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ABSTRACT 

The advent of minimally invasive surgery has dramatically revolutionized pediatric surgery 

with the development and acceptance of robotic surgery. This review explores the current 

status, challenges, advancements, and future implications of pediatric robotic surgery. The 

advantages of robotic surgery are evident in pediatric procedures due to enhanced 

visualization, improved dexterity, and superior ergonomics, which are critical given the 

smaller anatomical structures in pediatrics. The technology has been applied successfully 

across a range of procedures, with studies reporting favorable outcomes, such as reduced 

post-operative pain, shorter hospital stays, and lower complication rates. However, there are 

challenges such as the high cost of robotic systems, their size, and the learning curve for 

surgeons. Various training programs have been developed to ensure competency. Looking 

ahead, advancements in technology, artificial intelligence, and machine learning promise 

further evolution in pediatric robotic surgery. However, ethical considerations, health 

disparities, legal, and regulatory aspects must be addressed. From the surgeon's perspective, 

the adoption of robotic surgery requires a balance between the benefits of precision and 

ergonomics and the investment in training. This review concludes that while pediatric robotic 

surgery has made significant strides, a patient-centered approach remains at the heart of all 

surgical interventions. 
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INTRODUCTION 

The advent of minimally invasive surgery (MIS) has revolutionized the field of pediatric 

surgery in the past few decades. A significant part of this evolution has been the development 

and subsequent acceptance of robotic surgery. Despite initial skepticism, the use of robotic 

surgical systems in pediatric procedures is becoming more widespread due to its potential 

benefits and promising outcomes. This comprehensive review aims to assess the current 

status of pediatric robotic surgery, its challenges, advancements, and its future implications 

(1). 

Advantages of robotic surgery 

Robotic surgery provides several significant advantages over traditional open surgery and 

even laparoscopic procedures. These include enhanced visualization with three-dimensional 

imaging, improved dexterity with seven degrees of freedom in the surgical instruments, and 

superior ergonomics for the surgeon. This technology allows the surgeon to perform intricate 

tasks with precision and control, which is particularly useful in pediatrics, given the smaller 

anatomical structures (2). 

Applications in pediatric surgery 

Robotic surgery has been successfully applied across a wide range of pediatric procedures. 

For instance, in urology, procedures like pyeloplasty, ureteral reimplantation, and 

nephrectomy are now routinely performed using robotic technology. In pediatric general 

surgery, operations such as cholecystectomy, fundoplication, and splenectomy have been 

performed successfully. Furthermore, several reports have documented the use of robotic 

surgery in pediatric oncology and gynecology, such as ovarian cystectomy and tumor 

resection (3). 

Clinical outcomes 

Several studies have reported favorable outcomes with robotic surgery in children. For 

instance, in pyeloplasty, robot-assisted procedures have shown similar success rates to open 

surgery, with reduced post-operative pain, shorter hospital stays, and lower complication 

rates. Similar results have been reported in other surgical procedures. However, larger 

randomized controlled trials are needed to further validate these findings (4). 

Challenges and limitations 

Despite the numerous advantages, several challenges and limitations need to be addressed. 

The cost of procuring and maintaining a robotic surgical system is significant, which may 

limit its accessibility, especially in low-resource settings. Also, the bulky size of the robot 

can be an issue in smaller pediatric patients, although newer, smaller robots are being 

developed to overcome this limitation. The learning curve associated with mastering robotic 

surgery is another challenge that requires dedicated training and practice (1-3). 

Training and education 

As with any new technology, training, and education are crucial for the safe and effective use 

of robotic surgery. Several training programs are available, including virtual reality 

simulators, which provide a safe and effective learning environment. Furthermore, the 

development of robotic surgery fellowships and certification programs will ensure the 

competency of surgeons (5). 

Future perspectives 

The future of pediatric robotic surgery is an exciting one, with many potential advancements 

on the horizon. As technology continues to evolve, we can expect to see smaller and more 

versatile robotic systems that can perform an even wider range of procedures. Moreover, with 

advancements in artificial intelligence and machine learning, there is the potential for 

autonomous robotic systems that can perform certain tasks independently (6). In addition to 

technological advancements, there is also the potential for increased accessibility of robotic 

surgery. As more hospitals and clinics adopt this technology, it is likely that more children 

will have access to these procedures (6). 
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Patient acceptance and satisfaction 

An often overlooked aspect of robotic surgery is the patient's perception and acceptance of 

this advanced technology. Despite the initial apprehension associated with the concept of a 

"robot" performing the surgery, studies have shown a high level of satisfaction and 

acceptance among patients and their families. This is primarily attributed to the shorter 

hospital stays, reduced post-operative pain, and quicker return to normal activities associated 

with robotic procedures. In the pediatric population, the decreased invasiveness also 

translates to smaller scars, which is an important consideration for many families (7). 

Comparison with traditional laparoscopic surgery 

While robotic surgery offers certain advantages over traditional laparoscopic surgery, such 

as improved dexterity and ergonomics, it is important to note that laparoscopic surgery 

remains a valid and effective approach for many pediatric procedures. In some cases, the 

choice between laparoscopy and robotics may come down to surgeon preference or the 

availability of resources. However, as robotic technology continues to advance and become 

more accessible, it is likely that more surgeons will adopt this approach for a wider range of 

procedures (8). 

Economic implications 

The economic implications of robotic surgery are complex and multifaceted. On one hand, 

the initial investment and maintenance costs of robotic systems are high, which may pose a 

financial challenge for many institutions. On the other hand, the potential for reduced hospital 

stays, lower complication rates, and quicker return to normal activities may result in overall 

cost savings in the long term. Moreover, robotic surgery may attract more patients to a 

facility, thereby increasing revenue. Further research is needed to fully understand the 

economic implications of robotic surgery in the pediatric population (8). 

Ethical considerations 

The introduction of robotic technology in pediatric surgery also raises several ethical 

considerations. For instance, when should a surgeon adopt this new technology? What level 

of training and experience should be required before a surgeon can perform robotic surgery 

on a child? How should the potential benefits and risks of robotic surgery be communicated 

to patients and their families? These are important questions that need to be addressed to 

ensure the ethical use of robotic technology in pediatrics (4,9). 

Research and innovation 

There is significant potential for research and innovation in the field of pediatric robotic 

surgery. From improving the technology itself to exploring new applications, the 

opportunities are vast. For instance, researchers are currently investigating the use of 

nanobots for targeted drug delivery and the use of robotics in regenerative medicine. 

Moreover, with advancements in artificial intelligence and machine learning, there is 

potential for the development of autonomous robotic systems in the future (9). 

Health disparities and accessibility 

A key issue to address in the context of pediatric robotic surgery is the question of 

accessibility and health disparities. Currently, robotic surgery is most widely available in 

high-income countries and large metropolitan areas. This geographical and economic 

disparity in access to robotic surgery means that many children, particularly those in low-

resource settings, may not benefit from these advancements. This calls for efforts to make 

robotic surgery more accessible and affordable, potentially through public-private 

partnerships, government funding, or philanthropic initiatives (10). 

Legal and regulatory aspects 

The legal and regulatory landscape surrounding robotic surgery is also an important 

consideration. As with any medical technology, robotic surgery must adhere to rigorous 

safety and efficacy standards. In the case of pediatrics, these standards may need to be even 

more stringent given the vulnerability of this patient population. Regulatory bodies play a 
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crucial role in ensuring these standards are met and that the technology is used responsibly 

(11). 

The surgeon's perspective 

From the surgeon's perspective, robotic surgery provides an opportunity for improved 

surgical precision and ergonomics. However, it also requires a significant investment in terms 

of time and resources for training. It is important for surgeons to weigh these factors and 

make informed decisions about incorporating robotic surgery into their practice (9). 

Moreover, as with any surgical procedure, the ultimate goal of robotic surgery is to improve 

patient outcomes. Therefore, it is essential for surgeons to maintain a patient-centered 

approach and consider the unique needs and preferences of each patient when deciding 

between robotic and other surgical approaches (6). 

CONCLUSIONS 

As we review the current landscape of pediatric robotic surgery, it's evident that this 

technology has made significant strides in revolutionizing minimally invasive surgery. The 

advantages of robotic surgery, such as enhanced visualization, improved dexterity, and 

superior ergonomics, have played a significant role in its acceptance and adoption in pediatric 

surgery. Its successful application across a wide range of procedures, from urology to general 

surgery, and even pediatric oncology and gynecology, underlines its transformative potential. 
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