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Background: Pulmonary nodules (PNs) are increasingly detected by thoracic computed tomography (CT).
Traditional diagnostic modalities have their drawbacks. Electromagnetic navigation bronchoscopy (ENB) is
gaining popularity in diagnosing small PNs. This study describes the diagnostic yield and complication rate
of ENB in diagnosing PNs in which other diagnostic methods are considered to have low yield.

Methods: This is a retrospective study of the diagnostic yield and complication rate of ENB performed
in the United Christian Hospital, Hong Kong, from April 2015 to June 2016. If a histological diagnosis
was deemed necessary and flexible bronchoscopy (FB) was the preferred modality, patients were offered
ENB if they have failed a conventional FB with fluoroscopy and radial endobronchoscopic ultrasonography
(R-EBUS), or were perceived to have low yield because of the size or position of the PN.

Results: During the study period, 99 patients received ENB. An overall of 87 patients had non-resolved
CT lesions and had specific pathologies identified (87.9%). The total number of malignant PNs was 67
(67.7%) in the entire cohort and tuberculosis (TB) accounted for 14 PNs (14.1%). The overall accuracy
by ENB was 71.7%, sensitivity 67.8%, specificity 100% and negative predictive value 30%. Complications
occurred in 3 patients: 1 pneumothorax (1.0%), 1 post-transbronchial biopsy (TBBx) bleeding (1.0%), 1
respiratory failure (1.0%). No patient died as a result of ENB or its complications.

Conclusions: For PNs not accessible by conventional FB/R-EBUS, ENB provides good diagnostic yield

with low complication rate. It is a useful armamentarium to respiratory physicians and thoracic surgeons.
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Introduction

Pulmonary nodule (PN) is becoming an increasing
diagnostic challenge. PNs are increasingly detected by the
widespread availability of computed tomography (CT).
There are many differential diagnoses of PN, the most
sinister is malignancy; infections [particularly tuberculosis
(TB)], vasculitis, benign tumours, etc. are other possible
diagnosis. The prevalence of PNs appears to be much
higher in the Asian population versus that of Europe and
North America (1). In addition, the evaluation of PNs in
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Asia is complicated by the high prevalence of TB and the
fact that non-smoking history does not have any weight
in discounting malignancy risk (2). Therefore, an Asian
consensus guideline suggests less reliance on PET scanning,
surgical diagnosis or surveillance, and it is in favour of more
non-surgical biopsies [e.g., CT-guided transthoracic needle
aspiration (CT-TTNA) or guided bronchoscopy] (3). CC-
TTNA has a high diagnostic yield (~90%); however, it
carries a relatively high risk of iatrogenic pneumothorax (up
to 25%) (4,5).
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Several guided bronchoscopic methods are available
to diagnose PN, including electromagnetic navigation
bronchoscopy (ENB), radial endobronchoscopic
ultrasonography (R-EBUS) and virtual bronchoscopy
(VB). Collectively they have better diagnostic yield (pooled
diagnostic yield ~70%) over traditional flexible bronchoscopy
(FB)/transbronchial biopsy (TBBx) and lower complication
rate over CT-TTBA (6). ENB is gaining acceptance and
popularity amongst bronchoscopists as one of the tools to
diagnose PN. It can be used on its own, or be combined with
R-EBUS to enhance the diagnostic yield (7,8). Its diagnostic
yield and safety have been demonstrated in two meta-analyses
(9,10). A pioneering work in Asia also demonstrated good
sensitivity (92.9%) for small PNs (5.0-30.0 mm) (11).

Studies included in the previous meta-analyses
studied lesions outside the field of conventional flexible
bronchoscope (FB), the majority of them did not use other
guiding tools (9,10). In the pioneering work of Asia, case
selection was based on a case conference, and a bronchus
sign was a prerequisite for ENB (11).

The authors’ department routinely uses FB in
combination with R-EBUS and fluoroscopy for evaluation
of PNs. Our department has formally installed the first
ENB system in Hong Kong after an evaluation period. We
report our initial experience of ENB in diagnosing PNs
for which FB using fluoroscopy and R-EBUS has failed
or is perceived to have very low yield. These probably
represented more difficult lesions to be biopsied when
compared to previous studies (9-11).

Methods

This is a retrospective study of the diagnostic yield and
complication rate of ENB performed in the Department
of Medicine & Geriatrics, United Christian Hospital,
Hong Kong, from April 2015 to June 2016. The choice
of study period (and hence sample size) was to allow early
assessment of this new technology. Patients were followed
up for at least 1 year at the time of analysis to evaluate the
final diagnosis. The study was approved by the Research
Ethics Committee (Kowloon Central/Kowloon East
Region), Hong Kong. Consent from the patient was waived.
Standards For Reporting Diagnostic Accuracy Studies
(STARD 2015) was used for reporting.

Settings

United Christian Hospital is an acute hospital in the
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East Kowloon region of Hong Kong with a catchment
population of over 1 million. The Division of Respiratory
Medicine receives unselected referrals from emergency
department, general practitioners, community physicians,
other medical teams and other departments in the hospital.

Patient selection

Consecutive patients detected to have PNs on CT scan
during the study period were discussed in regular multi-
disciplinary team (MDT) meetings comprising of respiratory
physicians, thoracic surgeons, radiologists and oncologists.
If a histological diagnosis was deemed necessary and FB
was the preferred modality over CT-TTNA, the patients
were offered ENB, if they met the following criteria: (I)
they fulfilled the standard indication to undergo FB (12),
have signed a written informed consent, and without known
contraindication (e.g., unstable haemodynamics, severe
hypoxaemia, uncorrectable coagulopathy); in addition, (II)
they have failed a conventional FB guided by fluoroscopy
and R-EBUS to reach the target PN; or (III) conventional
FB guided by fluoroscopy and R-EBUS was highly likely
to fail: (i) target PN was not visible on plain chest X-ray
(and hence fluoroscopy), by virtue of its small size and/
or position (e.g., obscured by bone, hilar structures, heart,
diaphragm); or (ii) target PN was a ground glass opacity on
CT (unlikely to be visualised by fluoroscopy and R-RBUS);
or (iii) target PN was a lesion amongst/within lesions
(Figure 1), e.g., target PN is one of many PNs overlapping
each other on X-ray, target PN is behind an old TB scar,
the target is a small PET positive area within the scar of a
previously irradiated lung tumour.

Patients should not have the following ENB-specific
contraindications: (I) has a permanent pacemaker iz situ; or
(I) pregnant; or (I) paediatric age group (equipment not
approved for paediatric age group and not calibrated for
smaller body size).

ENB

ENB was performed under intravenous sedation and
local anaesthesia (13). Excellent review is available
that describes the techniques of ENB performance in
details (14). Briefly, CT thorax images of the patient is
analysed by dedicated ENB software. The target lesion
is identified, and pathways to the lesion via the bronchial
tree are planned semi-automatically with the planning
software. Once planning is complete, a 3-dimensional
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Figure 1 PET-CT image of a patient (male, 62 years) with
known prostatic cancer showing a RUL opacity on CT thorax.
Conventional FB with R-EBUS and fluoroscopy was able to reach
the main part of the lesion, but biopsy was non-diagnostic. PET-
CT image, showing only a small (posterior) part of the lesion
was PET-avid, ENB guided biopsy yielded adenocarcinoma of
lung origin. PET-CT, positron emission tomography-computed
tomography; RUL, right upper lobe; FB, flexible bronchoscopy;
R-RBUS, radial endobronchial ultrasonography.

reconstructed view of the bronchial tree with planned
route(s) to the lesion is generated by the ENB software.
During the ENB procedure, a location board that emits
electromagnetic waves is placed on the patient’s body. A
sensing device is then inserted into the working channel
of the bronchoscope, and the bronchoscope is advanced
into various part of the bronchial tree to allow automatic
matching of the CT images with the real-life anatomy of
the patient (registration). Once registration is satisfactory,
navigation can proceed. The bronchoscope is guided by
the sensing device to reach the lesion (analogous to driving
with Global Position System guidance), using pre-planned
pathway(s) within VB images that are displayed side-by-
side with the actual bronchoscopic images. When the tip
of the sensing device is aligned with, and in close proximity
to the virtual target, the authors routinely confirm
navigation success with R-EBUS (7) and fluoroscopy before
sampling. Sampling methods includes transbronchial needle
aspiration, TBBx, brush cytology and bronchoalveolar
lavage of the target area with catheter suction technique (15).

Data collection

The following data is retrieved from the case notes for
each case: patient’s demographics, lesion characteristics
[maximum diameter, smallest distance to pleura from the
lesion periphery, presence of a bronchus sign (16)], doses
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of sedative and local anaesthetic used, procedure time,
diagnosis obtained from ENB and complications.

Patients were followed up for at least 1 year to obtain a
final diagnosis if ENB had not been diagnostic. Additional
procedures (e.g., CT-TTNA, surgical biopsy) were arranged
if deemed appropriate, and if patients consented. Lesions
that resolved (completely or >50% diameter) during the
follow up period were classified as benign.

A positive diagnosis by ENB was defined if a specific
diagnosis was made with histological, cytological or
microbiological samples obtained from ENB (e.g.,
carcinoma, TB) without the need for additional diagnostic
procedure. False positive is assumed to be absent. A negative
result by ENB was defined if no specific diagnosis was made
with ENB, and additional biopsy procedures were necessary
to obtain a diagnosis. False negative result was defined as
no ENB diagnosis but further biopsy yielded a positive
diagnosis or there was radiological progression of CT thorax
compatible with lung malignancy. True negative was defined
as no ENB diagnosis and surgical exploration did not yield
any pathology and/or follow up CT showed complete or
partial (>50% diameter) resolution of the lesion.

Statistical analyses

Summary statistics are expressed as frequencies (%), mean
[standard deviation (SD)] or median [interquartile range
(IQR)] where appropriate. Comparisons of numerical data
between independent groups were performed with Student’s
t-test or Mann-Whitney test, pairs of categorical data were
analysed with Chi-squared test or Fisher’s exact test, where
appropriate. A two-tailed P value of <0.05 was considered
statistically significant. Statistical analyses were performed
using SPSS for Windows, version 16.0 (SPSS Inc., Chicago,
IL, USA).

The diagnostic yield including sensitivity [true positives/
(true positives + false negatives)], specificity [true negative/
(false positive + true negative)], negative predictive value
[NPV, true negatives/(true negatives + false negatives)],
and accuracy [(true positives + true negatives)/total] were
calculated. Since false positive is assumed to be absent,
specificity is by definition 100%.

Results

During the study period, 110 patients were referred for
consideration of ENB. Eleven did not proceed to ENB
(5 had poor quality CT for pathway planning, 3 failed
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registration before ENB, 2 had central airway lesion thus
ENB not necessary, 1 had sputum culture confirming TB
while awaiting ENB). Ninety-nine patients underwent
ENB (59 had PNs not visible on fluoroscopy, 26 had failed
conventional FB with R-EBUS/Fluoroscopic guidance, 14
had target lesions amongst/within lesions) (1able 1, Figure 2).

The mean (SD) age was 69.1 (11.4) with 73 males
(73.7%). The median size of the target PN was 2.6 cm (IQR
2.0-3.7 ecm). The median smallest distance of the PN to
the pleura was 0.94 cm (IQR 0.45-1.90 cm). The PNs are
located in the lower lobes in 26 patients (26.3%). Bronchus
sign was present in 83 (84%), 50 centrals (50.5%), and
33 adjacent to (33.3%) the PN. The mean (SD) procedure
time was 57 (18.5) minutes. The mean (SD) doses of
intravenous pethidine, diazepam and topical lignocaine was
75.4 (18.5), 8.3 (4.0) and 292 (73.5) mg respectively.

An overall of 87 patients had non-resolved CT lesions
and had specific pathologies identified (87.9%). The total

Table 1 Indications for ENB

Indications Number (%)
Lesions not visible on fluoroscopy 59 [60]
Lesion obscured by other structures 25 [25]
Lesion too small 20 [20]
Lesion has ground glass attenuation 14 [14]
Failed conventional FB/R-EBUS/fluoroscopy 26 [26]
Target lesion amongst/within other lesions 14 [14]
Total 99 [100]

ENB, electromagnetic navigation bronchoscopy; FB, flexible
bronchoscopy; R-RBUS, radial endobronchial ultrasonography.

number of malignant PNs was 67 (67.7%) in the entire
cohort (50 diagnosed by ENB), TB accounted for 14 PNs
(14.1%, 7 diagnosed by ENB), organising pneumonia
4 PNs (4%, 2 diagnosed by ENB), and benign tumours in
2 PNs (2%, all diagnosed by surgical resection).

ENB yielded a specific diagnosis (true positives) in
59 cases (59.6%), 49 had primary lung cancers (49.5%),
7 had TB (7.1%); other diagnoses are listed in Table 2.
Twelve cases had negative ENB results and follow up CT
showed resolution of the lesions (12.1%), they are regarded
as true negatives. True positive cases were older [mean age
71.3 (9.5)] when compared to ENB negative cases [mean age
65.9 (13.3)] (P=0.034). The diameter of ENB positive cases
were larger [median 2.9, IRQ 2.3-4.0 cm] vs. negative cases
[median 2.2, IQR 1.6-3.5 cm] (P=0.007). No relationship
was found between ENB positive and negative cases with
respect to gender, lobe harbouring the PN or presence
of bronchus sign. TBBx using biopsy forceps (n=92) was
associated with a true positive diagnosis in 63.0% vs. 14.3%
when it was not done (P=0.016). Catheter suction technique
(n=31) was associated with a true positive diagnosis in
77.4% vs. 49.2% when it was not used (P=0.014).

In 28 cases, ENB was negative (28.3%) and follow-up
CT showed non-resolution of PNs. Further diagnostic
evaluation included surgical lung biopsies in 18 (18.2%)
and CT-TTNA in 2 (2.0%). Eight patient declined
invasive investigations (8.1%), 5 of them had subsequent
microbiological confirmation of TB (5.1%), 3 only agreed
for CT surveillance (3.0%) which showed progression of
PN suspicious of malignancy. The final diagnoses are listed
in Tible 3. They are regarded as false negative ENB.

The overall accuracy by ENB was 71.7% [(59+12)/99],
sensitivity 67.8% [59/(59+28)], specificity 100% [12/(0+12)]

Potentially eligible subjects

N=110

Received ENB
N=99

Excluded:
® Poor quality CT (n=5)
o Failed registration (n=3)
e Central lesion (n=2)
* TB (n=1)

ENB positive
(N=59) (Table 2)

ENB negative
(N=40) (Tables 2,3)

Figure 2 Flow of participants through the study. ENB, electromagnetic navigation bronchoscopy; CT, computed tomography; TB,

tuberculosis.
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Table 2 Diagnosis obtained from ENB

Diagnosis Number
(% of total ENB cases)
Primary lung cancer 49 (49.5)
Adenocarcinoma 45 (45.5)
Squamous cell carcinoma 2 (2.0)
Small cell carcinoma 2 (2.0)
B 7(7.1)
Organising pneumonia 2 (2.0)
Metastatic carcinoma 1(1.0
Negative result with CT resolution 12 (12.1)
Total 71(71.7)

ENB, electromagnetic navigation bronchoscopy; TB, tuberculosis;
CT, computed tomography.

Table 3 Final diagnosis in patients with negative ENB and non-
resolution of CT lesions

Diagnosis Number (% of total ENB cases)
Primary lung cancer 13 (13.1)

B 7 (7.1)
Suspected malignancy’ 3(3.0)

Benign tumour (hamartomas) 2 (2.0)
Organising pneumonia 2 (2.0

Metastatic cancer 1(1.0

Total 28 (28.3)

*, TB confirmed by culture in 5 and surgical lung biopsy in 2;,
follow up CT showed radiological progression highly suspicious
of lung cancer. ENB, electromagnetic navigation bronchoscopy;
TB, tuberculosis; CT, computed tomography.

and NPV 30% [12/(28+12)]. For the subgroup of malignant
PN (including 3 highly suspicious cases) as final diagnosis,
the accuracy was 74.6% [50/(50+17)]. For benign diseases,
the accuracy was 65.6% [(9+12)/32] (Table 4).

Complications occurred in 3 patients: 1 had a
pneumothorax requiring chest tube insertion for drainage
(1.0%), 1 had post-TBBx bleeding of ~200 mL requiring
intubation for airway protection for 3 days (1.0%), 1 had
severe chronic obstructive pulmonary disease (COPD) and
developed post-bronchoscopy respiratory failure requiring
mechanical ventilation for 2 days (1.0%). No patient died as
a result of ENB or its complications.
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Discussion

The current study suggests that the prevalence of serious
diseases including malignancy (67.7%) and TB (14.1%) is
high in PNs seen in a typical referral centre in Asia. This
finding lends support to an Asian consensus guideline on
the evaluation of PN in favour of more reliance on biopsy
to obtain a diagnosis, over observation or PET scan in the
evaluation of PN in the local settings (3).

Although it is not a randomised controlled study
with direct comparison of various guided bronchoscopic
methods to diagnose PNs, the current study requires
patients to have failed conventional bronchoscopy with
R-EBUS/fluoroscopy (or have a high likelihood of failure
by virtue of the lesion characteristics as agreed in an MDT
meeting) before ENB is considered. The diagnostic yield
with conventional FB/R-EBUS/fluoroscopy in this group
of patients is expected to be minimal. The current cohort
of patients is generally not candidate for CT-TTNA after
MDT discussion (e.g., severe COPD/emphysema, needle
path obstructed by bone, deep seated lesion, proximity
to vital structures, patient’s preference). Indeed, for ENB
negative cases, the majority required surgical biopsy to
obtain a diagnosis, and CT-TTNA was judged suitable
in only 2 instances. Therefore, the overall accuracy
(71.7%) and sensitivity (67.8%) of ENB and low rates of
complications are considered welcomed additional values
over the commonly used alternative biopsy methods used
in Hong Kong and Asian countries. Although the current
study did not compare VB with ENB, the software inherent
in the ENB system can be easily adapted to allow VB and
bronchoscopic sampling with an ultra-thin bronchoscope
(UTB) (13), thus providing an option of VB-assisted UTB
to bronchoscopists if deemed appropriate for the PNs (6).

The median diameter of the PNs in this study (2.6 cm)
is similar, and it is slightly more peripheral (0.94 cm to
pleura) than a previous meta-analysis (median diameter
2.5 cm, median distance to pleura 1.1 cm) (9). The
diagnostic accuracy and sensitivity were 71.7% and 67.8%
respectively in this study, similar to the pooled accuracy and
sensitivity of 73.9% and 71.1% in previous meta-analysis (9).
The sensitivity was lower than another meta-analysis with
pooled sensitivity of 82% (10). However, it should be noted
that our study included only patients who were highly
unlikely to have the diagnosis made by other methods, short
of a surgical biopsy. On the other hand, in the majority of
previous studies, ENB was offered to patients who might
simply have a lesion not accessible by conventional FB,
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Table 4 Diagnostic yield of ENB

ENB procedures

Sensitivity (%)
(95% Cl)

Negative predictive value (%)
(95% Cl)

Accuracy (%)
(95% ClI)

All procedures
Procedures with a final diagnosis of malignancy

Procedures with a final diagnosis of benign diseases

67.8 (58.0-77.6)
74.6 (64.2-85.0)
47.6 (26.3-69.0)

30.0 (15.8-44.2) 71.7 (62.8-80.6)

0 (0-0) 74.6 (64.2-85.0)

50 (29.1-70.9) 65.5 (49.2-82.1)

ENB, electromagnetic navigation bronchoscopy; 95% CI, 95% confidence interval.

without necessarily having tried other guiding methods (e.g.,
R-EBUS).

The NPV was low (30%), reflecting the high prevalence
of serious pathologies in these PNs. The final diagnoses and
outcomes of ENB-negative PNs were not well described
in systematic review and meta-analyses of previous studies
(6,9,10,14). In the first human study of 13 ENB cases, 4
ENB negative PNs were subsequently diagnosed to be
malignant (17). In a number of individual studies, final
diagnoses of ENB negative cases were not reported
(11,18-20). In studies that have reported the final diagnoses
of ENB negative PNs, the majority of lesions turned out
to be malignant (7,15,16,21-26) with isolated reports of
histoplasmosis and organising pneumonia (25). Our series
confirm that malignancies are the commonest diagnoses
in ENB-negative PNs, while TB is the next commonest
problem, as expected in TB endemic regions, in contrast
to previous studies in Western countries (7able 3). Benign
tumours and organising pneumonia are occasional diagnoses
we encounter. Results from ours and previous studies imply
that these PNs need to be carefully followed up even if they
are ENB negative, and often a surgical biopsy is required to
make a final diagnosis.

Our study did not analyse the learning curves of the
bronchoscopists. ENB is performed by 5 bronchoscopists in
our centre, 2 are first generation ENB bronchoscopists with
the longest experience, and 3 others are performing ENB
under their supervision. This may have a negative impact
on the diagnostic yield in this study. It was previously
reported that the learning curve based on procedure time
would become stable after 14 ENB procedures (27). On the
other hand, experienced ENB bronchoscopists may select
more difficult cases. So, the potential increase in diagnostic
yield after gaining more experience maybe diluted by the
selection of difficult cases. It would be interesting to see
how the diagnostic yield evolves when a centre becomes
more mature in performing this procedure over a few years.

Apart from training, cost (especially consumables) is
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currently a major barrier to a more widespread utilisation
of ENB (14). The authors find it rewarding to make use
of the VB features integral to the ENB system, and use
UTB/R-EBUS/fluoroscopy to access the lesion in selected
cases instead, to achieve some cost savings in terms of
ENB consumables (13). In that sense the indication of
ENB is still evolving lately in our centre, and we now only
perform ENB in not accessible by UTB/VB/R-EBUS.
They are probably the most difficult lesions to sample for a
bronchoscopist.

In addition, institutions that have acquired the system
can explore other areas of applications apart from
diagnostic use, so that the ENB equipment can be fully
utilised (13,28). For example, ENB has been successfully
employed to dye mark small PN to facilitate thoracoscopic
surgical resection, especially when they are too small to
be visualised or palpated during operation (29). Similarly,
ENB allows accurate placement of fiducial markers in close
proximity to malignant PNs to allow precise targeting in
stereotactic body radiation therapy (SBRT) (30). ENB-
guided placement of a conduit may also provide a good
platform for emerging local treatment of malignant PN,
e.g., microwave, radiofrequency, radiation. These may
allow patient to avoid surgery, and they potentially can offer
diagnosis and treatment in the same session (28).

Conclusions

For PNs not accessible by conventional FB/R-EBUS
and CT-TTNA, ENB provides good diagnostic yield
with low complication rate. It is a useful armamentarium
to respiratory physicians and thoracic surgeons. It may
also become a useful platform for emerging therapeutic
applications of malignant PN, e.g., SBRT or local ablation.
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