Retention of robot-assisted surgical skills in urological surgeons
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Abstract

Introduction: We assess the retention of robot-assisted surgical
skills among urologic surgeons.

Methods: The robot-assisted surgery skills of 20 urologic sur-
geons were assessed using a Mimic dV-Trainer program (Mimic
Technologies, Inc., Seattle, WA) consisting of 6 tasks. These 20
surgeons had no previous experience either using the Mimic dV-
Trainer or acting as the main surgeon in robot-assisted surgery. The
surgeons completed the program 4 times in a row; after 1 year,
they completed it again for a fifth time. Performance scores were
recorded using the Mimic dV-Trainer’s built-in algorithm.
Results: For all 6 tasks, there were significant improvements to the
scores in the fourth trials compared with those in the first trials.
The scores in the fifth trials did not significantly decline compared
with those in the fourth trials. There was no significant difference
between the fifth trial scores of surgeons with laparoscopic surgery
skills/experience and those without.

Conclusion: Our results indicate that fundamental robot-assist-
ed surgical skills can be retained in the long-term after they are
acquired.

Introduction

The use of robot-assisted surgery to treat urologic diseases
has spread rapidly; this type of surgery is expected to over-
come the technical difficulties presented by conventional
laparoscopic surgery. Investigators have demonstrated the
feasible learning curve of operative time, blood loss and
margin status in robot-assisted surgery." While novel surgi-
cal techniques have been developed, it is very important to
clarify the acquisition and the retention of such techniques.
We previously reported that the fundamental techniques
of robot-assisted surgery could be mastered regardless of

familiarity with laparoscopic surgery.> Now, to clarify the
actual usefulness of learning the skills associated with robot-
assisted surgery, it is essential to investigate not only the
acquisition of the skills but also the rate of retention. Suh
and colleagues reported that levels of retention improved
after robot-assisted surgery training.® However, in that study,
the participants were medical students and the observation
period was short. A longer period of retention for surgeons
should be investigated.

Virtual-reality simulator training has been shown to
improve surgical performance in laparoscopic procedures
in the operation room”® and well-validated simulators have
been used to study the learning process of many techniques
in addition to surgical training. The Mimic dV-Trainer
(MdVT, Mimic Technologies, Inc. Seattle, WA) is one of
the highest-regarded virtual-reality simulators for the daVinci
Surgical System.>"" MdVT scores are closely linked to robot-
assisted surgery skills and are thus useful for helping urologi-
cal students to learn the necessary skills.'>'3

In this report, we discuss the retention of robot-assisted
surgical skills acquired by urologic surgeons using a virtual-
reality surgical trainer.

Participants

The group sizes were chosen in accordance with previous
studies on virtual reality surgical simulations.®'" For this
study, 20 urological surgeons were recruited from 4 differ-
ent hospitals around Hiroshima City, Japan (Table 1). None
had any experience with the dV-Trainer or were ever the
main surgeon in a robot-assisted surgery. All participants
provided written informed consent and were given guaran-
tees of confidentiality.
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Table 1. Demographics of participants (n = 20)

Age (median) 33-52 (41)
Gender (male/female) 191

Years of urologic practice (median) 9-27 (17)
Experiences as head laparoscopic 0-450 (70)

surgeon (cases) (median)

Simulator and tasks

The program in this study consisted of 2 needle-driving
modules (“Suture Sponge” and “Thread the Rings”) and 4
EndoWrist (Intuitive Surgical, Inc., Sunnyvale, CA) modules
(“Pick and Place,” “Peg Board,” “Rope Walk,” and “Energy
Dissection,” included in the MdVT as described previously).>
Participants were given 2 to 3 minutes to develop familiar-
ity with the platform and the task prior to starting the first
trial. All participants completed the program 4 consecutive
times, with intervals for several minutes and then a fifth trial
was completed 1 year later (Fig. 1). Participants engaged in
regular clinical work and had neither participated in robot-
assisted surgery nor training with a simulator during the
interval between the fourth and fifth trials. The scores of all
participants were recorded and evaluated using the built-
in MdVT algorithm. Scores between trials were compared
to elucidate the improvement and/or retention of skills. To
investigate the effect, if any, of prior experience with laparo-
scopic surgery, in the fifth trial we (1) compared the scores
of participants who had been certified by the Endoscopic
Surgical Skill Qualification System in Urologic Laparoscopic
Surgery (ESSQSJ))'*'> with those who had not, and (2) com-
pared the scores of participants who had functioned as the
main surgeon in laparoscopic surgery 20 or more times with
those who had not.

Statistical analysis

All statistical analyses were conducted using the JMP 10.0.0
(SAS Institute Inc., Cary, NC). Wilcoxon testing was used to
assess the scores between each trial. P values of less than
0.05 were considered statistically significant.

For all 6 tasks, there were significant improvements to the
scores in the fourth trial compared with those in the first

trial. The scores in the fifth trial did not significantly decline
compared with those in the fourth trial, despite the absence
of any robot-assisted surgery training for 1 year, and they
were significantly better than those in the first trial for all
tasks (Table 2, Fig. 2). There was no significant difference
between the scores of certified and non-certified laparo-
scopic surgeons in the fifth trial (Table 3), and there was no
significant difference between the scores of participants who
had functioned as the main surgeon in laparoscopic surgery
20 or more times prior to initiation of this study compared
with those who had not (Table 4).

Discussion

The results above demonstrate that fundamental robot-assist-
ed surgery skills can be retained after they are acquired. To
the best of our knowledge, this is the first report on the reten-
tion of robot-assisted surgical skills for urologic surgeons.

Urologic surgeons face a challenging task; they have to
treat retroperitoneal organs in a limited space, while attempt-
ing to not only control the spread of cancer but also preserve
bodily functions. Laparoscopic surgery has been useful,
but the disadvantages include its technical difficulty and
its longer learning curve. Robot-assisted surgery has over-
come these problems. It enables more delicate techniques,
of course, and now we expect that surgeons can master these
techniques with a shorter learning curve.

Another advantage of robot-assisted surgery in terms of
mastering the process is the retention of techniques after
mastery. Several studies have been devoted to the reten-
tion of skills in areas, such as anesthesia, neonatology and
obstetrics.'*' In laparoscopic surgery, a previous study using
virtual-reality simulation demonstrated that although train-
ees retained their acquired skills for 6 to 7 months, after
an additional 12 months with no training, their skills had
reverted to the pre-training level.222 Until now, the reten-
tion of robot-assisted surgical skills has not been reported.
In this study, we focused on the retention of skills of robot-
assisted surgery in Japanese urologic surgeons. Although
robot-assisted surgery in Japan has recently begun and has
already spread rapidly, our investigation of the process of
mastering these techniques is both practical and relevant.

A significant point of the present study was that all sub-
jects were urologic surgeons with no experience in robot-
assisted surgery. Our findings suggest that the fundamental
robot-assisted surgery skills acquired from our training tech-

18! trial 21 trial 3 trial 4" trial

Six tasks || Six tasks || Six tasks || Six tasks

5" trial

Six tasks

Break twelve months

Fig. 1. Timetable for the trials.
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Table 2. Overall score of each task

] ) Energy
Pick and Place Peg Board Rope Walk Thread the Rings  Suture Sponge Dissection

First trial 8102103 52.7 = 16.7 722+ 11.6 55.6 + 13.3 36.6 + 9.8 60.6 = 12.8

Second trial 88.8 + 5.7 63.6 = 14.7 79.6 + 13.1 63.8 = 10.9 437 +11.3 65.2 + 17.5

Third trial 90.6 + 6.9 69.9 = 10.3 93.1+7.9 71.6 + 15.1 51.4 = 16.1 70.6 + 19.9

Fourth trial 88.6 = 8.0 68.5 = 14.7 938+ 7.3 71.9 + 14.8 53.1+ 16.8 70.5 + 9.4

Al Bl (el 923+ 47 67.4+9.9 937+ 97 715 + 13.1 50.9 + 16.3 71.1 + 14.9

interval)

VI il 0.0002 0.0036 0.0001 0.0004 0.0012 0.0228

fourth trial)

p value

it o 0.0400 0.6542 0.4074 0.4553 0.3981 0.7938

PVEILD <0.0001 0.0028 0.0003 0.0019 0.0025 0.0051

(first vs. fifth trial)

Mean =+ standard deviation in each score.

nique can be maintained in the long-term as individuals go
about their daily clinical tasks without additional training.
In other words, it should be possible for clinical urologists
to learn robot-assisted surgery skills fairly quickly and then
retain these skills for a long time.

Many urologic surgeons who lack experience with laparo-
scopic surgery are expected to start performing robot-assisted
surgery, so it is essential to investigate the impact of laparo-
scopic surgery experience (or lack thereof) in terms of not

only skill acquisition but retention. The ESSQSJJ,'*'> a testing
system moderated by the Japanese Society of Endourology
(JSE) and the Japanese Urological Association (JUA), is a
well-validated method of ensuring that surgeons can per-
form urologic laparoscopic surgery as chief surgeon with
a low prevalence of perioperative complications and with
reasonable outcomes.’> We have previously demonstrated
that the scores for all tasks in MdVT similarly improved after
4 completions regardless of familiarity with laparoscopic

| Pick & Place | [

Peg Board ] |

Rope Walk ‘

p<0.05

N.S. To<0.05 NS.
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Fig. 2. Mean total score of each of the tasks in the first to fifth trials for all participants. NS: not significant.
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Table 3. Comparison of overall score in 5th trial between
certified/non-certified laparoscopic surgeons

Non-certified

Certified (n=7) (n=13) p value
Pick and Place 925 + 15.8 92.2+27.3 0.9054
Peg Board 69.8 = 11.8 66.1 = 9.0 0.2505
Rope Walk 92.7+ 12,6 94.3 8.3 0.9684
UL 77.1+12.4 68.6 + 13.0 0.2505
Rings
S 54.8 + 20.7 48.7 + 13.9 0.3219
Sponge
ST 70.3 + 18.8 71.6 = 13.2 0.9054
Dissection

Table 4. Relationship between overall score in fifth trial and
amount of laparoscopic surgery experience

Laparoscopic

surge 20 cases or Less than 20 value
g_ i more (n=9) cases (n=11) p
experience

Pick and Place 93.1 £ 3.6 91.7 +5.6 0.4704
Peg Board 67.7 £ 11.0 67.1+£9.5 0.8494
Rope Walk 943 +11.4 93.2 + 8.7 0.3619
UIHEEC! G 77.5 + 12.1 66.7 + 12.3 0.1024
Rings
Suture Sponge 54.9 + 20.2 47.6 £ 124 0.3051
Energy 70.3 + 19.5 71.8 + 10.7 0.9697
Dissection

surgery.> Thus, in the present study, to investigate the impact
of laparoscopic surgery experience on the retention of robot-
assisted surgery skill, we compared the scores of a fifth trial
completed after 1 year between certified and non-certified
surgeons, as well as between those who had experience
with a certain number of laparoscopic surgeries. This score
comparison showed that robot-assisted surgical skills were
retained regardless of experience or certification (Table 3,
Table 4). Combined with the results of our previous report,
our current findings suggest that robot-assisted surgery might
be suitable for urologists without training or experience with
laparoscopic surgery.

There were some limitations in this study. For example,
the size was small, and the results were obtained from
surgical simulations using MdVT rather than from actual
robot-assisted surgeries. Moreover, since we focused on the
retention of fundamental techniques, we evaluated only the
easiest tasks in the MdVT, so it is possible that different
results might occur with more difficult tasks. Although MdVT
scores represent familiarity with actual robot-assisted surgery
techniques based on previous studies,®'3 further investiga-
tion is required to see if the results in the present study can
be reproduced in actual surgeries and to study the retention
of more advanced skills.

Conclusion

We demonstrated the long-term retention of robot-assisted
surgical skills in urologic surgeons. Robot-assisted surgery
is poised to become widespread in the near future, and our
data highlight that even laparoscopically-naive surgeons
can learn and retain basic tasks on a robotic simulator. The
present data indicate that urologic surgeons might be able
to retain their skills in the long-term.

Competing interests: Dr. Teishima, Dr. Hattori, Dr. Inoue, Dr. lkeda, Dr. Hieda, Dr. Ohara, Dr. Egj,
Dr. Ohdan and Dr. Matsubara all declare no competing financial or personal inferests.

This paper has been peer-reviewed.

References

1. Richards KA, Kader K, Pettus JA, et al. Does initial learning curve compromise outcomes for robot-ussisted
radical cystectomy? A cifical evaluation of the first 60 cases while establishing a robotics program. J
Endourol 2011;25:1553-8. http: //dx.doi.org/10.1089 /end.2010.0630

2. Pierorazio PM, Patel HD, Feng T, et al. Robotic-ussisted versus fraditional laparoscopic parfial nephrectomy:
comparison of outcomes and evaluation of leaming curve. Urology 2011;78:813-9. http://dx.doi.
0rg/10.1016/j.urology.2011.04.065

3. Aibani W, Fracalanza S, Covalleri S, et al. Learing curve and preliminary experience with da Ving-assisted
laparoscopic radical prostatectomy. Urol Int 2008;80:237-44. http: / /dx.doi.org/10.1159,/000127333

4. Guru KA, Perlmutter AE, Butt ZM, et al. The leaming curve for robot-assisted radical cystectomy. JSLS
2009;13:509-14. http://dx.doi.org/10.4293,/108680809X12589998404128

5. Teishima J, Hattori M, Inoue S, et al. Impact of laparoscopic experience on the proficiency gain of
urologic surgeons in robot-assisted surgery. J Fndourol 2012;26:1635-8. http:/ /dx.doi.org/10.1089/
end.2012.0308

6. Suh |, Mukheriee M, Oleynikov D, et al. Training program for fundamental surgical skill in robotic laparo-
scopic surgery. Int J Med Robot 2011;7:327-33. hitp:/ /dx.doi.org/10.1002 /rcs.402

7. larsen (R, Soerensen JL, Grantcharov TP, et al. Effect of virtual reality fraining on laparoscopic surgery:
Randomised controlled trial. BMJ 2009;338. http://dx.doi.org/10.1136/bmj.b2074

8. Cho JS, Hahn KY, Kwak IM, et al. Virtual reality training improves da Vindi performance: a prospective
trial. J Laparoendosc Adv Surg Tech A 2013;23:992-8. http:/ /dx.doi.org/10.1089/lap.2012.0396

9. Kenney PA, Wszolek MF, Gould JJ, et al. Face, content, and construct validity of dV-trainer, a novel virtual
relity simulator for robot-assisted surgery. Urology 2009;73:1288-92. http://dx.doi.org/10.1016 /.
urology.2008.12.044

10. Sethi AS, Peine W), Mohammadi Y, et al. Validation of a novel virtual reality robotic simulator. J Fndourol
2009;23:503-8. http: / /dx.doi.org/10.1089 /end.2008.0250

11, Schreuder HW, Persson JE, Wolswik RG, et al. Validation of a novel virtual reality simulator for robotic
surgery. Scientific World Journal 2014;2014:507076. http://dx.doi.org/10.1155/2014 /507076

12. Korets R, Mues AC, Graversen JA, et al. Validating the use of the Mimic dV-trainer for Robotaussisted surgery
skill acquisition among urology residents. Urology 2011;78:1326-30. http://dx.doi.org/10.1016/j.
urology.2011.07.1426

13. Lemer MA, Avalew M, Peine W1, et al. Does training on a virtual reality robotic simulator improve per-
formance on the daVinci surgical system? J Endourol 2010;24:467-72. http://dx.doi.org/10.1089 /
end.2009.0190

14. Matsuda T, Ono Y, Terachi T, et al. The endoscopic surgical skill qualification system in urological
laparoscopy: A novel system in Japan. J Urol 2006;176:2168-72. http://dx.doi.org/10.1016/j.
jur0.2006.07.034

15. Habuchi T, Terachi T, Mimata H, et al. Evaluation of 2,590 urological laparoscopic surgeries undertaken by
urological surgeons accredited by an endoscopic surgical skill qualification system in urological laparoscopy
in Japan. Surg Endosc 2012;26:1656-63. http://dx.doi.org/10.1007 /500464-011-2088-0

16. Trevisanuto D, Ferrarese P, Cavicchioli P, et al. Knowledge gained by pediatric residents after neonatal
resuscitation program courses. Paediatr Anaesth 2005;15:944-7. http://dx.doi.org/10.1111/}.1460-
9592.2005.01589.x

E496 CUAJ @ July-August 2014  Volume 8, Issues 7-8



20.

Woollard M, Whitfeild R, Smith A, et al. Skill acquisifion and retention in automated external defibrillator
(AED) use and CPR by lay responders: A prospective study. Resuscitation 2004;60:17-28. http: / /dx.doi.
0rg/10.1016/j.resuscitation.2003.09.006

Crofts JF, Bartlett C, Ellis D, et al. Management of shoulder dystocia: Skill retention 6 and 12
months after training. Obstet Gynecol 2007;110:1069-74. http://dx.doi.org/10.1097 /01.
A06.0000286779.41037.38

Sarensen JL, Lokkegaard E, Johansen M, et al. The implementation and evaluation of @ mandatory multi
professional obstetric skills training program. Acta Obstet Gynecol Scand 2009;88:1107-17. http://
dx.doi.org/10.1080,/00016340903176834

Maagaard M, Sorensen JL, Oestergaard J, e al. Retention of laparoscopic procedural skills acquired on
a virtuahreality surgical trainer. Surg Endosc 2011;25:722-7. hitp:/ /dx.doi.org/10.1007 /500464-
01012335

CUAJ @ July-August 2014  Volume 8, Issues 7-8

21.

22.

Robot-assisted surgical skills using Mimic dV-Trainer

Stefanidis D, Korndorffer IR Jr, Sierra R, et al. Skill refention following proficiency-based laparoscopic
simulator training. Surgery 2005;138:165-70. http://dx.doi.org/10.1016 /j.surg.2005.06.002
Stefanidis D, Korndorffer JR Jr, Markley S, et al. Proficiency maintenance: Impact of ongoing simulator train-
ing on laparoscopic skill retention. J Am Coll Surg 2006;202:599-603. http://dx.doi.org/10.1016 /.
jomeollsurg.2005.12.018

Correspondence: Dr. Jun Teishima, Department of Urology, Integrated Health Sciences, Institute
of Biomedical and Health Sciences, Hiroshima University, 1-2-3 Kasumi, Minamiku, Hiroshima
7348551, Japan; teishimaj@yahoo.co.jp

E497





