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Microwave ablation (MWA) is an advanced, minimally invasive technique used for the treatment of
solid tumors. By utilizing microwave energy, MWA generates heat that causes tumor cells to undergo
coagulative necrosis, leading to their destruction. The technique has gained widespread acceptance
due to its precision, efficacy, and ability to treat tumors in difficult-to-reach locations. This article
provides an in-depth exploration of the principles and techniques underlying microwave ablation, as
well as its clinical applications across various cancer types, including liver, kidney, lung, and thyroid
tumors. The advantages of MW A—such as shorter recovery times, reduced risk of complications, and
the ability to treat tumors in patients who are not surgical candidates—are highlighted. Additionally,
the article addresses the technical challenges, potential risks, and complications associated with the
procedure. The effectiveness of MWA in combination with other therapeutic modalities, such as
chemotherapy and immunotherapy, is also discussed. Finally, the article reviews recent advancements
in MWA technology, including improvements in probe design, imaging techniques, and treatment
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precision, offering a glimpse into the future of tumor ablation therapies.
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INTRODUCTION

Microwave ablation (MWA) is a minimally invasive technique
used to treat tumors by heating them with electromagnetic
waves in the microwave frequency range. The principal
mechanism behind microwave ablation involves the
conversion of electromagnetic energy into heat, which is used
to target and destroy tumor tissue. This approach is used in
various cancers, particularly liver, kidney, lung, and thyroid
tumors, and is often considered an alternative to traditional
surgery, especially in cases where surgery may be risky or not
feasible.

Principle of Microwave Ablation: The basic principle of
microwave ablation is based on the use of microwave energy
(typically at 2450 MHz) to generate localized heat within the
tumor. This heat leads to cell death and coagulation, which
causes necrosis of the tumor tissue.

Electromagnetic Energy and Tissue Interaction

e Microwave Frequency: The most commonly used
microwave frequency for ablation is 2450 MHz.

At this frequency, microwaves interact with tissue water
molecules, causing them to oscillate. This results in friction
between molecules, which generates heat.

e Thermal Effect: The heat generated by microwave energy
causes the tumor tissue to reach temperatures of 60°C to
100°C. As the temperature increases, the proteins in the
tumor cells denature and cellular structures break down,
leading to coagulation and necrosis (cell death).

e Depth of Penetration: Unlike other thermal therapies such
as radiofrequency ablation (RFA), microwave energy can
achieve larger ablation zones and deeper tissue penetration.
The energy is not dependent on tissue resistance, which
allows it to create more uniform heating in tissues with
varying electrical properties.

Selective Tumor Destruction

e  Tumor cells, which are rapidly dividing, are more
susceptible to thermal injury than normal tissue,
particularly because they tend to have poorer blood
supply, which limits their ability to dissipate the heat.
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This selective destruction helps to minimize damage to
surrounding normal tissue.

Technique of Microwave Ablation: The technique of
microwave ablation involves several steps, from patient
preparation to post-procedure monitoring. Below is a detailed
explanation of the technique:

Pre-Procedural Planning and Imaging

e Imaging Modalities: Imaging plays a crucial role in
guiding the procedure. The most commonly used imaging
modalities are:

o  CT (Computed Tomography): Provides high-resolution
images and is particularly useful for targeting tumors in
the liver and lungs.

o  Ultrasound: Used for real-time guidance, especially for
superficial tumors such as those in the liver or thyroid.

o  MRI (Magnetic Resonance Imaging): Offers high soft
tissue contrast and can be used for tumors in various
organs, including the brain.

e  Tumor Assessment: Pre-procedure imaging helps assess
tumor size, location, and its relationship to surrounding
structures (blood vessels, bile ducts, etc.). This is critical
for planning the needle placement and determining
whether the tumor is accessible for MWA.

Patient Positioning

e  The patient is positioned based on the tumor's location
and the approach (percutaneous, laparoscopic, or
endoscopic) that will be used.

e  Sedation and Anesthesia: Depending on the procedure's
complexity, local anesthesia or moderate sedation is used
to ensure patient comfort. For some procedures, general
anesthesia may be required, especially for tumors located
deep in the body or in the abdominal cavity.

Insertion of the Microwave Probe

e  Needle Insertion: A small, thin probe (usually between
1-2 mm in diameter) is inserted through the skin, guided
by imaging. A hollow needle or trocar is used to access
the tumor, with the microwave antenna at the tip of the
needle.

e Image-Guided Placement: Using real-time imaging
(ultrasound, CT, or MRI), the needle is positioned into
the center or periphery of the tumor. The precise
placement of the probe is essential to ensure that the
tumor is adequately treated.

e  Percutaneous Approach: In most cases, the probe is
inserted through the skin (percutaneously). In some
situations, an endoscopic or laparoscopic approach may
be used, particularly if the tumor is located deep in the
abdomen, lungs, or near critical structures.

Delivery of Microwave Energy

. Microwave Energy Emission: Once the probe is in
place, microwave energy is delivered through the
antenna. The probe heats the surrounding tissue by
generating microwaves, which causes water molecules
within the tumor cells to vibrate, generating heat.

Ablation Zone: The energy causes the tumor tissue
temperature to rise rapidly to temperatures around 60°C
to 100°C. This heat denatures proteins and disrupts
cellular structures, leading to coagulative necrosis. The
resulting “ablation zone” can range from 2 cm to 5 cm
in diameter, depending on the tumor's size and the
power of the microwave energy.

Real-Time Monitoring: Throughout the procedure,
imaging is used to monitor the ablation zone and to
ensure that the entire tumor is treated. Multiple probes
or multiple ablation sessions may be required for larger
tumors.

Termination and Removal of the Probe

Procedure Completion: Once the tumor is fully
ablated, the microwave energy is turned off. The probe
is removed, and the skin is cleaned and dressed. In
some cases, a small bandage or stitch may be used to
close the puncture site.

Post-Ablation Imaging: Post-procedure imaging is
performed immediately to assess the ablation area and
ensure complete destruction of the tumor.

Post-Procedure Care

Monitoring: Patients are typically observed for a short
period (1-2 hours) following the procedure. Monitoring
focuses on signs of complications such as bleeding,
infection, or injury to surrounding structures.

Recovery: Most patients can go home on the same day,
though some may require a brief overnight stay if the
procedure was extensive or if there were complications.
Pain management is provided, as some discomfort may
persist in the treated area.

Follow-Up and Long-Term Monitoring

Imaging: Post-procedural imaging (CT, MRI, or
ultrasound) is performed within a few days to weeks to
confirm the extent of the ablation and assess any
residual tumor.

Follow-Up Schedule: Regular follow-up imaging is
typically performed over the next 3-6 months to detect
tumor recurrence or assess for complications such as
local recurrence or distant metastasis.

Advantages of Microwave Ablation

Minimally Invasive: MWA is less invasive than
traditional surgery, with no large incisions or general
anesthesia needed.

Precise Ablation: The use of imaging allows for
precise targeting of the tumor, minimizing damage to
surrounding healthy tissues.

Shorter Recovery Time: Most patients experience
less post-procedural pain and can resume normal
activities quickly.

Effective for Small Tumors: MWA is most effective
for small, localized tumors, especially those located in
difficult-to-reach areas.

Repeatability: The procedure can be repeated if
necessary, and it can be combined with other
treatments, such as surgery, chemotherapy, or
radiation therapy.
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Image — (A) Sterile technique, (B) Guided MWA Antenna/Needle Insertion,(C) MWA Antenna/Needle, (D) USG Guided MWA
Antenna/ Needle Insertion , ( E) Tumor sowing in CT Scan , (F) CT-guided Antenna/Needle placement

Limitations and Risks

e Not Suitable for Large Tumors: Larger tumors may
require multiple treatments or alternative therapies, as the
ablation zone may not cover the entire tumor.

e Risk of Complications: Although rare, complications
can include bleeding, infection, injury to surrounding
tissues (e.g., blood wvessels, bile ducts), and
pneumothorax (lung puncture) if the procedure is done in
the chest.

. Tumor Recurrence: There is a risk of recurrence,
especially if the tumor is not completely ablated. Long-
term monitoring is required to detect any signs of residual
or recurrent tumor growth.

e  Access to Tumor: Tumors in challenging locations (e.g.,
near critical organs or large blood vessels) may be
difficult to access with the microwave probe.

CONCLUSION

Microwave ablation is a highly effective, minimally invasive
treatment for certain types of tumors, offering significant
advantages in terms of precision, recovery time, and
repeatability compared to traditional surgical methods. While
it is not suitable for all tumor types or sizes, it provides a
promising alternative for patients who are not candidates for
surgery or for those seeking less invasive treatment options.
Proper patient selection, imaging guidance, and post-treatment
monitoring are key to the success of this procedure.
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