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Transthoracic Needle Biopsy: How to
Maximize Diagnostic Accuracy and Minimize
Complications
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Although transthoracic needle biopsy (TTNB) was introduced for lung biopsy about 40 years ago, it is still mainstay
of pathologic diagnosis in lung cancer, because it is relatively inexpensive and can obtain tissue regardless of the
tumor-bronchus relationship. With several technological advances, proceduralists can perform TTNB more safely
and accurately. Utilizing ultrasound-guided biopsy for peripheral lesions in contact with the pleura and rapid onsite evaluation during the procedure are expected to make up the weakness of TTNB. However, due to the inherent
limitations of the percutaneous approach, the incidence of complications such as pneumothorax or bleeding is inevitably
higher than that of other lung biopsy techniques. Thorough understating of each biopsy modality and additional
technique are fundamental for maximizing diagnostic accuracy and minimizing the complications.
Keywords: Image-Guided Transthoracic Needle Biopsy; Transthoracic Needle Biopsy; Lung Biopsy; Diagnostic
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Introduction
With the increase in lung cancer screening using lowdose computed tomography (CT), the detection of asymptomatic small pulmonary lesions has been increasing1,2. In
addition, there is an increasing number of cases being conducted to assess driver mutations, resistance mechanisms,
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and programmed death-ligand 1 expression in order to find
the therapeutic options in case of disease progression during treatment3,4. National Comprehensive Cancer Network
guideline recommends radial endobronchial ultrasound
(EBUS), navigational bronchoscopy, and transthoracic needle
biopsy (TTNB) as biopsy methods for peripheral pulmonary nodules5. In case of endobronchial approaches such as
radial EBUS, serious complications are rare, however, there
are limitations in which availability and diagnostic accuracy
highly depend on tumor-bronchus relationship6-9. In imageguided TTNB, the incidence of pneumothorax, which is the
most common complication, is 10 times higher than the endobronchial approaches such as radial EBUS and navigation
bronchoscopy, and other complications such as hemorrhage
are also higher. However, it is still one of the most commonly
used and important biopsy techniques for peripheral pulmonary lesions because it is relatively inexpensive and has the
advantage of obtaining a tissue regardless of tumor-bronchus
relationship7. In this article, we will review each technique,
and find out how to maximize the diagnostic accuracy and
minimize complications.
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How to Maximize Diagnostic Accuracy
According to the guidance modality that leads the biopsy
needle into the target lesion, the image-guided TTNB can be
divided into conventional computed tomography-guided
TTNB, computed tomography fluoroscopy-guided TTNB, and
cone beam computed tomography-guided TTNB. In addition,
it also can be divided into fine needle aspiration (FNA), core
needle biopsy, coaxial needle technique, and single needle
technique depending on the type of biopsy needle used for
TTNB. To maximize the diagnostic accuracy, it is crucial to
select an appropriate guidance modality and a biopsy needle
considering the characteristics of the target lesion and the
availability of resources in each institute and the operator. It
can be helpful to use additional techniques such as rapid onsite evaluation (ROSE) to improve a diagnostic accuracy.
1. Conventional computed tomography vs. Computed
tomography fluoroscopy
The first step to maximize diagnostic accuracy is selecting
the most appropriate image guidance modality. Conventional
computed tomography (CCT) is well-established TTNB guidance modality for the diagnosis of pulmonary lesions. It allows
to determine the skin puncture site, needle insertion angle,
and confirm the needle tip placement. It has been used since
the 1980s, and recently published studies showed excellent
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diagnostic accuracy (96.1%–96.7%) which is comparable to
other latest modalities10-12. Even the results of CCT-guided
TTNB for lesions smaller than 1 cm or ground glass nodule
(GGN) showed more than 90% diagnostic accuracy13. However, there are technical difficulties in patients with large respiratory motion or inability to breathe coordinately due to lack
of real-time capability. In particular, lesions located close to
the diaphragm are technically challenging due to respiratory
movement when using CCT, thereby the diagnostic accuracy
decrease5. Furthermore, in case of small subpleural lesions, if a
large pneumothorax occurs prior to biopsy, tissue acquisition
may fail (Figure 1). To overcome these shortcomings, computed tomography fluoroscopy (CTF), which provides real-time
CT images, was introduced in the 1990s. Since CTF can access the target lesion while checking the location of the biopsy
needle in real time, it is possible to perform relatively accurate
procedure even in difficult lesions with large respiratory motion or in patients with poor respiratory control. In prospective trials comparing CCT and CTF, though CTF showed
significant reduction in procedure time and in the number of
pleura punctures, it did not show improvement in diagnostic
accuracy. In addition, there is a disadvantage that the operator
is exposed to radiation during CTF-guided TTNB11.
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Figure 1. A technical failure in conventional computed tomography-guided
transthoracic needle biopsy. (A) Small
subpleural lesion with peripheral emphysema and fibrosis in right lower lobe. (B)
A coaxial needle was inserted through
the skin entry point in the prone position.
(C, D) A pneumothorax occurred after a
pleural puncture, and the location of the
target lesion deviated as the size of the
pneumothorax increased.
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2. Computed tomography fluoroscopy vs. Cone beam
computed tomography
In the last decade, cone beam computed tomography
(CBCT) which could provide fluoroscopy guidance and
computed tomography images using a cone beam X-ray tube
and a flat-panel detector was introduced. With this modality,
the operator can confirm the exact location of target lesion
and the path of the biopsy needle in real time. In addition, by
using a dedicated software with color spot marking on preprocedural CBCT images, it allows to access a pure GGN or
small nodules which are not visible on fluoroscopy. However,
due to the low image quality of fluoroscopy, diagnostic accuracy possibly decrease when the target lesion is quite small or
pure GGNs despite using the integrated virtual guidance image on fluoroscopic view (Bull’s eye view)14. In a retrospective
study including pulmonary lesions less than 1 cm (n=172), the
diagnostic accuracy of fluoroscopically invisible nodules was
76.7%, which was significantly lower than 89.1% of visible nodules15. In CTF, the operator could experience discomfort during the procedure due to the limited gantry, which is smaller
than the C-arm gantry, and since the needle path and the
location of the target lesion can be visualized only on the axial
plane, the procedure probably becomes challenging if breathing cooperation is not sufficient. However, since real-time CT
images are available, CTF possibly has an advantage over
CBCT for small lesions or GGNs that are not directly visible
on fluoroscopic view15,16. To the best of our knowledge, there
has not been a prospective study comparing the diagnostic
performance of CTF and CBCT which offer real-time capability. A retrospective study which compared CTF and CBCT
showed that the diagnostic accuracy of CTF group and CBCT
group were 94% and 96%, respectively without significant difference in complication rate17. Well designed randomized trial
is required to confirm which modality is superior for the small
and GGN lesions especially adjacent to the pleura.

benefit of US-guided biopsy is that complications such as
pneumothorax can be identified immediately after procedure.
The lung sliding on US, which means that visceral pleura and
parietal pleura are not separated, can perfectly exclude the occurrence of pneumothorax (100% negative predictive value)19.
4. Fine needle aspiration vs. Core needle biopsy
FNA biopsy provides cytology specimens, while core needle
biopsy provides tissues suitable for histological examination
usually requiring biopsy needles with a larger diameter2,3.
Core biopsy has shown slightly higher overall diagnostic accuracy (93%), overall sensitivity (89%), and specificity (97%)
comparing to the results with FNA20. However, there is no
difference in diagnostic accuracy when ROSE of cytological
samples is available in lung cancer lesions. If formalin-fixed
paraffin-embedded tissue is used for molecular testing of lung
cancer, core needle biopsy specimens are more likely to be adequate than FNA specimens3. In addition, core needle biopsy
is preferred in suspected benign lesions which should be confirmed by a specific pathological finding such as necrotizing
granulomas, or in malignant lesions that require confirmation
of the cellular architecture for a definite diagnosis and subtype
classification such as lymphoma21,22.
5. Needle size
There has not been a strong evidence that the largerdiameter biopsy needles improve diagnostic accuracy23. Nevertheless, for some lesions, the needle size possibly affects the
diagnostic accuracy because in the case of necrotic lesions, it
is common to obtain tissue from non-necrotic viable lesions.
In our institution, 16 gauze or 18 gauze cutting biopsy needles
are preferred rather than 20 gauze when necrosis is present,
or when the cellular architectures are required for a definite
diagnosis.

3. Ultrasound vs. Computed tomography

6. Coaxial needle technique vs. Single needle technique

Ultrasound (US)-guided TTNB is another decent option
for the peripheral lesions with pleural contact. Studies published by 2015, showed the excellent overall pooled diagnostic
accuracy of 88.7% and sensitivity for malignancy of 91.5%,
respectively. Notably, the incidence of pneumothorax, the
most common complication, was only 4.4%, which is superior
to other TTNB modalities at 20%13. The study with lung lesions contacting the pleura also demonstrated that the overall
complication rate was lower in US-guided TTNB (7%) than
in CT-guided TTNB (24%). Subgroup analysis showed USguided TTNB has fewer complications for lesions 31–50 mm
(p=0.029), higher sample adequacy for lesions 10–30 mm
(p=0.0032), and shorter procedural times for lesions 10–30
mm (p<0.001) compared to CT-guided biopsy18. An additional

Using the single needle technique, the operator introduces
a biopsy needle though pleura repeatedly to obtain multiple
specimens. Otherwise, the coaxial needle technique has advantage to allow multiple samplings though the outer needle
sheath avoiding repeated punctures of the pleura and parenchymal structures after removing the inner stylet (Figure 2)24.
However, the pleura and the parenchyma can be damaged
due to increase of the diameter and the needle dwell time in
which the pleura being penetrated by the axial needle25. In a
meta-analysis, coaxial needles showed a tendency to increase
complications, but there was no statistical significance. A recently published retrospective study showed that in patients
with lesion size of <1.5 cm and needle path length of ≥4 cm,
the coaxial technique achieved a higher diagnostic accuracy
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(95.5% vs. 72.7%, p=0.023) and rather a lower pneumothorax
incidence26.
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Figure 2. Coaxial needle technique. (A)
An introducer needle was inserted into
the intrathoracic target lesion. (B, C) The
inner stylet was removed. (D) Then, a
semi-automatic cutting needle (Stericut,
TSK Laboratory, Tochigi, Japan) was
inserted via the coaxial introducer, and
multiple biopsies were performed.

On-site cytology evaluation has shown to improve a diagnostic accuracy and reduce needle passes in image-guided
transthoracic needle aspiration27,28. It is not clear whether additional diagnostic gain could be obtained when a core biopsy
needle is used. However, in the case of FNA, the combination
with ROSE provides a comparable diagnostic accuracy to that
of a core needle biopsy for malignant lesions. Capalbo et al.29
even showed superior diagnostic accuracy compared to core
needle biopsy in the presence of a pathologist for malignant
lesions.

(EM-guided TTNB) basically uses the same principle as ENB,
however, it guides the biopsy needle into the target lesion instead of bronchoscopic biopsy tools30-32. In 2019, the result of a
retrospective, multicenter study using EM-guided TTNB was
published. This study consisted of seven academic and three
community medical centers and the data from 95 participants
were analyzed. The overall diagnostic yield was 73.7%, and
the diagnostic yield for malignancy was 68.8%. However, in
this study, 34 cases with non-definite pathologic results such
as cellular atypia or lung parenchyma were excluded from
the analysis which might have been counted as false negative
cases. Therefore, the possibility that the diagnostic yield has
been overestimated cannot be ruled out. The results should
be confirmed by the prospective trial in order to determine
the diagnostic performance of EM-guided TTNB30,33.

8. Novel guidance modality: electromagnetic guidance
TTNB

How to Minimize Complications

In recent years, an electromagnetic navigation bronchoscopy (ENB) system that can guide transthoracic needle biopsy has become available. Electromagnetic guidance TTNB

The major complications of TTNB and their respective incidence rates are as follows: pneumothorax (20%), hemorrhage
and hemoptysis (11%), air embolism (0.02–1.8%), tumor

7. Rapid on-site evaluation
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Table 1. Major complications of transthoracic needle
biopsy
Incidence (%)
Pneumothorax

20

Hemorrhage and hemoptysis

11

Air embolism

0.02–1.8

Tumor seeding

0.12–0.061

seeding (0.12–0.061%) (Table 1). To minimize complications,
it is most important to avoid the procedure of patients with
risk factors whenever possible. It is also important to select an
appropriate guidance modality and use techniques to reduce
complications. Here, we will review the two major complications (pneumothorax/hemorrhage), and how to minimize
them.
1. Pneumothorax
Pneumothorax is the most common complication associated with TTNB procedure and the incidence rate is about
20% 13. Risk factors for pneumothorax, which have been
proven by many studies, are as follows: presence of emphysema, percent emphysema, longer needle path length (depth
of lesion), lower lobe location, core needle biopsy, repeated
pleural puncture, small lesion (≤2 cm), lesion depth (0.1 to 2
cm), old age13,34-37. In order to minimize pneumothorax, it is
also important to select an appropriate guidance modality.
Since the lungs move according to breathing, selecting a realtime guidance modality such as CTF or CBCT can be helpful
for reducing a pneumothorax especially in patients with poor
respiratory holding capacity or with severe emphysema. In
our experience, when compared with CCT, CTF possibly lower the incidence of pneumothorax by reducing the number of
pleural punctures. Even in the event of pneumothorax, realtime capacity of CTF may decrease the technical failure11. As
previously described, the incidence of pneumothorax of USguided TTNB has been reported only about 4%, so it should
be considered for lesions with pleural contact13,18. There are
several techniques to minimize the incidence of pneumothorax. Rapid needle-out patient-rollover technique reduces the
incidence of pneumothorax and chest catheter replacement
by changing the patient’s position into the puncture site down
within ten seconds38,39. Sealing the biopsy needle track, using
the autologous blood patch injection or hydrogel plug technique while removing the needle after obtaining the tissue,
reduces the incidence of pneumothorax and chest catheter
replacement40-42. In addition to these materials, track sealing
with saline is also effective to reduce the incidence and chest
tube insertion43. In another study, saline sealing did not reduce
the incidence, but significantly reduced pneumothorax size
and chest tube replacement44.
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2. Delayed pneumothorax
Delayed pneumothorax is defined as a pneumothorax
detected three to four hours after the procedure, and the incidence rate has been reported up to 4.5%. The mechanism is
unclear, but it has been suggested that it may occur due to displacement of small blood clots on the penetrated pleura45. In
some institutes, patients are discharged at the same day they
receive the TTNB procedure due to high medical costs. Dennie et al.36 evaluated the safety of early discharge after TTNB
(n=506). In this prospective study, patients were discharged
after 30 minutes post-biopsy chest radiography if there was
no pneumothorax. Delayed pneumothoraces were detected
in seven patients (1.4%). However, the actual incidence rate
could have been higher than this because the discharged
patient revisited hospitals only when they had symptoms36.
Although there was no serious complication due to delayed
pneumothorax in this study, delayed pneumothorax could
be fatal and for this reason, in many hospitals, TTNB is still
performed in the inpatient setting. Recently we performed a
prospective interventional trial to predict a delayed pneumothorax using a lung ultrasound, and the results were promising (unpublished). We will publish the paper within the next
few months.
3. Pulmonary hemorrhage (hemoptysis)
Pulmonary hemorrhage is the second common complication, and the incidence rate is about 11%13. Risk factors, which
have been proven by multiple studies, are as follows: core needle biopsy, small lesion (≤2 cm), lesion depth (≥2.1 or >3 cm),
main pulmonary artery diameter/ascending aorta diameter
ratio >1, emphysema34-37,46. Recently, Kim et al.47 demonstrated
that bronchovascular injuries are significantly associated
with clinically significant hemoptysis after TTNB, which have
been considered risk factors (but have not been scientifically
proven). Multivariate analysis showed that the potential penetration of a pulmonary vessel 1 mm or larger at firing (odds
ratio [OR], 3.874; 95% confidence interval [CI], 1.072–13.997;
p=0.039), and cutting injury of a pulmonary vessel 1 mm or
larger (OR, 6.920; 95% CI, 1.728–27.711; p=0.006) or a bronchial structure (OR, 4.604; 95% CI, 1.194–17.755; p=0.027) are
significant risk factors47. Therefore, the biopsy needle should
be carefully inserted while avoiding the structures mentioned
above. Also, recently, open bronchus sign was reported to be
a risk factor for hemoptysis48. Intriguingly, the open bronchus
sign, which is a similar concept to CT bronchus sign, is both a
risk factor for hemoptysis and a favorable factor for diagnostic
accuracy of radial EBUS and ENB8,9,48,49. Therefore, endobronchial approaches might be better choice for lesions with CT
bronchus sign.
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Conclusion
In order to maximize diagnostic accuracy, it is crucial to
select an appropriate guidance modality and instruments.
In terms of complications, it is important to avoid risk factors
whenever possible, and the additional techniques can be used
together to reduce complications during the procedure.
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