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Background

Despite the marked advances in surgical training, microsur-
gery training primarily remains an apprenticeship model.
Considering the complexity of microsurgery and the conse-
quences of failure, the lack of a standardized, quantitative
system to evaluate surgeon skills, provide feedback, and
measure training endpoints raises major quality control
issues.1 The need for such a standardized microsurgery
training model with defined measurable endpoints of train-
ing has been long overdue.

One instrument for surgical evaluation of conventional
microsurgery is the Structured Assessment of Microsurgical
Skills (SAMS). The SAMSmodel assesses four areas: dexterity,
visuospatial ability, operative flow, and judgment, and was
formulated from other previously validated assessment tools
including the Imperial College Surgical Assessment Device

and the Observed Structured Assessment of Technical
Skills.2–5 This model was designed to assess technical skills
during conventional microsurgery, and has been validated in
a recent series at the authors’ home institution.6

Robotically assisted microsurgery or telemicrosurgery is
defined as a microsurgical technique that uses robotic tele-
manipulators to control an effector component that enhances
the precision of surgical movements.7 Robotic microsurgical
skills combine many of the same principles as conventional
microsurgery with an additional skill set that is unique to the
use of the surgical robot. To capture this blend of skills, we
created the Structured Assessment of Robotic Microsurgery
Skills (SARMS). This evaluation system combines the SAMS
scoring systemwith other validated skill domains pertaining
to robotic surgery.8 The SARMS includes three parameters to
assess conventional microsurgical skills: (1) dexterity, (2)
visuospatial ability, and (3) operative flow. The robotic skills
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Abstract Robotic surgery has expanded rapidly over the past two decades and is in widespread
use among the surgical subspecialties. Clinical applications in plastic surgery have
emerged gradually over the last few years. One of the promising applications is robotic-
assisted microvascular anastomosis. Here the authors first describe a process by which
an assessment instrument they developed called the Structured Assessment of Robotic
Microsurgical Skills (SARMS) was validated. The instrument combines the previously
validated Structured Assessment of Microsurgical Skills (SAMS) with other skill domains
in robotic surgery. Interrater reliability for the SARMS instrument was excellent for all
skill areas among four expert, blinded evaluators. They then present a process by which
the learning curve for robotic-assisted microvascular anastomoses was measured and
plotted. Ten study participants performed five robotic microanastomoses each that
were recorded, deidentified and scored. Trends in SARMS scores were plotted. All skill
areas and overall performance improved significantly for each participant over the five
microanastomotic sessions, and operative time decreased for all participants. The
results showed an initial steep ascent in technical skill acquisition followed by more
gradual improvement, and a steady decrease in operative times for the cohort.
Participants at all levels of training, ranging from minimal microsurgical experience
to expert microsurgeons gained proficiency over the course of five robotic sessions.
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include six additional parameters: (1) camera movement, (2)
depth perception, (3) wrist articulation, (4) atraumatic tissue
handling, and (5) atraumatic needle handling (►Table 1).

We describe a process, the scientific details of which are
presented elsewhere, that validates the SARMS as a tool to
capture robotic microsurgical skill, and then tracks the mat-
uration process of robotic microsurgical skills in a heteroge-
neous cohort. We demonstrate that operative times decrease
steadily for all users, and that SARMS scores improve in all
skill areas for all participants. Ultimately, the goal of any

technical training program should be to create a curriculum
that includes targeted feedback and results in competency-
based training.Webelieve those presented herein are thefirst
steps down the road to that goal in robotic microsurgery.

Training Model and Laboratory Experience
Ten participants from the Department of Plastic and Recon-
structive Surgery atMDAnderson Cancer Center with various
levels of training from no experience to experienced micro-
surgeonswere studied. Participants completed a short survey

Table 1 Structured Assessment of Robotic Microsurgical Skills (SARMS)

Microsurgical skills

1 2 3 4 5

Dexterity Bimanual dexterity Lack of use of non-
dominant hand

Occasionally awk-
ward use of non-
dominant hand

Fluid movements
with both hands
working together

Tissue handling Frequently unnec-
essary force with
tissue damage

Careful but occa-
sional inadvertent
tissue damage

Consistently appro-
priate with minimal
tissue damage

Visuospatial
ability

Microsuture
placement

Frequently lost su-
ture and uneven
placement

Occasionally un-
even suture
placement

Consistently, del-
icately, and evenly
spaced sutures

Knot technique Unsecure knots Occasional awk-
ward knot tying and
improper tension

Consistently, del-
icately, and evenly
placed sutures

Operative
flow

Motion Many unnecessary
or repetitive moves

Efficient but some
unnecessary moves

Economy of move-
ment and maxi-
mum efficiency

Speed Excessive time at
each step due to
poor dexterity

Efficient time but
some unnecessary
or repetitive moves

Excellent speed and
superior dexterity
without awkward
moves

Robotic skills

1. Camera movement Unable to maintain
focus or suitable
view

Occasionally out of
focus and inappro-
priately view

Continually in focus
and appropriate
view

2. Depth perception Frequent inability to
judge object
distance

Occasional empty
grasp

Consistently able to
judge spatial
relations

3. Wrist articulation Little or awkward
wrist movement

Occasionally inap-
propriate wrist
movement or
angles

Continually using
full range of en-
dowrist motion

4. Atraumatic
needle handling

Consistent bend-
ing/breakage of
needle

Occasional bend-
ing/breakage of
needle

Consistently un-
damaged needle

5. Atraumatic
tissue handling

Consistent inappro-
priate grasping/
crushing or over-
spreading of tissue

Occasional inappro-
priate grasping/
crushing or over
spreading of tissue

Consistently gentle
handling of tissue

1 2 3 4 5

Overall performance Poor Borderline Satisfactory Good Excellent

Indicative skill Novice Advanced
Beginner

Competent Proficient Expert
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detailing demographic information, and previous experience
including conventional microsurgery, the robotic surgery
simulator, and video games, to determine if in any of these
areas affected primary or secondary outcomes of skill and
operative time. Each participant then completed an online
training module (da Vinci Surgical System Online Training
Module, Intuitive Surgical, Sunnyvale, CA). Next, an interac-
tive instructional session was designed and conducted in the
operating room on an actual standard da Vinci system. This
session began with verification of satisfactory completion of
assigned precourse materials followed by a hands-on dem-
onstration of appropriate set-up and usage of all system
components.

Following these survey and preparatory measures, a dry
laboratory was undertaken utilizing the da Vinci robot to plot
the learning curve of participants. For the experimental
model, a 3-mm synthetic vessel (Biomet, Warsaw, IN) was
fixed to a simple foam platform (►Fig. 1). The vessel was
divided in half and then secured with a double-opposing
vascular clamp. For the robot set-up, two articulated arms
equipped with Black Diamond forceps and a high definition,
0-degree endoscope was used. Sessions were conducted
using an actual operating room and a robotic system that is
in regular clinical use. The microvascular anastomosis was
performed using 9–0 nylon, and end-to-end 0/180 degree
suture technique with eight interrupted sutures required for
completion of the task (►Fig. 2). Each participant completed
five robotic-assisted, microvascular anastomoses over the
study period.

SARMS Validation
To validate SARMS as an assessment tool because it has never
been used before this study, six of the videos were selected at

random. The four world’s leading experts on robotic micro-
surgery were selected as blinded evaluators. These included
Sijo Paraketil (University of South Florida), Philippe Liver-
neaux (University of Strasbourg, FR), GustavoMantovani (Sao
Paulo, BR), and Jesse Selber (MDAnderson Cancer Center). The
order, the identity of the participant, and the session number
of the videos were randomized and raters were blinded to
these data. Each skill was evaluated using the SARMS on a 1 to
5 scale, 1 being the worst and 5 being the best. Raters were
then compared for agreement.

Fig. 2 A 3-mm synthetic vessel was used for the anastomotic model. The
vessel was divided and secured with double-opposing vascular clamps.
Zero- and 180-degree sutures were placed, followed by three sutures in
between on each side for a total of eight. All suturing was performed
robotically and the synthetic vessel was mounted on a foam platform.

Fig. 1 The setup for the laboratory experiment used the da Vinci Surgical System (Intuitive Surgical, Sunnyvale, CA). Instrumentation included
two robotic arms employing Black Diamond Micro forceps (Intuitive Surgical) and a high definition, 0-degree endoscope.
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Statistical Analysis
A paired t test was used to compare changes in SARMS scores
for each technical component for each participant over the
study period. The Cronbach’s α coefficient was used to
determine consistency in application of SARMS.9 The kappa
statistic was used to determine agreement among raters.10

A value of p < 0.05 was considered significant. All analyses
were performed in SAS 9.3 (SAS Institute Inc., Cary, NC) and R
3.0.2 (The R Foundation for Statistical Computing).

Results

Ten plastic surgeons participated in this study, nine of whom
completed all five video sessions. Each surgeon performed
five robotic-assisted, microsurgical anastomoses. All sessions
were recorded. The length of the operative procedures ranged
from 9 to 44 minutes. The 45 videos were subjected to blind
evaluation using the Structured Assessment of Robotic
Microsurgery Skills (SARMS) model, which consists of 11
items, 6 for microsurgery skills and 5 for robotic skills.

The Cronbach’s α coefficient was used to determine
consistency in the application of the SARMS instrument
(►Table 2). Our data show that the interrater consistencies
for the SARMS are good on all items. The instrument has
excellent consistency on overall performance and individ-
ual skills such as bimanual dexterity, microsuture place-
ment, motion, speed, depth perception, wrist articulation,
and atraumatic handling of both needles and tissue. Kappa
scores were used to assess agreement among multiple
raters. The kappa statistic for most skills was between 0.4
and 0.6, which indicate moderate agreement among raters
when using SARMS to assess the same video. Raters dem-

onstrated good agreement in assessing overall performance
(κ ¼ 0.625).

►Table 3 lists the mean SARMS scores for each of the skill
areas during each of the sessions. Generally, themicrosurgical
skills increased in each successive practice session. For all the
robotic microsurgical skills, data confirmed that the more
sessions, the better the skills (all βs are > 0). Among them,
atraumatic needle handling and atraumatic tissue handling
improved the fastest (β ¼ 0.60 and 0.57, respectively).

Univariate analysis of previous experience in various
domains demonstrated that microsurgical experience and
number of robotic simulator hours were associated with
certain robotic microsurgical skills. Participants with higher
levels of conventional microsurgical expertise performed
better overall in the robotic microsurgery tasks (β ¼ 0.32,
p ¼ 0.048). Previous robotic experience, laparoscopic experi-
ence, and video game experience did not show any impact on
robotic microsurgical skills. Microsurgery experience and
laparoscopic experience were both related to faster improve-
ment in motion and camera-movement skills. ►Table 4 lists
the effect of session number on operative times. All partic-
ipants experienced steady decreases in operative time over
the course of the five sessions. Shorter operative times were
associated with previous microsurgical experience, but not
video game or laparoscopic experience, and changes in
operative times were independent of any experience.

Discussion

Robotic microsurgery hasmany theoretical advantages. Com-
pete tremor elimination and up to 5-to-1 motion scaling
provide the robot with superhuman levels of precision. In

Table 2 Consistency of Structured Assessment of Robotic Microsurgical Skills

Cronbach’s α

All raters W/O rater 1

Dexterity Bimanual dexterity 0.916 0.969

Tissue handling 0.823 0.795

Visuospatial ability Microsuture placement 0.920 0.904

Knot technique 0.872 0.907

Operative flow Motion 0.939 0.914

Speed 0.951 0.940

6. Camera movement 0.888 0.841

7. Depth perception 0.907 0.951

8. Wrist articulation 0.917 0.922

9. Communication 0.906 0.718

10. Atraumatic needle handling 0.957 0.937

11. Atraumatic tissue handling 0.924 0.901

Average score 0.867 0.837

Overall performance 0.925 0.857

Indicative skills 0.909 0.855
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no area is this attribute more critical than in microsurgery
where success is measured in nanometers. Because of the
inherent benefit of the robotic surgical platform, there is
considerable interest in defining its role in microsurgery. To
do this systematically, we have developed a well-defined
anastomotic model, a validated assessment tool and a general
plot of the trajectory of both naive and experienced learners.

In this article, we described a new, robotic-assisted
microsurgical evaluation system, the SARMS that demon-
strated good consistency and interrater reliability. We
further showed improvement in robotic microsurgical skill
across a heterogeneous group of learners over a relatively
compressed learning schedule and number of practice
sessions. All skill areas and overall performance improved
significantly for each participant over the five robotic-
assisted microanastomosis sessions. Operative time de-
creased over the study for all participants. The results

showed an initial steep ascent in technical skill acquisition
followed by more gradual improvement, and a steady
decrease in operative times that ranged between 1.2 hours
and 9 minutes. Prior experience with conventional micro-
surgery did help skill acquisition in certain specific areas
but was not essential, indicating that the technical aspects
of robotically assisted microsurgery can be gained by
learners with no prior microsurgery experience.11 This
obviously has clear implications for the structure of future
curricula that in this case could be taught in series or in
parallel as they are not strictly cumulative skills.

The concept of a learning curve is being used increasingly
in surgical training and education to denote the process of
gaining knowledge and improving skills in performing a
surgical procedure.12 It provides an objective assessment of
technical ability and a benchmark to compare surgical ap-
proaches and technologies. The learning curve is defined by

Table 4 Univariate analysis of time effect of robotic microsurgical skill acquisitions

β 95% CI p Value

Dexterity Bimanual dexterity 0.35 0.12–0.58 0.003

Tissue handling 0.48 0.37–0.60 <0.001

Visuospatial ability Microsuture placement 0.30 0.15–0.45 <0.001

Knot technique 0.32 0.24–0.40 <0.001

Operative flow Motion 0.34 0.17–0.50 <0.001

Speed 0.32 0.12–0.52 0.002

1. Camera movement 0.38 0.28–0.48 <0.001

2. Depth perception 0.23 0.14–0.31 <0.001

3. Wrist articulation 0.30 0.15–0.46 <0.001

4. Atraumatic needle handling 0.60 0.40–0.80 <0.001

5. Atraumatic tissue handling 0.57 0.35–0.79 <0.001

Overall performance 0.42 0.36–0.47 <0.001

Table 3 Summary of the score of Structured Assessment of Robotic Microsurgical Skills

1 2 3 4 5

Dexterity Bimanual dexterity 2.78 (0.67) 3.22 (0.83) 3.56 (0.73) 3.78 (1.09) 4.11 (0.93)

Tissue handling 2.00 (0.71) 3.00 (0.71) 3.67 (0.71) 3.78 (0.83) 3.89 (0.60)

Visuospatial ability Microsuture placement 2.22 (0.97) 2.89 (0.93) 3.22 (0.97) 3.00 (0.87) 3.56 (0.53)

Knot technique 2.22 (0.44) 3.00 (0.71) 3.44 (0.53) 3.56 (0.73) 3.67 (0.50)

Operative flow Motion 1.78 (0.67) 2.33 (0.71) 3.00 (0.87) 3.00 (1.12) 3.56 (0.73)

Speed 1.89 (0.60) 2.44 (0.73) 3.00 (0.87) 3.11 (1.05) 3.78 (0.83)

12. Camera movement 2.33 (0.50) 2.67 (0.71) 3.11 (0.60) 3.33 (1.00) 4.00 (0.00)

13. Depth perception 3.11 (0.60) 3.44 (0.73) 3.44 (0.73) 3.67 (0.87) 4.11 (0.33)

14. Wrist articulation 2.67 (0.50) 3.22 (0.67) 3.67 (0.71) 3.67 (1.12) 4.11 (0.33)

15. Atraumatic needle handling 2.33 (0.87) 2.78 (0.97) 3.56 (0.53) 3.67 (0.87) 4.11 (0.60)

16. Atraumatic tissue handling 2.33 (0.71) 3.11 (0.93) 3.67 (0.71) 3.89 (0.60) 4.22 (0.44)

Overall performance 2.11 (0.33) 2.44 (0.73) 3.00 (0.50) 3.11 (0.78) 3.89 (0.60)

Seminars in Plastic Surgery Vol. 28 No. 1/2014

Robotic Microsurgical Training and Evaluation Selber, Alrasheed 9

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.



the number of cases required to achieve technical compe-
tence at performing a particular surgery.12 Learning curves
are commonly assessed using operative time as a surrogate,
assuming that operative times improve as the surgeon be-
comesmore facile. Although this endpoint is easy tomeasure,
it is fundamentally low resolution in that it does not provide
objective definitions of learning and is not a direct indicator
of learning.13 Other evaluation tools have been developed
that promise more technique-specific evaluation of learning
curves. Both microsurgical learning curves and robotic learn-
ing curves have previously been described, but robotic mi-
crosurgery has not been rigorously studied elsewhere.14,15

The SARMS evaluation system is unique in that it combines
previously validated skill assessment parameters for both
microsurgery and robotic surgery.

Attempting to define learning curves in a clinical setting
is fraught with challenges. Variation in patient anatomy,
operative conditions and many other factors make each
clinical situation different, and introduces inherent varia-
tion into the evaluation of the learner. The microsurgical
anastomosis is as close to an ideal model for evaluating
skills and defining a learning curve as possible because
unlike the constantly shifting sands of a clinical case, it is a
finite task with a straightforward sequence of steps. By
using synthetic vessels of a predetermined size and a
proscribed technical method, the model becomes extreme-
ly reproducible with almost no variation introduced except
the skill and alacrity of the learner. Once the model is
established, an evaluation system can be tested, as we
have done using the SARMS, and once validation is estab-
lished, a learning curve can be plotted using a range of
participants from the surgically naïve to the experienced
microsurgeon as we have shown.

Creating measurement tools and models of learning are
the first steps on the road to customized education, curricular
designwith individual assessment and targeted feedback, and
competency-based learning, which is the future of surgical
education.

Conclusion

The Structured Assessment of Robotic Microsurgical Skills
(SARMS) is thefirst validated instrument for assessing robotic
microsurgical skills. Proficiency in roboticmicrosurgical skills

can be achieved over a relatively limited number of practice
sessions. Standardized evaluation and systematic learning of
both robotic and conventional surgical techniques is neces-
sary and lies at the heart of competency-based training.
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