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Robotic Surgical Skills: Acquisition, Maintenance,
and Degradation

Eric L. Jenison, MD, Karen M. Gil, PhD, Thomas S. Lendvay, MD, Michael S. Guy, MD

ABSTRACT

Background and Objectives: The degradation in robotic
skills that occurs during periods of robotic surgical inac-
tivity in newly trained surgeons was measured. The role of
animate training in robotic skill was also assessed.

Methods: Robotically naive resident and attending sur-
geons underwent training with the da Vinci® robot on
needle passage (DN), rocking ring transfer peg board
(RPB), and running suture pod tasks (SP). Errors were
established to convert actual time to adjusted time. Partic-
ipants were deemed “proficient” once their adjusted times
were within 80% of those set by experienced surgeons
through repeated trials. Participants did not use the robot
except for repeating the tasks once at 4, 8, and 12 weeks
(tests). Participants then underwent animate training and
completed a final test within 7 days.

Results: Twenty-five attending and 29 resident surgeons
enrolled; 3 withdrew. There were significant increases in
time to complete each of the tasks, and in errors, by 4
weeks (Adjusted times: DN: 122.9 = 2.2 to 204.2 = 11.7,
t=0.9, P<.001; RPB: 262.4 * 2.5 to 364.7 = 8.0, t=12.4,
P<.001; SP: 91.4 = 1.4 to 169.9 * 6.8, t=11.3, P<.00D).
Times decreased following animate training, but not to
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levels observed after proficiency training for the RPB and
SP modules.

Conclusions: Robotic surgical skills degrade significantly
within 4 weeks of inactivity in newly trained surgeons.
Animate training may provide different skills than those
acquired in the dry lab.

Key Words: Robotic surgical skills, Training, Degrada-
tion.

INTRODUCTION

Since its introduction in 2001, the number of surgeons
across multiple specialties adopting the da Vinci Surgical
System has grown rapidly and yet little is understood
about methodologies to develop surgeons who are skilled
with this new technology. In the United States at the end
of 2010, there were 1285 systems installed, and a total of
1752 installed worldwide.! That year, approximately 278
000 procedures were performed robotically, a 35% in-
crease from 2009. Of these cases, the most commonly
performed was the robotic total laparoscopic hysterec-
tomy (110 000 cases, of which 32 000 were for malig-
nancy). The robotic-assisted radical prostatectomy (RARP)
was the second most common procedure with approxi-
mately 98 000 being performed worldwide.! At the end of
2008, between 75% and 85% of radical prostatectomies
were completed robotically.?

This shift towards robotics has been driven by many
factors including a significant reduction in morbidity.3
These benefits stem from enhancements that include 3-di-
mensional visualization, 10X and zoom magnification,
hand tremor dampening, and refined dexterity.* In gyne-
cology, robotic-assisted radical hysterectomy (RARH) is
associated with a decrease in blood loss, hospital stay, and
similar operative times compared to laparoscopic and
open procedures.> Robotics has also proven superior to
other approaches in treatment of the obese and morbidly
obese gynecologic population.® In the treatment of pros-
tate cancer, RARP is associated with shorter hospitaliza-
tion, fewer blood transfusions, comparable operative
times, and a lower incidence of positive surgical margins
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compared to laparoscopic radical prostatectomy and open
radical prostatectomy.”

Surgeons naive to robotics form a heterogeneous group
ranging from residents in training to experienced attend-
ings. Currently, the optimal approach for training remains
undefined, and the learning curve for proficiency is not
well documented. Data suggest that formal training during
fellowship is beneficial in improving surgical outcome in
robotic prostatectomy.® How best to accomplish this train-
ing has yet to be determined. Animate training historically
is an important modality in the surgical training process,
and most current robotic credentialing protocols require a
live porcine lab. This training is expensive and time con-
suming and, for some, an ethical issue. If this component
is necessary for optimal training, then including it appears
reasonable; however, the need for this component has not
been explored.

As this technology continues to affect gynecologic, uro-
logic, and ultimately other surgical fields, understanding
the components of skills maintenance and degradation is
paramount. Newly trained robotic surgeons may perform
few robotic cases during the first months or year following
training as this new technique is incorporated into their
practice, and there may be significant degradation of skills
during this time frame. Within traditional laparoscopy,
mixed reports suggest skills degrade at 4 months® and 1
year,'© while still others report no significant loss at 12
months.’! Investigation of the extent to which skills on
this complex system degrade during the early phases of
use is important, because re-training may be beneficial.
Determination of skill degradation over time would pro-
vide essential information for identification of potential
re-training intervals to maintain surgical skills.

In this study, we seek to objectively document naive
surgeons’ learning curves at the robotic console. Follow-
ing this training, the natural degradation that occurs dur-
ing periods of robotic surgical inactivity was monitored
over 12 weeks. The role that animate training plays in
robotic skill development was also assessed.

MATERIALS AND METHODS

Participants

This study was an IRB-approved prospective study funded
through the Department of Defense. Resident and attend-
ing physicians in surgical subspecialties who had never
received formal instruction on the da Vinci Surgical Sys-
tem were eligible to participate. All eligible surgeons who
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desired to participate during the study period were en-
rolled. This was a time-intensive study and attending phy-
sicians were compensated at a rate commensurate with
their salary as surgeons ($250/hour). Resident physicians
were given a $1000 educational stipend upon completion
of the study. Attending surgeons were given the option of
tuition reimbursement to attend the Intuitive animate
training program or attend an animate training program
developed by the investigators for this study (see below).
Resident physicians were all trained at the investigator-
developed animate program. Following a review of the
study protocol and payment structure, informed consent
was obtained.

Study Protocol

Enrolled participants completed a robotic surgery cur-
riculum beginning with an on-line didactics-training
module provided by Intuitive Surgical, Inc. (Sunnyvale,
CA) that explained the basic principles of the robot.
Participants then moved to the operating room (OR)
where they completed a brief, introductory, inanimate
training module using the da Vinci Surgical System,
developed by Intuitive Surgical, Inc., under the super-
vision of the research assistant (RA). Subsequently, the
3 modules of the proficiency test (see below) were
explained to the participants, including the adjusted
times to complete the module that they needed to meet
(actual time plus penalty time from errors). Participants
engaged in repeated trials of each module until they
met the adjusted time required (see description below).
Once they had completed the proficiency test, partici-
pants did not use the robot for 12 weeks, except for
repeating the 3 modules at 4, 8, and 12 weeks (tests).
Following the 12-week test, participants underwent an-
imate training at a lab developed by the investigators
(see below) or at the Intuitive animate training lab.
Participants completed a final test on the 3 modules
within 7 days of completing the pig lab (PAT test).

Proficiency Test

The test consisted of 3 modules: a needle passage task
(Dots/Numbers, DN) (http://www.thecgroup.com), a
rocking ring transfer peg board task (RPB), and a running
suture pod task (SP) (Figure 1). These 3 tasks were
chosen as representative skills tasks challenging practical
abilities for robotic surgery. DN required physicians to
pass a needle through 4 entrance and exit dots. RPB
required a ring be picked up with one hand, passed to the
other hand, and then placed on a specific peg while the
board rocked back and forth. SP required a knot be tied (3
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Figure 1. Modules of the proficiency test.

times) and then the needle be passed through 3 sets of
dots. The DN and SP modules tested the targeting and
passage of a suture needle as well as intracorporeal su-
turing, important for human extirpative and reconstructive
surgery. The RPB required significant memory and con-
centration and was also chosen for its ability to discrimi-
nate targeting and precision, while challenging spatial
relations capabilities. The benchmark performance met-
rics were established by experienced robotic surgeons.
Three experienced surgeons completed each module un-
til a plateauing of their task time was achieved. Technical
and cognitive errors were established; a 5-second penalty/
error rate was used to convert actual time to adjusted time

(the ultimate performance metric). Participants were
deemed “proficient” once they achieved performance to
within 80% of the experienced surgeons’ time through
repeated trials. All trials were videotaped and scored by a
trained rater.

Animate Training

A robotic pig lab curriculum was developed by one of
the investigators (ELJ), which consisted of general ro-
botic surgical techniques followed by general surgical,
urologic, or gynecologic surgical tasks. The lab was
held at a robotic training facility available at Ohio State
University and was taught by physicians and the RA
who had undergone training by one of the investigators
(EL)). All participants completed a cystotomy with a
2-layer closure, supercervical hysterectomy, cystec-
tomy, and pelvic iliac artery and vein exposure; addi-
tional procedures included pelvic lymph node dissec-
tion (gynecology and urology), bladder reanastomosis
at the urethra and bladder neck (urology), and colon
resection (general surgery).

RESULTS

Twenty-five attending surgeons from general and vas-
cular surgery, obstetrics/gynecology (ob/gyn), and po-
diatry were enrolled; 1 ob/gyn physician withdrew
from the study leaving 24 attending surgeons (Table 1).
Twenty-nine resident surgeons from general surgery,
urology, and ob/gyn were enrolled; 2 did not wish to
continue and withdrew from the study (1 in general
surgery and 1 in ob/gyn) leaving 27 resident surgeons
(Table 1). All resident physicians completed the ani-
mate training lab developed by the investigators. Eigh-
teen of 24 attending physicians completed the animate
training.

The proficiency test consisted of 3 modules (DN, RPB, and
SP). The scoring algorithm for the DN module was
changed after 10 resident physicians had initially completed the
DN proficiency test, because a particular error was not re-
corded. These physicians were called back to repeat the test
and achieve proficiency with the new algorithm; therefore, the
number of trials to achieve proficiency could not be calculated
for them. The SP module was added after 2 resident and 3
attending physicians started the study.

There was a wide range in number of trials required to
achieve proficiency for each module (Figure 2, Table 2).
Twenty-three of 24 attending surgeons achieved profi-
ciency on the DN module within 8 trials, 1 surgeon
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Table 1.

Characteristics of Resident and Attending Physicians

Resident Physicians

Attending Physicians

n=27) (n=24)
Specialty (N)
General Surgery 5 4
Ob/Gyn 14 15
Podiatry 2
Urology 8
Vascular Surgery 3
Age (Mean *= SEM, range) 29.9 £ 0.6 414+ 17
(26-38) (30-62)
Male (%) 70 71
PGYear (Residents)
1 3
2 7
3 6
4 8
5 2
6 1
Self-reported number of laparoscopic cases assisted (residents) or performed 417 =068 85.2 £17.5
(attendings) last year; (Mean *= SEM, range) (0-150) (0-350)
Right Handed (%) 96 83
Ever played musical instrument on a regular basis (more than 3 times/week) (%Yes) 52 67
Ever played video games (%Yes) 100 75
Total years played (Mean *= SEM, range) 164+ 13 9.2 *+21%
(1-30 (0-3D

1=2.956, P=.005, Attending versus Resident Physicians. Standard error of the mean (SEM).

required 20 trials. One attending surgeon required 41
trials to achieve proficiency on the RPB and SP, and
another attending surgeon required 39 trials to achieve
proficiency on the SP. Mean number of trials to reach
proficiency on the RPB module was significantly lower
for resident physicians (Table 2), regardless of whether
the score from the one participant who required 41
trials was included. Despite requiring more trials to
achieve proficiency, data from this participant did not
differ significantly from that of other participants, and
there were no differences in further analyses of data
with and without this participant; thus, the participant
was included in the analyses.

Due to scheduling conflicts, a range existed in the number
of days between the last trial of the proficiency test and
the 4-week test (Table 3). There was a wide range in time
required to complete each of the modules on the 4-week
tests (Table 3). For all modules, a significant increase
occurred in the mean adjusted time to complete the mod-
ules at the 4-week test relative to the last trial on the
proficiency test (all P<<.001, Table 3).

No significant differences were found in mean adjusted
times on the 4-week test between resident and attending
surgeons for any of the modules. Data from resident and
attending surgeons were therefore combined. Mean ad-
justed times at 4 weeks did not differ as a function of sex
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Figure 2. Number of trials required to achieve proficiency on RPB and SP.

Table 2.
Number of Trials to Achieve Passing Score for the
Proficiency Test

Modules Resident Physicians Attending Physicians
n=27) (n=24)

DN 4.2+ 0.5 (1-9)* 4.6 = 0.8 (2-20)

RPB 5.2+ 0.4 (2-11) 8.8 = 1.7 (2-41)°

SP 11.5 = 0.9 (5-23)° 13.0 = 2.3 14D "

Mean * SEM (range).

“n=17 as 10 residents were called back to repeat the test using
a modified scoring algorithm.

Pn=25 for residents physicians; n=21 for attending physicians
for SP module.

“t=2.088, P=.047, Attending versus Resident Physicians.

or history of playing an instrument for any of the modules.
No significant correlation existed between time to com-
plete any of the modules at 4 weeks and age or self-
reported number of laparoscopic cases performed last
year. An inverse relationship existed between self-re-
ported number of years playing video games and time to
complete the DN module (r=-—.298, P=.034) and a pos-
itive relationship with the number of days between the
last trial of the DN proficiency test and the 4-week DN test
(r=.303, P=.031). These correlations were not significant
for the other 2 modules.

Mean number of days between the 4- and 8-week tests was
31.5 = 1.1 (range, 14 to 56); between the 8- and 12-week tests
was 32.6 = 1.2 (range, 24 to 70); and between the 12-week and

PAT test was 45.3 * 4.5 (range, 2 to 152). The PAT was
conducted within 7 days of the animate training lab.

No significant differences existed in the adjusted time to
complete the 3 modules between attending and resident
physicians during the 4-, 8-, 12-; and PAT tests (all
P>.05) and no significant interactions between time
and resident or attendings (all P>.05); therefore, data
from resident and attending physicians were analyzed
together (Figures 3, 4, and 5). Actual time increased
significantly between the last trial of the proficiency test and
the 4-week test (DN: 106.9 * 2.0 to 161.5 * 8.6, t=06.4,
P<<.001; RPB: 233.0 £ 3.3 to 305.2 £ 7.9, t=9.2, P<<.001; SP:
87.3 + 1.5t0 158.8 = 6.2, t=11.5, P<.001). The main error
made on the DN module was missing the dot at entry or exit
(mean number of errors increased from 3.1 * 0.2 to 8.2 *
0.8, t= 6.4, P<.001); there was also an increase in number of
needle drops (mean number of errors increased from 0.06 =
0.03 to .3 £ 0.07, t=2.7, P=.01). The main errors made on
the RPB module were instruments out of view and instru-
ment touching the peg; these errors increased significantly
(mean number of instruments out of view increased from
0.37 = 0.08 to 1.2 £ 0.2, t=3.5, P=.001; mean number of
instruments touching the peg increased from 4.5 = 0.3 to
9.3 = 0.5, t=11.4, P<.001). The main error made on the SP
module was missing the dot at entry or exit (mean number of
errors increased from 0.65 * 0.09 to 1.9 * 0.3, t=4.4,
P<<.001). Adjusted time was significantly increased at the
4-week test relative to the last trial of the proficiency test
(DN: 1229 + 22 to 2042 * 11.7, t=6.9, P<.001; RPB:
262.4 * 2510 364.7 = 8.0,t=12.4, P<.001; SP: 91.4 + 1.4 to
169.9 + 6.8, t=11.3, P<.001).
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Table 3.
Adjusted Time on Last Trial of Proficiency Test (PT), Number of Days Between PT and 4-Week Test, and Adjusted Time on 4-Week Test

Resident Physicians (n=27)

Attending Physicians (n=24)

Days between last trial of DN PT and 4-week DN test
Adjusted time on last trial of DN PT

Adjusted time on 4-week DN test®

Days between last trial of RPB PT and 4-week RPB test
Adjusted time on last trial of RPB PT

Adjusted time on 4-week RPB test®

Days between last trial of SP PT and 4 week SP test
Adjusted time on last trial of SP PT”

Adjusted time on 4 week SP test”

36.7 £ 3.6 (19-104)
124.6 = 2.7 (97-150)
194.7 +15.1 (86-417)
425 * 3.3 (19-84)
265.1 = 3.0 (229-285)
360.0 = 11.6 (259—484)
31.2 + 1.4 (22-55)
93.9 = 2.4 (82-129)
177.9 * 8.0 (124-287)

40.1 = 3.3 (21-72)
121.0 + 3.6 (75-143)
215.0 = 18.2 (100-375)
33.8 + 2.4 (21-70)°
259.4 + 4.2 (206-297)
370.3 * 11.0 (279-456)
30.9 = 1.2 (21-46)
88.5 = 1.2 (75-95)
160.3 + 11.1 (81-282)

Time (Seconds), Mean = SEM (range).

“Paired t-test, 4 week test versus last trial of PT, all P<<.001 (DN: residents, t=4.9, attendings, t=4.9; RPB: residents, t=7.9, attendings,

t=9.8; SP: residents, t=9.6, attendings, t=6.5).

Pn=25 for Residents Physicians; n=21 for Attending Physicians for SP module.

“t=2.079, P=.043, Attending versus Resident Physicians.
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o
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Figure 3. Actual time, penalty time for errors (each error = 5 seconds), and adjusted time over the 12 weeks of the study for
resident and attending physicians completing the DN module (n=51). Actual times and penalty time for errors were significantly
different over the 12 weeks of the study (Actual time, F=15.765, P<.001; Errors, F=17.072, P<.001;Adjusted time, F=18.358,

P<.001). Mean * SEM.

Actual times for the DN module decreased between the
4- and 8-week tests and remained constant at the 12-
week test (Figure 3). Actual times on the RPB and SP
remained fairly constant over the 4-, 8-, and 12-week
test (Figures 4 and 5). Error rates for all modules were
fairly constant over the 4-, 8-, and 12-week tests (Fig-
ures 3, 4, and 5).

JSLS (2012)16:218-228

Actual times decreased significantly between the 12-week
and PAT tests on the DN and RPB modules (DN, t=3.9,
P<.001; RPB, t=3.6, P=.001) (Figures 3 and 4). Errors
decreased for the DN and RPB module after the PAT test
(DN, t=3.1, P=.004; RPB, t=5.4, P<.001). As a result,
actual and adjusted times on the DN module were not
significantly different from those obtained on the last trial
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Figure 4. Actual time, penalty time for errors (each error = 5 seconds), and adjusted time over the 12 weeks of the study for resident
and attending physicians completing the RPB module (n=51). Actual times and penalty time for errors were significantly different over
the 12 weeks of the study (Actual time, F=43.528, P<.001; Errors, F=03.366, P<.001; Adjusted time, F=74.891, P<.001). Mean = SEM.
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Figure 5. Actual time, penalty time for errors (each error = 5 seconds), and adjusted time over the 12 weeks of the study for
resident and attending physicians completing the SP module (n=46). Actual times and penalty time for errors were significantly
different over the 12 weeks of the study (Actual time, F=55.502, P<.001; Errors, F=8.840, P<.001; Adjusted time, F=51.550,

P<.001). Mean * SEM.

of the proficiency test, although errors were still higher
(t=2.9, P=.000). For the RPB, actual and adjusted times on
the PAT test, as well as errors, were greater after the PAT
than they were on the last trial of the proficiency test
(actual time, t=4.9, P<.001; errors, t=5.6, P<.001; ad-
justed time, t=5.9, P<<.001). For the SP module, actual and
adjusted times, but not errors, were significantly greater

224

after the PAT than they were during the last trial of the
proficiency test (Figure 5, actual times, t=9.6, P<.001;
adjusted time, t=9.5, P<.00D).

Assessment was made of the degree to which an individ-
ual’s time to complete the modules was correlated with
subsequent times at each re-testing interval. Beginning
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with the 4-week test, time to complete RPB and SP at one
time point was correlated with time to complete it on the
subsequent time point (Table 4).

The degree to which an individual’s time to complete one
module was correlated with time to complete the other
modules was assessed (Table 5). At 8 weeks, there was a
significant correlation between time to complete the RPB
and SP modules; by 12 weeks the correlations were sig-
nificant for RPB and SP and for DN and SP. During the
PAT test, time to complete one module was correlated
with time to complete the other modules, with the corre-
lation between RPB and SP reaching .646 (P<<.001).

DISCUSSION

Robotic skills degraded significantly within 4 weeks of
surgical robotic inactivity. The degradation was seen with
the simpler DN module as well as with the more complex
RPB module, which involved camera and arm clutching as
well as arm movements, and SP module, which involved
intracorporeal knot tying. Analysis of errors during the
tests also sheds light on skill level. Between the last pro-
ficiency trial and the 4-week test, the number of errors
made in all modules increased significantly and remained
elevated at 8 weeks and 12 weeks. Even after animate
training, the error rates remained significantly higher than
following the initial proficiency test for DN and RPB. This
may carry important safety implications for new robotic
surgeons who have gone though the required training, but
have had several weeks lapse without time on the con-
sole. These findings may also be germane to hospital
credentialing, annual re-credentialing and Maintenance of
Certification (MOC) boards responsible for ensuring that
their surgeons remain proficient.

At 8 weeks, performance improved slightly on the DN
test, and remained stable on the RPB and SP tests. It
may be that the testing situations at 4, 8, and 12 weeks
served as mini-training sessions, so that average perfor-
mance on the later tests did not continue to decline.

JSLS

Additionally, the DN module may have served as a
“warm up” trial for the other modules as this module
was always conducted first. As the study progressed,
performances on the tests began to correlate so that
surgeons who did well on the modules at one time
point also did well on the modules at later time points.
Thus, surgeons who performed well at 4 weeks were
likely to perform well at later time points. Conversely,
surgeons who took longer to complete modules at 4
weeks were likely to require more time to complete
modules at later time points. These variations demon-
strate unique individual learning curve patterns and
suggest some surgeons may require more intense or
more frequent re-training following their initial training.

Performance among modules began to correlate over the
study so that a surgeon’s performance on one module
became increasingly correlated with performance on
other modules. By the 12-week test, surgeons who per-
formed well on the SP test were also performing well on
the RPB and DN tests, and by the PAT test, surgeons’
performances on all modules were significantly corre-
lated. By the PAT test, surgeons who did not perform well
on one module did not perform well on the other mod-
ules. This suggests that some surgeons were becoming
increasingly versatile with the robot, able to perform
equally well on a variety of tasks while others did not
perform as well on any of the tasks.

Individual variations were apparent from the beginning of
the study. There was a large variation in the number of
attempts required to achieve proficiency. This was true for
both attending and resident surgeons. There was no dif-
ference in the mean number of attempts to achieve pro-
ficiency between resident and attending physicians with
the exception of RPB, in which the residents achieved
proficiency significantly faster. These objective data sup-
port observational data from the literature demonstrating a
wide range in the number of cases required to achieve
proficiency in urology and gynecology.'?-15

Table 4.
Correlations Between Adjusted Time on One Test and the Subsequent Test

Last Trial of PT and 4-Week Test 4-Week Test and 8-Week Test 8Week Test and 12-Week Test 12-Week Test and PAT Test

DN .022 227
RPB .053 3261
S —.013 .554¢

192 289
315° 440
3107 .348°

Values are Pearson Correlation Coefficients. “P<.05; "P<.01; “P<<.001.
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Table 5.
Correlations Among Adjusted Time to Complete the Modules over the Study
Last Trial of PT 4-Week Test 8-Week Test 12-Week Test PAT Test
DN and RPB 120 178 —0.069 249 331"
RPB and SP 137 242 .299* 364" .646°
DN and SP —.287 161 .023 332 410°

Values are Pearson Correlation Coefficients. *p<.03; "p<.01; “p<<.001.

In 1936, Wright introduced the concept of the “learning
curve,” proposing a mathematical model for the aircraft
industry.'® Working definitions of the learning curve in
surgery have varied widely. These include the diminishing
amount of time to perform a specific task,'” or conversely,
a self-declared point at which a surgeon reaches a comfort
zone when performing a procedure.’” Although, no stan-
dard definition has been accepted,'® it is often defined as
the number of cases a surgeon needs to perform to
achieve acceptable operative times and reasonable out-
comes. !

The most efficient method for mastering a skill is poorly
understood. For the last century, surgeons have been
trained in the method promoted by Halsted, in which the
surgeon is gradually exposed to increasingly difficult tasks
until they are able to operate autonomously.?°-22 Under
these methods, there is wide variation; the estimated
learning curve in RARP ranges from 25'3 to 150 cases.'*
Seamon et al'> report that 20 cases are required to achieve
proficiency in RARH.

Previous studies point to a correlation between perform-
ing a high volume of complex cases and a decrease in
operative mortality.23-2¢ It follows conversely that the pa-
tients cared for by a low-volume surgeon have an in-
creased relative risk of mortality in the same procedures.?”
Traditionally, being privileged for a procedure implied
that a surgeon would be able to perform this operation
indefinitely, regardless of actual practice. However, a Re-
port of a Discussion and Study Group of the American
Surgical Association recognizes that re-privileging should
be based on verifiable criteria and linked to practice out-
comes.?® These endpoints of assessment are not clearly
determined yet, but the implication is that without suffi-
cient exposure, surgical skills degrade.

Given the differences in the extent of performance deg-
radation at 4 weeks, analyses were performed to assess
whether there are variables that can be used to predict
skill degradation and/or maintenance. There were no sig-
nificant differences in times between resident and attend-

ing physicians at 4 weeks. Additional factors that were
examined were sex, age, history of playing a musical
instrument, self-reported number of laparoscopic surger-
ies performed the last year or number of years playing
video games. The only significant correlation was be-
tween the self-reported years playing video games and
time to complete the DN module at 4 weeks. These data
suggest that observation and testing on an individual basis
may be required to assess the proficiency of robotic sur-
geons.

Robotic training currently includes an animate training
lab. This lab covers surgical specialty specific procedures
and provides experience with handling of tissue. For the
simpler skill (DN), animate training restored performance
to levels achieved after repeated trials of the inanimate
proficiency test; however, skill level on the RBP and SP
did not return to the levels achieved on the inanimate test.
This suggests that different skills are being learned in the
2 settings and that animate training did not provide the
kind of intense and specific training on how to manipulate
the robot that inanimate training did. The da Vinci Surgi-
cal System is a complex system, and it may be that be-
coming skilled with this system requires more inanimate
training than is currently prescribed.

This may also highlight the differences in the core com-
ponents that make a robotic surgeon. Mechanical funda-
mentals include both knowledge of how the console is
operated and manipulation skills that are required to op-
erate the robot as a surgical tool to efficiently perform
tasks without error. The second component involves an-
atomic fundamentals learned during medical school and
cemented by repetition in the operating room. This in-
cludes knowledge of anatomy, the handling of various
tissues and dissection planes and the skills to navigate
spaces to achieve a desired surgical outcome. The porcine
lab may emphasize the latter, allowing surgeons to trans-
late their haptic and visual feedback learned in open and
laparoscopic cases to the robotic console. While the por-
cine lab did not bring surgeons back to objectively mea-
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sured inanimate proficiency levels, it is possible that more
subjective, yet fundamental, aspects of robotic surgery
were impacted. Future research will explore skills ac-
quired during live animate training and whether these
skills can be acquired in less expensive and less time-
consuming inanimate settings.

Limitations of this study are that it is a single institution
study, conducted in a fairly homogenous group of surgical
residents and attendings. Replication of these results in
more diverse training programs and with surgeons with
more varied backgrounds, skill levels, and experience is
warranted. The fact that there were no significant differ-
ences between the means of residents and attendings at
any of the test periods (4-, 8-, 12-week and PAT) suggests,
however, that these results are fairly robust.

These results demonstrate that robotic surgical skills de-
grade rapidly in newly trained surgeons, and efforts need
to be made to provide robotic surgeons with active cur-
ricula aimed at maintaining performance during periods
of inactivity to ensure patient safety. Future research will
focus on mechanisms to ensure that robotic skills are
upheld in newly trained surgeons until they are routinely
and consistently performing robotic surgery. Future re-
search defining the training interval to maintain profi-
ciency may start with re-training at 4-week intervals. The
possibility of using virtual reality robotic surgery platforms
as an adjunct for this maintenance of skills will be ex-
plored.
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