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Abstract. The present study aimed to explore the final diag-
nosis of pulmonary nodules with an initial non-diagnostic
result on electromagnetic navigation bronchoscopy (ENB)
biopsy and the predictive factors for a non-diagnostic result. A
total of 198 nodules from 194 patients that were suspected to
be malignant tumors were included in the present study. The
initial biopsy pathology results were divided into two groups:
The diagnostic group and the non-diagnostic group. The
diagnostic group was defined as a successful initial biopsy to
obtain a diagnosis, including malignant and benign diagnoses.
The non-diagnostic group was defined as a non-specific
benign diagnosis, normal lung tissue or an unsuccessful
biopsy. Among the 198 nodules, 139 (70.2%) were in the
diagnostic group and 59 (29.8%) were in the non-diagnostic
group. Predictive factors for a non-diagnostic biopsy included
nodule size <1.5 cm [odds ratio (OR), 2.05; 95% confidence
interval (CI), 1.03-4.09], non-solid nodules (OR, 2.71; 95%
CI, 1.33-5.64) and nodules in the left lung (OR, 2.50; 95% CI,
1.27-4.92). Of the 59 non-diagnostic biopsies, 46 were finally
confirmed to be malignant by surgery. Notably, non-diagnostic
biopsies with non-solid nodules (OR, 7.64; 95% CI, 3.11-18.76)
were more likely to be malignant. In conclusion, the predictive
factors for a non-diagnostic biopsy were nodule size <1.5 cm
and non-solid nodules. It was not rare for patients to finally
be diagnosed with a malignancy in the non-diagnostic group.
Therefore, care should be taken when the results of an ENB
are non-diagnostic to prevent misdiagnosis.
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Introduction

Lung cancer is one of the most deadly tumors, and it is asso-
ciated with a high incidence and mortality rate worldwide.
Lung cancer-associated deaths account for 18.7% of all deaths
caused by malignant tumors worldwide (1,2). Currently, lung
cancer is typically divided into non-small cell lung cancer
(NSCLC) and small cell lung cancer (SCLC) according to
pathological type. In a recent study of statistics in the USA,
NSCLC accounted for 82% of all patients with lung cancer,
SCLC accounted for 14%, and the pathological histology of
the remaining 3% of patients with lung cancer was unclear (3).
The early diagnosis and appropriate treatment of lung cancer
are critical for improving the survival rate of patients (4,5).
Unfortunately, most patients with lung cancer often delay
medical attention in the early stages as the symptoms are not
obvious, resulting in numerous patients reaching a progressive
stage at the time of diagnosis. Only 30% of NSCLC cases are
typically diagnosed at stage I (6). The overall 5-year survival
rate for stage I is 65%, but this rate decreases to 5% for
stage IV (6). Therefore, the early diagnosis of lung cancer is
extremely important.

In the early diagnosis of lung cancer, performing pathology
examinations after biopsy is an important method to identify
the nature of lung lesions. These biopsy methods include
CT-guided percutaneous lung puncture biopsy, bronchoscopic
biopsy, endobronchial ultrasound-guided transbronchial
needle aspiration, and electromagnetic navigation bron-
choscopy (ENB) biopsy (7,8). Electromagnetic navigation
bronchoscopy is a diagnostic method that has been widely
used in lung nodule biopsies in recent years. ENB uses elec-
tromagnetic positioning, combined with high-resolution spiral
CT data for the reconstruction of lung structure, and chooses
the best channel to extract the biopsy (9). Previous studies have
suggested that ENB biopsy has a malignant detection rate of
50-85% (10-14). The majority of previous studies on ENB
have assessed a small number of cases, have used inconsistent
practices (e.g., differences in the study design and follow-up)
and have shown marked differences in the accuracy of lung
nodule biopsy (12,14,15).

Notably, most investigations have focused on the diag-
nostic yield, sensitivity and negative predictive value of ENB,
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and only a limited number of studies have analyzed the final
diagnoses of non-diagnostic biopsies (16,17). The final diag-
noses of indeterminate diagnoses are often incomplete, which
may result in a delay in treatment. The present study aimed to
explore the actual final diagnosis of pulmonary lesions with
an initial non-diagnostic result on ENB biopsy and aimed to
identify the predictive factors for a non-diagnostic result.

Materials and methods

Patients and grouping. The present study retrospectively
analyzed 296 patients who underwent ENB biopsy at The First
Affiliated Hospital, Zhejiang University School of Medicine
(Hangzhou, China) between February 2017 and September
2019. The diagnostic procedure is shown in Fig. 1A. The
eligibility criteria were as follows: i) Patients were diagnosed
with pulmonary nodules that were suspected to be malignant
tumors; ii) patients underwent ENB; and iii) patients who
eventually underwent surgical resection. The exclusion criteria
were as follows: i) Patients who did not undergo surgical
resection; ii) inoperative localization of pulmonary nodule
resection using the ENB technique; and iii) patients with
incomplete clinicopathological data (Fig. 1B). Finally, a total
of 198 nodules from 194 patients that were suspected to be
malignant tumors were included in the present study.

The initial pathology was obtained by ENB biopsy, and
the results of the ENB biopsy were divided into a diagnostic
group and a non-diagnostic group. The diagnostic group
contained cases with biopsy results of adenocarcinoma, squa-
mous cell carcinoma, other types of primary lung malignant
tumors and metastatic tumors, and other malignant tumors,
or of benign lung diseases, such as inflammatory nodules,
fungal nodules and benign tumors, such as hamartoma and
sclerosed hemangioma. The non-diagnostic group contained
cases in which a clear diagnosis of malignancy or benignity
was not obtained after performing ENB. This usually refers to
cases in which the lesion was not successfully punctured and
the pathology was reported as normal lung tissue, no bright
malignant cells were seen, the specimen volume was too
small to be produced and cases where no specific diagnoses
have been made. In cases where the initial biopsy of ENB
was non-diagnostic, the nodules were evaluated again using
imaging and a portion of the patients will undergo surgical
resection of malignant tumors or benign tumors, such as
hamartoma. In addition, some patients had multiple nodules,
and at their request, the ipsilateral nodule together with the
lesion considered malignant was removed. The present study
retrospectively reviewed cases of surgical resection following
ENB biopsy. All ENB biopsy procedures were performed by
the same experienced endoscopist, and the lung biopsy slides
were reviewed by two experienced thoracic pathologists to
obtain a pathological diagnosis.

Composition and standard procedure of ENB. ENB system
(V Super Dimension version 7; Medtronic) components
mainly include: i) Electromagnetic positioning plate that can
generate a low-frequency uniform electromagnetic field. The
plate is generally required to be placed under the mattress of
the examination bed (>50 cm from the examined individual)
so that the patient's chest is in the electromagnetic field. ii)

Navigation probe, which is fixed to the tip of a bendable
catheter (diameter, 1 mm; length, 8 mm) and can be rotated
360°. In the electromagnetic field, the orientation of the probe
can be obtained by the positioning system and transmitted to
the computer in real-time when X, Y and Z axis and tilt and
rotation are carried out in the body of the patient. iii) Extended
operation channel, which can be placed into the relevant
operating instruments by the navigation system to guide the
target area for operation. iv) ENB system hosts and monitors,
through receiving and processing magnetic navigation signals,
actual organ images under the bronchoscope are displayed and
virtual navigation 3D tracheal images are presented through
the computer platform, to monitor and guide the position and
direction of the probe.

The ENB standard operation consists of two main parts: i)
Preoperative path planning, a virtual bronchial tree image is
generated by 3D reconstruction of the original CT image data
using ENB software, the target lesion markers are found on the
image, 5-7 anatomical markers are selected, and a navigation
path to the target lesion is generated; and ii) intraoperative
endotracheal navigation, after the patient is anesthetized, the
physician operates the electronic bronchoscope and places the
navigation probe through the working channel. The virtual
image is matched with the actual image by confirming the
selected markers on the virtual image with the actual posi-
tion of the in vivo probe. After successful matching, the target
lesion is reached via the preoperative planning path. The
navigation ends with exit of the localization probe, then the
needle aspiration and biopsy are performed via the extended
channel (Fig. 2).

Data collection. The clinical, pathological and imaging data
of the included patients were collected through the hospital's
electronic medical record system. The variables, including
age, sex and history of prior malignancy, were extracted from
the patients' records. The radiological variables analyzed for
each patient included the nodule size, nodule type, distance
between the pleura and the nodule, and nodule position.

Statistical analysis. Categorical variables were assessed
using the %* test and Fisher's exact test. When continuous
variables obeyed normal distribution, such as age, the data
were analyzed using the independent sample t-test (unpaired
parametric Student's t-test). Nodule size, CT value and
distance from pleura were analyzed using the non-parametric
Mann-Whitney U test. Odds ratio (OR) with a 95% confidence
interval (CI) was determined using binary logistic regression.
P<0.05 was considered to indicate a statistically significant
difference. Statistical analysis of all data was performed using
SPSS software (version 26.0; IBM Corp.).

Results

Distribution of pathological diagnostic results. Among the
198 nodules, there were 139 cases in the diagnostic group
and 59 (29.8%) cases in the non-diagnostic group. A total of
165 cases were diagnosed as malignant tumors by surgical
pathology and 33 cases as benign diseases. In the diagnostic
group, there were 119 cases of malignant tumors and 20 cases
of benign diseases. In the non-diagnostic group, there were
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Figure 1. Flowchart of the present study. (A) Diagnostic procedure. (B) Inclusion and exclusion criteria. A total of 198 samples were obtained from 194 patients.

ENB, electromagnetic navigation bronchoscopy.

46 cases of malignant tumors and 13 cases of benign diseases,
according to surgical pathology (Table I).

Diagnostic versus non-diagnostic group. The median lesion
size was 1.7 and 1.4 cm for patients in the diagnostic and
non-diagnostic groups, respectively. Comparing the clinical
and imaging data of the patients, there was no significant
difference regarding sex, age, previous history of malignancy
and bronchus signs (Table II). There was a statistically
significant difference between the groups regarding nodule
size (P<0.01), CT value (P<0.01) and location of the nodules
(P=0.04). Compared with subjects in the diagnostic group,
there were more non-solid nodules in the non-diagnostic
group. There were also significant differences in whether the
nodules were in contact with the pleura (P=0.02). Lesions were
=10 mm from the pleura in 46.5% (92/198) of all cases; and
were on the pleura in 37.4% of all cases (Fig. 3).

Predictive factor analysis. To explore the non-diagnostic
predictors of ENB biopsy results, a comparison of clinico-
pathological characteristics between the two groups was
performed using logistic regression. Following univariate
analysis, variables yielding P<0.05 were analyzed using
multivariate logistic regression analysis. The multivariate
analyses demonstrated that nodule size (P=0.04; OR, 2.05;
95% CI1, 1.03-4.09), nodule type (P=0.01; OR, 2.71; 95% CI,
1.33-5.64) and nodule position (P=0.008; OR, 2.50; 95% CI,
1.27-4.92) were independent non-diagnostic risk factors for
ENB biopsy (Fig. 4).

Subgroup analysis of the non-diagnostic group. In the
non-diagnostic group, the final pathological results for 46 cases
were malignant tumors, and the final pathological results of
the remaining 13 cases were benign; 78.0% of non-diagnosed
cases were found to be malignant by surgery. The present
study compared and analyzed the data of the two groups and
the results are presented in Table III. Among them, there was

a statistically significant difference in the nodule type and
CT value (both P<0.05).

In addition, a multivariate regression model was used
to explore the independent risk factors for the initial
non-diagnosed cases that received a final surgical diagnosis of
malignant tumors. Among them, non-solid nodules (P<0.05;
OR, 7.64; 95% CI, 3.11-18.76) was an independent risk factor
for malignant tumors in the initial non-diagnostic group (data
not shown).

Discussion

With the promotion of lung cancer screening, the detection
rate of lung nodules has increased, and the mortality rate of
patients with lung cancer has continued to decline (18,19).
In the age of precision medicine, it is necessary to formulate
precise strategies for every nodule detected in each patient,
either by observation and follow-up, direct surgical resection
or biopsy to determine the pathology. In particular, individuals
at a high risk of lung cancer need to be treated with caution and
different strategies need to be adopted for different nodules
to maximize efficacy (20). Previous studies have reported
an 88% diagnostic yield for large central lesions using bron-
choscopy for tissue sampling, but a significant decrease in
diagnostic efficacy has been identified for small peripheral
lung lesions, especially small nodular lesions below the
segmental plane. In one study, bronchoscopy had a diagnostic
yield of only 14% for peripheral pulmonary lesions <2 cm, and
it has been shown that for peripheral pulmonary lesions, the
diagnosis rate of navigation bronchoscopy is higher than that
of non-navigated bronchoscopy (21). Navigation bronchoscopy
is split into virtual navigation and electromagnetic naviga-
tion (22). Among them, ENB has been shown to have better
specificity than virtual navigation bronchoscopy (22). ENB
was first applied to the human body in the early 21st century,
and it has been widely used in the diagnosis and treatment
of lung cancer by a number of centers. Previous studies have
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Figure 2. Images from ENB operation. ENB biopsies of a (A) 1.9-cm diameter ground glass lesion, (B) 0.8-cm diameter mixed ground glass lesion and
(C) 2.3-cm diameter mixed ground glass. ENB, electromagnetic navigation bronchoscopy.
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Table I. Distribution of pathological diagnostic results of study subjects.
Category Diagnostic group (n=139) Non-diagnostic group (n=59) Total (n=198) P-value
Malignancy 119 46 165 045
Adenocarcinoma 112 42
Squamous carcinoma 4 1
Metastasis 1 0
Other types 2 3
Benign 20 13 33 0.06
Inflammatory nodules 0 6
Hamartoma 1 2
Fungal nodules 3 2
Sclerosed hemangioma 1 2
Other types 5 1
Table II. Clinicopathologic characteristics of the study population.
Category Diagnostic group (n=139) Non-diagnostic group (n=59) P-value
Sex 044
Male, n (%) 72 (36.4) 27 (13.6)
Female, n (%) 67 (33.8) 32 (16.2)
Mean age + SD, years 61.09+£10.87 60.22+9.20 0.59
History of malignancy 0.50
Yes, n (%) 8 (4.0) 4(2.0)
No, n (%) 131 (66.2) 55(27.8)
Pathology results 0.19
Benign, n (%) 20 (10.1) 13 (6.6)
Malignancy, n (%) 119 (60.1) 46 (23.2)
Median nodule size, cm (IQS) 1.7(1.2) 14 (1.0) <0.01
Nodule type <0.01
Solid, n (%) 66 (33.3) 14 (7.0)
Pure GGO, n (%) 73.5) 11 (5.6)
Mixed GGO, n (%) 66 (33.3) 34(17.2)
Median CT value, Hu (IQS) -120 (-418) -270 (-432) <0.01
Median distance from pleura, cm (IQS) 0.80 (1.60) 1.00 (1.70) 0.12
Pleural contact 0.02
Yes, n (%) 57 (28.8) 14 (7.1)
No, n (%) 82 (41.4) 45 (22.7)
Bronchus sign 0.18
Yes, n (%) 7@3.5) 6(3.0)
No, n (%) 132 (66.7) 53 (26.8)
Nodule position 0.04
Upper left lung, n (%) 25 (12.6) 20 (10.1)
Lower left lung, n (%) 17 (8.6) 10 (5.1)
Upper right lung, n (%) 55 (27.8) 14 (7.1)
Middle lung, n (%) 18 (9.1) 4(2.0)
Right lower lung, n (%) 24 (12.1) 11 (5.6)

GGO, ground-glass opacity; IQS, interquartile spacing.

reported that the overall accuracy, sensitivity and specificity
of ENB biopsy is acceptable (14,23); however, these studies

are limited by sample size, diagnostic definitions, alternative
definitions and heterogeneity between groups. The results
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Figure 4. Multivariate regression analysis of non-diagnostic-related risk
factors for electromagnetic navigation bronchoscopy biopsy. CI, confidence
interval; OR, odds ratio.

have large volatility and poor reliability. In 2014, a systematic
review and analysis on ENB biopsy reported that although the
overall accuracy of ENB in diagnosing malignant tumors is
considered acceptable, the negative predictive value of ENB
for malignant tumors is only 52.1% (95% CI, 43.5-60.6) (16);
in different research reports, the negative predictive value fluc-
tuates between 25.0 and 89.5% (10,13,21), but the histological
benign diagnosis obtained by an ENB biopsy is not enough to
exclude cancer (16). The prospective multi-center NAVIGATE
study included >1,000 cases to initially evaluate the safety
and accuracy of ENB. The pneumothorax rate published by

NAVIGATE was 3.1% and the accuracy of the ENB initial
biopsy was 72.9% (24). Even if the samples obtained show
chronic inflammation or granulomatous inflammation, the
negative predictive value of ENB is still not ideal.

The present study included ~200 biopsy cases and the final
pathology was obtained by lung surgery. The results revealed
that nodules sized <1.5 cm, non-solid nodules and nodules in
the left lung were independent non-diagnostic risk factors for
ENB biopsy.

It is generally known that nodule size is one of the most
important factors in the success of ENB biopsy, and the
well-known NAVIGATE study reported that nodule size
=2 cm was a significant univariate predictor of diagnostic
yield (24). Non-solid nodules contain a large number of
ground glass nodules and are relatively small in diam-
eter (25). In addition, most do not have bronchial signs, are
relatively difficult to obtain and pose a great diagnostic chal-
lenge to pathologists (23). Notably, the present study revealed
that the presence of nodules in the left lung was also a
predictor of initial non-diagnosis by ENB biopsy; to the best
of our knowledge, this has not been reported previously. The
present study hypothesized that this may be related to the
movement of pulmonary nodules due to respiratory motion
of the left, as well as the right, lung during ENB. It has previ-
ously been reported that the change from full inspiration
during a chest CT scan to tidal volume breathing during a
bronchoscopy may significantly affect the diagnostic rate of
ENB (26). The present study has the limitation that it was a
single-center retrospective study; however, further studies to
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Table III. Non-diagnostic subgroup analysis.
Category Malignant (n=46) Benign (n=13) P-value
Sex 0.22
Male, n 19 8
Female, n 27 5
Mean age + SD, years 61.28+7.33 56.46+7.88 0.10
History of malignancy 0.99
Yes, n 3 1
No,n 43 12
Median nodule size, cm (IQS) 14 (1.0) 1.3(0.7) 0.18
Nodule type <0.01
Solid, n 5 9
Pure GGO, n 10 1
Mixed GGO, n 31 3
Median CT value, Hu (IQS) -395.00 (-397.50) -12.00 (-282.00) <0.01
Median distance from pleura, cm (IQS) 1.00 (1.63) 1.10 (1.20) 0.61
Pleural contact 0.99
Yes, n 11 3
No,n 35 10
Bronchus sign 0.63
Yes, n 11 3
No, n 35 10
Nodule position 0.40
Upper left lung, n 16 4
Lower left lung, n 7 3
Upper right lung, n 13 1
Middle lung, n 3 1
Right lower lung, n 7 4

GGO, ground-glass opacity; 1QS, interquartile spacing.

explore the factors that influence the success of ENB biopsy
will be conducted.

Non-solid nodules were independent risk factors for malig-
nant tumors in the ENB non-diagnostic group. The accuracy
of the overall initial biopsy pathology and final pathological
diagnosis in the present study was not high, because the
overall diameter of the lung nodules included in the present
study was relatively small. The median nodule size of the
198 cases was 1.6 cm, and the interquartile range was 1.1 cm,
including 90 cases with nodules <1.5 cm in diameter (45.6%
of the total cases). Among them, there were 27 patients with
nodules <1.0 cm in diameter, including more ground glass
nodules. Usually, if the nodule is in contact with the pleura,
the diagnostic rate of bronchoscopy becomes worse because
there are fewer bronchial signs; however, in the present study,
there was no significant statistical difference between the two
groups in terms of the bronchial signs. The possible reasons
why there was no statistical difference are as follows: First, the
bronchoscopic transparenchymal nodule access technique has
been well established at our center, which is also known as the
tunneling technique; during this technique, a hole is made in
the bronchial wall and a tunnel is created to reach the nodule

through a working channel in the lung parenchyma, allowing
theoretical ‘whole lung access’ to the nodule without relying
on the natural bronchial lumen. Moreover, in the present study,
the diameter of the lesion in pleural contact was relatively
large, which may cause a bias in the study.

In the non-diagnostic group, 78.0% of the cases were
finally confirmed as malignant tumors by surgery, which indi-
cates that clinicians should be cautious in making decisions
when the initial ENB biopsy fails to obtain a clear diagnosis.
Options to improve diagnosis may include combining ENB
biopsy with PET-CT, another ENB biopsy or another biopsy
method, in order to prevent delays in diagnosis and treatment,
especially for patients with ground glass lesions.

In general, ENB biopsy is a safe and effective technical
method; however, it is more difficult to apply if the nodules
have a diameter of <1.5 cm or if the nodules have fewer solid
components. In addition, it is necessary to combine multiple
diagnostic methods to ensure an accurate diagnosis. The
present study explored the related factors of ENB biopsy
failure and inaccurate diagnosis. In addition, the final outcome
of the included cases was obtained through surgery to obtain
the pathological gold standard. Compared with imaging
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follow-up, the data quality was more reliable. In addition, in
the present study, more difficult explorations of ENB biopsy
of peripheral lung nodules were conducted and sampling
biopsy of smaller nodules and more ground glass lesions was
performed. Notably, the present study has certain limitations.
This study is a single-center retrospective study, and there is
inevitably a selection bias, which limits the applicability of the
conclusions to a certain extent. In the future, a multicenter,
prospective study will be conducted to explore the diagnosis
of ENB biopsy further.

In conclusion, the predictive factors for a non-diagnostic
ENB biopsy were nodule size <1.5 cm and non-solid nodules.
It was not rare for patients to finally be diagnosed with a malig-
nancy in the non-diagnostic group. Therefore, care should be
taken when the results of ENB biopsy are non-diagnostic to
prevent misdiagnosis.
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