
Robotic-Assisted Laparoscopic 
Surgery (RALS) in Pediatric 

Urology
Sherry S. Ross, MD

Associate Professor of Urology and Pediatrics
Department of Urology

Division of Pediatric Urology
The University of North Carolina at Chapel



Robotics in Surgery
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Robotic-Assisted Laparoscopic 
Surgery 

• Advantages:
– Quicker postoperative recovery
– Fewer analgesic requirements
– Shorter length of hospital stay 
– Conventional laparoscopic surgery

• Technically demanding
• Steep learning curve 

Trevisani 2013, Tomaszewski 2012



Robotic-Assisted Laparoscopic 
Surgery

• Advantages:
– Magnified three-dimensionality 
– Superior stereoscopic visualization
– Enhanced dexterity 

• Wrist-like with 90 degrees of articulation
• 7 degrees of freedom

– Improved precision of movement 
• Tremor filtration 
• Ergonomic comfort 

Camarillo 2004
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Robotic technology has bridged the gap between open and laparoscopic surgery 



Robotics in Pediatric Urology

• Is Robotic Surgery feasible in children?
– Considerations in RALS in Pediatrics

• Is Robotic Surgery applicable to Urologic surgery in children?

• Is Robotic Surgery successful in surgery?

• Is Robotic Surgery advantageous over open surgery in children?



RALS:  Pediatric Urology

• Laparoscopy is effective in pediatrics

• RALS in Pediatrics is similar to RALS in Adults…  
……………………………………with some exceptions 



Considerations in Pediatric RALS 

• Pneumoperitoneum: 
– 5-6 L in adults….1 L in a 1 year old
– Working Pressure:

– Infants (0– 2 y)>>>  8 to 10 mm Hg
– Children (2–10 y)>>>  10 to 12mm Hg
– Adolescents ( > 10 y) >>>  15mm Hg

• Small “working area”
– Limits robotic mobility

– Port site conflicts
– Instrument collision
– Potential increase risk of visceral injury

Casale 2010, Larobina 2005, Kutikov  2006 
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The smaller size of children presents a smaller working en- vironment than found in adults after establishment of pneu- moperitoneum. While an adult pneumoperitoneum will typically provide a 5 L to 6 L working space, a 1-year-old boy will present a 1 L intra-abdominal space.20 Further, the limited ‘‘real estate’’ and small working distance on the abdominal wall in a child can significantly limit the mobility of the laparoscopic and robotic instruments, and the chance of port site conflicts or trocar head piece collisions is greater. A difference of a few millimeters can greatly affect the safety of the operation, making the location and placement of the robotic trocars critical in children and necessitating slight variations compared with placement in adults. 



Considerations in Pediatric RALS

• Abdominal wall is thinner and more compliant
• Increased risk of vascular injury

– ~5 cm between abdominal wall and great vessels
– Hasson open access technique for camera
– All ports placed under direct vision

• Increased risk of port expulsion 
– Rapid loss of insufflation and loss of vision

• Difficulty maintaining insufflation during instrument exchange
– Tie in trocars with heavy suture

• Increased compliance 
– More“curved” abdomen

» Triangular of ports will maximize exposure.

Casale 2008, 
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Presentation Notes
The diminished thickness of the abdominal wall, especially in infants, makes maintenance of insufflation during instrument exchange challenging. Anchoring the trocar to the abdominal wall with a heavy suture will keep the abdominal wall in place if rapid desufflation should occur.  

The highly compliant pediatric abdomen also provides less resistance, making trocar placement more difficult and in- creasing the risk for injury to other intra-abdominal struc- tures. An increase in pressure to 20 mm Hg will not increase the working space, but it does increase the resistance of the wall to deformation, easing safe trocar insertion. The more compliant abdomen of the infant, toddler, and preschool child may require more ‘‘curved’’ triangular configuration of ports to maximize exposure and ergonomics. 

peritoneal access under direct vision is considered safer in children given their reduced anterior- posterior diameter and hence closer proximity to the great vessels. 






Considerations in Pediatric RALS

• Bladder is an abdominal organ in small children
– Foley to decompress the bladder

• Prevents bladder injury

• in inflation of stomach with anesthesia induction
– NG for stomach decompression 

Casale 2008, Campbells 
Urology, 2016
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aerophagia and inflation of the stomach with air during induction of anesthesia in children, tube decompression of the stomach should be considered in all children. 




Contraindications to Pediatric RALS

• Cardiopulmonary morbidity

• Incorrected coagulopathy

• Sepsis



Does Size Matter:  Infant RALS

• Infants
– No consensus on the appropriate infant candidate

– No objective standards to guide decision making.
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Does Size Matter:  Infant RALS

• Casale et al. 
• 45 infants:  24 Female --- 21 Male
• 3-12 months of age
• Hypothesis:  Smaller child = More robotic arm collisions
• Methods:

» ASIS: distance between both anterior superior iliac spines 
» PXD: puboxyphoid distance

– Compared ASIS and PXD distance
» Number of collisions/surgery
» Time on the Robotic Console

Finkelstein 2015
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There is currently no consensus as to which infants are appropriate candidates for robotic intervention, especially for surgeons at the beginning of their learning curve. Furthermore, there are no existing parameters to assist with decision-making. In the present study, it was hypoth- esized that those infants with smaller physical measure- ments of abdominal space would have more mechanical collisions. Therefore, to create an objective standard to guide which infants are most suitable for robotic surgery, experience with infants who had undergone RAS was evaluated. 





Does Size Matter:  Infant RALS

• Results:
– Strong correlation:   number of collisions  console time 
– Strong inverse relationship

• ASIS distance number of collisions  
• PXD distance      number of collisions

– Independent of age, gender or weight 

• Conclusion:
ASIS < 13 cm or PXD < 15 cm 

- May impair surgeon and restrict surgery due to collisions 

Finkelstein 2015
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We found that surgeon ability to perform robotic surgery in an infant is restricted by collisions when the infant has an ASIS measurement of 13 cm or less or a PXD of 15 cm or less. Objective assessment of anterior superior iliac spine and puboxyphoid dis- tance can aid in selecting which infants can safely and efficiently undergo robotic intervention with a minimum of instrument collision, thereby mini- mizing operative time 





Does Size Matter:  Obesity and RALS
• Cheng et al.

• 103 children 
– 66 % healthy weight
– 23% overweight
– 10% obese

• Results
– Relative to healthy weigh children

» 7 min increase in OR time in overweight children
» 20 min increase in OR time in obese children

- ? Time for port Placement 
» No differences in success rates
» No surgical site infections 

• Conclusion:  
– Obesity is not a limitation for RALS in children

Lindgren 2014
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• Conclusion:
– There are special considerations in children

– Smaller children may be challenging
– Experience is important 

– Obesity is not a limiting factor

Pediatric RALS
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Limited by small number of patients



RALS Pediatric Pyeloplasty  

Most common robotic procedure in pediatric urology
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Vs Laparoscopic and Open 

Same advantages in children as in adults.  



RALS Pediatric Pyeloplasty  

Success Rates

Complication Rates



RALS Pediatric Pyeloplasty

RALS

Lap-Asst

Song 2017
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RAL Pyelo A and B  with Lap Assisted Pyeloplasty C and D at 1 month and 1 year
da Vinci S or Si Surgical System robot 



RALS Pediatric Pyeloplasty: HIdES

RALS-HIdES

Open Surgery

Gargollo, 2011

Presenter
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Hidden Incision Endoscopic Surgery is competitive with LESS (Laparoenscopic single site surgery)
No reported complications



RALS Pediatric Pyeloplasty: HIdES

Gargollo, 2011
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Using 3 vailidated scarring scores compairing open vs Lap vs HIdES—parents and patients were statistically more satisfied with HIdES. 

However, there is a learning curve which improves but takes practice. 



RALS Pediatric Pyeloplasty: 
Stentless

• Excellent success rates 
• Low complication rate
• Avoids second procedure 

– Avoids anesthesia

• Post operative morbidity
– No complaints of post operative stent pain
– No bladder spasms
– No Ileus
– No fever or UTI

Silva 2015 
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Postoperatively, no children complained of flank pain, abdominal discomfort, or bladder spasms. None experienced clinically relevant he- maturia that required intervention, and none had a post- operative ileus, fever or UTI. Furthermore, there were no readmissions. 

Ages started at 6 months




RALS Pediatric Pyeloplasty: 
Reoperative Outcomes  

Davis 2016
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Postoperatively, no children complained of flank pain, abdominal discomfort, or bladder spasms. None experienced clinically relevant hematuria that required intervention, and none had a post- operative ileus, fever or UTI. Furthermore, there were no readmissions. 




RALS Ureteral Reimplant (RALUR): 
Pediatrics  

• Indications for surgical treatment 
– Breakthrough UTI while on Antibiotic prophylaxis
– Acquired Renal Scarring
– Worsening or Severe Urinary Reflux

• Between 2000-2012
– Total number of Reimplants decreased by 14%
– Minimally Invasive Ureteral Reimplant

• 0.3% in 2000 to 6.3% in 2012
– 80% performed robotically

Bowen, 2016



RALS Ureteral Reimplant: 
Intravesical 

• Intravesical Ureteral Reimplant
– 2005 by Dr. Craig Peters

• 6 patients 5-15 years
• Cohen (Cross Trigonal)

– Complications
• 1 post-operative urine leak

– Success Rate
• 83% VUR resolution on post-operative VCUG.

Peters, 2005



RALS Ureteral Reimplant:  
Intravesical

Video or Pictures

Marchini et al 2011: 
- 92% success rate 
- less bladder spams and less hematuria
- shorter hospital stay and shorter duration of urethral catheter drainage 

Courtesy of Patricio Gargollo, MD  Pediatric Urology Mayo Clinic
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RALS Ureteral Reimplant: 
Extravesical 

• Extravesical Reimplant
– 2004 by Dr. Craig Peters

• Lich-Gregor procedure

• Be aware of the neurovascular bundle (bilateral)
– dorsomedial at the distal 2.5 cm of the ureter
– dorsocranial to the trigone 

» 10% transient urinary retention for open extravesicals



RALS Ureteral Reimplant:  
Extravesical

Timberlake 2017



RALS Ureteral Reimplant:  
Extravesical

Conclusion:  Statistically more complication in the RAL Ureteral Reimplants

Kurtz 2016



RALS Ureteral Reimplant:
Complex Ureters

• Defined:
– Megaureters >> Tapering and/or dismemberment
– Duplicated collecting system
– Ureteral Diverticulum

• Clinical Success
– Absence of Febrile UTI at 16 mths follow-up

• 94% RALS
• 93% OUR

* OUR = open ureteral reimplant Arlen, 2016
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Ureterostomy, 



RALS Ureteral Reimplant:
Complex Ureters

Courtesy of Patricio Gargollo, MD  Pediatric Urology Mayo Clinic
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RALS Ureteral Reimplant:  
Extravesical

RALUR was associated with a significantly higher direct costs even when 
adjusted for demographic and regional factors

RALS is 
associated with 
shorter hospital 

stay which 
offsets cost to 
some degree

Kurtz 2016
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There is not way to measure factors such as patient impact and broader societal cost.



RALIMA:  Robotic-Assisted Laparoscopic 
Augmentation Ileocystoplasty and Mitrofanoff 

appendicovesicostomy

• Appendicovesicostomy
– 1st report 2004

• Augmentation ileocystoplasty
– 1st reported combo 2008 

Pedraza, 2004

Gundeti, 2008

Cohen, 2015



RALIMA:  Robotic-Assisted Laparoscopic 
Augmentation Ileocystoplasty and Mitrofanoff 

appendicovesicostomy

Cohen, 2015



RALIMA:  Robotic-Assisted Laparoscopic 
Augmentation Ileocystoplasty and Mitrofanoff 

appendicovesicostomy

Murthy, 2015



RALIMA:  Robotic-Assisted Laparoscopic 
Augmentation Ileocystoplasty and Mitrofanoff 

appendicovesicostomy

Murthy, 2015



RALIMA:  Robotic-Assisted Laparoscopic 
Augmentation Ileocystoplasty and Mitrofanoff 

appendicovesicostomy

Murthy, 2015



RALIMA:  Robotic-Assisted Laparoscopic 
Augmentation Ileocystoplasty and Mitrofanoff 

appendicovesicostomy

Murthy, 2015

Required Conversion to open procedure



Robotic Assisted Surgery in 
Pediatric Urology at UNC

• RAL Pyeloplasty
• RAL Nephrectomy

– Poorly functioning scarred kidney
– Ectopic ureter with chronic urinary incontinence

• RAL Nephroureterectomy
• RAL Renal Cysto Decortication

– Excision of Calyceal Diverticulum



Robotic Assisted Surgery in 
Pediatric Urology at UNC



Robotic Assisted Surgery in 
Pediatric Urology at UNC

15 yo male  with ESRD 
with a history of a 

failed renal transplant 
who is on Peritoneal 

Dialysis

Scheduled for a 
RAL Retroperitoneal 
Nephrectomy in July





Thank You!

The Worlds Most Human 
Like Robot…..What’s Next?
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