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Abstract The percutaneous needle biopsy (PNB) is the initial step for obtaining the diagnosis
and it helps in treatment. It aids in primary diagnosis, tumor staging, or ruling out
infective etiology. It is a safe and successful minimally invasive method compared to
open biopsies. PNB is defined as the placement and insertion of a needle into a
suspected lesion or organ with the intent of retrieving tissue or cells for diagnosis. It
can fine needle aspiration cytology or core needle biopsy. The patient needs to be
counseled regarding the procedure and detailed history, including anticoagulant
history needs to be taken. The SIR consensus guidelines have divided biopsies into
low-risk procedures with a bleeding risk of < 1.5% and high-risk procedures > 1.5%.
There are advancements in needle design (e.g., echogenic tip while performing
ultrasound-guided needle biopsy) and image-guidance technology (ultrasound
quality, multi-slice CT scan) that improved these procedures safety and efficacy.
There are different types of needles available such as coaxial, aspiration needles,
Murphy’s bone biopsy needle, which depends on the tissue which needs to be
sampled or the organ to be biopsied. Various different types of biopsy guns, such as
semi-automatic, automatic, or manual are available. The newer technology such as
fusion and navigation biopsies helps in better characterizing and localization of the

Keywords lesion, improving the yield of the biopsy. Open and excisional biopsies have a higher
= diagnostic accuracy  mortality and morbidity rate than percutaneous biopsies, they are reserved for cases
= complication where the image-guided method has failed to provide the diagnostic yield. Sample
= core-needle biopsy collection must be done under a sterile container in formaline or microbiological

(CNB) examination. Reqgular analysis and rad-path correlation are key to success and
= oncologic imaging improving diagnostic yield. This abstract provides an overview of the existing biopsy
= percutaneous biopsy literature.
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Introduction

Percutaneous needle biopsy is an integral part of cancer
diagnosis and treatment. It is the first step in achieving
the diagnosis.1 It helps in tumor staging because it
provides pathologic confirmation of metastasis. Percutane-
ous image biopsy-guided biopsies are minimally invasive,
safe, and effective procedures.? The safety and efficacy of
these treatments have increased due to advancements in
needle design (e.g., echogenic tip while doing ultrasound-
guided needle biopsy) and image-guidance technologies.?
Open and excisional biopsies are reserved for selected
cases where the image-guided procedure has failed to
give the diagnostic yield because it is more mortality

Table 1 Indications of performing a percutaneous biopsy

and morbidity than percutaneous biopsy. This document
provides an overall review of the current literature on
biopsy.#

Indications

Following are scenarios where biopsy is recommended-
=Table 1

A) Diagnosis of pulmonary nodules-computed tomogra-
phy (CT) is the preferred image guidance modality.
Ideally, the most vertical (perpendicuar) path is select-
ed, which avoids bullae, interlobar fissures, and large
vessels® (~Fig. 1A-C).

targeted.

Contraindication

Absolute-
- Difficult location,
- Irreversible coagulopathy and
- Refusal to Consent.

Relative

1. To establish the diagnosis of the benign or malignant nature of the lesion.
2. To obtain tissue for microbiological analyses in suspected or known infections in the post-treatment setting.
3. To classify a malignancy and perform immunohistochemistry (IHC) on the sample and obtain molecular analysis for the

4. To stage a patient with suspected malignant tumors elsewhere.

- Unco-operative patient (can be done under general anasthesia),
- Significant co-morbidities (e.g., respiratory or hemodynamic instability),
- Pregnancy (especially if ionizing radiation is present, can be done ultrasound-quided.)

4

Fig. 1

(A-F) Axial CT images demonstrate lung and mediastinal lesion biopsy technique.

A-Solitary lesion in the right upper lobe posterior approach taken where the needle is perpendicular to the lesion.

B-Large lung mass in the right lower lobe posterior approach taken for biopsy.

GSmall lesion located in the subpleural location of the right lower lobe, tangential approach taken to obtain the larger length of the core.
D & E-CECT reveals subcarinal lymph node in k/c/o carcinoma of the lung. Extrapleural posterior approach was taken with hydro dissection of the
parietal and visceral pleural and a biopsy of the mediastinal lymph node was done.
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B)

0

S

Mediastinal lesions-CT-guided direct mediastinal or
extrapleural approach is generally preferred over a
transpulmonary approach to avoid pleural transgres-
sion and thereby decrease the risk of pneumothorax
and pulmonary haemorrhage.® Ultrasonographic
(USG) guidance can be used for large mediastinal
lesions, which are in contact with the chest wall and
are easily visualised (~Fig. 1D-F).

Abdominal and pelvic lesions-Soft-tissue masses in-
volving the peritoneum, omentum, retroperitoneal
nodes, and mesenteric lymph nodes are amenable to
percutaneous biopsies under USG or CT guidance
depending on size and location. Liver biopsies are
done under USG guidance; however, CT guidance can
be preferred when there is difficulty in visualizing
lesions such as under the dome of the diaphragm. In
certain cases, a combination of modalities can be used
where both USG and CT scan can be used for lesions
near para cardiac location’ or navigation/fusion tech-
niques with USG guidance can be done (~Fig. 2).
Musculoskeletal tumors-Soft tissue masses can be
easily targeted on USG; however, CT guidance is
recommended for lesions limited to bone. The needle

path and approach need to be discussed with the
orthopaedic oncosurgeon because an inappropriately
performed biopsy will lead to contamination of the
compartment, wider excision during surgery, a wider
area of irradiation, and difficulty in flap reconstruc-
tion of the defect.

E) Spinal lesions-The biopsy of vertebral lesions depends

F)

on the location of the lesion within the vertebra and the
level of vertebra. It can be transpedicular, parapedicular,
transforaminal, and para laminar for lumbar and thoracic
vertebrae. It can be an anterolateral, posterolateral,
posterior, and anterior transoral approach under fluo-
roscopy or CT guidance for the cervical vertebra, depend-
ing on the location of the lesion® (~Fig. 3).
Head and neck lesions-Deep seated head and neck
biopsies are most commonly performed under CT
guidance. Various approaches such as subzygomatic,
retromandibular, paramaxillary and submastoid,

transoral and posterior approaches are commonly
used.” In contrast, the biopsies of superficial organs
such as lymph node, submental, parotid glands, and
thyroid gland lesions are done under USG guidance
(=~Fig. 4).

Fig. 2 (A-B) Left Paraspinal approach for biopsy of the aortocaval lymph node.

(C-D) CECT reveals pancreatic head mass where biopsy is performed via transgastric approach.

(E-F) CECT reveals pancreatic body mass, USG guided biopsy of pancreatic mass with compression of bowel loops.

(G-H) USG guided liver lesions biopsy traversing normal liver parenchyma. H-Lesions appreciated by using high-frequency probe.
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Fig. 3 (A and B) Axial CT images demonstrate vertebral lesion biopsy by parapedicular technique.
(C and D) Axial CT images demonstrate vertebral lesion biopsy by transpedicular technique.

Fig. 4 (A-B) Paramaxiiary approach for parapharyngeal mass biopsy. (C) Trans nasal approach for petrous mass biopsy.

Definitions neous needle biopsy (PNB) is “The placement or insertion of a
needle into a suspected lesion or organ for the intent of
According to the Cardiovascular and Interventional Radio-  retrieving tissue or cells for diagnosis.” Imaging techniques

logical Society of Europe (CIRSE), the definition of percuta- used as a guide for PNB are ultrasound, fluoroscopy,
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computed tomography, positron emission tomography CT
(PET-CT) and magnetic resonance imaging (MRI). The imag-
ing technology used is determined by nature, location of the
lesion, the patient’s compliance, availability of the technique,
and preference of the operators. Fine-needle aspiration
cytology (FNAC) and core biopsy (CB) are two types of
PNB. FNAC is a technique that involves using a thin, hollow
needle (18-25 gauge) to collect cells for cytological evalua-
tion by aspiration. FNAC is used to prove metastasis or where
the lesion is difficult to biopsy due to the vicinity of a critical
structure such as a major blood vessel, bowel or any major
organ. CB is the extraction of a portion of tissue for the
histological assessment using a hollow needle (9-20 gauge)
with a cutting and capturing device.*10

The technical success of PNB is defined as the procure-
ment of sufficient samples to establish the diagnosis. Clinical
success is defined as a patient’s outcome depending on the
biopsy result. According to the protocol, clinical success
guides the clinician for appropriate surgical or medical
management.4

Patient Information and Consent

Prior to doing a biopsy, the patient’s detailed medical history,
anticoagulant history, clinical examination, laboratory data
such as complete blood count and coagulation profile need to
be done except for superficial cases, i.e., low-risk case (Catego-
ry 1-according to CIRSE). Pre-procedural cross-section images
need to be available for procedural planning, such as choosing
the best imaging guidance (with or without contrast injection
to delineate the lesion better), the patient’s position, access
routes, needle type and trajectory, and the number of samples
to be collected. Following institutional protocols, informed
consent should be sought directly by the interventionist doing
the procedure. The indications, procedure details, complica-
tions, and alternative options must be appropriately discussed
with patients. The need for prophylactic antibiotics (trans-
rectal biopsies), peri-procedural drugs, such as anesthesia and
pain medication that may be required and post-procedure
medications must be explained.''?

Contraindications and Precautions

Antiplatelet/anticoagulation drugs should be stopped before
the procedure, especially for biopsies with a moderate or
high risk of bleeding. Evaluation of coagulation status and
discontinuing anticoagulation medications before the pro-
cedure as per the Society of Interventional Radiology (SIR)
guidelines. The SIR consensus guidelines have divided biop-

Table 2 Pre- Biopsy checklist

sies into low-risk procedures with a bleeding risk of < 1.5%
and high-risk procedures >1.5%. Superficial biopsies and
transjugular liver biopsies are categorized as low-risk, while
solid organ and deep non-organ biopsies are categorized as
high risk for bleeding. The SIR guidelines recommend the
correction of the International Normalized Ratio (INR) to 2.0
to 3.0 for low-bleeding-risk procedures and 1.5 to 1.8 for
high-bleeding risk procedures. Platelet transfusion should be
considered if the platelet count is < 20 x 10%/L or < 50 10°/L
for low and high bleeding risk procedures, respectively. It is
recommended to withhold the antiplatelet or anticoagulant
medications for 3 to 5 days before high-bleeding risk biopsies
(~Table 2)."3

Technique|Protocol|/Image Acquisition

A careful review of the cross-sectional/functional images
needs to be done. The preferred imaging modality is chosen,
and the biopsy trajectory is planned. Patients should be
fasting for 4 to 6 hours before the procedure when sedation
or deep anesthesia is needed, especially for children (below
15 years) and individuals who are apprehensive or have
lesions in a critical location. Peripheral venous access (18-
20 Gauge) should be obtained in all patients before the
procedure and vitals need to be monitored pre-procedure,
intra procedure, and at least 2 hours after the procedure. On
the biopsy day, the checklist must be filled before the biopsy.*

Patient Positioning and Preparation

The patient is positioned depending on the lesion location,
modality used, and easy access route to the lesion avoiding
the major neurovascular structures, lung fissure and bullae,
bowel etc. The patient should be in a comfortable and stable
position for the procedure. The target route must be as short
as possible; however, in certain specific situations, a longer
route is advised, such as in subcapsular liver or lung lesions. A
longer track with intervening normal liver parenchyma in
the liver reduces the risk of hemoperitoneum due to the
tamponade effect; similarly, in subpleural lesions, a longer
oblique intraparenchymal needle path helps in the easy
maneuvering of the needle and increases technical success.'*
In some situations, intravenous contrast media injection
(including the contrast-enhanced US, e.g., for isoechoic liver
or renal tumors) is required to visualize the target lesion
before biopsy and visualize the vital structures. All biopsies
are done in free-breathing techniques, rarely in a difficult
location such as lung bases; it should be done in the end-
expiratory phase as the lesion position will be relatively
more stable.’”

any history of allergy to such materials.

1. Check blood parameters (hemoglobin, platelet count, PT/INR, viral markers)
2. Confirm the patient’s identity and the procedure to be performed.
3. If a contrast agent needs to be administered, the renal function test should be evaluated and safety assured after ruling out

4. Any use of anticoagulation needs to be reconfirmed to avoid inadvertent complications.
5. Informed consent needs to be taken after explaining the risks and benefits of the procedure in detail.
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Fig.5 (A) Coaxial biopsy system showing biopsy needle and gun. (B-C) Murphy’s needle and ackerman’s used for bone biopsy. (D-E) Post biopsy

clot embolisation of biopsy tract in lung biopsy.

Techniques

Coaxial technique-A guide needle, larger than the biopsy
needle (typically 9-19G), is advanced under image guidance,
reaching the edge of the target. The inner stylet is removed,
the biopsy gun is introduced into the lesion, and multiple
specimens are taken with a single puncture. This may
prevent tumor cells from seeding along the needle tract by
re-inserting the inner stylet of the coaxial needle before the
removal compared to the non-coaxial method. The coaxial
technique reduces procedural time and procedure-related
pain (by reducing repeated punctures) and also decreases the
rate of complications (~Fig. 5).

Hydro-dissection is a technique where 0.9% saline solu-
tion facilitates image-guided biopsies by displacing impor-
tant mobile structures (such as bowel, neurovascular bundle,
etc.) away from the needle trajectory'® (~Table 3).

Image Analysis and Interpretation

A percutaneous needle biopsy can be performed under the
US, CT, fluoroscopy, MR, fluoro-CT, cone-beam CT or PET-CT
guidance. The advantages and disadvantages of the most

Table 3 Different biopsy techniques

1. Hydrodissection in subcarinal nodes biopsy.

2. Curve needle technique in mediastinal biopsy and ab-
dominal lesions.

3. Inspiration and expiration for small pulmonary nodules
and liver lesions.

4. Lateral decubitus in adrenal biopsy and lung biopsy.

5. Artificial pleural effusion and pneumothorax with the help
of a spinal needle.

Different types if biopsy guns available.
1. Automatic

2. Semi-automatic

3. Vacuum-assisted

Different types of Biopsy needles available.
1. Coaxial

2. Aspiration needles

3. Murphy’s bone biopsy needle

4. Steerable needles

frequently used image guidance techniques are summarized
in =Table 4.

The selected
following:

imaging modality should allow the
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Table 4 The advantages and disadvantages of the most frequently used image guidance techniques

Availability.

No radiation exposure, feasible for
pregnant patients.

Less procedure time.

Less cost as no need to give contrast.

USG CT/Fluoroscopy MRI
Advantages Real-time imaging is available. Visualization of deep lesions is lim- | Near real time with specific
Portability present. ited in obese patients. sequences

Excellent visualization of
deep lesions.
No radiation exposure.

Disadvantages | Visualization of deep lesions is limited
in obese patients, however it can be
overcome with the upcoming fusion

biopsy technique.

Real-time imaging only possible
with CT fluoroscopy. Portability is
anissue. Availability is an issue since
the cost is more.

Radiation exposure is anissue. More
procedure time. More cost

Portability is an issue. Avail-
ability is an issue since the
cost is more. More procedure
time. Maximum cost.

» Proper visualization of the target lesion and all the adja-
cent relevant anatomy.

» Adequate visualization of biopsy equipment used during
the procedure.

» Comfortable patient positioning and operator’s maneuvers.

* Prompt and adequate evaluation and management of
possible complications (e.g., pneumothorax).

 Limited ionizing radiation exposure (particularly in chil-
dren and young patients).

The new software has become available to facilitate
needle insertion and target visualization during a biopsy
under challenging lesions that allows fusing images obtained
from different modalities, such as CT, MR or PET-CT with
real-time USG or fluoroscopy. Special optical or electromag-
netic navigation systems are required for performing biop-
sies using this technique.!”

USG guidance-The needle can be inserted parallel or
perpendicular to the transducer with the freehand or
hand-guided technique. The tip needs to be visualized during
needle insertion as an echogenic complex. Multiple punctu-
res of the liver/renal capsule should be avoided to avoid the
risk of bleeding. TRUS (trans-rectal)/TVUS (trans-vaginal)
route can be used to biopsy prostate, vaginal/cervical vault
lesions, and other deep-seated pelvic lesions (~Fig. 6).'

CT guidance-The biopsy planning is done on the axial scans
and needs to be confirmed on the multiplanar reformatted
images. The path length and angle are measured on the CTscan.
The skin access point is marked using a radiopaque marker or a
radiopaque grid positioned on the patient before the prelimi-
nary CT. A low-dose CT scan (reduced kVp and mAs) can be
performed to reduce the overall dose of radiation'® (~Table 4).

Sample collection-

All biopsy samples need to be collected in formalin for
histopathology. If the imaging finding is for infection addi-
tional sample needs to be collected for culture and sensitivity
and if tuberculosis is suspected for gene expert.2°

Complications

The complication needs to be anticipated early and appro-
priate treatment needs to be done. All emergency drugs

should be available within the department and the operating
physician needs to know about these drugs.

The most common complication is bleeding and signifi-
cant bleeding after PNB is rare. It is approximately 0.5% of all
cases.?! The biopsy tract must be plugged with a gelatin
sponge, coils, or glue if the bleeding is from the coaxial
needle. This can also be done as prophylactic in cases where
it is a high risk, as in highly vascularized tumors or highly
vascularized organs such as the spleen. The majority of
complications occur within 4 to 6hours following the
biopsy.

Analgesics (typically, paracetamol, or NSAIDs) are pre-
scribed if the pain is present.

Perforation of organ-can be there if any transgression of
the bowel is there. Most of the time, conservative manage-
ment will settle, but one should look for any signs of
peritonitis.22

Pneumothorax is one of the most common complications
of lung biopsy; however, only progressive, moderate, or
tension pneumothorax needs catheter placement. One can
use 1 to 3 mL of saline or autologous blood clot to seal the
needle tract in lung biopsy can also be performed to reduce
the risk of pneumothorax.3

Quality Control

The physician performing the PNB always strives to achieve
100% success and 0% complication. However, it is challenging
to achieve these results, so SIR has come out with quality-
improving guidelines to determine an optimal success rate
threshold for percutaneous biopsy.? The numerous factors
will influence the procedure’s ultimate success. These factors
include the number of samples taken, the magnitude of the
target abnormality, the organ system in which the biopsy is
conducted, the presence of an onsite cytopathologist, the
pathology staff’s experience, the imaging technology avail-
able, and the operating physician’s competency.

There should be a regular audit of the PNB and these need
to be looked at carefully to keep on improving. Another thing
is to have regular meetings with pathology colleagues to
improve the overall accuracy of the biopsy and have a good
rad-path correlation.

Indian Journal of Medical and Paediatric Oncology ~ Vol. 44 No. 3/2023 © 2023. The Author(s).



Imaging Recommendations for Image-quided Biopsy Gala et al.

7 = —
e
:n 01675 o 01676 = VTS e 01675
: Rue e 3 L s £
5 =
7 7 =
01675 P e o 01
A 0 1675 675
ol o Rl
/ 7 Z ;
. — /4

o 01675
fr RO

7 7 7 N
01675 c 01675
WARD: R 4 WARD 1
/] 4/

Fig. 6 (A-B) Instrumentation used in TRUS guided biopsy and 12 containers for 12 core biopsy of the prostate. (GD) Axial CTshows anill-defined

cervical mass sampled through TRUS guided approach.
Regulatory Issues

The overall reported diagnostic technical success rate of PNB
is 70 to 96%; however, it varies greatly depending on the size
and location of the target, the benign or malignant nature of
the lesion, the number of samples obtained, the availability
of an onsite cytopathologist, the experience of the Irs and
pathologists, and the availability of equipment. PNB’s clinical
success can be defined as the procedure’s utility in improving
patient care assessed by biopsy results, including quality of
life (QoF).2%%> The selection of patients for targeted or
immune-targeted therapy and recruitment into clinical trials
can be a positive outcome of PNB in the era of customized
cancer care.

Summary

- Complete blood count and coagulation profile are recom-
mended in all patients scheduled for a biopsy except for
superficial low-risk biopsies (Category 1).

- General anesthesia is recommended for pediatric
patients.

- Antibiotic prophylaxis is recommended only in immuno-
suppressed patients, infective cases, or transgression of
the bowel, as in transrectal biopsies.

- Alonger route is recommended in the subcapsular liver or
subcapsular lung lesions.

- Major complications occur within 4 to 6 hours after biopsy
and bleeding is the most common complication.

- Analysis of biopsy and rad-path correlation needs to be
done.

Note

The article is not under consideration for publication
elsewhere. Each author participated sufficiently for the
work to be submitted. Publication is approved by all
authors.
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