

Disclaimer/Publisher’'s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and

contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting
from any ideas, methods, instructions, or products referred to in the content.

Article

Comparison between One-Stage and Two-Stage
CT-Guided Localization of Lung Nodules with
Surgical Resection: A Single Medical Center
Experience

Kai-Yun Hsueh 123, En-Kuei Tang 2, Fu-Zong Wu 24, Ping-Chung Tsai 12, Chih-Wen Shu 5¢,
Yih-Gang Goan 27 and Yen-Chiang Tseng 1.28*

! Division of Thoracic Surgery, Department of Surgery, Kaohsiung Veterans General Hospital, Kaohsiung,
Taiwan

2 School of Medicine, National Yang Ming Chiao Tung University, Taipei, Taiwan

3 College of Medicine, Kaohsiung Medical University, Kaohsiung, Taiwan

* Department of Radiology, Kaohsiung Veterans General Hospital, Kaohsiung, Taiwan

5 Institute of BioPharmaceutical Sciences, National Sun Yat-Sen University, Kaohsiung, Taiwan

¢ Department of Biomedical Science and Environmental Biology, Kaohsiung Medical University, Kaohsiung,
Taiwan

7 Division of Thoracic Surgery, Department of Surgery, Pingtung Veterans General Hospital, Pingtung,
Taiwan

8 Institute of Clinical Medicine, National Yang Ming Chiao Tung University, Taipei, Taiwan

* Corresponding author: MD, PhD, Assistant Professor; Address: No0.386, Dazhong 1st Rd., Zuoying Dist.,
Kaohsiung City 81362, Taiwan (R.O.C.); Tel: 886-7-3422121; Fax number: 886-7-3422288;
Email: yctseng@vghks.gov.tw

Abstract: (1) Background: This retrospective study aimed to compare the efficacy and safety of one-stage
computed tomography (OSCT)- to that of two-stage computed tomography (TSCT)-guided localization for the
surgical removal of small lung nodules. (2) Methods: We collected data from patients with ipsilateral
pulmonary nodules who underwent localization before surgical removal at Veteran General Hospital
Kaohsiung between October 2017 and January 2022. The patients were divided into the OSCT and TSCT
groups. (3) Results: We found that OSCT significantly reduced the localization time and risky time compared
to TSCT, and the success rate of localization and incidence of pneumothorax were similar in both groups.
However, the time spent under general anesthesia was longer in the OSCT group than in the TSCT group. (4)
Conclusions: The OSCT-guided approach to localize pulmonary nodules in hybrid operation room is a safe
and effective technique for the surgical removal of small lung nodules.
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1. Introduction

Lung cancer is the leading cause of death from cancer worldwide [1]. Low-dose chest computed
tomography (CT) for surveying lung cancer is increasingly used worldwide, and many small lung
nodules are detected early nowadays [2,3]. Most of these small pulmonary nodules are suggested to
be observed and regularly followed up at outpatient departments; however, some patients may be
anxious about malignant tendencies and request to undergo surgery to remove these lesions. These
tiny pure ground-glass nodules (GGN) in the lungs are difficult to detect manually for resection
during surgery. CT-guided lesion localization is helpful for resection because the precise location of
a lesion is determined using a dye or a hookwire [4,15], which guides the surgeon to be sure of the
exact location of a target lesion and makes the operation smooth and safe. Traditionally, the two-
stage CT-guided localization (TSCT), also known as pre-operative CT-guided localization, is used to
localize tiny pure GGN or deep GGN in the lungs. Recently, the emergence of the hybrid operation
room (HOR) makes one-stage CT-guided (OSCT) localization, also known as intraoperative CT-
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guided (IOCT) localization, more convenient and easier. The advent of the HOR has allowed the
simultaneous localization and removal of small lung nodules. Some studies have demonstrated more
benefits of OSCT localization in terms of safety and efficacy than TSCT localization [5]. This report
on a single-center experience aims to compare the efficacy and safety of TSCT to those of OSCT.

2. Materials and Methods

2.1. Study patients

This retrospective study aimed to compare the efficacy and safety of TSCT to those of OSCT. In
this study, we collected data from patients with ipsilateral pulmonary nodules in whom localization
was performed before surgical removal between October 2017 and January 2022 at Veteran General
Hospital Kaohsiung (VHGKS). Our participants were divided into two groups; i.e., the OSCT and
TSCT groups. Indications include the fact that the instance of solid nodules from the visceral pleura
to the target lesion is deeper than 10 mm and the tiny solid nodules measured less than 10 mm [6].
Any subsolid nodules, regardless of size or depth, are considered to be localized.

2.2. Two-stage computed tomography-guided localization

Two-stage computed tomography-guided localization was performed by an experienced
radiologist in the CT suite. Most of the patients were positioned in the supine position because of the
limitation of space in the CT scanner. The target lesion was scanned and the location was shown on
the monitor. The puncture site was sterilized carefully, and the radiologist pierced into the lung near
the target lesion with a 10-cm long, 20-gauge cannula needle housing a hookwire [6]. Once the
cannula needle was inserted into the target site, the hookwire was placed. After localization was
completed, the patient was transferred to the original ward to wait for information about surgery.
Then, the patient would be transferred to the operation room to undergo wedge resection for the
removal of pulmonary lesions. Once the lesion was removed, the specimen was sent for a frozen
section to check the tissue components. If the frozen section results reveal invasive adenocarcinoma,
a lobectomy would be performed. If the frozen section results reveal atypical adenomatous
hyperplasia, adenocarcinoma in situ (AIS), or minimally invasive adenocarcinoma (MIA), a
lobectomy would not need to be performed [6].

2.3. One-stage computed tomography-guided localization

One-stage computed tomography-guided localization was performed in the HOR. The
localization procedure and surgical resection are both performed in the same place. The localization
procedure was conducted by the thoracic surgeon. First of all, the patient was sent to the HOR. Once
the induction of anesthesia was completed, the patient was placed in the appropriate position for CT-
guided localization. Once the C-arm scanned the patient, the image of the target lesion showed up
on the monitor. We planned the puncture side and the route of the cannula needle housing a
hookwire [7]. The skin of the puncture site was sterilized, and one 10-cm long, 20-gauge cannula
needle housing a hookwire was inserted through it, along the required route, into the target site of
the lung. Once the cannula needle approached the target site, the hookwire was placed to act as a
marker of the ensuing resection. Then, the patient stayed in the same place, and the thoracic surgery
team performed video-assisted thoracic surgery, usually wedge resection, for the removal of the
lesion. After wedge resection was performed, the lesion would be sent for histopathological frozen
section reporting. If the frozen section report revealed malignancy, a lobectomy would be performed.

2.4. Statistics Analysis

All study data were analyzed using IBM SPSS version 26. All continuous variables are
summarized as means and standard deviations and compared with Student’s t-test. All categorical
variables are summarized as counts and percentages and compared using Fisher’s exact test.
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Figure 1. Flowchart of the patient selection process.

Figure 2. Grid placed on the chest wall for localization.
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Figure 4. Image calculated by the program showing site for localization needle penetration.
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Figure 5. Hookwire placed into the patient’s chest wall

3. Results

During the study period, 81 study patients were collected; 30 in the TSCT group and 51 in the
OSCT group. However, six patients concurrently undergoing a lobectomy and one patient
concurrently undergoing a segmentectomy in the TSCT group were excluded. In the other group, we
also excluded three patients and two patients concurrently undergoing lobectomies and mediastinal
tumor resections, respectively, in the OSCT group. Finally, 23 and 46 patients were included in the
TSCT and OSCT groups, respectively.

Table 1 shows the basic characteristics of the study patients. There were significant differences
in age and lesion site. The mean age of our study participants was 56.83 years. The average age of the
participants in the OSCT group was 54.82 and the average age in the TSCT group is 60.23 (p < 0.05).
There were 23 male patients (33.3%) and 46 female patients (66.7%). In the OSCT group, 13 patients
(28.3%) were males and 33 patients (71.7%) were females. In the TSCT group, 10 patients (43.5%) were
males and 13 patients (56.5%) were females. There were 65 patients in ASA I-II (94.3%) and four
patients in ASA III (5.7%). In the OSCT group, 43 patients (93.5%) were classified as ASA I-II and
three patients (6.5%) were classified as ASA IIL In the TSCT group, 22 patients were classified as ASA
I-1I and one patient was classified as ASA III. The proportions of right-sided lesions in the OSCT and
TSCT groups were 56.5% and 78.2%, respectively (p < 0.05). According to previous CT findings, 64
lesions (92.8%) showed subsolid nodules (SSN) and five lesions (7.2%) showed solid nodules (SN). In
the OSCT group, four lesions (8.7%) were SN and 42 lesions (91.3%) were SSN. In the TSCT group,
one lesion (4.3%) was SN and 22 lesions (95.7%) were SSN. The mean pulmonary lesion size on CT
image finding was 7.81 mm. In the OSCT group, the mean size of pulmonary lesions was 7.86 mm.
In the TSCT group, the mean size of pulmonary lesions was 7.74 mm.

Table 2 summarizes the results of intraoperative and perioperative variables. The total number
of perioperative complications of pneumothorax was 3 (4.3%). Only two patients (4.3%) experienced
complications of pneumothorax in the OSCT group and one patient (4.3%) in the TSCT group. There
was no significant difference in the incidence of perioperative complications of pneumothorax
between the OSCT group and TSCT groups (p = 0.879). In the OSCT group, 28 patients (60.9%) were
placed in the lateral decubitus position during localization and 18 patients (39.1%) were placed in the
supine or prone position. In the TSCT group, 18 patients (78.2%) were placed in a supine or prone
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position and five patients (21.8%) were placed in the lateral decubitus position (p < 0.05). The mean
blood loss was 6.93 ml in the OSCT group and 10.86 ml in the TSCT group (p < 0.05). After the
procedure, most of the final pathological diagnoses were AIS and MIA, accounting for 45 (97.8%) and
22 (95.6%) in the OSCT and TSCT groups, respectively. The localization success rates in the OSCT
and TSCT groups were 97.8% and 91.3%, respectively (p = 0.216).

Table 3 summarizes the efficacy index variables of time. The duration of the localization
procedure was significantly shorter in the OSCT group than in the TSCT group (mean difference: -
15.53 min). The time at risk was also significantly lower in the OSCT group than in the TSCT group
(mean difference: -145.91 min). Because the patients in the OSCT group underwent the localization
procedure and surgery in the same place, the time of localization and the time at risk were much
shorter. Also, there was no significant difference in the surgery duration between the OSCT group
and the TSCT group (168.94 min vs. 196.10 min, p > 0.05). However, the time spent under general
anesthesia was much longer in the OSCT group than in the TSCT group (mean difference: +64.28 min).
The total time of the procedure was significantly lower in the OSCT group than in the TSCT group
(mean difference: -194.93 min).

Table 1. Basic characteristics of the study patients.

Entire cohort OSCT group TSCT group p-value
Number of patients 81 51 30
Age (years) 56.83 +10.499 54.82 +10.411 60.23 +9.905 0.024
Sex
Male 25 (30.9) 14 (27.5) 11 (36.7) 0.386
Female 56 (69.1) 37 (72.5) 19 (63.3)
ASA
I-1I 75 (92.6) 48 (94.1) 27 (90) 0.204
I 6 (7.4) 3(5.9) 3 (10)
Lesion site
Right-sided 55 (67.9) 30 (58.8) 25 (83.3) 0.023
Left-sided 26 (32.1) 21 (41.2) 5(16.7)
CT findings
Solid nodule 13 (16.0) 6 (11.8) 7(23.3) 0.175
Subsolid nodule 68 (84.0) 45 (88.2) 23 (76.7)
Lesion size on CT (mm) 7.81+281  7.86+3.05 7.74 +2.38 0.857

Table 2. Operative and perioperative variables

Entire cohortOSCT groupTSCT groupp-value

Number of patients 81 51 30
Perioperative complications
Pneumothorax 14 (17.5) 9 (17.3) 5(6.7)  0.879
Position of localization
Supine/prone 49 (60.5) 24 (47.1) 25(83.3) 0.005
Lateral decubitus 32 (39.5) 27 (52.9) 5(16.7)
Blood loss 12.21+£18.252 7.43+3.77 20.33 +28.03 0.002
Operative procedure 0.098
Non-anatomical resection (wedge resection) 69 (85.2) 46 (90.2) 23 (76.7)
Anatomical resection + wedge resection 12 (14.8) 5(9.8) 7 (23.3)
Pathological diagnosis
Benign 13 (16.0) 10 (19.6) 3(10.0) 0.013
Malignancy 68 (84.0) 41 (80.4) 27 (90.0)
Lesion size on CT (mm) 781+281 786+305 7.74+2.38 0.857
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Table 3. Time variables

Entire cohort OSCT group TSCT group p-value

Number of patients 81 51 30
Localization time (min) 21.02+11.94 1527 +8.18 30.80+10.99 <0.001
Time at risk (min) 88.23+79.82 34.19 +21.25180.10 + 54.15 <0.001
Operating time (min) 179.00 + 63.08 168.94 + 58.65196.10 + 67.57 0.061

Time under general anesthesia (min) 238.78 + 74.05 262.58 + 66.21198.30 + 69.84 <0.001
Total time of course (min) 276.27 +114.01204.07 + 58.80399.00 + 71.74 <0.001

4. Discussion

In our study, we evaluated the safety and efficacy of the OSCT and TSCT approaches to small
pulmonary lesion resection. OSCT localization for small pulmonary lesions in the HOR is feasible,
effective, and safe. The OSCT approach also significantly reduces the procedural time and time at
risk. Therefore, patients in the OSCT group suffered from less fear and nervousness than those in the
TSCT group. In our study, the mean age of the patients in the OSCT group was lower than that of
patients in the TSCT group. As the use of LDCT increases, tiny pulmonary lesions are identified in
more and more young patients. Therefore, this phenomenon explains why the mean age of the
patients in the OSCT group is lower than that of patients in the TSCT group. The mean size of
pulmonary lesions on CT images is approximately 7—8 mm, irrespective of the group in which they
are found. According to NCCN guidelines, 6-8-mm pulmonary lesions in low-risk patients are
preferably monitored every six months or yearly. Surgical resection is not the treatment of choice for
these small lesions. In Taiwan, surgeons also explain this protocol to the patients who come to our
outpatient department. However, the patients are usually nervous about the lesions in their lungs;
so, they often opt for surgical resection of these lesions. If these patients prefer surgery, we would
advise them to go for the localization of the lesions for accurate surgical resection.

In our study, the incidence of perioperative complications (such as pneumothorax) after
localization and the rate of successful localization did not differ significantly between the OSCT
group and the TSCT group. It indicates that localizations performed by thoracic surgeons are not
inferior to those performed by an experienced radiologist. One case of pneumothorax in the OSCT
group was a case of a pure ground-glass nodule over the right upper lobe. We performed localization
in the HOR, and the whole procedure was smooth. However, after C-arm screening, the image
showed that the localization needle was through-through from the right lower lobe to the right upper
lobe with mild pneumothorax. Though the localization failed this time, we resected the target lesion
successfully by tracing the pinhole on the lung’s surface to guess the location of the target lesion. One
case of pneumothorax in the TSCT group was a result of hookwire dislodgement caused by severe
agitation. However, we also successfully resected the target lesion by tracing the pinhole on the lung’s
surface. Thus, localization performed by a thoracic surgeon might be better than that performed by
a radiologist because the surgeon could resolve the complication in the operation room immediately
if any acute situation arises.

Most patients in the OSCT group were placed in the lateral decubitus position during
localization. This indicates that thoracic surgeons prefer placing patients in the lateral decubitus
position because it is convenient for the surgical team to place the patient in this position to facilitate
any operation that might be performed after localization. Also, most patients in the TSCT group were
placed in the supine or prone position for localization. This might indicate that radiologists prefer
placing patients in the supine or prone position due to the limited space available on the CT suite
table. Because the CT in our hospital was not designed for intervention, it was not advisable for a
radiologist to place patients in the lateral decubitus positions. The shortest possible trajectory of the
localization needle was ideal for patients, and this trajectory determined the position of the patient
for localization; however, the surgeon or radiologist performing the procedure could prefer specific
positions for convenience.

The estimated intraoperative blood loss in the TSCT group was higher than that in the OSCT
group. This indicated that the patient’s agitation after localization might cause a slight migration of
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the localization needle within the patient’s lung, which could cause bleeding. Thus, more blood loss
was noticed in the TSCT group. Therefore, the OSCT localization method seems safer and more
effective for patients undergoing localization.

In our study, the time of localization, time at risk, and total duration were all significantly shorter
in the OSCT group than in the TSCT group. Because the patients underwent localization and surgery
at the same place in the OSCT group, it saved much time that would have been used for
transportation from the ward to the CT room. However, the time the patient spent under general
anesthesia was significantly longer in the OSCT group than in the TSCT group, which might have
increased the number of adverse events associated with anesthetics throughout the procedure. It may
also have increased the cost of anesthetics, leading to an increase in the economic burden levied on
patients.

In the study by Huang et al. [8], they reported a successful and safe CT-guided localization
method using microcoils to localize solitary pulmonary nodules. In another study by Fang et al. [9],
the technical developments were reviewed and different localization techniques were compared. The
study mentioned the advantages and disadvantages of different localization techniques. An optimal
method of localization for pulmonary nodules is yet to be established [10]. Although there was a mild
risk of pneumothorax and pulmonary hemorrhage due to dislodgement or migration, this technique
was easier to perform and more widely used than other methods. The safety, effectiveness, and
convenience of hookwire use for localization were acceptable [11,12]. Therefore, we use the hookwire
as the tool to localize the target lesion, be it during OSCT or TSCT.

In the study by Chao et al. [13], for those patients with multiple ipsilateral pulmonary nodules,
OSCT localization performed in the HOR is associated with a shorter procedural time compared to
the TSCT approach. In our study, we selected patients with only one pulmonary lesion undergoing
wedge resection to eliminate certain confounding factors. Another radiation-free intraoperative
localization approach using ultrasonography was also reported if the lung was completely deflated
and could be extracted. Kondo et al. [14] reported that intraoperative ultrasonography was also a safe
and effective approach to the localization of pulmonary GGN. However, we did not compare this
intraoperative localization method to the OSCT method. More studies are needed to investigate
different intraoperative localization methods.

Our study has several limitations. First, this was a retrospective study including a relatively
small number of cases. Our findings should be verified by conducting a prospective study with more
cases. Second, this is a single-center study. Third, we did not collect data on radiation exposure
because these data were missing, and we did not calculate the cost of anesthetics. Fourth, our study
did not compare other methods of localizing pulmonary lesions. Non-percutaneous localization
approaches such as electromagnetic navigation bronchoscopy [16,17] were not compared to the
percutaneous localization method in our study. Finally, no oncological benefit could be observed in
the OSCT group compared to the TSCT group because there was no significant difference in clinical
outcomes between the two groups of patients with early lung cancer. Significant reductions in the
procedural time and the time at risk could not be further translated to clinically significant differences
between the two groups.

5. Conclusions

Compared to the TSCT, the OSCT-guided approach to pulmonary nodule localization in HOR
significantly decreases the procedural time and risky time. The rate of successful localization and
incidence of pneumothorax were similar in both groups.
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