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Chest Biopsy

Aoife N. Keeling 

Clinical Features

Lung cancer remains the leading cause of cancer death in both males and females • 
alike.
Both active and passive cigarette smoking result in lung cancer, with other inhaled • 
carcinogens, including radon gas and asbestos, playing a more minor causative role.
Four histological types of lung cancer: adenocarcinoma (most common), squamous cell • 
carcinoma, large cell carcinoma, and small cell undifferentiated carcinoma.
Not all lung masses are primary lung cancer, with greater than 70% of multiple lung • 
nodules representing metastatic deposits.
Early reports of percutaneous transthoracic needle biopsy of the lung were published in • 
the late 1800s and since then needle biopsy has gained wide acceptance for diagnosing 
malignant and benign lung lesions.

Diagnostic Evaluation

Clinical

History and examination to rule out any contraindications (see below).• 

Laboratory

Full blood count, coagulation screen, respiratory function tests to make sure that the • 
patient could tolerate a pneumothorax.
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Imaging

CXR

Useful to determine if the lung lesion is visible (fluoroscopic-guided biopsy)• 
To determine any contraindications (pneumonectomy/bullae/severe emphysema/• 
pneumothorax)
To diagnose any postbiopsy complications (pneumothorax)• 

CT

Accurate lesion localization, location of fissures, detection of bullae, etc. that may cause • 
problems.

PET

Useful to confirm diagnosis and detect metastasis• 

US

Useful for pleural-based lesions or lesions invading the chest wall• 

Lung Needle Biopsy Indications

Solitary or multiple lung lesion/lesions greater than 5 mm in diameter where the histol-• 
ogy is unknown and obtaining histology will alter the clinical management of the 
patient.

Lung Needle Biopsy Contraindications

Absolute

Patients or family refusing to give consent.• 
Coagulopathic with INR > 1.5, APTT > 40, platelets < 70, 000 or receiving full antico-• 
agulation with low molecular heparin.
Lesion smaller than 5 mm in diameter.• 
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Cases where a tissue diagnosis will not alter the clinical management plan for the • 
patient.

Relative

Large bullae (high risk of pneumothorax)• 
Previous pneumonectomy/single lung• 
Severe emphysema (may not be able to tolerate a pneumothorax)• 
Coexisting contralateral pneumothorax• 

Relevant Anatomy

Establish the lesion location, peripheral lesions are best suited to percutaneous biopsy, • 
however, central lesions adjacent to the main bronchi are better suited to endoscopic 
biopsy.
Establish the location and number of fissures adjacent to the lung lesion or within the • 
pathway of the biopsy needle trajectory. Lung windows on the CT thorax are most 
valuable.
Establish the location of adjacent arteries and veins (may need to administer intrave-• 
nous contrast medium prior to the CT) in order to plan the needle trajectory to avoid 
these vascular structures.

Aberrant Anatomy

Accessory fissures: document their presence in order to avoid traversing them with the • 
biopsy needle.
Pre-procedure imaging should be closely reviewed to document any normal variants, • 
which would interfere with a safe procedure such as dextrocardia, right-sided or double 
aortic arch.

Patient Preparation

Ensure an appropriate clinical indication for the lung biopsy exists, i.e., a histological • 
diagnosis is required to guide further clinical management.
Informed consent, FBC, and INR.• 
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Equipment/Tools

Needle Types

Fine needle/large gauge needle/cutting core biopsy needle.

Core biopsy avoids the need for a cytopathologist to be in attendance as the tissue core • 
is placed in formalin and sent to the histology laboratory. However, with a fine-needle 
aspiration biopsy (FNAB), there should be a cytopathologist in attendance to view the 
slides and ensure that sufficient cells are aspirated.
Which needle to use? Lesions from 5 mm to 1 cm in diameter would be better suited to • 
FNAB, with lesions > 1 cm suitable for coaxial cutting needle biopsy.
Coaxial versus Tandem? Coaxial needle use is safer than tandem needle use due to the • 
fact that the pleura is only punctured once with the coaxial technique and an infinite 
number of biopsies are then possible. With the tandem technique a smaller needle is 
placed into the lesion and then the biopsy needle is placed in a parallel trajectory into 
the lesion, necessitating at least two pleural punctures for only one core and more pleu-
ral punctures for more cores. The pneumothorax rate increases with more pleural 
punctures.
Coaxial needle technique allows for plugging of the needle tract to minimize pneu-• 
mothorax occurrence and aspiration can be performed if pneumothorax does occur.

Results

Percutaneous fine-needle aspiration biopsy (FNAB) is a safe technique for diagnosing • 
malignant lung lesions, with a diagnostic accuracy rate of 94% and a sensitivity of 95%, 
but its diagnostic sensitivity rate in benign lung diseases is reported to be lower than 
50% in most series.
Coaxial automated cutting needle (18–20G) technique has a high diagnostic sensitivity • 
rate for malignant (88–95%) and benign diseases (71–97%). Lesion size (<1.5 cm 
[technically difficult] and >5 cm [central necrosis]) together with a benign histology 
negatively affect a correct histological diagnosis following cutting needle biopsy.

Pre-procedure Medication/Sedation/Analgesia

Local anesthesia, usually 10 mL 1% lignocaine, should be administered into the overly-• 
ing skin, subcutaneous tissues, chest wall musculature, and the overlying pleural 
surface.
Sedoanalgesia. However, some interventionalists do not use sedation to ensure patient • 
cooperation with breath hold during needle insertion and firing.
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Procedure

Planning an Access Route

Needle pathway should be planned on the diagnostic CT prior to intervention. Care should • 
be taken to avoid fissures, bullae, and vessels. The needle trajectory should be pointed 
away from the heart and great vessels. The needle should be placed above the rib below 
when traversing the intercostal space to avoid the subcostal neurovascular bundle.
For subpleural lesions, a longer oblique needle path has been shown to increase diag-• 
nostic accuracy and safety, as the guiding needle is less likely to become displaced into 
the pleural cavity if it has a longer intra parenchymal tract. Thus, pneumothorax rate is 
reduced and tissue sampling is more accurate.
Patient should be prone or supine, whichever gives the shorter and safer route to the • 
lesion, as this will be a more stable position and more comfortable for the patient.

Image Guidance

CT is now the method of choice to guide lung biopsy with both FNAB and coaxial cut-• 
ting needle techniques. CT allows excellent pre-procedure needle trajectory planning 
and risk minimization. Needle guidance is accurate, but not usually in real time. 
Immediate detection of postbiopsy complications is possible with CT, which can also 
be used to guide chest drain insertion.
Fluoroscopy was previously commonly used to guide lung needle biopsy for lesions • 
visible on plain x-ray. However, most centers now prefer CT guidance to minimize 
complications.
Ultrasound (US) is useful for the biopsy of subpleural lesions where the continuous • 
real-time nature of the imaging is valuable in guiding the needle into the lesion. 
However, US is of no use in guiding the biopsy of intraparenchymal lung lesions due to 
the inability of US to penetrate aerated lung.

Performing the Procedure

Technique

Aseptic technique should be performed with full sterile precautions taken.• 
Skin access site is determined and cleaned with appropriate agent and infiltrated with • 
local anesthesia. Small incision is made and the outer guiding 19G coaxial needle is 
placed into the subcutaneous tissue.
Needle trajectory is then checked with the imaging modality and adjusted if necessary • 
prior to pleural puncture.
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A single pleural puncture should be made and the needle path adjusted again as neces-• 
sary with image localization until the lesion is entered successfully. The outer guiding 
needle should be positioned on the near edge of the lung lesion (Fig. 1).
Breath hold should be performed by the patient during needle advancement to limit • 
lung parenchymal injury.
With the guiding needle in position, the inner stylet is removed, with the operator’s fin-• 
ger placed over the lumen to avoid any air aspiration (could cause pneumothorax or air 
embolism) and the 20G cutting needle is placed into the lesion via the guiding needle.
A staged firing needle is preferred to minimize vessel injury but yet obtain an adequate • 
tissue core. When fired, the cutting needle is removed, stylet replaced into the needle 
guide, and the tissue core removed from the cutting needle, inspected and placed into 
10% formalin.
The angle of the guiding needle can be changed manually by steering it under imaging • 
guidance to ensure sampling from a different location within the lesion with subsequent 
cutting needle biopsy.

End Point

Most operators obtain at least two tissue cores, however, with the 20G cutting needle • 
the cores tend to fragment, thus if it is felt that not enough tissue is present, there has 
been no bleeding and the guiding needle is still in place, then another core can be 
obtained.
Prior to guiding needle removal imaging is employed to ensure that no pneumothorax • 
has occurred. The guiding needle is then removed slowly to allow the lung parenchyma 
to recoil around the needle tract to minimize the occurrence of a pneumo thorax.

Fig. 1 19G guiding coaxial needle positioned within the lateral portion of an RUL lesion to avoid 
the medially placed vessels. The 20G cutting needle was then placed via this guiding needle into 
the lesion to obtain the tissue cores
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Immediate Post-procedure Care

Patient is placed on bed rest, supine at 45° with continuous O• 2 saturation monitoring 
and 15 min pulse and blood pressure monitoring in a dedicated recovery unit for 4 h.
Routine chest x-ray is performed at 4 h by some interventionalists to ensure no pneu-• 
mothorax, however, some operators will only obtain a chest x-ray if the patient has a 
clinical deterioration.
Many interventionalists now perform lung biopsy as a day case procedure allowing • 
discharge home after 4 h if patient is clinically fit, reserving hospital admission for 
patients with a post-procedure complication.

Follow-up and Post-procedure Medication

Clinicians and interventionalists should be available in the event of a late complication • 
such as delayed pneumothorax or hemoptysis, with patients being informed of such 
complications and the importance of returning to the hospital if they should occur after 
discharge.
Clinical follow-up should be performed when the biopsy result is available to determine • 
further management.
Mild oral analgesia may be required for 24–48 h following the biopsy.• 
Repeat image-guided biopsy should be performed in the event of inconclusive • 
histology.

Alternative Procedures

Iatrogenic pneumothorax can make an inaccessible lesion more favorable for biopsy.• 
Some interventionalists have plugged the biopsy tract in order to reduce the incidence • 
of pneumothorax.

Complications: How to Avoid and Manage

• Pneumothorax: Lesion depth is the single most important factor in predicting pneu-
mothorax, with subpleural lesions less than 2 cm from the pleura most likely to result 
in a pneumothorax following coaxial biopsy.

Recent pneumothorax rates are lower for coaxial cutting needles (9–19%) than FNAB 
(26.9%), with a chest drain insertion rate of 0–3% for coaxial cutting needle biopsy versus 
9.2% for FNAB.

Avoidance: Cross the minimum number of pleural surfaces, thus avoid crossing a fissure 
with the biopsy needle. Use a small caliber needle that will allow an adequate tissue core, 
i.e., 20G. Some reports have advocated plugging the tract to prevent a pneumothorax.
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Management: When using a coaxial needle, perform a check CT prior to removal of 
the coaxial needle, if there is a pneumothorax at this point, withdraw the coaxial needle 
into the pleural space and aspirate the air. If the patient experiences respiratory compro-
mise, a guide wire can be placed via the coaxial needle and a percutaneous chest drain 
placed (Fig. 2).

a

b

c

Fig. 2 (a) 45 year old female smoker who presented following two episodes of small volume hae-
moptysis. CXR (left) demonstrates one large spiculated discrete left upper lobe lung lesion. Axial 
CT thorax (middle) demonstrates a well defined lung parenchymal lesion in the left upper lobe 
with underlying emphysema and anterior bullous formation. Coronal PET (right) demonstrates an 
FDG avid left upper lobe lesion. This lesion was scheduled for a fluoroscopic guided needle biopsy. 
(b) Antero-posterior image (left) from the fluoroscopic biopsy procedure demonstrating the 19G 
guiding co-axial needle positioned within the left upper lobe lesion. Left anterior oblique image 
(middle) demonstrating the outer 19G guiding needle at the appropriate depth within the lesion. 
The 20G cutting needle was then advanced into the lesion via the guiding needle (right) to obtain 
tissue cores. (c) Post procedure CXR (left) demonstrates a common post-biopsy complication of a 
left pneumothorax, requiring fluoroscopic guided chest drain insertion (middle) with subsequent 
air aspiration and resolution of the pneumothorax (right). Biopsy confirmed adenocarcinoma
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• Bleeding: Lesion depth is the single most important factor in predicting bleeding, with 
lesions greater than 2 cm deep most likely to result in parenchymal hemorrhage or 
hemoptysis following coaxial biopsy. Lesion size £ 2 cm is also a predictor in  post-cutting 
needle biopsy hemorrhage as it is felt that there is a higher risk in sampling normal 
adjacent aerated lung, which will provide no tamponade to bleeding.

Higher bleeding rates with core biopsy (4–10%) than FNAB (2.4–5%), possibly due to the 
rapid firing of the automated cutting needle, with bleeding being the most common cause 
of death from a lung biopsy. Thus, certain cutting needles have a staged firing mechanism, 
i.e., Temno.

Avoidance: Pre-procedure contrast-enhanced CT to delineate the adjacent vessels and 
then planning of the biopsy needle trajectory to avoid traversing any large vessels. 
Avoid sampling any normal adjacent aerated lung parenchyma as this will not offer any 
tamponade if bleeding does occur. Avoid performing a biopsy if the patient has abnor-
mal coagulation. Avoid a biopsy if the patient has known pulmonary arterial 
hypertension.
Management: Most episodes of parenchymal hemorrhage or hemoptysis will settle 
spontaneously. However, if the patient is hemodynamically unstable, appropriate fluid 
resuscitation ± blood transfusion is required. Rarely, bronchial or pulmonary arterial 
transcatheter embolization is required.

• Infection: Rarely infection can be introduced into the lung lesion secondary to the 
biopsy procedure.
Avoidance: Aseptic technique with full sterile precautions.
Management: Appropriate antibiotic treatment.

• Failure: If insufficient tissue cores are obtained, histology can be inconclusive and thus 
no diagnosis is made.
Avoidance: Inspection of the tissue cores at the time of the biopsy procedure to ensure 
sufficient tissue volume. Use of a coaxial cutting needle system allows multiple cores 
to be obtained, with just one pleural puncture.
Management: Repeat the percutaneous biopsy.

• Air Embolism: Rare complication due to puncture of a pulmonary vein with air being 
sucked in and embolizing to the systemic circulation via the left heart, resulting in 
symptoms resembling those of stroke, transient ischemic attack, seizure, or cardiopul-
monary collapse.
Avoidance: Avoid puncturing a vessel. Place a finger over the outer guidance needle to 
prevent air being sucked into the needle.
Management: Remove the biopsy needle. Place the patient in the supine position and 
administer 100% oxygen. Hyperbaric oxygen therapy is recommended. A diagnosis 
may be established by performing immediate brain or cardiac CT to search for intra-
vascular air bubbles.
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Key Points

Review all of the pre-procedural imaging to determine that the request for lung  ›
biopsy is appropriate, to decide the imaging modality needed to guide the biopsy, 
to plan the safest needle trajectory, and to determine the appropriate choice of 
needle system.
Ensure that the patient is properly prepared for the procedure, i.e., consent,  ›
coagulation status, and absence of contraindications.
If the lesion size permits a coaxial cutting needle system, this is a safe method to  ›
obtain high histological sensitivity and specificity rates, and enables a single 
puncture of the pleura.
Inspect the tissue cores obtained to ensure adequate samples. ›
Perform a check CT following the biopsy to enable early detection of procedure  ›
complications.
Interventional radiologists should be familiar with the potential complications  ›
and equipped to manage them prior to chest biopsy performance.
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