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Thermal ablation is increasingly being utilized for the management of solid parenchymal tumors, such as
hepatocellular cancer, renal tumors, thyroid nodules, and pulmonary tumors. However, its application in the
management of pancreas lesions was delayed due to fears of causing iatrogenic thermal injury to the surrounding
organs. The initial success of radiofrequency ablation (RFA) in inoperable pancreatic cancers led to its application

in pancreatic neuroendocrine tumors and pancreatic cystic neoplasms (PCLS).

microwave ablation thermal ablation pancreatic cancer neuroendocrine tumors

pancreatic cystic lesions pancreas tumors

| 1. Introduction

The microwave delivery system consists of a generator, a microwave antenna needle, and a flexible coaxial cable.
In Figure 1, the endoscopic ultrasound (EUS)-guided microwave ablation probe is shown with the power generator
and EUS-guided Microblate™ Fine Needle (Creo Medical, Chepstow, UK) as an example. The specific power and
frequency output of the generator vary according to the manufacturer. The microwave antenna is 15 to 30 cm in
length with a 14 to 20-gauge needle. The generator and antenna are connected using a flexible coaxial cable,

which may be internally cooled [,
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Figure 1. Microblate™ Fine Needle (Creo Medical, Chepstow, UK): microwave delivery system with generator (A)

and microwave antenna needle and coaxial cable (B).

There are multiple ways to access the pancreatic lesion for microwave ablation, including the percutaneous,
laparotomy, and endoscopic ultrasound (EUS) approaches [ZIRBI4IEIE The choice of approach depends on the
operator’s preference/expertise and patient characteristics. The patient's hemodynamics should be closely
monitored throughout the procedure. The postoperative course and length of hospitalization depend on the

complexity of the procedure.

The general principles of performing microwave ablation of pancreatic lesions involve the following: (a) Advancing
the microwave ablation probe into the lesion until its tip is situated in the center of the lesion 7. When used
surgically during laparotomy, a cold, wet gauze can be placed over surrounding tissue to avoid thermal damage.
(b) Applying short bursts of microwave energy ranging from 60 s to 10 min at various power wattages ranging from
20 W to 60 W. The output time, power, and frequency are usually recommended by the manufacturer to allow for
optimal thermal necrosis of the tissue. Multiple bursts of energy can be applied. (c) Constant monitoring of the

ablation zone, which is performed using ultrasound or computed tomography imaging EI4IEIRIL0]

There is a paucity of standardized guidelines for microwave ablation due to its emergence as a novel ablative
technique for pancreatic lesions. While microwave ablation is commonly employed for hepatic tumors, a
comparative study utilizing two different frequencies (915 MHz vs. 2.45 GHz) demonstrated no differences in
ablation outcomes. Nevertheless, variations in parameters such as total ablation time per application, ablation time
per lesion, and applied energy were observed. Further research involving microwave ablation for pancreas lesions

is imperative to establish the requisite technical specifics and optimal procedural details 1],

| 2. Radiofrequency Ablation

Numerous studies have evaluated the use of RFA in the management of pancreatic lesions 12, RFA generates
heat through a high-frequency alternative current in the range of 400-500 kHz delivered via a needle electrode to
the target tissue, causing coagulative necrosis and apoptosis 13Il14] Similar to the microwave delivery system, the
RFA system also consists of a generator and a needle electrode. The RFA system also consists of a grounding
pad. Only one RFA system is FDA-approved in the United States: STARmed EUSRA RF (STARmed, Seoul,
Republic of Korea). The device consists of an 18- or 19-gauge RFA needle, which is connected to the generator.
The needle electrode is 140 cm in length and is completely covered except for the distal segment (5—20 mm in
length), which delivers energy through its conical tip. This needle electrode is internally cooled with cold saline to
prevent charring on the electrode surface. RFA is susceptible to the heat sink effect, where the heat is absorbed
and dissipated by the bloodstream from adjacent structures, thereby reducing the ablative effect [£2l. Depending on

the target lesion, RFA can be applied via a percutaneous, EUS-guided, or surgical approach.

| 3. Photodynamic Therapy
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Photodynamic therapy is a novel technique with limited clinical usage. Initial studies have reported the technical
feasibility and safety of the technique in patients with inoperable pancreatic cancer 18, During the procedure, a
photosensitizer drug is administered intravenously, and multiple animal studies have shown that these
photosensitizing drugs preferentially accumulate in malignant pancreatic tissue 7. Subsequently, the target tissue
is exposed to a predetermined wavelength of light that activates the photosensitized drug and causes localized
necrosis. The one published study on pancreatic cancer utlized a chlorin e6 derivative (Photolon;
Belmedpreparaty, Minsk, Belarus) as the photosensitizing drug 28, Using an EUS-guided approach, they advanced
a flexible laser-light catheter preloaded on a 19-gauge needle into the pancreatic tail to activate the drug and cause
necrosis. Future studies should further investigate these photosensitizing drugs, the depth of penetration for

various wavelengths of light, and other technical aspects of the procedure.

| 4. High-Intensity Focused Ultrasound

High-intensity focused ultrasound causes thermal coagulative necrosis in target tissue using a focused ultrasound
beam 18 The high-intensity focused ultrasound system consists of three main parts: |. a special transducer that
bundles ultrasound waves into a beam and focuses it at the target tissue; Il. a generator; and Ill. an imaging
modality (magnetic resonance imaging or ultrasound) that targets and monitors waves in real time. Depending on
the manufacturer of the system, the emitted frequency and penetrable tissue depth can differ. During the
procedure, very short bursts of ultrasound energy are delivered repeatedly while the target tissue is constantly
monitored via imaging modalities 22, One benefit of a high-intensity focused ultrasound method is that it is non-
invasive and does not require any needles. Many studies have reported the safety and technical feasibility of high-
intensity focused ultrasound on pancreatic cancer 22, However, more studies are needed to evaluate the use of

high-intensity focused ultrasound on pancreatic neuroendocrine tumors and PCLs.

| 5. Cryothermal Ablation

Similar to other thermal ablative technigues, cryothermal ablation relies on the generation of heat and subsequent
irreversible cellular damage and coagulative necrosis. However, in addition to this thermal injury, cryothermal
ablation induces in situ freezing, vascular injury, and apoptosis by application of a cryogenic gas such as carbon
dioxide 2. The HybridTherm Probe (Erbe Elektromedizin GmbH, Tiibingen, Germany) consists of a bipolar RFA
device paired with an internal carbon dioxide cooling system used under EUS guidance and has undergone limited
clinical investigation 22231, Most recently, the system was applied to patients with locally advanced pancreatic
adenocarcinoma in conjunction with standard chemotherapy versus chemotherapy alone; however, meaningful
conclusions about survival could not be drawn because the study was underpowered 23], Cryothermal ablation is

thought to overcome some of the existing limitations of standard RFA; however, additional investigation is needed.
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