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    Abstract     Robotic and conventional laparoscopic technology and applications 
have penetrated pediatric urology over the last 15 years. Understanding the realities 
of the ability to learn these technologies, how much they cost, and what information 
can be disseminated to all fl edgling minimally invasive surgeons and programs 
is vital to ensuring optimal patient outcomes. We provide a synthesis of our 
 experience and observations with analysis from the literature about initiating and 
maintaining a surgical practice adopting new technology.  

  Keywords     Robotics   •   Simulation   •   Surgery   •   Education   •   Comparative effective-
ness   •   Training   •   da Vinci   •   Pediatrics   •   Urology  

       Introduction 

 Pediatric urology has a strong history of surgical innovation. We tend to embrace 
new technologies at a pace that does not always mirror the adult urologic practice 
because we are critical about ensuring that hype does not blind us from fact. The 
adoption of conventional laparoscopic and robotic surgery in pediatrics clearly 
demonstrates these principles. In the last 5 years, our fi eld has begun publishing 
experiences with robotic surgery that show a similar adoption path to the initial 
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adult robotic surgery experiences of a decade ago. As robotic surgery gains traction, 
we owe it to our patients and profession to explore the trajectory of robotic surgery 
learning, the costs related to pediatric programs initiating and maintaining robotic 
surgery practices, and to disseminate information about the practical considerations 
of employing robotics so that future clinicians and programs can learn from our 
early successes and challenges.  

    Minimally Invasive Surgery Start-Up 

    Business Plan 

 The establishment of a fi scally sound model is crucial for establishing a robotic 
program. Each institution has individual needs and barriers from the direct costs 
(such as buying the robotic system) and of the associated material, staff recruitment, 
and/or staff training. The space for housing the robot has to be taken into consider-
ation such as operating room modifi cations. Recruitment or development of a phy-
sician leader for the program is paramount to establish safety guidelines, as well as 
ensuring that fi nancial and educational metrics are met by oncoming surgeons. The 
hospital system must evaluate growth potential with market analysis to estimate 
the impact a new program will have on the institution. The analysis must encompass 
the captured and non-captured population, the competition, the analysis of reim-
bursements and payers, and the learning curve of the program participants with its 
fi nancial impact on day-to-day business. Estimated surgical volume with outcome 
metrics must be established to ensure patient safety from the very onset of the pro-
gram. The actual number of cases needed by each institution to be done a year will 
vary on the overall fi nancial stability of the hospital system. 

 Hi-tech surgery comes with an initial expensive price tag. The total cost of sur-
gery can be broken into variable costs and the fi xed costs. Variable costs take into 
consideration all expenses that are needed to execute the individual surgical proce-
dure such as disposables used, medications, and sutures. The fi xed cost is a combi-
nation of the acquisition of the robotic system and the operating room (OR) time 
needed to run the robotic program. To offset costs, the mathematical model would 
favor a high-volume program as to maximize reimbursement and patient population 
capturing in a competitive market to offset the variable and direct costs of running 
the program.  

    Team Building 

 A surgical director with both administrative and a robust surgical experience is 
essential to the start-up of the program. This individual would oversee the clinical 
aspect of the program and strategic growth and monitor outcomes, policing the new 
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surgeons excited to join the program by objective metrics. The surgical director 
must oversee the training of the entire team. 

 Contrary to traditional open surgery, robotic surgery implies that the leading 
surgeon does not have direct contact with the patient being completely immersed in 
the console; therefore, the OR staff and surgeons in training are typically the ones 
in direct contact with the patient. A complete understanding of the procedure and 
the surgical steps is crucial. The availability of having one team for the establish-
ment of the robotics program is critical. The consistency of the team will allow a 
rapid learning environment where the team can be profi cient and safe. Once this 
team has mastered the nuances of the surgical robot and procedures, they can 
 effectively teach more OR staff to expand the team. The most diffi cult component is 
teaching the physicians in training on how to perform these procedures safely and 
effectively while building the program. It is imperative that the surgical leaders of 
the program help establish a routine for the OR staff. This may hinder the “hands-
 on” training needed by residents and fellows. This obstacle becomes easier when 
the OR team is fully trained, but until then the surgical leaders must ensure that 
physician training is not compromised.  

    Marketing 

 After your institution has made the investment in robotic capital expenses and staff 
resources to support a robotic surgery program, it is important to let your commu-
nity know that this patient care opportunity exists. We believe that it is important to 
market with transparency. Identifying a champion in your respective institution’s 
marketing department who has a particular interest and experience in approaching 
the community and media about hi-tech innovations is helpful. We found that creat-
ing information delivery milestones helped organize our messaging. For example, 
once you acquire the robotic platform, plan to announce to your community provid-
ers that your institution can now offer patients this technology for  some  patients. 
Include the entire robotic team in any photo opportunities because the success of a 
program does not solely hinge on the surgeon. Plan to announce to the media when 
your program has reached patient outcomes comparable to your open practices or 
when your program has reached certain volume milestones. The former is a very 
transparent appraisal of your program and resonates well with your community pro-
viders; the latter tends to excite the media more because many demonstrations of 
success in our culture are driven by quantity. 

 Establishing durability and longevity is vital to building trust in your community. 
When you reach a chronological milestone (e.g., 5 or 10 years of providing robotic 
surgical care), organize a media announcement with your marketing colleagues that 
celebrates this achievement (see accompanying Video  5.1 ). 

 If your institution does open houses or gives tours to the community, include a 
stop at a robotic surgery  station . In our institution, we annually open our doors to all 
families in our community to show children what we do. The robotic surgery station 
where children can sit and manipulate the robotic instruments through a dry lab 
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module has drawn the biggest lines. And engaging the children who visited our 
 station by a “naming-the-robot contest” added to the fun. The winner was awarded 
a plaque and airtime with our local media outlets.  

    Patient Selection/Clinical Ramp-Up 

 The success of your robotics practice will depend squarely on your patient 
 outcomes. You must expect that there will be challenges when you initiate your 
program so it is important to identify the ideal patients and families. There are three 
primary variables to the initial success of robotic surgery: the patient, the team, and 
the surgeon. 

 When deciding on the ideal patient, we recommend starting with procedures that 
you are comfortable doing both open and laparoscopically. School-aged patients 
with ureteropelvic junction obstruction (UPJO) are probably the most reasonable 
patients to start with. Patient age is important because very young children may 
pose some size limitations and have a higher complication rate in some series [ 1 ,  2 ]. 
Patients with UPJO tend also to have few comorbidities and the anastomotic recon-
struction is analogous to open techniques. Simple nephrectomies have also been 
described in robotic surgery [ 3 ,  4 ] and may also be a good case to begin with, but as 
your practice expands, we believe that the robotic approach tends to facilitate recon-
structive procedures more so than extirpative ones. 

 When your institution invests in a robotic surgery team, there are two 
approaches to team design: (1) one or two core teams do all the robotic surgeries 
or (2) many staffers are trained on the robotic setup so that available nurse and 
surgical technician schedules do not limit utilization of the robot. In Seattle, our 
choice was to train as many nurses and scrub technicians as possible to mitigate 
access to knowledgeable robotic staff. In retrospect, we believe that having more 
dedicated core teams would have facilitated a more rapid learning curve for 
the team because we effectively diluted the knowledge. In Philadelphia, the latter 
approach was used. We found that there is only so much in-servicing you can do 
to train robotics, and actually doing cases is important to solidify the training. 
Upon initiating a robotics practice, one can expect to do fewer than 2–4 cases a 
month/surgeon which does not give your staff much ability to become familiar, 
especially if not using the dedicated core team approach. One method for amplify-
ing experience is also establishing dedicated time for the entire team (staff, sur-
geons, anesthesia) to do walk-throughs of actual patient cases such as a left-sided 
pyeloplasty with cystoscopy and retrograde pyelogram. This mimics the realities 
of how the room needs to be set up and what roles each team member has and 
when. In addition, identifying champions within the nursing and technician staff 
who might be particularly interested in learning and being a part of new technolo-
gies was helpful. 

 Once your institution makes the investment in the program, there is desire 
to encourage many surgeons to consider learning and applying the technology. 
We have found that success is accelerated if certain robotic surgeon champions in 
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your institution are identifi ed fi rst and supported to build a robotics practice. Unlike 
our adult colleagues who may have over 100–200 appropriate patients a year per 
surgeon to apply robotic approaches, pediatric urologists may see 25–50 in a year 
that would be ideal robotic candidates. And much like the difference between core 
teams and the omni-staff approach, we believe that one or two surgeons establishing 
their robotics practice are more effective and safer for our patients [ 5 ]. In addition, 
once learning curves are overcome, we have observed innovation within robotic 
surgery practices [ 6 ,  7 ]. These champions, once comfortable, can then disseminate 
knowledge to the other members of the practice or other subspecialties within the 
institution.  

    Space 

 Identifi cation of the appropriate operating room space is nontrivial. The only 
 commercially available robotic platform for clinical use has three major compo-
nents that collectively take up over 30 sq ft. and weigh more than 1,000 lbs 
altogether. There are two philosophies to creating an environment for ease of 
robotic fl ow: (1) identify one or two rooms that become the robotic surgery 
suites or (2) utilize the mobility of the robot (each component is on castors) and 
move the robot to whichever room needs it. We have taken the approach of main-
taining the platform in one of our bigger operating rooms (590 sq. ft.), and we 
adjust the surgical subspecialty and block time based on the robotic requirement. 
We have found that this obviates the need to build setup time for transporting the 
robot itself. In addition, within the room in which the robot in housed, we went 
from moving the robot to the patient to moving the patient bed to the robot 
(Fig.  5.1 ).

   For example, when doing left- or right-sided pyeloplasties, we keep the three 
robotic components in roughly the same fl oor position and rotate the bed 180°. 
Initially this created some consternation among the anesthesia team as the head of 
the patient was now away from the ventilator and anesthesia station. This apprehen-
sion was alleviated through dry lab drills simulating this orientation. We found that 
the bed rotation approach allowed our staff to prep and drape the robot in advance 
of the patient entering the room.   

    Learning Curve 

 As with any new technique or approach, there is an inherent learning curve [ 8 ,  9 ]. 
Taking steps to accelerate learning curves through identifi cation of early champi-
ons; managing expectations; creating preliminary milestones; being forthright with 
your patients, your nursing staff, and your administration; and understanding the 
realities of what others have shown with regard to the robotics learning curve will 
facilitate success in your robotics program. 
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    Subspecialty Participation 

 Pediatric urologists will most likely be the largest adopters of robotic technology in 
your institution followed by general surgery. We believe that starting with these two 
surgical disciplines will yield the fastest and safest ramp-up in the program. Cardiac 
and otolaryngologic pediatric surgeries are now starting to utilize robotics [ 10 ,  11 ], 
but unless your institution has a member from one of these specialties with existing 
sound robotic experience, we recommend starting with urology and general surgery 
teams. There is also ample crossover among the nursing and scrub technician staff 
between urology and general surgery as our equipment needs, cavity of approach, 
and target organs are frequently identical. Once your institution has identifi ed one 
or two starting services, we recommend identifying clinicians who have a strong 
background in conventional laparoscopy [ 5 ]. These champions tend to be more 
familiar with laparoscopic access, approach, and equipment which are analogous 
to robotics. There are many examples of surgeons who have become quite facile 
in robotics with minimal conventional laparoscopic experience [ 12 ,  13 ], and 
 ultimately expanding the ability of all providers to offer the robotic approach is 
ideal, but minimizing as many aspects of robotic adoption that may be foreign to the 
starting roboticist is critical for success. It helps to have at least 2 providers in the 
program at initiation so that (1) communication with your administration and 
 operating room teams can be defrayed and (2) so that idea sharing is possible to 
accelerate learning and innovation.  

  Fig. 5.1    Patient positioning for left-sided pyeloplasty with bed turned towards the robot       
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    Expectations and Milestones 

 For the classically trained surgeon, the challenge of standard laparoscopy is often 
overwhelming, whereas transferring the surgical skills in the robotic environment is 
easier. Laparoscopically naïve surgeons need between 20 and 25 cases to show 
profi ciency [ 10 ]. This has also been seen in other works such as a report by Patel 
et al. that showed a similar learning curve [ 13 ]. Unless the surgeon starting a new 
program is already experienced, there needs to be proper training. This can be 
accomplished by visiting an already experienced surgeon at their home institution 
to observe cases. Expert mentoring is also crucial during your fi rst run of proce-
dures to ensure that you are executing all the key maneuvers. Continual video cri-
tiquing of your surgical cases is paramount to fi ne-tune your skills. It becomes most 
effective when you watch your recorded cases with a colleague who has the same 
interests as you in robotic surgery. 

 Following complete training, patient selection is paramount especially early on 
in program development. Age, anatomy, body mass index, comorbidities, and previ-
ous experience with a surgical procedure either in an open or laparoscopic model 
need to be carefully picked at the beginning of the surgical experience.  

    Patient Counseling 

 In our experience, many families are excited about the option of a robotic approach 
for their children. Honesty is important to help manage expectations when initiat-
ing your practice. It will be predictable that despite as much dry lab training and 
proctoring you receive, in the beginning, your operative times will take longer 
than your open or even laparoscopic times. In addition, you are not the only ones 
in the room on his/her learning curve. Your ancillary staff and anesthesia team are 
also learning, and inconsistency in the teams will amplify operating room times. 
Tell your patients that you are initiating your robotics practice, and tell your 
patients if they are one of the fi rst patients in your fl edgling experience. Let them 
decide if they prefer this. We have found that many patients were excited to be the 
“fi rsts,” while other families were more apprehensive. Giving the families infor-
mation about how your outcomes compare to the literature sends a strong mes-
sage about your integrity and your appreciation for the trust that the families 
place in you.  

    Learning Curve Tracking 

 In early reports of incorporating robotic surgery into one’s practice, outcomes, 
 fortunately, have tracked the open approaches [ 14 ]. Sorenson et al. analyzed their 
fi rst 33 consecutive robotic pyeloplasties among two pediatric urologists and 
found that length of stay, postoperative pain scores, and surgical outcomes at a 
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modest follow- up (median 16 months) were analogous between open and robotic 
approaches. Robotic operative times were consistently longer until a certain 
 threshold of cases (15–20) was approached, whereby operative times fell within 
1 SD of the matched open cohort. The majority of this time drop (70 %) was 
 appreciated in the surgical time defi ned as incision to close. This appraisal 
showed that the surgeon with a more rapid case volume experience saw a faster 
drop in his operative times. Complications were clumped towards the initial ten 
cases and were mostly technical in nature. This study also highlighted the impor-
tance of optimal patient selection, a principle not well adhered to by these sur-
geons. The longest case in the study was a robotic pyelolithotomy and pyeloplasty 
within the fi rst eight cases of one of the surgeon’s overall robotic experience. 
This study was limited in that it compared the early stages of experience in the 
robotic approach to the experience of surgeons who had performed the open 
approach for decades. This is the challenge with appraising comparative effec-
tiveness data because there is virtually no data on the learning curve of open 
pyeloplasties. 

 Tasian et al. collected the surgical console times in 20 consecutive robotic 
 pyeloplasty cases of four pediatric urology fellows when they performed 75 % or 
more of the console time [ 15 ]. The console times were compared to 20 consecutive 
robotic pyeloplasty cases where the attending alone performed 100 % of the console 
time. All times were validated post procedure by viewing the surgical video and 
confi rming times of console switching. They only evaluated console time. 
Positioning, prepping and draping the patient, obtaining laparoscopic access, and 
wound closure were excluded due to participation of other team members. They 
found the mean console time for the attending operating alone was 54 min. The 
operative times for the cases in which the fellow performed 75 % of the case 
decreased with increasing number of cases done (Fig.  5.2 ).

   Assuming the trend of increasing effi ciency continues at the same rate, operative 
times for fellows were projected to be equal to that of the attending urologist once 
42 cases have been performed. In their series, all pyeloplasties were successful as 
demonstrated by postoperative radiologic improvement, and there were no compli-
cations (Fig.  5.3 ).

        Future Thoughts 

 There are opposing forces to how we can provide safe, effective, and cost- responsible 
care for our patients. On the positive side, more trainees are graduating from resi-
dencies and fellowships with robotic experience. This is markedly better than the 
original generation of robotic pediatric urologists who were mostly self-taught. 
Furthermore, more operating room staff and anesthesia teams are familiar with 
robotic surgery. On the negative side, restricted trainee duty hours and nonstandard 
training and credentialing protocols for robotic surgery threaten to undermine our 
goals of success. 
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    Education 

 Recognizing that our ability to train learners in the operating room setting on live 
patients has been curtailed, we have an opportunity to standardize training outside of 
the operating room for our learners (both surgeons and staff). The use of simulation 
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education is standard in many surgical practices [ 16 ], but is spotty in robotic surgery. 
Curriculum has been validated for discriminating robotic surgery skills [ 17 ], and the 
use of virtual reality simulation has reduced the challenges of having access to the 
robot itself for training [ 18 ,  19 ]. Efforts are under way to standardize training for all 
new robotic learners in the United States through the Fundamentals of Robotic 
Surgery (FRS) initiative [ 20 ]. This curriculum promises to remain agnostic to the 
robotic surgery platform used because it is expected that within the next 5 years, there 
will be additional commercially available platforms. This standard curriculum will 
include a cognitive or didactics module and a technical skills module. And similar to 
the Fundamentals of Laparoscopic Surgery (FLS) curriculum that is required to pass 
for all general surgery residents before graduation from residency, FRS certifi cation 
may be required by many surgical boards for allowance to perform robotic surgery.  

    Future Technology 

 The estimated market for robotic surgery in 2012 was $2.6 billion [ 21 ]. And as pat-
ents for the existing robotic technology expire over the next few years, one can 
expect that a number of medical device and technology start-up companies are and 
will explore robotic surgery research and development. Our pediatric urology com-
munity needs to be involved in this surge in technology development to ensure that 
our patients’ special needs are met. Less expensive equipment, miniaturization of 
instrumentation, and improved tool-tissue interaction feedback are all areas in 
which we can drive and demand innovation.   

    Conclusions 

 Pediatric urologists have an opportunity to lead robotic surgery initiatives within 
our hospitals, our training centers, and our medical device partners. Approaching 
robotic surgery programatically instead of individually enhances your practice and 
reduces potential challenges. We should strive for effective patient care while mini-
mizing the expense footprint, and to do this, we need to establish standard education 
pathways, create effi ciency goals when starting a robotics program, and be good 
listeners to all team members involved that have an invested interest in the best 
healthcare we can provide.      

   References 

    1.    Kutikov A, Guzzo TJ, Canter DJ, Casale P. Initial experience with laparoscopic transvesical 
ureteral reimplantation at the Children’s Hospital of Philadelphia. J Urol. 2006;176(5):
2222–6.  

T.S. Lendvay and P. Casale



55

    2.    Thakre AA, Bailly Y, Sun LW, Van Meer F, Yeung CK. Is smaller workspace a limitation 
for robot performance in laparoscopy? J Urol. 2008;179(3):1138–43.  

    3.    Casale P. Robotic pediatric urology. Exp Rev Med Dev. 2008;5(1):59–64.  
    4.    Lee RS, Sethi AS, Passerotti CC, Retik AB, Borer JG, Nguyen HT, Peters CA. Robot assisted 

laparoscopic partial nephrectomy: a viable and safe option in children. J Urol. 2009;
181(2):823–9.  

     5.    Sorensen MD, Johnson MH, Delostrinos C, Bice JB, Grady RW, Lendvay TS. Initiation of a 
pediatric robotic surgery program: institutional challenges and realistic outcomes. Surg 
Endosc. 2010;24(11):2803–8.  

    6.    Hotaling JM, Shear S, Lendvay TS. 14-Gauge angiocatheter: the assist port. J Laparoendosc 
Adv Surg Tech. 2009;19(5):699–701.  

    7.    Ginger VAT, Lendvay TS. Intraoperative ultrasound: application in pediatric pyeloplasty. 
Urology. 2009;73(2):377–9.  

    8.    Chang L, Satava RM, Pellegrini CA, Sinanan MN. Robotic surgery: identifying the learning 
curve through objective measurement of skill. Surg Endosc. 2003;17(11):1744–8.  

    9.    Yohannes P, Rotariu R, Pinto P, Smith AD, Lee BR. Comparison of robotic versus laparo-
scopic skills: is there a difference in the learning curve? Urology. 2002;60(1):39–45.  

     10.    Suematsu Y, del Nido PJ. Robotic pediatric cardiac surgery: present and future perspectives. 
Am J Surg. 2004;188(4A Suppl):98S.  

    11.    Maan ZN, Gibbins N, Al-Jabri T, D’Souza AR. The use of robotics in otolaryngology–head 
and neck surgery: a systematic review. Am J Otolaryngol. 2012;33(1):137–46.  

    12.    Herrell SD, Smith Jr JA. Robotic-assisted laparoscopic prostatectomy: what is the learning 
curve? Urology. 2005;66(5):105–7.  

     13.    Ahlering TE, Skarecky D, Lee D, Clayman RV. Successful transfer of open surgical skills to 
a laparoscopic environment using a robotic interface: initial experience with laparoscopic 
 radical prostatectomy. J Urol. 2003;170(5):1738–41.  

    14.    Sorensen MD, Delostrinos C, Johnson MH, Grady RW, Lendvay TS. Comparison of the learn-
ing curve and outcomes of robotic assisted pediatric pyeloplasty. J Urol. 2011;185(6):
2517–22.  

    15.   Tasian GE, Wiebe DJ, Casale P. Learning curve of robotic assisted pyeloplasty for pediatric 
urology fellows. J Urol. 2013. (Epub ahead of print). doi:  10.1016/j.juro.2013.02.009    .  

    16.    Gallagher AG, Ritter EM, Champion H, Higgins G, Fried MP, Moses G, Smith CD, Satava 
RM. Virtual reality simulation for the operating room: profi ciency-based training as a para-
digm shift in surgical skills training. Ann Surg. 2005;241(2):364.  

    17.    Tausch TJ, Kowalewski TM, White LW, McDonough PS, Brand TC, Lendvay TS. Content and 
construct validation of a robotic surgery curriculum using an electromagnetic instrument 
tracker. J Urol. 2012;188:919–23.  

    18.    Kenney PA, Wszolek MF, Gould JJ, Libertino JA, Moinzadeh A. Face, content, and construct 
validity of dV-trainer, a novel virtual reality simulator for robotic surgery. Urology. 2009;73(6):
1288–92.  

    19.    Lendvay TS, Casale P, Sweet R, Peters C. Initial validation of a virtual-reality robotic simula-
tor. J Robot Surg. 2008;2(3):145–9.  

    20.   Satava RM, Smith R, Patel V. Fundamentals of robotic surgery consensus conference II: 
 curriculum development, report from consensus conference. 2012; (White paper, personal 
communication).  

    21.   Haspel S. Robotic surgery equipment manufacturing market research report (internet). Santa 
Monica: IBISWorld; c1999-2013 (updated 21 Oct 2011, cited 18 Apr 2013). Available from 
   http://news.yahoo.com/robotic-surgery-equipment-manufacturing-market-research-report-
now-070536732.html    .              

5 Learning Curves, Costs, and Practical Considerations

http://dx.doi.org/10.1016/j.juro.2013.02.009
http://news.yahoo.com/robotic-surgery-equipment-manufacturing-market-research-report-now-070536732.html.
http://news.yahoo.com/robotic-surgery-equipment-manufacturing-market-research-report-now-070536732.html.

	Chapter 5: Learning Curves, Costs, and Practical Considerations
	Introduction
	 Minimally Invasive Surgery Start-Up
	Business Plan
	 Team Building
	 Marketing
	 Patient Selection/Clinical Ramp-Up
	 Space

	 Learning Curve
	Subspecialty Participation
	 Expectations and Milestones
	 Patient Counseling
	 Learning Curve Tracking

	 Future Thoughts
	Education
	 Future Technology

	 Conclusions
	References


