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Minimally invasive surgery, also known as keyhole 

surgery, refers to procedures that are performed through 

small incisions, using specialized instruments and 

techniques. Unlike traditional open surgery, which 

requires large incisions, minimally invasive surgery 

involves smaller cuts, resulting in less tissue damage, 

reduced blood loss, and faster recovery times for patients 

[1]. Initially limited to certain specialties, such as 

laparoscopic surgery for gallbladder removal, MIS 

techniques have now expanded across a wide range of 

medical disciplines, including urology, orthopedics, and 

even cardiac surgery [2]. The roots of minimally invasive 

surgery can be traced back to the 1980s, when laparoscopic 

techniques began to gain popularity in abdominal surgery. 

Pioneering work by surgeons such as Mühe (1985) laid the 

foundation for laparoscopic cholecystectomy, which was 

hailed as a breakthrough procedure for gallbladder 

removal. Over the next few decades, the field evolved 

rapidly with the development of more sophisticated 

technologies, such as robotic-assisted surgery, advanced 

imaging techniques, and high-definition cameras. These 

innovations have enabled surgeons to perform procedures 

with greater precision and accuracy, minimizing the risks 

associated with traditional surgery [3]. Robotic-assisted 

surgery, which uses a robotic system to assist the surgeon, 

has become one of the most significant advancements in 

MIS. The da Vinci Surgical System, introduced in the early 

2000s, exemplifies this evolution by offering enhanced 

dexterity, high-definition 3D visualization, and greater 

control during procedures [4]. This technology has been 

particularly beneficial in delicate surgeries such as 

prostatectomy and heart valve repair, where precision is 

critical for patient safety and optimal outcomes [5]. The 

shift towards minimally invasive techniques has been 

driven by a multitude of benefits for both patients and 

healthcare providers. One of the most notable advantages 

is the reduction in postoperative recovery time. 

Traditional open surgeries often require lengthy hospital 
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stays and extended periods of rehabilitation, while 

minimally invasive procedures typically result in shorter 

hospital stays and quicker returns to daily activities [6]. 

For example, patients undergoing laparoscopic 

gallbladder removal may return to normal activities 

within a week, compared to a longer recovery time for 

open surgery [7]. Another significant benefit of MIS is the 

reduced risk of complications. Smaller incisions lead to 

less tissue trauma, which reduces the chances of infection, 

blood loss, and scarring [8]. Furthermore, patients 

experience less postoperative pain, which often translates 

to a decreased need for pain medication and a faster 

recovery process [9]. Minimally invasive techniques also 

offer substantial advantages for surgeons. With the aid of 

advanced imaging and robotic assistance, surgeons can 

perform complex procedures with greater precision, 

improving the overall success rate of surgeries [10]. The 

ability to visualize anatomical structures in real-time, 

coupled with enhanced control over instruments, allows 

for more efficient and accurate surgery, which is especially 

crucial in high-risk procedures [11]. 

Despite the numerous benefits, the widespread 

adoption of minimally invasive surgery is not without its 

challenges. One of the primary obstacles is the steep 

learning curve associated with mastering MIS techniques. 

Surgeons must undergo extensive training to become 

proficient in the use of specialized instruments, imaging 

technology, and robotic systems. This training can take 

years and requires hands-on experience to ensure patient 

safety and optimal outcomes [12]. Additionally, the 

availability of resources remains a significant barrier to the 

global adoption of MIS. Robotic systems, such as the da 

Vinci Surgical System, are expensive, and their 

implementation requires substantial investment in both 

the technology itself and the necessary training for 

healthcare professionals. As a result, hospitals in low- and 

middle-income countries may struggle to integrate these 

advanced technologies into their surgical practices [13]. 

Furthermore, while MIS offers significant advantages, it 

may not be suitable for all patients or all types of surgeries. 

In some cases, traditional open surgery remains the best 

option, particularly when there are anatomical 

abnormalities or complications that require direct access to 

the surgical site [14]. 

As technology continues to advance, the potential 

for further innovations in minimally invasive surgery is 

vast. One promising area of development is the use of 

artificial intelligence (AI) and machine learning to enhance 

surgical precision. AI-powered systems can analyze large 

datasets of surgical outcomes and assist in real-time 

decision-making during procedures [15]. For example, AI 

could predict the likelihood of complications or help 

identify the most effective surgical approach based on the 

patient's specific condition [16]. Another exciting frontier 

in MIS is the development of autonomous robotic surgery. 

While current robotic systems are controlled by surgeons, 

there is growing interest in creating robots capable of 

performing certain aspects of surgery independently. 

Early studies suggest that autonomous systems could 

significantly reduce human error and improve efficiency, 

particularly in high-volume surgical settings [17]. 

Moreover, the integration of augmented reality (AR) and 

virtual reality (VR) in surgical planning and training could 

revolutionize the way surgeries are performed. These 

technologies allow surgeons to visualize 3D models of a 

patient's anatomy, providing a more immersive and 

accurate representation of the surgical site. As AR and VR 

technologies become more accessible, their use in both 

training and real-time surgery is expected to grow 

exponentially [18]. 
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