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1. Introduction and Background 

The practice of achieving hemostasis in surgery dates back to ancient times, beginning with 

cauterization in Egypt around 3000 B.C. Over centuries, advancements like ligatures by 

Ambroise Paré and the scientific exploration of electricity by pioneers such as Gilbert, 

Franklin, Galvani, and Volta laid the foundation for electrosurgical technologies. The 

modern era of electrosurgery began with William T. Bovie and Harvey Cushing, who 

introduced high-frequency electrical generators into surgical settings. Their work 

revolutionized surgical bleeding control, making electrosurgery a standard across 

specialties. 

Today’s electrosurgical units (ESUs) support monopolar and bipolar techniques. Bipolar 

electrosurgery is particularly valued for precision in delicate and moist environments due 

to its localized current flow and reduced collateral damage. 

2. Evolution of Energy-Based Vessel Sealing Technologies 

From early monopolar tools prone to insulation failure and unintended burns, energy-based 

surgical devices have significantly evolved. Bipolar systems emerged to improve safety, 

but their limitation in sealing vessels larger than 2mm necessitated further innovation. This 

led to the development of vessel sealing technologies capable of thermally fusing vessel 

walls using controlled heat and pressure. 

These modern systems, such as LigaSure (RF-based) and Harmonic Scalpel (ultrasonic), 

represent a shift toward precision, safety, and effectiveness. RF devices seal vessels by 

denaturing and reforming proteins like collagen and elastin, with real-time impedance 

monitoring to prevent overexposure. Ultrasonic devices, on the other hand, rely on high-

frequency mechanical vibrations that enable precise dissection and sealing with minimal 

thermal damage. Newer ultrasonic tools can now seal vessels up to 7mm, rivaling RF 

devices and blurring previous performance distinctions 

Importance of the Study 



The selection of appropriate energy devices in surgery is critical for ensuring patient 

safety, procedural efficiency, and cost-effectiveness. As surgical techniques evolve 

toward minimally invasive and precision-based methods, the demand for advanced vessel 

sealing technologies continues to rise. However, there remains limited comparative data 

evaluating the performance, economic impact, and clinical outcomes of radiofrequency 

(RF) versus ultrasonic vessel sealers. 

This study addresses a significant gap by systematically analyzing the strengths and 

limitations of both modalities based on real-world clinical feedback. It holds particular 

relevance for: 

• Surgeons, by guiding device selection tailored to procedural needs and patient 

safety. 

• Hospitals and Procurement Teams, through insights on  usability, and training 

requirements. 

• Medical Technology Developers, by highlighting opportunities for innovation 

based on user feedback and unmet clinical needs. 

 

Research Problem 

While both RF and ultrasonic vessel sealers are widely used, comparative research on 

aspects such as sealing quality, thermal damage, operative time, and economic impact is 

limited. 

Research Question 

How do radiofrequency and ultrasonic vessel sealers compare in terms of hemostasis, 

sealing ability, thermal spread, smoke generation, and surgical efficiency? 

Literature Review 

Existing literature provides valuable insights into the individual strengths of 

radiofrequency (RF) and ultrasonic vessel sealing technologies. Studies such as those by 

Kennedy et al. (1998) and Janssen et al. (2003) have demonstrated that vessel sealing 

devices, especially RF-based systems like LigaSure, offer superior hemostatic strength 

and efficiency in sealing larger vessels compared to traditional bipolar electrosurgery. 

Conversely, ultrasonic devices like the Harmonic Scalpel have shown particular benefits 

in surgical dissection, offering reduced thermal spread and minimal smoke generation, 

which enhances visibility and precision in minimally invasive procedures (Carbonell et 

al., 2003). Both systems exhibit unique benefits, but current data often arise from limited 

procedural contexts or are manufacturer-sponsored, limiting broader applicability. 



Despite promising results, several gaps remain in the literature. There is a lack of 

randomized controlled trials directly comparing RF and ultrasonic systems across various 

surgical specialties. Economic evaluations are scarce, and studies evaluating long-term 

clinical outcomes post-surgery are limited. Furthermore, many existing analyses do not 

account for advancements in adaptive tissue technologies, such as those found in modern 

devices like LigaPro and Harmonic ACE+7, which have expanded vessel-sealing 

capabilities. This study aims to address these gaps by evaluating both technologies in 

real-world clinical use, based on feedback from experienced surgeons across multiple 

specialties. 

 

Challenges remain limited randomized clinical trials, economic comparisons, and long-

term data. Innovations like adaptive tissue response in devices (e.g., LPVS and Harmonic 

7) show promising improvements. 

 

Ethical Considerations  

The research was conducted with the highest ethical standards. An honorarium was 
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from individuals and organizations were kept confidential and used solely for the purpose 
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unpublished sources was duly acknowledged. 

 

 

 

 

Objectives of the Study 

• Compare RF and ultrasonic vessel sealers in various surgical procedures. 

• Evaluate differences in operative time, blood loss, and postoperative outcomes. 

• Examine user preferences and training methods. 

• Recommend device use based on procedural needs. 

Methodology 

• Research Design: Mixed methods (Qualitative + Quantitative) 

• Participants: 100 surgeons (Gynaecology, GI, Oncology, General Surgery) 

• Data collection procedure: 

• Primary Data: Collected through structured questionnaires distributed via 

professional networking platforms and in-depth telephonic interviews with KOLs.  



• Secondary Data: Sourced from public databases (PubMed), Research papers, 

Company websites etc 

 

Expected Outcomes 

• Identify strengths and weaknesses of both energy modalities 

• Align device recommendations with procedural requirements 

• Support procurement strategies and surgeon training protocols 

• Recommendation device as per procedural needs. 
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