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Abstract
Radiofrequency ablation (RFA) had been widely used for the treatment of various solid organ malignancies, and by surgeons intra-operatively. Over the last decade, endosonographers have gradually shifted the application of RFA from porcine models to humans to treat a spectrum of diseases. RFA is performed in patients with pancreatic carcinoma who are not candidates for surgery. The various indications for RFA, procedural details and complications are discussed in this review. At present, endoscopic ultrasound-guided RFA is gradually incorporated into the management of various diseases and opens the door for further research. 
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Core tip: Endoscopic ultrasound-guided radiofrequency ablation (RFA) is a rapidly emerging modality, which has seen rapid advancement from porcine models to application in humans over the last decade. In this review, we provide details on the indications, thermokinetic principles and complications related to RFA, which should be judiciously applied in the management of various diseases.
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INTRODUCTION
Over the last two decades, palliation techniques for pancreatic adenocarcinoma have changed significantly. New developments in endoscopic ultrasound-guided therapies have also rapidly emerged[1]. Radiofrequency ablation (RFA) which utilizes high frequency alternating current, results in coagulative necrosis[2,3].
This principle has been applied using various routes including percutaneous, intra-operative and recently using endoscopic ultrasound (EUS). This modality is gradually gaining popularity among endosonographers at tertiary centers. EUS-RFA is now an established anti-tumor therapy and an alternative to surgery[4].
Pancreatic adenocarcinoma is an aggressive tumor with a dismal survival rate due to delayed diagnosis. Only 10% of patients qualify for curative surgery[5].The majority of patients have locally advanced unresectable disease with encasement of vessels (superior mesenteric vessels, portal vein and or hepatic artery)[6]. One-year survival in these patients is less than 5% after diagnosis[7].
EUS-guided RFA was first used in a porcine model by Goldberg et al in 1999[8]. EUS is used for various therapeutic procedures as it can be precisely applied in pancreatic lesions and helps delineate the area of interest for ablation[9-11]. 
EUS provides real-time imaging of deeply located anatomical structures such as the pancreas which is difficult to approach using the percutaneous route[12]. RFA has been widely utilized in the treatment of liver, lung and kidney tumors[13-15].

MECHANISM OF RFA
RFA is based on the principle that high frequency alternating current is converted into thermal energy which results in coagulative necrosis of surrounding tissue[16]. Thermal exposure above 45 C results in denaturation of cell proteins and is utilized in the treatment of various tumors[17].
There are three important components in this procedure: the generator, needle and tissue.
The generator utilizes alternating current and converts it into thermal energy which is transferred through the exposed part of the needle[8,18].
RFA also causes thermal damage to epithelium with a gradual rise in temperature which results in destruction of cyst epithelium[19].

CLINICAL APPLICATIONS OF RFA
RFA is principally utilized in various benign and malignant conditions including intra-operative applications. Studies have suggested that RFA leads toareduction in tumor volume and necrosis[20].
RFA can also be used in patients with malignant biliary obstruction for endobiliary ablation in the self-expandable metallic stent for improved stent patency[21].
A cryothermal probe has been used (ERBE, Elektromedizin GmbH) for palliation in locally advanced pancreatic carcinoma patients, with a technical success rate of 72.8% and median survival of 6 mo post-ablation with manageable complications including jaundice, duodenal stricture and cystic fluid collection[20-22].

INDICATIONS
EUS-guided RFA is indicated in various diseases including: (1) pancreatic adenocarcinoma[23]; (2) post-chemoradiotherapy; (3) patients with progressive tumor growth causing biliary or gastric outlet obstruction[24]; (4) liver metastasis[25]; (5) intraductal papillary mucinous neoplasms (IPMN)[26,27]; and (6) insulinoma[28,29].

PROCEDURE
A 19 G needle is usually used to puncture the pancreatic tissue under EUS guidance and the stylet is removed to introduce a thin wire which is connected to the generator and the tissue is ablated. This principle has been applied using a Habib EUS-RFA catheter (EMcision Ltd., London, United Kingdom) where a monopolar probe with a diameter of 1 Fr and length of 220 cm is utilized with a 2 cm active electrode tip to ablate the tissue[28,30,31]. It ablates for 2 min which is considered one ablation with a break of 60 s for cooling. Up to 10 ablations can be applied to the tissue with interspersed cooling periods (Figures 1 and 2). In the case of a cyst, the lesion is aspirated prior to ablation. This technique should not be used in patients with cardiac pacemakers or other active implants.
Another novel 18 G RFA electrode (EUSRA RF Electrode; STARmed, Koyang, Korea) with a total working length of 150 cm is also used. This electrode has the unique feature of two 0.8 mm diameter holes which are located 5 mm away from the tip, and can be used for aspiration and injection. The active electrode length is 7 mm while the tip exposure length is 10 mm. This RF electrode is attached to the RF generator (VIVA Combo system; STARmed) to ablate the tissue[32]. It results in the ablation of 1-3 cm of localized tissue from the needle tip[32-34].
A new flexible hybrid bipolar probe also known as the cryotherm probe (ERBE Elektromedizin,Tübingen, Germany) has recently been introduced which combines cryotechnology with RFA[35]. This probe has an advantage over a monopolar probe in that it causes less collateral damage, but is less efficient than a monopolar probe[36-38].
Cooling using a cryogenic gas increases the effect of RFA and interstitial devitalization[12]. It also proves that cooling doesnot affect the efficacy of ablation[39].

TIME AND TEMPERATURE UTILIZED IN RFA
RFA was successfully used in other organs such as the liver, intrahepatic tumors and muscle to achieve maximum coagulation within 6 min, prior to its application in the pancreas[40]. The Manchester group was among the first to validate and define the thermokinetic principles in the pancreas[41]. As the distance from the electrode increases, the temperature tends to decrease[26].The optimal temperature for thermal ablation was demonstrated in a porcine model by Date et al[42] in 2005.It was concluded that optimal thermokinetics were generated at a temperature of 90˚C when applied for 5 min. This leads to ablation of pancreatic tissue without injury to adjacent organs.
A few other studies have also established the relationship between temperature and the rate of complications[43,44].
It was again established in the study by Girelli et al[45] that a decrease in temperature from 105 ˚C to 90 ˚C leads to an overall reduction in the complication rate from 24% to 8%.
Wu et al[36] showed that when a temperature of 30 ˚C was applied this led to a high rate of post-operative morbidity, where complications included pancreatic fistula, portal thrombosis, septic shock and massive bleeding.

EUS-RFA OF THE PANCREAS IS DIFFERENT TOTHAT OFOTHER ORGANS
EUS-RFA is better than planned palliative R2 resections in pancreatic carcinoma patients as it results in decreased morbidity, mortality and reduced hospital stay as compared to resection. There are certain important and significant differences in ablation of the pancreas compared withother organs: (1) the RFA protocol for other organs cannot be applied to the pancreas as the physical properties of the pancreas are entirely different; (2) the pancreas is surrounded by other organs (stomach and duodenum), vessels and bile duct, thus has an increased risk of thermal-induced injury; and (3) pancreatic cancer usually has diffuse margins, whereas hepatic carcinoma or metastasis have discrete margins; Therefore, it is difficult to completely ablate pancreatic carcinoma in a single session[16].

JUDGING THE EFFICACY OF RFA TREATMENT 
Size of the lesion can be evaluated by imaging at repeated intervals. Progression of the tumor can be estimated by an improvement in symptoms (abdominal pain, back pain) or biochemical indices (CA19-9 levels)[46,47].

RATIO OF PASSES TO THE SIZE OF THE LESION
The ratio of number of passes to the size of the lesion is extremely variable in different studies with a median of 0.5 (range 0.36-19). This can be explained by the application of different devices[41,46,48].

COMPLICATIONS OF RFA
The fear of adverse events related to EUS-RFA also limits its application by clinicians in pancreatic carcinoma patients. 
Most complications are related to thermal injury to pancreatic parenchyma (acute pancreatitis) and surrounding structures including thermal damage to superior mesenteric vessels, bile duct, portal vein, stomach and duodenum[12,49-51]. Mild abdominal pain was reported by 25%-33% of patients in various studies[33]. Frequent complications were gastrointestinal hemorrhage, pancreatic fistula, bile leak, portal vein thrombosis, pseudocyst and sepsis. The overall post-operative morbidity rate was 28.3% and mortality was approximately 4%[52].
The pancreas is different to other organs such as the liver and kidney where RFA has been successfully utilized for the treatment of carcinomas. Optimal thermokinetic characteristics of the pancreas have not been completely determined, thus there is no standardized protocol for pancreatic RFA. Usually two or more sessions of RFA are required for pancreatic carcinoma ablation[12,32,33]. Retroperitoneal location, proximity to major vessels, distal bile duct crossing the head of the pancreas and closeness to the stomach and duodenum are also major hurdles[44].

CONCLUSION
Normal pancreatic tissue is thermosensitive, thus RFA can lead to an inflammatory response with fibrosis and occasionally cystic collections. A clearer understanding of the principles of thermokinetics in humans is required to effectively ablate abnormal tissues. Better ablation devices with minimal side effects and complications may ensure improved results in the future. Further studies with a large number of subjects will provide a better understanding of this novel technique.
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Figure 1 Habib RF needle with Cook Echo Tip needle.  Courtesy: EMcision International Inc.
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Figure 2 Radio frequency generator (RITA 1500 X, ANGIODYNAMICS).
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