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INTRODUCTION
Increased utilization of low-dose CT in lung cancer 
screening resulted in a sharp rise in the number of small 
nodules detected.1,2 In the National Lung Screening 
Trial, 22.0% of participants at baseline had nodules 
≤ 1 cm. In addition, 19.6 and 34.5% of lung cancers 
detected on low-dose CT were 1 cm or smaller in diam-
eter at baseline and at first annual repeat screening, 
respectively.3,4 Recent guidelines recommend that 
a biopsy should be considered in cases of indeter-
minate lung nodules ≥ 8 mm.5–7 In this context, the 
demand for the biopsy of small nodules will gradually  
increase.

State-of-the-art cone  beam CT (CBCT) system offers 
virtual navigation (VN) guidance for a percutaneous 
transthoracic needle biopsy (PTNB). CBCT-guided 
PTNB has shown excellent diagnostic performance for 
the small lung nodules.8–11 CBCT VN enables auto-
matic angulation of the X-ray tube and vertical align-
ment between the tube and a target. Thus, an operator 
can easily insert a needle through a pre-planned path 
targeting a virtual color marking on real-time fluoros-
copy. Theoretically, a tangentially inserted needle through 
the pre-determined path should reach the target nodule. 
However, the virtual needle pathway is reconstructed 
based on the pre-procedural CBCT scan, which are 
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Objective: To evaluate the impact of nodule visi-
bility during real-time fluoroscopy and other biop-
sy-related variables on the diagnostic accuracy and 
complication rates of cone  beam CT (CBCT) virtual 
navigation (VN)-guided percutaneous transthoracic 
needle biopsies (PTNBs) of small (≤1  cm) pulmonary  
nodules.
Methods: Patients (99 males and 114 females; age,  
62.1 ± 11.1 years) who underwent CBCT VN-guided 
biopsies for lung nodules ≤ 1 cm were retrospectively 
reviewed. The visibility of target nodules was assessed 
on the captured fluoroscopy images. Diagnostic accu-
racies were calculated and logistic regression analyses 
were performed to determine independent influencing 
factors for the correct diagnosis and complications 
(pneumothoraxes and hemoptysis) in CBCT VN-guided 
PTNBs, respectively.

Results: Among 213 nodules, 63 (29.6%) were invisible 
on real-time fluoroscopy during VN. The diagnostic 
accuracy of CBCT VN-guided PTNBs for the invis-
ible nodules was 76.7%, while for the visible nodules 
was 89.1% (p = 0.042). In the logistic regression anal-
ysis, the visibility of a target nodule (odds ratio = 2.49,  
p = 0.047) was the only independent influencing factor 
for a correct diagnosis. As regards complication rates, 
nodule visibility was not a significant factor for the 
occurrence of a pneumothorax or hemoptysis.
Conclusion: Although nodule visibility on real-time fluor-
oscopy was an affecting factor for the correct diagnosis, 
CBCT VN-guided PTNB was feasible for the invisible 
nodules with diagnostic accuracy of 76.7%.
Advance in knowledge:  CBCT VN-guided PTNB can 
be tried safely for the subcentimeter-sized pulmonary 
nodules regardless of their fluoroscopic visibility. 

https://doi.org/10.1259/bjr.20170805
mailto:cmpark.morphius@gmail.com


2 of 9 birpublications.org/bjr Br J Radiol;91:20170805

BJR  Hwang et al

static CT images. Respiratory motion may hamper the regis-
tration between the virtual color marking and the real target. 
Therefore, in such case, the target nodule should be tracked 
visually by the operator on real-time fluoroscopy during 
needle insertion through the respiratory cycles. The pre- 
determined needle pathway has to be adjusted to take account 
of the movement of the target lesion caused by respiration.

For the subcentimeter-sized nodules, visual tracking of nodules 
on real-time fluoroscopy may not be feasible as they are often 
invisible due to the surrounding structures (diaphragm or heart), 
obscuring lung parenchymal abnormality, low nodule density 
(subsolid nodules) or very small nodule size. Diagnostic accu-
racy of CBCT VN-guided biopsy can be unexpectedly low in 
these nodules and PTNB may not be a useful modality in this 
setting. However, to our knowledge, there has been no investiga-
tion with respect to the effect of the fluoroscopic nodule visibility 
on the diagnostic accuracy and safety of CBCT VN-guided biop-
sies for the small nodules.

Thus, in this study, we aimed to evaluate the impact of the nodule 
visibility during real-time fluoroscopy for needle insertion and 
other biopsy-related variables on the diagnostic accuracy and 
complication rates of CBCT VN-guided PTNBs of small (≤1 cm) 
pulmonary nodules.

METHODS AND MATERIALS
The present study was approved by the Institutional Review 
Board of Seoul National University Hospital, and written 
informed consent was waived.

Patient selection
Based on electronic medical records (EMRs), a total of 242 
consecutive patients (118 males and 124 females) aged (mean 
±  standard deviation) 61.5 ± 11.6 years (range, 27–84 years) 
were initially included according to the following inclusion 
criteria: (a) patients who underwent CBCT VN-guided PTNBs 
for lung nodules between January 2012 and December 2016; 
(b) patients with complete procedural reports written by the 
operators; and (c) patients who had lung nodules with a unidi-
mensional diameter ≤1 cm on preprocedural CBCT images. 
Among the patients initially selected, 29 were excluded from 
the study according to the following exclusion criteria: (a) 
repeat PTNBs (n = 6) and (b) patients without appropriately 
captured intraprocedural fluoroscopic images (n = 23). Finally, 
213 patients (males, n = 99; females, n = 114) aged 62.1 ± 11.1 
years (range, 27–84 years) were included in this study. Figure 1 
presents a flow diagram of patient inclusion and exclusion. 
The median size of the target nodules was 1.0 cm (size range, 
0.5–1.0 cm). Among the study population, 51 patients (23.9%) 
were included in our past publication.12

CBCT VN-guided PTNB
All biopsies were performed using one of the three CBCT 
systems (Artis Zee and Axiom Artis, Siemens Healthcare, 
Erlangen, Germany; Allura Xper FD20, Philips Healthcare, 
Best, Netherlands), with the aid of dedicated virtual guidance 
software programs [Syngo i-Guide, Siemens Healthcare (Best, 
Netherlands); XperGuide, Philips Healthcare  (Best, Nether-
lands)]. Prior to PTNBs, all patients underwent pre-proce-
dural planning CBCTs at full expiration. After review of the 

Figure 1. Patient inclusion and  exclusion flow diagram. Initially, 242 patients who underwent CBCT virtual  navigation-guided 
PTNB for lung nodules ≤ 1 cm between January 2012 and December 2016 were retrospectively included. After exclusion of six 
patients who underwent repeat biopsies and 23 patients without appropriately captured fluoroscopic images, 213 patients were 
finally included. In the diagnostic accuracy assessment, 41 patients with biopsy results of atypical cells and indeterminate results 
according to gold standards were further excluded. CBCT, cone beam CT; PTNB, percutaneous transthoracic needle biopsy.
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pre-procedural CBCTs and conventional diagnostic CT scans 
taken before the procedure, operators determined the optimal 
pathway on pre-procedural CBCT scans to maximize the diag-
nostic yield of PTNB and minimize the risk of complications. 
Virtual needle pathway to the target on the pre-procedural 
CBCT images was determined and vertical alignment from the 
skin entry site to the target lesion was set automatically, with 
color spot marking on the fluoroscopic image (bull’s eye view). 
The needle was then inserted under fluoroscopy guidance. 
Needle insertion was routinely done under breath-hold after 
full expiration to optimize the registration between pre-proce-
dural CBCT and fluoroscopy. If an appropriate needle pathway 
could not be secured in the expiration status, planning was 
conducted again at full inspiration state with repeat CBCT 
scanning. All biopsy procedures were performed by or under 
the supervision of one of the two thoracic radiologists (CMP 
and SHY, with 11 and 4 years of experience in thoracic inter-
ventions, respectively). Coaxial core biopsies were performed 
with 17-gauge introducers and 18-gauge cutting biopsy needles 
or with 18-gauge introducers and 20-gauge needles (Stericut, 
TSK Laboratory, Japan). Aspiration biopsies were performed 
with 22-gauge needles (Westcott, Argon Medical Devices, 
TX). A core biopsy was initially considered in all cases in 
accordance with our institutional protocol. Aspiration was an 
option in cases of necrotic nodules or lesions deemed to be of 
too high risk for a core biopsy. Figure 2 shows an example of a 
biopsy procedure.

Data collection
Patient-related data (gender and age) were obtained from the 
EMRs. Biopsy-related data [size, characteristics and location of 
the target nodule, pleura-to-target distance (PTTD), core biopsy  
vs  aspiration biopsy, needle indwelling time, and total procedure 

time] and data on complications (pneumothorax and hemop-
tysis) were acquired from the operators’ structured reports for 
the PTNB procedures.

The visibility of nodules on the fluoroscopy was retrospectively 
evaluated using the bull’s eye view images, which were routinely 
saved during the procedure. Two radiologists (HK and EJH, 
with 8 and 7 years of experience in chest radiology, respectively) 
who were blinded to the biopsy results and final diagnoses inde-
pendently assessed the visibility of the nodules.

Measurements and definitions
Age: the patients were categorized into two age groups: (a) 60 
years old or younger and (b) older than 60 years.

Patient’s position: patient’s position during the PTNB proce-
dures (i.e. supine or prone position) was recorded.

Target size: the largest diameter of the target nodule was measured 
on axial preprocedural CBCT images.

Target characteristics: the target nodules were classified into two 
groups based on a review of the preprocedural CT: (a) solid and 
(b) subsolid.

Target location: the location of the nodule was classified as (a) 
upper or middle lobe and (b) lower lobe.

PTTD: the distance between the pleural puncture site and target 
nodule along the needle track on reformatted CBCT images was 
defined as the PTTD. PTTD was dichotomized as follows: (a) 
shallow location (i.e. PTTD ≤2 cm) and (b) deep location (i.e. 
PTTD >2 cm).

Presence of emphysema: any presence of emphysema in the back-
ground lung parenchyma was recorded based on a review of the 
preprocedural CT.

Biopsy method: the biopsy method (i.e. a core needle biopsy or 
fine needle aspiration) was recorded.

Needle indwelling time and total procedure time: the needle 
indwelling time was defined as the time interval between 
the needle introduction through the skin and removal of the 
needle from the patient. The total procedure time was defined 
as the time interval between local anesthesia injection and end 
of the acquisition of postprocedural CBCT.

Occurrence of a pneumothorax: a pneumothorax was defined as 
the presence of any air in the pleural space on postprocedural 
CBCT or subsequent chest radiographs.

Occurrence of hemoptysis: any expectoration of blood-tinged 
sputum or fresh blood after the procedure was considered as 
hemoptysis.

Assessment of diagnostic accuracy
For the evaluation of diagnostic accuracy, pathological reports of 
PTNB specimens and EMRs were reviewed. Pathological reports 

Figure 2.   An example of CBCT virtual navigation-guided 
PTNB using virtual guidance software. Based on the preproce-
dural CBCT images, the operator determined the safest virtual 
needle pathway, specifying the skin entry site and virtual loca-
tion of the needle tip (a). The C-arm automatically rotated in 
the  direction of the virtual needle pathway and that of the 
X-ray, providing a fluoroscopic needle guidance view (bull’s 
eye view, b). The actual location of  the needle tip was con-
firmed by intraprocedural CBCT (c). After tissue acquisition 
and removal of the needle, a postprocedural CBCT scan was 
obtained to check for the occurrence of complications (d).
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(biopsy results) were classified into five categories: (a) malig-
nancy (primary lung cancer or metastasis); (b) atypical cells 
(presence of atypical cells without a definitive diagnosis of malig-
nancy); (c) specific benign pathology (e.g. hamartoma, tuber-
culosis, or cryptococcosis); (d) non-specific benign pathology 
(e.g. chronic inflammation with fibrosis or chronic granulo-
matous inflammation); and (e) non-diagnostic specimen (e.g. 
tissue insufficient for diagnosis or necrotic tissue only). In the 
final diagnoses (gold-standards), the lesions were classified into 
three categories: (a) malignant, (b) benign, or (c) indeterminate. 
Malignant and specific benign pathology either on the PTNB or 
surgical resection were considered as the final diagnoses. Lesions 
with non-specific benign pathology were considered benign if 
they decreased on follow-up studies or remained stable for more 
than 2 years. Lesions not classified as either malignant or benign 
were regarded as indeterminate. Patients with malignant biopsy 
results followed by a diagnosis of malignancy (true-positive) 
according to gold-standards and those with benign biopsy results 
followed by a diagnosis of benign (true-negative) according to 
gold-standards were classified as having a correct diagnosis. On 
the other hand, patients with benign biopsy results followed by a 
diagnosis of malignancy (false-negative) according to gold-stan-
dards were classified as having an incorrect diagnosis. Patients 
with non-diagnostic specimens were also classified as having 
an incorrect diagnosis, regardless of gold-standards. Cases with 
biopsy results of atypical cells (n = 14) and indeterminate final 
diagnoses (n = 27) were excluded from the diagnostic accuracy 
analysis.

Statistical analysis
To assess the inter-reader agreement of fluoroscopic nodule visi-
bility, Cohen’s κ statistic was calculated,13 and the McNemar test 

was performed subsequently to check for differences in the visi-
bility assessments of the two readers.

Diagnostic accuracy of PTNB was calculated for the overall popula-
tion as well as for the fluoroscopically visible and invisible nodules, 
respectively. Then, X2 tests were performed for the cross-table anal-
yses. The Kolmogorov–Smirnov test was performed to assess the 
normality of continuous variables. The Student’s t-test or Mann–
Whitney U test was conducted to compare continuous variables. 
Binary logistic regression analyses were performed to identify 
factors associated with correct biopsy results and the occurrence of 
pneumothoraxes and hemoptysis. Following a univariable logistic 
regression analysis of each candidate factor, forward stepwise 
multivariable logistic regression analyses were performed using 
candidate factors that showed a p-value < 0.1 in the univariable 
analyses. Results with p-values < 0.05 were considered statistically 
significant. All statistical analyses were performed using IBM SPSS 
statistics (v. 23.0, IBM, Armonk, NY).

RESULTS
The percentage of fluoroscopically invisible nodules was 29.6% 
(63/213) for Reader 1 and 31.0% (66/213) for Reader 2. The 
percentage of inter-reader agreement on the fluoroscopic nodule 
visibility was 93.4% (199/213). Cohen’s κ was 0.83 [excellent 
agreement; 95% confidence interval (CI), (0.75–0.91)].13 There 
was no significant difference in the nodule visibility assessment 
between the two readers (p = 0.238). Therefore, the following 
statistical outcomes were based on the visibility assessment 
results of the Reader 1.14

Several factors resulted in the invisibility of small nodules on real-
time fluoroscopy. These included obscuring structures, paren-
chymal lung opacity (interstitial lung disease), and the patient’s 
body habitus (Figure  3). Table  1 shows the demographics and 
procedure-related variables of the patients with visible and invis-
ible target nodules on fluoroscopy, respectively.

Based on the gold-standards, there were 118 (55.4%) malig-
nant nodules (56 primary lung cancers and 62 metastases), 63 
(29.6%) benign nodules, and 32 (15.0%) indeterminate nodules. 
Among 63 benign nodules, 23 were pathologically confirmed as 
specific benign pathology, 28 decreased in size or disappeared on 
follow-up CT, and the other 12 remained stable for more than 2 
years.

Diagnostic accuracy
Among 172 PTNB cases included in the diagnostic accuracy 
analysis (83 males and 89 females aged 61.4 ± 11.07 years; age 
range, 27–83 years), true positive, true negative, and false nega-
tive results were found in 89, 59, and 24 cases, respectively. In the 
false negatives, there were four cases of nondiagnostic specimens.

The diagnostic accuracy for overall population was 86.0% [95% 
CI (80.1–90.4%)]. For the invisible nodules on fluoroscopy, the 
diagnostic accuracy was 76.7% and this was significantly lower 
than that for the visible nodules (89.1%; p = 0.042). Table 2 shows 
the results of the univariable analyses of the diagnostic accu-
racy. The nodule visibility was the only significant influencing 

Figure 3.  Examples of invisible nodules on real-time fluoros-
copy. Nodule invisibility was caused by obscuring structures, 
such as the clavicle (a) or heart (b), and underlying parenchy-
mal lung disease (usual interstitial pneumonia; c).
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factor for a correct diagnosis [odds ratio (OR) = 2.49; 95% CI 
(1.01–6.12); p = 0.047]. Among four nodules with nondiagnostic 
specimens, one was invisible on fluoroscopy and biopsied by 
fine needle aspiration, while the other three visible nodules were 
sampled by core biopsy.

Figures 4 and 5 show representative cases of CBCT VN-guided 
PTNBs for visible and invisible targets, respectively.

Occurrence of a pneumothorax
A pneumothorax occurred in 62 of 213 (29.1%) cases. Percuta-
neous drainage catheters or chest tubes were inserted in 4 (1.9%) 

cases. In the χ2 analysis, nodule visibility showed no significant 
association with the occurrence of a pneumothorax (p = 0.226). 
Table 3 shows the results of the univariable analyses of pneumo-
thorax occurrence. Patient age, PTTD, and presence of emphy-
sema were used as input variables in the multivariable analysis. 
In the multivariable analysis, the presence of emphysema [OR = 
5.49; 95% CI (2.27–13.25); p < 0.001], was the only independent 
risk factor for the occurrence of a pneumothorax.

Occurrence of hemoptysis
Hemoptysis occurred in 23 of 213 (10.8%) cases. Two patients 
(0.9%) required a red blood cell transfusion and intensive care 

Table 1. Comparisons between the patients with visible and invisible target nodules on fluoroscopy

Variable Visible nodules (n = 150) Invisible nodules (n = 63) p-value
Gender 0.605c

 �  Male 68 (45.3%) 31 (49.2%)

 �  Female 82 (54.7%) 32 (50.8%)

 �  Agea 61.8 ± 11.3 62.9 ± 10.9 0.500d

 �  Age ≤ 60 years 72 (48.0%) 24 (38.1%) 0.185c

 �  Age > 60 years 78 (52.0%) 39 (61.9%)

Patient’s position 0.339c

 �  Prone 97 (64.7%) 45 (71.4%)

 �  Supine 53 (35.3%) 18 (28.6%)

 �  Target size (cm)b 0.9 (0.5–1.0) 1.0 (0.5–1.0) 0.146e

Target location 0.086c

 �  Upper or middle lobe 91 (60.7%) 46 (73.0%)

 �  Lower lobe 59 (39.3%) 17 (27.0%)

Target characteristics 0.124c

 �  Solid 146 (97.3%) 59 (93.7%)

 �  Subsolid 4 (2.7%) 4 (6.3%)

 �  PTTD (cm)b 1.6 (0–7.3) 2.0 (0–7.2) 0.069e

 �  PTTD ≤ 2 cm 90 (60.0%) 32 (50.8%) 0.215c

 �  PTTD > 2 cm 60 (40.0%) 31 (49.2%)

Biopsy method 0.840c

 �  Core needle biopsy 147 (98.0%) 62 (98.4%)

 �  Fine needle aspiration 3 (2.0%) 1 (1.6%)

 �  Presence of emphysema 16 (10.7%) 9 (14.3%) 0.454c

 �  Needle indwelling time (minute)b 8 (3–39) 9 (4–36) 0.519e

 �  Total procedure time (minute)b 11 (6–42) 11 (6–39) 0.487e

Diagnostic accuracy 0.042c

 �  Accurate diagnosis 115 (89.1%) 33 (76.7%)

 �  Inaccurate diagnosis 14 (10.9%) 10 (23.3%)

PTTD, pleura-to-target distance.
aData are mean ± standard deviation.
bData are median (range)
cX2 test.
dStudent's t-test.
eMann–-Whitney U test.
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unit admission. Hemoptysis resolved spontaneously in all cases 
with conservative management. In the χ2 analysis, nodule visi-
bility showed no significant relationship with the occurrence of 
hemoptysis (p = 0.383). Table 4 presents the results of the univari-
able analyses of the occurrence of hemoptysis. No variable was 
significantly associated with the occurrence of hemoptysis.

DISCUSSION
In this study, we demonstrated that the diagnostic accuracy of 
CBCT VN-guided PTNBs for the invisible nodules on real-time 

Table 2. Results of univariable analyses for diagnostic accuracy

Variable Odds ratio (95% CI) p-value
Gender (male  vs  female) 1.961 (0.807–4.762) 0.137

Age (≤60  vs  > 60 years) 0.918 (0.386–2.180) 0.918

Target size (cm) 0.339 (0.006–20.596) 0.606

Patient’s position (prone  vs  supine) 0.580 (0.217–1.550) 0.278

Target location (upper or middle lobe  vs  lower lobe) 1.355 (0.528–3.476) 0.528

Visibility on fluoroscopy (invisible  vs  visible) 2.489 (1.013–6.117) 0.047

Target characteristics (solid  vs  subsolid) N/Aa 1.000b

PTTD (≤2  vs  > 2 cm) 1.158 (0.483–2.774) 0.742

Biopsy method (fine needle aspiration  vs  core biopsy) 2.101 (0.210–21.076) 0.528

Presence of emphysema (absence  vs  presence) 2.788 (0.352–22.055) 0.331

CI, confidence interval; PTTD, pleura to target distance.
aOne cell had zero value in cross-table analysis.
bFisher's exact test.

Figure 4.   An example of CBCT virtual navigation-guided 
PTNB for a visible nodule in a 48-year-old male. The preproc-
edural axial CBCT image shows a 0.7 cm-sized nodule in the 
right upper lobe (a). The fluoroscopic needle insertion view 
shows a small nodular opacity, which corresponded to the tar-
get location provided by the virtual guidance software (metal-
lic indicator  tip; b). The intraprocedural axial CBCT image 
taken after insertion of the needle shows that the nodule was 
correctly targeted (c). The pathological diagnosis of the nod-
ule was a metastatic adenoid cystic carcinoma.

Figure 5.   A representative case of CBCT virtual  naviga-
tion-guided PTNB for an invisible nodule in a 68-year-old 
female. The preprocedural axial CBCT image shows a nodule, 
with a maximum diameter of 1.0 cm in the right upper lobe (a). 
The fluoroscopic needle insertion view shows no definite cor-
responding opacity in the location marked by the virtual guid-
ance software (metallic indicator tip; b). The intraprocedural 
CBCT image taken after the needle insertion shows the biopsy 
needle tip at the lateral aspect of the target (c). The biopsy 
result was non-neoplastic lung parenchyma. The lesion  was 
diagnosed as a primary lung adenocarcinoma after surgical 
resection.  CBCT, cone-beam computed tomography;  PTNB, 
percutaneous transthoracic needle biopsy. 
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fluoroscopy was 76.7%, which was significantly lower than that 
for the visible nodules (89.1%). Nodule visibility was a sole inde-
pendently influencing factor for the correct biopsy results for 
small (≤1 cm) nodules. However, it was not significantly associ-
ated with the biopsy-related complications.

Targeting a small nodule of 1 cm or smaller is challenging. 
Previous studies reported that small lesion size was a significant 
predictor of diagnostic failure.11,15–17 The diagnostic accuracy 
of CBCT- or CT-guided PTNBs for nodules ≤1 cm ranged from 
79 to 98% in the literature.10,15,17–24 The diagnostic accuracy of 
biopsy for the subcentimeter-sized, fluoroscopically invisible 
nodules was 76.7% in our study, which was below the previously 

reported range. This might be due to the incapability of the fluo-
roscopy guidance system to track the targets in real-time. Despite 
the assistance of a VN system and CBCT acquisition during 
biopsies, real-time visual guidance through fluoroscopy remains 
essential in targeting small nodules because respiratory move-
ments induce migration of nodules from the planned pathway 
during the procedure.

Nevertheless, given the high diagnostic accuracy (76.7%) for the 
invisible nodules in the present study, we believe that PTNBs can 
be performed for small nodules regardless of their fluoroscopic 
visibility. In addition, the visibility of a nodule on fluoroscopy 
cannot be determined until the initiation of the procedure and 
the majority of nodules (70.4%; 150/213) were actually visible 
on fluoroscopy. Thus, concerns about invisibility should not 
preclude CBCT VN-guided PTNBs in cases of small nodules. 
Furthermore, complication rates were not affected by the fluoro-
scopic nodule visibility, which implied that PTNBs can be safely 
performed for the fluoroscopically invisible nodules. A caveat 
should be noted that the reduced diagnostic accuracy should 
be considered carefully when interpreting the biopsy results. 
If a target nodule is invisible on fluoroscopy during the proce-
dure and the subsequent biopsy result points to a non-specific 
benign lesion, the possibility of a false-negative diagnosis should 
be considered. Clinicians and radiologists should deliberate on 
whether to perform a repeat biopsy or surgical resection based 
on the clinical situation.

A pneumothorax is the most common PTNB-related complica-
tion, with a reported incidence of 8.2–62.2%.11,17–19,22,23,25–27 The 
frequency of pneumothoraxes in our study was 29.1%, which 
was within the reported range but was still considerably high. 
This might have been caused by the small nodule size (≤1 cm) 
in our study population. A small target size is a well-known risk 
factor for a PTNB-related pneumothorax.26,28–31 In our study, the 
presence of emphysema in the background lung parenchyma was 
the only independent risk factor for a pneumothorax. Previous 
studies reported the presence of emphysema as a significant 

Table 3. Results of univariable analyses for occurrence of 
pneumothorax

Variable Odds ratio 
(95% CI) p-value

Gender (male  vs  female) 1.422 (0.781–2.590) 0.249

Age (≤60  vs  > 60 years) 2.128 (1.144–3.959) 0.017

Target size (cm) 0.215 (0.016–2.818) 0.242

Patient’s position (prone  vs  
supine)

1.071 (0.570–2.012) 0.831

Target location (upper or middle 
lobe  vs  lower lobe)

0.894 (0.480–1.665) 0.724

Visibility on fluoroscopy 
(invisible  vs  visible)

0.678 (0.360–1.275) 0.227

Target characteristics (solid  vs  
subsolid)

0.806 (0.185–4.105) 0.795

PTTD (≤2  vs  > 2 cm) 1.663 (0.917–3.018) 0.094

Biopsy method (fine needle 
aspiration  vs  core biopsy)

0.403 (0.055–2.925) 0.369

Presence of emphysema (absence  
vs  presence)

5.488 (2.272–13.254) <0.001

CI, confidence interval; PTTD, pleura -to target distance.

Table 4. Results of univariable analyses for occurrence of hemoptysis

Variable Odds ratio (95% CI) p-value
Gender (male  vs  female) 1.723 (0.698–4.256) 0.238

Age (≤60  vs  > 60 years) 0.488 (0.201–1.183) 0.112

Target size (cm) 0.103 (0.003–3.413) 0.203

Patient’s position (prone  vs  supine) 1.916 (0.681–5.393) 0.218

Target location (upper or middle lobe  vs  lower lobe) 1.445 (0.601–3.473) 0.410

Visibility on fluoroscopy (invisible  vs  visible) 1.582 (0.560–4.465) 0.386

Target characteristics (solid  vs  subsolid) 1.188 (0.140–10.115) 0.875

PTTD (≤2  vs  > 2 cm) 0.688 (0.278–1.699) 0.417

Biopsy method (fine needle aspiration  vs  core biopsy) N/Aa 1.000b

Presence of emphysema (absence  vs  presence) N/Aa 0.084b

CI, confidence interval; N/A, not applicable; PTTD, pleura to target distance.
aOne cell had zero value in cross-table analysis.
bFisher's exact test.
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