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Abstract

Obijective: Analyze efficacy of self-directed resident microvascular training versus a
mentor-led course.

Study Design: Randomized, single-blinded cohort study.

Setting: Academic tertiary care center.

Methods: Sixteen resident and fellow participants were randomized into two groups
stratified by training year. Group A completed a self-directed microvascular course
with instructional videos and self-directed lab sessions. Group B completed a tradi-
tional mentor-led microvascular course. Both groups spent equal time in the lab.
Video recorded pre and post-course microsurgical skill assessments were performed
to assess the efficacy of the training. Two microsurgeons, blinded to participant iden-
tity, evaluated the recordings and inspected each microvascular anastomosis (MVA).
Videos were scored using an objective-structured assessment of technical skills
(OSATS), a global rating scale (GRS), and quality of anastomosis scoring (QoA).
Results: The pre-course assessment identified that the groups were well matched
with only “Economy of Motion” on the GRS favoring the mentor led group (p = .02).
This difference remained significant on the post assessment (p = .02) Both groups
significantly improved in OSATS and GRS scoring (p < .05). There was no significant
difference in OSATS improvement between the two groups (p = .36) or improvement
in MVA quality between groups (p > .99). Time to completion of MVA significantly
improved overall by a mean of 8 min and 9 s (p = .005) with no significant difference
between post training times to complete (p = .63).

Conclusion: Different microsurgical training models have previously been validated
as effective methods for improved MVA performance. Our findings indicate that a
self-directed microsurgical training model is an effective alternative to a traditional
mentor driven models.

Level of Evidence: Level 2.
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1 | INTRODUCTION

Microsurgery is a demanding fine motor technical skill. Acquisition of
microsurgical skills are dependent on intensive training and exposure
over time.! The challenge of increasing microsurgery exposure during
residency training is complicated by the need for specialized equip-
ment and lab, supervision and guidance of attendings, and single use
item costs. Thus, much effort has been invested to determine an
approach to efficiently develop surgeons with microsurgical skills. It

has been well established that a low-fidelity microsurgical simulation

16 participants
(residents + fellow)

{

model (i.e., non-living models) allows for similar development com-
pared to high fidelity models when training developing surgeons.2™
Of the multitude of non-living models, the value of utilizing chicken
thigh vessels for improving resident microsurgical skills has previously
been established.””” This model has greatly reduced the resources
required for training events.®

Recent literature has evaluated the efficacy of remote and inde-
pendent learning and found it to be an effective tool for teaching
microsurgery.®? It has been found that self-directed microsurgery

programs paired with regular practice does produce an increase in

/ Pre-assessment:

Resident Survey”
+
Baseline resident experience survey®
+

Quality of anastomosis (10-point scale)®
+

video blinded to participant by two expert reviewers)

Brief 15-minute instruction on microsurgery and assessment objectives

Time to completion (microvascular anastomosis) MVA with 8 interrupted stitches

Objective structured assessment of technical skills OSATS and GRS® (from recordedj

~

.

/ Stratified
Randomization by
PGY year
Group A:
Self-directed learning
environment

Group B:

Course learning environment

}

}

Watch 2 videos on microsurgery
basics and technique'?'3

Mentor led course completion.
This will include a didactic lecture followed
by a one-hour session in the lab. Two
additional one-hour sessions will take place

with the mentor present spanning a 3-week

period.

Complete 3 separate self-directed sessions in the
micro-lab over a 3-week period.
Session length will be recorded by the participant and
should be approximately 1 hour.

.

Post-assessment:

Resident Survey’
+

Time to completion (microvascular anastomosis) MVA with 8 interrupted stitches

Quality of anastomosis (10-point scale)®
+

Objective structured assessment of technical skills OSATS and GRS® (from recorded video blinded to

participant by two expert reviewers)

FIGURE 1 Study methodology
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knowledge and skills.” Implementation of a self-directed course is also
aided by the finding that trainees generally have the awareness to
evaluate themselves during the acquisition of microsurgery skills.'°

The prospect of pairing a low fidelity training model with the
autonomy of a self-directed course may allow for an increased num-
ber of training events resulting in greater skills development. Addi-
tionally, in the COVID-19 era this potential training model would
allow for more flexible and decentralized training that keeps with
social distancing guidelines.

Thus, this study sought to evaluate the efficacy of a self-directed

resident microvascular training compared to a traditional mentor-led

course.
2 | MATERIALS AND METHODS
2.1 | Pre-training assessment

Following approval by the University of Arkansas for Medical Sciences
Institutional Review Board (IRB# 261494), 16 participants (15 resi-
dents & 1 fellow) were approached to participate in a microvascular
curriculum and comparative study. All 16 participants reviewed the
objectives of the study and completed a 15-min instructional video
on microvascular anastomosis (MVA) (Figure 1). Each participant com-
pleted a baseline resident experience survey answering the number of
months they have rotated on a microsurgical service and number of
microsurgical cases they had performed. A pre-assessment survey
was used to assess their comfort level using the operative microscope,
handling microsurgical instruments, and performing an MVA.

All participants then performed an MVA with eight interrupted
stitches on a chicken thigh vessel while being video recorded. Time
required to complete the MVA was collected. Two fellowship-trained
microvascular surgeons, who were blinded to the participants, indepen-
dently graded each anastomosis under the operative microscope utilizing
a Quality of Anastomosis (QoA) (Appendix 1, Data $1) scoring system.®
The video recordings were then independently reviewed by the two
expert reviewers to assess baseline technical performance using a micro-
vascular Objective Structured Assessment of Technical Skills (OSATS)
scoring system. This included both a Task Specific Score (TSS)
(Appendix 2, Data S1) and Global Rating Scale (GRS) (Appendix 3,
Data S1) which has been previously validated to differentiate between
levels of microvascular ability using the chicken thigh vessel model.'?
Video recordings did not include any identifiable images of the partici-

pants to ensure that the reviewers remained blinded to the participants.

22 | Self-directed and mentor-led training

Participants underwent stratified randomization in which the PGY level
defined the strata. Simple randomization was applied to the strata to
determine the method of learning. Group A completed a self-directed
learning course consisting of two training videos on microsurgery basics

and technique.*?*® Group A then completed three self-directed one-hour

sessions in the microvascular lab. In contrast, Group B completed a tradi-
tional didactic presentation by a mentor. Group B then completed three
1-h sessions in the microvascular lab with a mentor present. All sessions

for both groups were completed over a one-month period.

2.3 | Post-training assessment

Each participant completed a post-assessment survey assessing their
comfort level with using the operative microscope, handling microsur-
gical instruments, and performing a MVA. All participants then per-
formed a MVA with eight interrupted stitches on a chicken thigh
vessel while being video recorded. Participants were again graded by
the same two expert reviewers utilizing the QoA, OSATS-TSS, and
GRS scoring systems, as described above. Time to complete the MVA

was also documented.

24 | Statistical analysis

To determine statistically significant data the pre and post assess-
ments were analyzed using a T-test and the reviewer evaluations

were analyzed using ANOVA.

TABLE 1 Baseline resident experience

Number of residents

PGY-1 3
PGY-2 3
PGY-3 3
PGY-4 3
PGY-5 3
PGY-6 1
Overall 16
Months of microsurgery?®

PGY-1 1.2 (1.0)
PGY-2 3.3(1.5)
PGY-3 5.0(1.7)
PGY-4 7.3(2.1)
PGY-5 7.7 (2.1)
PGY-6 15(0)
Overall 5.5(3.8)
Microsurgical cases performed?

PGY-1 0(0)
PGY-2 7.3(4.9)
PGY-3 7.7 (4.0)
PGY-4 32.3(15.4)
PGY-5 23.3(15.3)
PGY-6 60 (0)
Overall 17.0 (18.4)

#Values given as the mean (SD).
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TABLE 2 Improvement within groups
Comparison between groups Comparison within groups
Pre-training baseline Post-training assessment Self-directed pre Mentor-led pre
vs. post vs. post
Self-directed Mentor-led Self-directed Mentor-led
Assessment (mean min:s) (SD) (mean min:s) (SD) p-value (mean min:s) (SD) (mean min:s) (SD) p-value p-value p-value
Time to complete 26:49 (14:38) 21:02 (7:17) .33 16:27 (5:50) 15:06 (5:03) .63 .06 .008
anastomosis
QoA®
Average apposition of  6.00 (1.39) 6.38 (1.55) .62 6.25(1.83) 7.44 (1.57) .19 76 .061
tissue edges
Average backwall 8.88 (3.18) 7.88(3.93) .59 8.88 (3.18) 7.75(4.17) .55 >.99 .96
Average suture 5.75 (1.69) 6.06 (1.50) .70 5.86 (1.81) 6.88 (1.41) .24 .88 .18
configuration and
separation
Average equidistant 6.00 (1.54) 6.38(1.81) .66 7.06 (1.24) 7.44 (1.45) .59 A1 .18
bites on vessel edges
Average overall 5.56 (1.90) 5.88(2.17) 76 6.00 (2.31) 6.31(2.55) .80 .67 .73
appearance of the
final anastomosis
OSATS?
OSATS-TSS 8.31(1.62) 9.50(1.93) .20 11.69 (1.10) 12.19 (1.22) 40 <.001 .001
GRS¢
Economy of motion 1.81 (0.53) 2.75 (0.80) .15 3.13(0.44) 3.88 (0.64) 17 .001 <.001
Instrument handling 2.19 (0.46) 2.75 (0.60) .53 3.38 (0.58) 3.50 (0.76) 72 <.001 .001
Respect of tissue 2.63 (0.64) 2.75(1.10) 79 3.25(0.85) 3.63(0.79) .38 .028 .03
Flow of operation 2.19 (0.53) 2.75(0.71) .09 3.50 (0.53) 3.75(0.65) 42 .001 <.001
Overall result 2.25(0.53) 2.75 (0.65) 12 3.44(0.42) 3.75(0.65) 27 <.001 <.001

Abbreviations: GRS, Global Rating Scale; OSATS, Objective Structured Assessment of Technical Skills; QoA, Quality of Anastomosis; TSS, Task Specific Score.

Note: Bold values significes p < 0.05.

#Values reported as averages of two blinded reviewers grading on a 1-10 point scale * the standard deviation.
bValues reported as averages of two blinded reviewers grading on a 14-point maximum score * the standard deviation.
“Values reported as averages of two blinded reviewers grading on a 1-5 point scale + the standard deviation.

3 | RESULTS

3.1 | Demographicinformation

Fifteen otolaryngology residents and one fellow were enrolled and
successfully completed the curriculum. Those enrolled ranged
between PGY-1 to PGY-6 with an increasing amount of microsurgery
exposure and experience associated with increasing PGY level
(Table 1).

3.2 | Pre-training baseline

There was no statistical difference between the two groups
in the QoA, OSATS-TSS, or GRS scores for the pre-training
MVA (Table 2). The mentor-led group completed the pre-training
MVA faster than the self-directed group (26.5 vs. 21.0 min; p = .33).

3.3 | Self-directed training

When compared to their pre-training baseline, the self-directed
group improved significantly in OSATS-TSS (p <.001) and all
categories of the GRS (Table 2). The mean time to complete the
MVA improved by 10 min and 22 s, but was not statistically signif-
icant (p = .06). There was no statistically significant difference
between the post-training and pre-training QoA scores for the

self-directed group.

34 | Mentor-led training

When compared to their pre-training baseline, the mentor-led
group improved significantly in OSATS-TSS (p = .001) and all cate-
gories of the GRS (Table 2). The mean time to complete the MVA
improved by 5 min and 56 s (p = .008). There was no statistically
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TABLE 3 Improvement between groups
Improvement in score
Comparison self-directed
Self-directed Mentor-led vs. mentor-led improvement

Assessment Delta (mean min:s) (SD) p-value Delta (mean min:s) (SD) p-value p-value
Time to complete anastomosis 10:22 (13:17) .063 5:56 (4:33) .008 .39
QoA®
Average apposition of tissue 0.25(2.19) .76 1.06 (1.35) .06 .39

edges
Average backwall 0.00 (0.00) >.99 0.13 (6.62) .96 .97
Average suture configuration 0.13(2.17) .88 0.81 (1.56) .18 48

and separation
Average equidistant bites on 1.06 (1.61) 11 1.06 (2.00) .18 >.99

vessel edges
Average overall appearance of 0.44 (2.77) .67 0.44 (3.48) .73 >.99

the final anastomosis
OSATS?
OSATS-TSS 3.38(1.55) <.001 2.69 (1.33) .001 .36
GRS
Economy of motion 1.31 (0.65) .001 1.13 (0.44) <.001 51
Instrument handling 1.19 (0.46) <.001 0.75(0.38) .001 .06
Respect of tissue 0.63 (0.64) .03 0.86 (0.92) .03 .54
Flow of operation 1.31 (0.70) .001 1.00 (0.27) <.001 27
Overall result 1.19 (0.53) <.001 1.00 (0.27) <.001 .39

Abbreviations: GRS, Global Rating Scale; OSATS, Objective Structured Assessment of Technical Skills; QoA, Quality of Anastomosis; TSS, Task Specific

Score.
Note: Bold values significes p < 0.05.

#Values reported as averages of two blinded reviewers grading on a 1-10 point scale * the standard deviation.
bValues reported as averages of two blinded reviewers grading on a 14-point maximum score * the standard deviation.
“Values reported as averages of two blinded reviewers grading on a 1-5 point scale * the standard deviation.

TABLE 4 Comfort level survey®

Self-directed Mentor-led
What is your comfort level... Pre-training Post-training p-value Pre-training Post-training p-value
Using an operating microscope?® 6.14 (2.12) 7.43 (1.99) .02 6.00 (2.83) 8.29 (0.95) .03
Using microsurgical instruments?? 4.86 (2.41) 6.57 (1.62) .05 414 (2.27) 8.29 (1.25) .001
Completing a microvascular anastomosis?? 1.71 (0.95) 5.14 (1.86) <.001 2.89 (2.41) 7.86 (1.57) .001

Note: Bold values significes p < 0.05.
*Values self-reported by trainees on a 1-10 point scale (SD).

significant difference between the post-training and pre-training
QoA scores for the mentor-led group.

3.5 | Comparing improvement in self-directed
versus mentor-led training

When evaluating the development of microsurgical skills there was no
significant difference between the self-directed group and the mentor-
led group in post-training OSATS-TSS (p = .36) or any of the GRS cate-
gories (Table 3). Time to complete the MVA was similar between both
groups (16.5 vs. 15.1 min; p = .63) and there was no difference
between any of the QoA domains.

3.6 | Participant survey

Comparison of pre and post-training participant surveys revealed that
both training groups improved in comfort level when operating a
microscope, using microsurgical instruments, and completing a MVA
(Table 4).

4 | DISCUSSION

Microsurgical training is an integral component to a wide array of sur-
gical specialties. But acquiring microsurgical skills represents an aca-
demic and logistical challenge for program directors. Our study found
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no statistically significant difference in trainee development when
comparing self-directed training with traditional mentor-led courses in
the context of low-fidelity microsurgical training.

This exciting finding prompts additional questions for programs
considering implementing a self-directed microsurgical training model.
One of which is the potential impact of reduced mentorship engage-
ment of senior surgeons during self-directed microsurgical training.
While the potential impact of this reduced mentorship warrants fur-
ther investigation, it must be noted that the flexibility of incorporating
a self-directed model provides the opportunity for a hybrid model to
be utilized. Allowing each program to determine the optimal balance
of mentor involvement with the repetition required for a trainee to
advance from a simulated microsurgical environment.

Another question this study prompts is, what level of microsurgi-
cal skill can be reasonably acquired by a trainee before the mentorship
of a senior surgeon must be incorporated? When considering the
upper limits of a self-directed microsurgical training program the find-
ings of this study would suggest that the microsurgical trainee would
likely play a central role. The resident survey from this study is consis-
tent with previous findings, that self-assessment of microsurgical
development can have good to excellent agreement with preceptor-
assessment scores suggesting good interrater reliability.'° Indicating
that with clearly communicated goals a microsurgical trainee could
training until ready for a skills checkoff from a senior surgeon. The
maximum application of self-directed microsurgical training is an excit-
ing new question to be asked and is an opportunity for further
investigation.

While this study adds to the literature by analyzing the utility of
self-directed versus mentor-lead microsurgical training, it is not with-
out limitations. Our explanation for the lack of improvement in the
QoA scores is due to a lack of blinding of participants that time was a
recorded factor. Consequently, total time to completion was signifi-
cantly lower after training while participants maintained the same
anastomosis quality. Future studies would be improved by ensuring
complete blinding of time as a recorded factor. This study was
also limited due to the inherent limited number of residents and our
program being three residents per resident class. Considering the
implications of this study, a follow-up multisite study is warranted to
confirm our findings and further explore the potential of incorporating

a self-directed microsurgical training model.

5 | CONCLUSION

This study determined that utilizing a low fidelity self-directed resi-
dent microsurgical training is an effective alternative to a traditional
mentor driven course. Programs that include microsurgical training
that are seeking increased flexibility and efficient allocation of
resources should consider incorporating a self-directed component to

their resident microsurgical training model.
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