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Background: The rise of low-dose computed tomography (LDCT) has increased the detection of small
pulmonary nodules, demanding more effective localization techniques for their resection. Minimally invasive
resection utilizing video-assisted thoracoscopic surgery (VATS) is a critical method for treating these nodules.
However, traditional computed tomography (CT)-guided localization has limitations such as invasiveness
and patient discomfort. The current gap in knowledge relates to the potential advantages of electromagnetic
navigation bronchoscopy (ENB) in reducing complications and improving procedural efficiency. The
NOVEL trial evaluates the non-inferiority of ENB-guided labeling against CT-guided puncture for lung
nodule localization.

Methods: This multicenter, randomized, controlled, non-inferiority phase III trial includes 156 participants
across four Chinese hospitals, randomized to undergo either ENB-guided or CT-guided localization prior to
VATS sub-lobar resection. Randomization is performed using sealed opaque envelopes to ensure allocation
concealment. Primary outcomes are the procedural success rates and complication rates of both techniques,
with secondary outcomes including procedure times and lesion margins.

Discussion: The NOVEL trial aims to provide a detailed comparison of ENB-guided versus CT-guided
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localization for small pulmonary nodules. Establishing the safety and efficacy of the ENB method could

significantly influence clinical practices and improve patient outcomes.

Trial Registration: This trial was registered with the Medical Research Registration Platform (https://

www.medicalresearch.org.cn), registration number MR-31-24-018575.
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Introduction

With the increasing utilization of low-dose computed
tomography (LDCT) scanning in clinical practice, more
isolated small pulmonary nodules are being detected (1). On
account of the probability of malignancy, diagnosing and
treating pulmonary nodules have become a primary concern
for clinicians (2). Video-assisted thoracoscopic surgery
(VATS) is essential for diagnosing and treating pulmonary
nodules (3). However, it can be difficult to use the VATS
procedure to localize deep nonpalpable nodule that lie in
the lung parenchyma (4,5).

There are many reported techniques for localizing
small pulmonary nodules before lung cancer resection,
which can be performed using non-targeted approaches,
including intraoperative review of a computed tomography
(CT) scan by a surgeon (anatomical localization), or
targeted techniques, such as using dye (6), hook-wire (7),
and microcoil (8). CT-guided localization techniques
are limited by their invasive nature, requiring patients to
undergo procedures under local anesthesia within the CT
room. After the localization, patients must be transported
to the operating room, adding complexity and potential
risk to the process. In contrast, electromagnetic navigation
bronchoscopy (ENB) localization can be carried out in
the operating room under general anesthesia (9). Zhang
et al. (10) reported that the electromagnetic navigation
system has a 100% technical success rate and a 92.9%
technical efficacy rate in CT-guided lung biopsies,
highlighting its high efficiency and safety in nodule
localization. This method reduces patient discomfort
by allowing the entire procedure, from localization to
surgery, to be performed while the patient is under general
anesthesia, eliminating the need for movement between
different areas and offering a more streamlined and
potentially less stressful experience.

© AME Publishing Company.

Although some retrospective studies (11-14) have
evaluated this technique, there have not been any
multicenter randomized controlled studies comparing CT-
guided localization with ENB-guided approach. Therefore,
this trial intends to further explore the safety and efficacy of
ENB-guided lung nodule labeling and CT-guided puncture
localization through a prospective, open-labeled, non-
inferiority multicenter study to provide new ideas for the
development of lung nodule localization techniques.

The NOVEL trial is designed to assess the safety and
effectiveness of the ENB-guided localization method
for patients with small pulmonary nodules undergoing
VATS sub-lobar resection. This will be compared with the
traditional CT-guided localization approach. The study’s
specific goals are: (I) to evaluate and compare the success
rates of both ENB and CT-guided techniques; (II) to
examine the differences in complication rates between the
two methods; (III) to analyze the time required for each
localization procedure; and (IV) to assess the accuracy
of resection margins in specimens obtained using each
technique.

The hypothesis of the NOVEL trial is that the success
rate of preoperative localization of pulmonary small lesions
using the ENB-guided technique will be non-inferior to
that of the CT-guided technique, with fewer complications
in the ENB group. This hypothesis is supported by the
following considerations (according to previous research):
(I) the overall mean success rate of CT-guided hook-wire
localization was 0.96 [95% confidence interval (CI): 0.95-
0.97] (15); (II) the mean pneumothorax rate associated with
hook-wire was 0.35 (95% CI: 0.28-0.43) (15); (IIT) the mean
hemorrhage rate associated with hook-wire was 0.16 (95%
CI: 0.11-0.23) (15); (IV) the success rate of the ENB-guided
technique varies from 93.3% to 100% (9,11-13,16); (V) in
the ENB-guided hook-wire technique, the pneumothorax
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Figure 1 Overall study design of NOVEL trial. ENB, electromagnetic navigation bronchoscopy; CT, computed tomography; VATS, video-

assisted thoracoscopic surgery.

rates range is from 0 to 6.7% (13); and (VI) there have
been no reports of fatal complications associated with the
two techniques. We present this article in accordance with
the SPIRIT reporting checklist (available at https://tler.
amegroups.com/article/view/10.21037/tlcr-24-641/rc).

Methods
Overall study design

NOVEL is a prospective, multicenter, randomized
controlled, non-inferiority phase III trial. It aims to compare
the procedure success and complication rates between the
ENB-guided and CT-guided localization techniques for
individuals undergoing minimally invasive lung surgery for
small lung lesions. The primary endpoint is to determine
if the ENB-guided technique is non-inferior to the CT-
guided approach in terms of procedural success, while also
assessing its potential superiority in reducing complications.
This trial will be conducted across four selected hospitals
in China, with the goal of recruiting 156 participants. The
participants will be randomly assigned in a 1:1 ratio to either
the ENB-guided group or the CT-guided group, based on
the established inclusion criteria. The participating hospitals

© AME Publishing Company.

are Shanghai Chest Hospital, Shanghai Ruijin Hospital,
Shanghai Putuo People’s Hospital, and Zhejiang Putuo
Hospital. All study participants will undergo preoperative
lung localization using either a dye or hook-wire. After
the localization procedures, VATS sub-lobar resection
will be performed by experienced thoracoscopic surgeons
within several hours after the localization (Figure I).
The coordinating center will be based at Shanghai Chest
Hospital and will be responsible for trial oversight, and
coordination between study sites.

Ethical approval was obtained from the Institutional
Review Board of Shanghai Chest Hospital (IRB approval
date: 20 July 2021 and approval number: 1S2177). All
participating hospitals/institutes were informed and agreed
the study. The study will be conducted in accordance
with the Declaration of Helsinki (as revised in 2013),
and informed consent will be taken from all individual
participants.

Study population

Participants with small pulmonary lesions, indicated for
sub-lobar resection via VAT, will undergo screening and
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Figure 2 Study timeline for each patient is presented.

enrollment at designated sites based on specific inclusion
criteria. All lesions should undergo examination using thin-
section CT with a slice thickness of <3 mm.

The inclusion criteria are as follows:

(I) Age between 18 and 80 years;

(II) Pulmonary lesion diameter ranging from 0.5 to

3 cmyg
(III) CT imaging features which include:
(i)  Pure ground-glass opacity (GGO);
(i) Mixed GGO with over 50% GGO component;
(iii) Solid nodule with a diameter of <1 cmy;

(IV) Lesion persistence or growth observed in a

minimum 1-month follow-up;

(V) Intention for sub-lobar resection via VATS;

(VI) No contraindications to localization procedures or

surgery;

(VII) Willingness to provide informed consent.

The exclusion criteria are as follows:

() Inability or unwillingness to provide consent;

(II) History of thoracic surgery;

(IIT) Presence of pulmonary alveolus;

(IV) Unwillingness to cooperate;

(V) Simultaneous participation in another clinical trial

involving investigational drugs or devices;

(VI) Pregnancy.

Pure GGO is defined as a hazy area in the lung on a CT
scan that does not obscure underlying bronchial structures
or vascular markings. Mixed GGO is defined as a lesion in
the lung that contains areas of GGO along with areas of
consolidation or solid components. Solid nodule is defined
as a well-defined lesion on a CT scan that completely
obscures the lung parenchyma within it. There is no
ground-glass appearance; instead, it appears denser.

All study participants will be subjected to study
procedures only after providing their informed consent.
Informed consent will be executed by the surgeon or
trained resident, who will conduct the informed consent in
a language the patient can understand. The study timeline
for each participant is presented in Figure 2.

© AME Publishing Company.
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Randomization

The randomization process utilized the randomizeR (17)
package in R language, a well-acknowledged tool for
generating random sequences in clinical research. This
ensures a truly random assignment. The sequence was
generated by a biostatistician who was not involved in the
patient recruitment or the intervention procedures.

To prevent selection bias and ensure that the upcoming
allocation will not be foreseen, the generated sequence will
be kept concealed from the research team until the patient
is deemed eligible and has consented to participate. The
sequence will be stored in sealed, opaque, and sequentially
numbered envelopes.

Once a patient is deemed eligible and has provided
informed consent, the next sequentially numbered envelope
will be taken. The envelope will be opened to reveal the
group assignment: group A (ENB-guided) or group B (CT-
guided).

Although it is not possible to blind the medical staff
performing the localization procedures due to the nature
of the interventions, outcome assessment and data analysis
will be conducted by team members blinded to group
assignments, ensuring unbiased results.

To account for potential confounding variables,
stratification will be incorporated into the randomization.
Lesion size, categorized as small (<2 cm) or large (>2 cm), is
the main variable to be considered. This stratified approach
guarantees an equitable distribution of these variables across
both intervention groups, thereby reinforcing the study’s
robustness.

Procedures

On the day of surgery, patients will receive preoperative
localization for their pulmonary nodule using either
the ENB-guided or CT-guided method, based on the
randomization results. Following localization, VATS sub-
lobar resection will be carried out by skilled thoracoscopic
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surgeons within a few hours. First, a wedge resection
or segmental lung resection will be performed, and the
specimen will be sent for intraoperative pathology. The
surgeon can then determine the extent of surgical resection
based on the pathology results. The follow-up technologist
or trained resident will record the localization time,
localization method, operation time, operation method, and
the shortest distance between the node and the localizer.

ENB-guided localization

The CT scan will be obtained and loaded into the
navigation system software (either superDimension™
Navigation System or Veran SPiN Thoracic Navigation
System). The radiologist or pulmonologist will map
the location and trajectory to the target lesion. A three-
dimensional (3D) model of the airways will be created
using the CT data. The patient will be brought into the
bronchoscopy suite and placed under general anesthesia
and intubated. The ENB system will be used to navigate
the airways to the target lesion. An electromagnetic field
will be generated to track the location of the ENB catheter
tip in real-time. Endobronchial markers, primarily
Methylene Blue, will be used to mark the pathway to the
lesion. Occasionally, indocyanine green (ICG) may be
used if a fluorescent scope is available, but the choice of
marker is left to the discretion of each participating center
based on their clinical practice. The pleura will be marked
during the procedure. Once the ENB catheter has reached
its target, the endobronchial marker will be deployed near
the lesion to aid in guiding the VATS incision. In this
trial, the ENB localization procedures are performed by
surgeons.

CT-guided localization

CT-guided hook-wire localization will be performed within
the CT room using >16-slice multidetector CT (MDCT).
The hook-wire is composed of a positioning line that is
made of flexible material and four hooks on the needle help
further stabilize the positioning. A needle puncture site will
be selected, and the distance between the puncture site and
the center of the lesion will be measured. After sterilization
of skin around the puncture site and the administration of
local anesthesia, the introducer needle will first puncture
then release the localization anchor.

Throughout the procedure, the patient’s vital signs,
including blood pressure, respiratory rate, and arterial
oxygen saturation (Sa0,), will be closely monitored.
Potential complications such as pneumothorax, hemorrhage,
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and wire dislodgement will also be carefully assessed. If
no complications arise, a confirmatory CT scan will be
performed to ensure proper positioning of the hook-wire.
The external part of the hook-wire will be secured on the
skin using gauze dressings before the patient is transferred
to the operating room.

VATS

Upon successful preoperative localization of the pulmonary
nodule, patients will be promptly transferred to the operating
room within 1 hour. The surgery will commence with a
wedge resection or segmentectomy as the primary approach.
Once the specimen has been excised, it will immediately be
subjected to intraoperative frozen section analysis. In instances
where invasive adenocarcinoma is identified, the lead surgeon
will make a decision, tailored to the patient’s specific clinical
scenario, on whether to proceed with a lobectomy. Systematic
lymph node dissection will be performed for all cases of
invasive cancer to ensure comprehensive cancer staging and
optimal therapeutic management.

For patients in the ENB group, after the specimen’s
removal, the assisting surgical staff will record if the marker
encapsulated the nodule. In cases where the nodule is not
fully covered by the marker, the precise distance between
the marker and the nodule will be diligently documented.

Effectiveness and safety evaluation

Study primary endpoints

The primary endpoint for this investigation is the procedure
success rate of the respective localization techniques.
A successful procedure is characterized as effectively
marking the small pulmonary lesion within a 1 cm range,
ensuring there is no pleural leakage of the marker or any
dislodgement of the hook-wire. The formula for calculating
the procedure success rate is as follows: procedure success
rate (%) = (number of successful procedures/total number
of procedures) x 100%.

These success rates will be meticulously analyzed and
juxtaposed both across the entire patient cohort and within
specific subgroups. These subgroups will be defined based
on several criteria: tumor dimensions, tumor position,
nodule type, presence or absence of a “bronchus sign”, and
individual patient features such as their smoking habits.

Secondary endpoints
Procedure-related complication rate
The complication rate stands for the percentage of
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complications that are inextricably linked with the
localization process relative to the totality of procedures
carried out. Directly-associated complications are those
observed during or immediately post-procedure that can be
unequivocally attributed to the procedure itself. Examples
include, but are not limited to, pneumothorax, hemothorax,
hemoptysis, hemorrhage, and air embolism.

Duration of localization procedure

This refers to the time span between the initiation and
completion of the localization technique. For patients in the
ENB group, procedure termination will be recognized at
the moment of bronchoscope removal from the lungs post-
marker administration. For those undergoing the hook-wire
method, the procedure will conclude upon the successful
insertion and anchoring of the hook-wire to the target
lesion.

Interim analysis plan

We have planned an interim analysis to be conducted
after data collection reaches 100 participants. This
interim analysis will provide an opportunity to evaluate
the trial’s progress, assess safety, and examine preliminary
efficacy data. Based on the results of the interim analysis,
adjustments to the trial protocol may be considered if
necessary to ensure participant safety and the integrity of
the study.

Statistical methods

Sample size estimation

Assuming a rate of success of 97% in both localization
groups, a noninferiority margin of 7 percentage points,
80% power, and a one-sided alpha level of 0.025 and using
the method of Farrington and Manning (18), we assume
that 136 patients are required for each group. Under the
assumption of a 97% rate of success in both groups, a
noninferiority margin of 10 percentage points, a one-sided
alpha level of 0.025, and 78 patients for each group, there
was 80.4% power to show noninferiority in the intention-
to-treat population.

To further elucidate, the success rate of CT-guided
localization is already high. The introduction of ENB-
guided localization is not aimed at further increasing this
success rate, but rather to harness the unique advantages of
ENB. Taking into consideration the feasibility of the trial
and after consulting experts who weighed various factors,
the non-inferiority margin was determined to be set at 10%.

© AME Publishing Company.
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To achieve this target, we have developed a multi-faceted
enrollment strategy that leverages both the extensive
networks of the participating centers and innovative
recruitment methods. Each of the four qualified hospitals
has a strong patient base and is well-respected within the
community. We will work closely with these centers to
utilize their existing patient databases and referral systems
to identify potential participants who meet the study
criteria.

We will engage with thoracic surgeons, pulmonologists,
and radiologists within and outside of the participating
hospitals to establish a referral network. Information
sessions will be held to inform them about the study and the
importance of their referrals.

Primary statistical analysis

To test the non-inferiority of the ENB group’s localization
success rate in comparison to the CT group, we will
employ the Farrington and Manning’s likelihood score
test. This test will be conducted with an alpha of 0.025 and
one-sided. Baseline characteristics between the two groups
will be compared using appropriate tests depending on the
nature of the data: continuous variables will be assessed
using #-tests or Mann-Whitney U tests, and categorical
variables will be assessed using Chi-square or Fisher’s
exact tests.

Discussion

The NOVEL trial presents a rigorous and well-
designed comparison of two techniques for localizing
small pulmonary nodules: ENB-guided and CT-guided
localizations. As the prevalence of small pulmonary nodules
detected through LDCT scanning grows, the necessity
for accurate and effective localization methods before lung
cancer resection has become increasingly crucial.

VATS is a primary modality for treating pulmonary
nodules, yet its applicability is limited when localizing
certain nodules and the process is challenging. Although
several techniques exist to assist in preoperative nodule
localization, their use remains controversial due to variations
in advantages, drawbacks, and their clinical efficacy. This
trial aims to shed light on this gap in knowledge, especially
since no multicenter randomized controlled studies have
compared CT-guided localization with the ENB-guided
approach.

The primary goal of the trial is to assess the efficacy
and safety of the ENB-guided technique compared to
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the traditional CT-guided technique. The overarching
hypothesis posits that the ENB technique will be non-
inferior in terms of procedure success rate but might lead to
reduced complications.

Notably, CT-guided localization has been historically
recognized for its high success rate. The introduction of
the ENB-guided technique does not necessarily aim to
surpass this rate, but to offer potential advantages like
lower complication rates. Ma et al. (19) found that CT-
guided localization poses several challenges, such as
pneumothorax and marker displacement, emphasizing
the necessity of exploring ENB as an alternative. Xia
et al. (20) demonstrated that ENB significantly reduces
complications and shortens procedure times, particularly
in minimizing risks of pneumothorax and hemorrhage.
The trial’s data around complication rates, such as
pneumothorax and hemorrhage, seem promising for the
ENB-guided technique, highlighting its potential to be a
safer alternative.

The strength of the NOVEL trial lies in its robust
methodology. A randomized, controlled, non-inferiority
trial design ensures that bias is minimized and that a direct
comparison of the two techniques is achieved. Stratification
during randomization, based on lesion size, further bolsters
the credibility of the results, accounting for a significant
confounding variable.

Moreover, the clear definition of success rates and
complications, along with well-structured inclusion
and exclusion criteria, facilitates the accumulation of
a homogeneous cohort, ensuring that the results are
consistent and generalizable.

The findings from the NOVEL trial are expected to
have significant clinical implications. If the ENB-guided
technique is shown to be non-inferior or even superior in
specific outcomes, it may facilitate it becoming a preferred
method of localization, particularly in cases where there is
apprehension about complications.

The data from this trial will also serve as a foundation for
further research, potentially delving into specific subgroups
or nuanced clinical scenarios to tailor nodule localization
techniques better.

Furthermore, although the study focuses primarily on
the technical aspects of localization, future research could
also consider the patients’ perspective, assessing their
experiences, pain levels, and overall satisfaction with the
procedure.

Despite the robustness of the trial’s design, potential
limitations may arise. The non-inferiority margin set at
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10% might be considered wide, possibly affecting the
interpretation of the results. A narrower margin might
provide a more definitive indication of the true differences
between the techniques.

Additionally, the trial focuses on short-term technical
success and complications. Long-term outcomes, such as
the impact on overall survival or recurrence rates, would
provide a more comprehensive understanding of the
techniques’ effectiveness.
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