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The anastomosis of small vessels requires familiarity with
procedural steps as well as precise manual dexterity.1 As
such, microsurgery is a challenging skill to acquire and should
be taught outside the operating room.2 Previous studies show
that laboratory training of microsurgery techniques is an
effective way to increase microsurgical performance and
improvepatencyofanastomosis.2Manymodels such asvirtual

reality, synthetic materials, nonliving, and living animal mod-
els are effective materials for microsurgical education.2,3

However, living rat femoral arterymodels arewidely accepted
as the gold standard for microsurgical training.4

Current obstacles for microsurgical training include proce-
dural complexity, trainee time constraints, and high cost
associated with equipment.3,5 Traditionally, resident training

Keywords

► microsurgery
► vessel anastomosis
► surgical training

Abstract Background Microsurgical anastomosis of vessels is a challenging skill that surgical
residents should practice on models before attempting in the clinical setting. These
skills are often taught using synthetic materials, animal tissue, or live animal models.
With increasing constraints on surgical resident’s time, it is important to maximize
efficiency of microsurgical training. The purpose of this study is to determine if
teaching surgical residents about common vessel anastomosis errors decreases the
total number of suture errors during a 4-day training course.
Methods Plastic surgery residents (R1–R3) were randomly assigned to receive
additional teaching focused on either common microsurgical errors or traditional
microsurgical manuals. The residents then performed anastomosis on rat femoral
arteries in which the total number of sutures and errors were recorded by staff
microsurgeons who were blinded to the intervention.
Results Residents who received teaching on commonmicrosurgical errors performed
a total of 73 sutures of which 12 were errors. The control group who studied using
traditional microsurgical manuals performed a total of 125 sutures of which 38 were
errors. There was a statistically significant decrease in the total number of suture errors
(Fisher’s exact test; p-value ¼ 0.04) and in the number of partial depth bite errors
(Fisher’s exact test p-value¼ 0.03).
Conclusion Teaching surgical residents about common vessel anastomosis errors
decreased the total number of errors when compared with traditional education
methods using microsurgery manuals. Partial depth bite errors were also decreased
through error-based teaching.
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has been measured through checklists and global assessment
scales; however, fewmanuals specifically identify the types of
anastomosis errors.2,6 In a previous publication, errors com-
monly committed by surgical residents were identified and a
visual teaching tool was created.7 Through utilizing a pictorial
representation of common errors and an approach to prevent
or repair them, trainees may be able to perform better in the
laboratory setting as well as the clinical setting. We sought to
investigate this “what-not-to-do” approach and its applicabil-
ity in the microsurgery training module.

Methods

Five plastic surgery residents (R1–R3) were randomly
assigned to the control or experimental group. Three were
placed in the control group and two in the experimental
group. Both groups were given standard microsurgery man-
uals to review before participating in a 4-day rat femoral
artery anastomosis training program.

Before beginning the first session, the experimental group
was provided with a 15-minute didactic lesson from a staff
microsurgeon on common microsurgical anastomosis errors
and how to avoid them. The lesson included images and
explanations of errors including backwall, partial depth bite,
irregular widths, tear during placement, mistaken vessel wall,
andsutures thataretooloose. Thecontrolgroupwasgiven these
15minutes for additional review time on standard microsur-
gery manuals without a staff preceptor. A total of four training
sessionswereofferedovera1-weekperiod.Duringeachsession,
staff microsurgeons directly observed and cataloged all techni-
cal errors andwell-placed sutures of each participant. The staff
observerswere blinded as towhich group the residentswere in
and each session was overseen by a different staff physician.

Rat femoral arteries were exposed inferior to the inguinal
ligament. The femoral arteries were clamped at the proximal
end of the incision, and then were divided. The participants
were observed by a staff microsurgeon as they performed an
end-to-end anastomosis of the vessel under 10� to 20�
magnification (Zeiss, Germany) using 10–0 nylon (Sharpoint,
MA) and regularmicrosurgical instruments (Accurate Surgical
& Scientific Instruments, CA). Two simple interrupted sutures
were placed at 0 and 180 degrees, and then three sutureswere
placed in the anterior wall. Following completion of the
anterior wall, the vessel was rotated to expose the posterior
wall and it was sutured with a further three sutures.

After placement of each suture, the staff microsurgeon
inspected the knot both externally and internally for signs of
suture errors. Real-time feedback was given to the student by
first asking them to identify their error. Sutureswere removed
and repeated until the participant had successfully demon-
strated recognition of the error and ability to correct it. When
participantsweresatisfiedwith thequalityof theanastomosis,
thevessel clampswere released, and therat femoral arterywas
inspected for locations of excess bleeding. If excess bleeding
waspresent, the vesselwas further inspected todetermine the
site and cause of the bleeding. Finally, the vessel was divided
proximally and distally to the anastomosis for further inspec-
tion of each suture.

Each suture error was categorized as either “well placed”
or subcategorized into a specific error type. These error types
included vessel backwall, partial depth bite, irregular widths,
tear during placement, mistaken vessel wall, too loose, or
miscellaneous. The number of sutures and errors were
analyzed using nonparametric statistical testing through
the use of a Fisher’s exact test. All animals were treated
humanely and in accordance with the Canadian Council on
Animal Care Ethics Approval.

Results

The control group had three participants (R1, R2, R3) who
attended 4, 2, and 2 sessions, respectively, and completed a
total of 125 sutures. The experimental group had two
participants (R1 and R2) who attended 4 and 3 sessions,
respectively, and completed a total of 73 sutures (►Table 1).
Of the 125 sutures the control group performed, a total of
38 were suture errors. Of the 73 sutures the experimental
group performed, a total of 12 were suture errors. The
average number of errors per participant session is shown
in ►Fig. 1.

A Fisher exact test found a significant difference between
the total number of suture errors between the experimental
and control groups (p¼0.04, ►Table 2). The Fisher’s exact
test also showed a significant differencebetween the number
of partial depth errors between the experimental and control
groups (p¼0.03, ►Table 3). In the Fisher’s exact tests, the
specific error types were compared with the total number of
sutures from all other categories combined. Each error type
was calculated separately, and the results are summarized in
►Table 4.

Discussion

Microsurgery requires a high level of technical skill and has a
known increased propensity for errors and complications
during the training process.2,8,9 To increase microsurgical
skill, microsurgical laboratory training is often utilized and
has been effective in previous studies.4,6,8,10 In addition to
learning from experience, medical trainees also believe they
learn from mistakes that others have made.11,12 Knowing
these mistakes allows trainees to take steps to avoid com-
mitting those errors themselves.12,13 The results of our pilot
study suggest that teaching residents about common micro-
surgical errors may improve training by reducing the occur-
rence of suture errors.

Table 1 Total values for control and experimental participants

Control Experimental

Surgery resident participants 3 2

Total participant sessions 8 7

Total sutures 125 73

Well placed sutures 87 61

Suture errors 38 12
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Current microsurgical literature describes suturing
mistakes such as backwall bites, loose sutures, and vessel
wall holes.1,10 However, training manuals do not mention
errors such as partial depth bites and mistaken vessel wall.
In this study, the experimental groupwas taught how to avoid
each of these suture error types and how they can be rectified.
The results demonstrated that plastic surgery residents who
were educated on how to avoid these errors had significantly

fewer total errors. Theyalso had lesspartial depth errorswhen
compared with the control group.

Partial depth errors are caused when the suture does not
pass through the entire vessel wall into the lumen.7,14 This
often occurs because the adventitia is confused for vessel wall
and results in improper approximation of the two sides.7

Fig. 1 Average errors of each type per participant session for the control group (n¼ 8) and the experimental group (n¼ 7). Error bars represent the
standard deviation.

Table 2 Fisherexact test comparisonof total errorsandwell-placed
sutures between control and experimental groups (p-value¼0.04)

Total errors Well placed

Control 38 87

Experimental 12 61

Table 3 Fisher’s exact test comparison of partial depth errors
and not partial depth errors between control and experimental
groups (p-value¼0.03)

Partial depth
error

Not partial
depth error

Control 9 116

Experimental 0 73

Table 4 Fisher exact test comparison of total errors and well-
placed sutures between control and experimental groups

Fisher’s exact test
statistic value

Total errors 0.04a

Back wall error 0.75

Partial depth error 0.03a

Irregular widths 0.67

Tear during placement 0.16

Mistaken vessel wall 1.00

Too loose (excessive bleeding) 0.22

Miscellaneous error 0.05a

Note: Each error type was compared between control and experimental
groups using the number of errors of each type, paired with number of
sutures from all other categories combined.
aSignificance was determined at a p-value of< 0.05.
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During training, the experimental group was informed that
proper dissection of the adventitia away from the vessel end
will decrease the occurrence of these partial depth errors.

Thisstudyreachedstatistical significancefor thereductionof
total errors andpartial depth errors.However, the small sample
size limits the power of the results and required nonparametric
statistical analysis. Another limitation of this study is that there
were unequal number of residents in the control and experi-
mental group and they attended a different number of total
training sessions. Strengths of this study include direct obser-
vation of residents by blinded staff microsurgeons. The staff
surgeons were familiar with each error type and were able to
determine the quality of sutures in real time. Furthermore, the
use ofahigh-fidelity living rat femoral arterymodel allowed the
patency and approximation of the anastomosis to be tested.15

Microsurgical education manuals provide step-by-step
instructions on how to perform vessel anastomosis. However,
they do not highlight common mistakes or the best ways to
avoidor revise them.Thisstudydemonstratedthat a15-minute
didactic lesson focusingon commonsuturingerrors andhow to
avoid them, can decrease the total number of vessel anastomo-
sis suture errors.

Conclusion

Residents who were randomized to receive specific training
on microsurgical suturing errors had fewer total errors as
well as less partial depth errors when compared with the
control group. This information will help both microsurgery
staff and trainees in effective microsurgical education.
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