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Percutaneous image-guided lung biopsy

ercutaneous image-guided lung
biopsy is most commonly performed
in the investigation of patients with
suspected thoracic malignancy,
in whom it has a high diagnostic
accuracy, sensitivity and specificity. The typical
scenario is of a patient with an undiagnosed
nodule or mass requiring a histological
diagnosis to facilitate appropriate clinical
management. With advances in targeted
cancer treatment the need for plentiful tissue
for molecular testing is increasing.
Clinicians requesting lung biopsies
should be aware of the relative indications
and contraindications of the procedure, the
potential risks and the peri-procedure care.
This article illustrates the patient pathway
through the radiology department, reviews
the technique of performing percutaneous
lung biopsies under computed tomography
or ultrasound guidance, and discusses
potential complications.

Indications and patient selection

The commonest indication for percutaneous
image-guided lung biopsy isa new or enlarging
nodule or mass on chest radiography. Other
indications include persistent focal infiltrates
and sampling of multiple nodules (in patients
without known malignancy, or with more
than one primary to confirm origin). If a
patient has had a negative bronchoscopy for
a central lesion then computed tomography
biopsy may be considered.

As with all procedures the risk:benefit
ratio is considered for each patient. The
clinical team and radiologist balance the
diagnostic yield with risk of complications.
Cross-sectional imaging obtained as part of

Dr Catriona EL Reid, Specialty Registrar,
Department of Radiology, Portsmouth
Hospitals NHS Trust, Portsmouth P06 3LY

Dr Adam G Wallis, Consultant Radiologist,
Department of Radiology, Portsmouth
Hospitals NHS Trust, Portsmouth

Correspondence to: Dr CEL Reid
(catriona.reid@porthosp.nhs.uk)

staging (including computed tomography
and positron emission tomography) may
identify alternative sites for biopsy, such as
adenopathy or liver lesions. Before offering
this procedure to the patient, the decision
is often made by the multidisciplinary
team or following close discussion with the
performing radiologist. 7able 1 lists essential
pre-procedure investigations and patient
factors assessed in determining suitability for
biopsy. Patients will be required to consent

before the procedure except in exceptional
circumstances, and it is good practice to
provide a patient information leaflet.

Lesion factors

Table 2 lists the lesion factors that the
multidisciplinary team and radiologist
will consider when assessing suitability
for biopsy. Figure I demonstrates lesions
typically suitable for computed tomography
vs ultrasound biopsy.

Table 1. Pre-procedure investigations and patient factors assessed in

determining suitability for biopsy

Coagulation

Coagulation needs to be optimized. Recent international normalized ratio should be

<1.3. Anticoagulants should be stopped as per guidelines (Patel et al, 2012)

Lung function

Lung function tests (spirometry) should be performed before biopsy.

If forced expiratory volume in 1 second <35%, biopsy should not proceed without
further multidisciplinary team discussion (Manhire et al, 2003)
Contralateral pneumonectomy and need for positive pressure ventilation are also

relative contraindications

Comorbidities

Patients should be able to lie still for up to 30 minutes — movement or other

disorders that prevent this are relative contraindications
Pulmonary artery hypertension is a relative contraindication

Flying
(Manhire et al, 2003)

Patient position

Patients are advised not to undergo biopsy if they are planning to fly within 6 weeks

Where possible, patients will be positioned to optimize the approach which may

include lying prone or in a decubitus position

A posterior approach is often preferred as the posterior intercostal spaces are wider
and the posterior ribs move less with respiration. Patients are less anxious as they
cannot directly visualize the needle and the sensitivity of the posterior chest wall is

less than the anterior

Table 2. Lesion factors assessed in determining suitability for biopsy

lung is chosen. Relative contraindications are small lesions close to diaphragms and

Location Pleural and peripheral lung lesions abutting pleura are suitable for ultrasound
biopsy. Deeper lesions are more suitable for computed tomography biopsy. Where
multiple lesions are present typically that with the shortest needle path through the
central lesions close to large vessels

Fissures

typically avoided

Lesion density

Single pleural puncture is used to reduce pneumothorax rates and so fissures are

Vascular lesions including arteriovenous malformations and aneurysms are avoided.

Typically the more solid component or wall of a necrotic lesion will be targeted to
increase diagnostic yield. Similarly adenocarcinoma lesions are frequently sub-solid
with areas of less dense ground glass attenuation; the more solid component
equates to more invasive tissue and will be preferentially targeted
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Figure 1. Axial computed tomography images of (a) a left upper lobe mass (arrow) which is
suitable for computed tomography-guided biopsy and (b) an anterior left upper lobe mass (arrow)
which abuts and invades the chest wall making it suitable for ultrasound-guided biopsy.

Choice of biopsy needle and
sampling

Fine needle aspiration sampling has a high
sensitivity and specificity for malignancy but
this is reduced compared to core biopsy for
benign diagnoses (Connor et al, 2000) and is
typically best performed when pathology are
able to perform direct cytological analysis at
the time of sampling and advise on adequacy.
In many cases a subsequent core biopsy is
advised.

Systematic reviews show that core needle
biopsy has higher accuracy than fine needle
aspiration (67-90% uvs 59-81%) (Yao et
al, 2012). A large trial of the diagnostic
accuracy of computed tomography-guided
percutaneous lung biopsy showed diagnostic
accuracy, sensitivity and specificity were
92.9%, 95.3% and 95.7% respectively (Yang
et al. 2015). For this reason, in most sites
across the UK, core biopsy is the preferred
sampling method.

In comparison with fine needle aspiration,
percutaneous image-guided lung biopsy also
allows material to be analysed for surgical
pathology rather than cytology, and allows
more tissue to be obtained for molecular
testing. Molecular profiling can help identify
patients who will benefit from targeted
treatment, and often repeat biopsies are
needed after treatment to identify possible
resistance. Examples include targeting
epidermal growth factor receptor with
tyrosine kinase inhibitors in patients with
lung adenocarcinoma. Other mutations
searched for include anaplastic lymphoma
kinase and programmed death ligand-1.

The authors perform percutaneous
image-guided lung biopsy using a co-axial
technique which involves the insertion of
an introducer needle through a single pleura
puncture into the periphery of the target
lesion. The inner stylet is then removed and

a core biopsy needle inserted, typically with
an automated spring-loaded mechanism.
Typically the authors use a 17G coaxial
introducer needle with an 18G core biopsy
needle (Figure 2). Some centres use narrower
gauge needles particularly for deeper lesions
but this reduces sample quality.

For those patients with mediastinal
adenopathy, which is not suitable for
percutaneous image-guided lung biopsy,
endobronchial  ultrasound-guided
transbronchial needle aspiration may be
performed to obtain tissue. This not only
provides a safe route for accessing tissue, but
allows staging of the mediastinum (Yasufuku
et al, 20006).

Computed tomography-guided
percutaneous biopsy

The premise is the use of computed
tomography to guide the needle into the
lesion. Two principal methods exist —
conventional computed tomography and
computed tomography fluoroscopy. The
former involves the radiologist leaving the
patient’s side to enter the control room while
the patient undergoes a short spiral scan at the
level of the needle after each repositioning.
Alternatively, if using the ‘quick check
computed tomography fluoroscopy method
the radiologist has control of the scanner and
takes a short series of images immediately after
repositioning or advancing the needle. The
radiologist wears appropriate lead shielding
and does not leave the patient’s side. Figure
3 shows a typical room set up for a patient
undergoing computed tomography biopsy.
Compared with conventional computed
tomography this reduces procedure time
(Kim et al, 2011) and risk of complications
(Heck et al, 2006) compared to the use of
conventional computed tomography, but does
increase radiation dose (Prosch et al, 2012).

The access route is carefully reviewed. Care
is taken to avoid chest wall vessels. Particular
attention is given to avoiding internal
mammary arteries when accessing anterior
or mediastinal lesions. It is preferable for the
anticipated needle trajectory to be directed
away from major structures including the
heart, aorta and pulmonary arteries.

Figure 4 llustrates the steps undertaken in
performing a computed tomography biopsy.
Under full aseptic technique local anaesthetic
is infiltrated subcutaneously and to the level
of the pleura along the anticipated needle
tract. A small incision is made at the skin
surface to facilitate easy passage of the co-
axial needle. A co-axial technique is generally
preferable as it requires only one pleural
puncture for numerous samples. The co-axial
needle is introduced into the subcutaneous
tissues and incrementally advanced. Position
of the needle is confirmed with computed
tomography fluoroscopy. Care is taken to
advance the needle into a position where,
with correct angulation and direction, a single
pleural puncture will guide it to the target
lesion. Once satisfied that the positioning
of the introducer needle is optimal, a swift
movement of the introducer needle through
the pleura to the lung reduces the chance of
a pleural tear.

Figure 2. Coaxial Temno needle (Bard, US). The
coaxial introducer (left) allows multiple samples
from the same biopsy needle (right) with one
percutaneous puncture.
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Figure 4. Example of computed tomography fluoroscopic biopsy of a right upper lobe nodule. a.
Initial scan shows position of lesion with markers to plan approach. b. After sterilization, local
anaesthetic is infiltrated to the level of the pleura. A 21G needle used to infiltrate the anaesthetic is
seen in this image. c. After making a small incision the co-axial needle is advanced and
appropriately directed at the target lesion. d. Using a single pleural puncture the coaxial needle is
advanced to the periphery of the lesion. The inner stylet can then be removed and cores taken with
the biopsy needle. e. Post-procedure computed tomography shows absence of pneumothorax and
minor haemorrhage along the needle tract through the nodule.

Figure 3. Typical set up for computed
tomography-guided lung biopsy. The patient is
appropriately positioned on the couch having
planned the access route. The radiologist wears
lead shielding and has control of the gantry.
The gantry laser beam helps with needle
positioning and the monitors display the needle
position relative to the lesion.

The introducer needle is advanced to the
periphery of the target lesion and the inner
stylet removed. The inner biopsy needle is
then inserted down the introducer needle and
fired, obtaining a core biopsy of the target
lesion. Once suflicient samples are deemed to
have been obtained the introduced needle is
removed. A subsequent scan is performed to
assess for any immediate complications. 7able
3 highlights some variations in technique
encountered across centres.

Ultrasound-guided percutaneous
biopsy

Lesions that are amenable to ultrasound-
guided procedures are either pleurally based
or abut the pleura. Ultrasound cannot
visualize lesions that are deep to normal lung
as ultrasound waves do not penetrate gas-
containing structures. Ultrasound-guided

Table 3. Variations in technique

Conscious sedation (typically fentanyl and
midazolam) is typically not used for computed
tomography biopsies in the UK but is more
commonplace in North America

Gantry angulation can be helpful for lesions
where a direct axial route through the intercostal
space is not possible

Some centres use special measures to

reduce the risk of pneumothorax following

the procedure including insertion of saline or
hydrogel plugs down the needle after biopsy (Li
et al, 2015; Vestering and Braak, 2015)
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procedures are generally considered safer,
quicker and less expensive than computed
tomography-guided procedures (Sheth et
al, 1999) with reduced pneumothorax rate
because of the peripheral location.

The procedure uses ultrasound to guide
the needle to the lesion. Figure 5 is a typical
example. Again it is important to optimize
patient positioning for ease of access to
the lesion. An initial scan will confirm
the position of the target lesion. The skin
site will be sterilized and under aseptic
conditions the needle can be visualized
continuously under ultrasound guidance to
the lesion whereupon samples are taken as
per computed tomography biopsy.

Post-procedure care

The patient is transferred to the recovery
area. If there is a small pneumothorax or
perilesional haemorrhage the patient will
typically lie biopsy-side down. The patient
is advised to try and avoid coughing or deep
respiration which can increase intrathoracic
pressure and the likelihood of pneumothorax.
If there is a small pneumothorax low flow
oxygen is applied (Wu et al, 2011). The
authors obtain a chest radiograph at 1 hour
and if no complication is shown and the
patient is well, he/she is discharged with no
need for a more prolonged period of hospital
observation.

If a pneumothorax is visible, a repeat
chest radiograph is performed an hour
later and if stable or improved, the
patient can be discharged. If worsened,
ambulatory drainage systems are available
to facilitate early discharge of patients with
a pneumothorax (Tavare et al, 2016). At the
authors’ institution, a pleural vent is used
to facilitate same day discharge (Figure 6).

This is not only beneficial for the patient in

What You Need To Know About IS

Figure 5. Ultrasound-guided biopsy. a. Initial ultrasound scan shows a mass abutting pleura.
b. Ultrasound is used to demonstrate the co-axial needle advancing into the mass in ‘real time’
before samples are taken.

avoiding overnight stays but results in cost
savings and increased productivity.

Following ultrasound biopsy if the needle
has been directly visualized into a pleural
lesion with no parenchymal puncture it is
typically not necessary to perform a chest
radiograph before discharge. If a peripheral
parenchymal lesion is biopsied then
discharge is as per computed tomography-
guided biopsy.

Complications
The main complication is pneumothorax.
The risk of this is increased if the patient
has background lung disease, a fissure has
to be crossed, if there is a long needle path
across the lung, repeated pleural puncture
or smaller lesion size. The incidence of
pneumothorax has been described between
9% and 54% (Boskovic et al, 2014) but
the majority of these are self limiting and
do not require intercostal drainage. The
British Thoracic Society guidelines suggest
that radiologists should aim for fewer than
3% of pneumothoraces requiring drainage,
although this will depend on patient selection
(Manbhire et al, 2003).

Haemoptysis is a commonly occurring
complication with a number of patients

.

experiencing small volume haemoptysis. This
is increased for sub-solid or consolidative
lesions and those close to vessels. Some
tumours are more vascular and can cause
immediate moderate—large volumes of
haemoptysis following biopsy. Haemoptysis
has been reported in 1.2-5% of patients
(Richardson et al, 2002).

A rare but life-threatening complication,
air embolism, has been reported in up
to 0.21% of cases, with patients with
background lung disease at increased risk
(Hare et al, 2011).

Conclusions

Percutaneous lung biopsy is a commonly
performed procedure in the diagnosis
of lung lesions particularly lung cancer.
Understanding the patient pathway
in radiology is important for referring
clinicians. Multidisciplinary team discussion
with radiologists is important to determine
optimum sampling technique. Percutaneous
image-guided lung biopsy is a safe and
effective means of obraining tissue and the
increased demand for tissue to undertake

molecular testing means that percutaneous
image-guided lung biopsy is pivotal in
the lung cancer diagnosis pathway. The

Figure 6. a. Axial computed tomography image demonstrating a left pneumothorax which had developed following percutaneous lung biopsy in this
70-year-old patient with emphysema and a left upper lobe mass. b. A pleural vent was placed with immediate near complete resolution of the
pneumothorax and facilitated same day discharge. ¢. Three-dimensional reconstruction demonstrates the pleural vent sitting flush with the skin of the
left chest wall. The vent was removed 2 days later without complication and an unnecessary hospital stay was prevented.
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W Image-guided lung biopsy is essential for
the diagnosis and management of lung
and pleural lesions.

W The decision to perform percutaneous
lung biopsy is typically undertaken by the
multidisciplinary team in conjunction with
the performing radiologist.

B Depending on patient and lesion factors
the biopsy may be performed under
computed tomography or ultrasound
guidance.

W Both are commonly performed, effective
and safe ways of yielding good samples
of tissue for diagnosis and molecular
testing.

W The rate of complications is low with
<3% of procedures requiring drainage,
many of which can be managed with
ambulatory drainage systems facilitating
early discharge.

procedure has a low rate of complications
and advances in pneumothorax management
are such that even if complications do occur
many patients can be discharged home the
same day. BJHM
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