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ABSTRACT

Background: Laparoscopic suturing is a difficult skill to
master but can be acquired with extensive training outside
the operating room. This study was done with the primary
aim of assessing whether prior exposure to laparoscopic
surgery helped trainees in acquiring laparoscopic suturing
skills more quickly than trainees with no prior exposure to
laparoscopic surgery.

Materials and Methods: Twenty laparoscopy-exposed
and 20 laparoscopy-naïve surgeons performed 5 laparo-
scopic gastrojejunostomies each on a phantom porcine
model. The performance was evaluated for operation
time, overall anastomotic score (calculated by adding
scores of anastomotic leak, size of the anastomosis, suture
placement, and mucosal approximation), and the level of
difficulty. The performance at the beginning of training
(baseline) was compared to the performance at the end of
training.

Results: All participants showed statistically significant
improvement in operation time, overall anastomotic
score, and difficulty level. Laparoscopy-exposed surgeons
had a significantly better operation time than laparoscopy-
naïve surgeons at the beginning of training; however, the
difference became insignificant by the end of training. The
difference in overall anastomotic score was not significant
between laparoscopy-exposed and naïve-surgeons. Lapa-
roscopy-exposed surgeons showed significant improve-
ments in anastomotic leak rate and size of the anastomosis,
whereas laparoscopy naïve surgeons showed improvements
in all the parameters, although these were not significant
statistically.

Conclusion: Training improves the laparoscopic suturing
skills of laparoscopy-exposed as well as laparoscopy-na-
ïve surgeons. Prior experience in laparoscopic surgery
does not seem to influence the acquisition of laparoscopic
suturing skills as laparoscopic-naïve surgeons manage to
catch up with the skills of the laparoscopy-exposed sur-
geons.

Key Words: Laparoscopic suturing, Training, Trained sur-
geons, Novice surgeons.

INTRODUCTION

With advances in technology, laparoscopic surgery has
replaced open surgery in many surgical operations. Ad-
vanced surgical operations are now being done laparo-
scopically, and more reconstructive procedures are being
performed. The skill of laparoscopic suturing is very im-
portant for performance of these advanced laparoscopic
procedures.

Laparoscopic suturing skills are probably the most difficult
skills to master in the minimally invasive environment
because of the limitations of laparoscopic surgery, such as
altered depth perception, 2-diminsional vision, counterin-
tuitive movements, dependence on visual-spatial skills,
and small working field.1,2 Though difficult, laparoscopic
suturing skills can be acquired with extensive training,
and acquisition of laparoscopic suturing skills is based on
the principle of modeling, repetitive practice, and forma-
tive feedback.3,4

There is an ongoing debate in the literature whether prior
exposure to laparoscopic surgery helps trainees in acquir-
ing laparoscopic suturing skills faster. It has been shown
in a few studies that previous laparoscopic experience is
not necessary for the acquisition of laparoscopic suturing
skills.4,5 As a result, many residency programs have included
this as an essential skill in their curriculum.6,7 Even the
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(SAGES) has introduced laparoscopic suturing in their Fun-
damentals of Laparoscopic Surgery (FLS) program.6,8

There are no studies in the literature in which trainees
have done a full anastomosis and the acquisition of lapa-
roscopic skills assessed on the basis of the anastomosis.
This prospective study was done to assess the acquisition
of laparoscopic suturing skills in a short-term training
program in performance of laparoscopic gastrojejunos-
tomy on a porcine phantom model and to compare
whether prior exposure to laparoscopic surgery helped
the trainees in acquiring laparoscopic suturing skills faster
in comparison to trainees who had no previous exposure
to laparoscopic surgery.

MATERIALS AND METHODS

This prospective study was conducted as a part of a 3-d
intensive training in laparoscopic suturing skills for gen-
eral surgery residents. Institute Ethics Committee clear-
ance was obtained prior to the start of the study. Forty
general surgery residents participating voluntarily who
gave informed written consent for participation in the
study were divided into 2 groups. General surgery resi-
dents who had more than 2 y experience in laparoscopic
surgery and who had performed a laparoscopic cholecys-
tectomy (generally residents in their fourth or fifth year of
residency) were included in group 1 as laparoscopy-ex-
posed surgeons. General surgery residents who had little
or no exposure to laparoscopic surgery were included in
group 2 as laparoscopy-naïve surgeons.

The Course

The participants were given 3 d of intensive training in
laparoscopic suturing on a Tuebingen Trainer with inte-
grated porcine organs.9–11 Each course consisted of 6
participants, and participants from both the groups were
randomly allotted to a course. The course consisted of a
video demonstration on principles of laparoscopic sutur-
ing that was followed by 2 h of practicing laparoscopic
suturing on a cloth model with the help of instructors.

The trainees performed 5 laparoscopic gastrojejunosto-
mies on a porcine phantom model in the Tuebingen
Trainer.9–11 The trainees in both the groups were given no
verbal or physical help to complete the anastomosis. The
performance in the first case was taken as the baseline
performance, and performance in the fifth case was taken
as the final score. The results of the first and fifth cases
were compared.

Preparation of the Model

Porcine organs (stomach and 15 cm of jejunum) taken
from the slaughter house were integrated into the Tuebin-
gen trainer after being prepared (irrigated, washed, fro-
zen, and thawed). A 2-cm longitudinal anterior gastros-
tomy and enterotomy were made extracorporeally, and
the organ was fixed in the Tuebingen trainer in the ana-
tomical position. The participants were then shown a
video of a laparoscopic gastrojejunostomy on the porcine
model, and each participant performed 5 laparoscopic
gastrojejunostomies on this model. A 30° 10-mm telescope
was mounted on a Martin’s Arm, and the trainee could
adjust the camera according to their requirements. The
gastrojejunostomy was performed in a single layer of
inverting continuous suture using 2-0 Vicryl on a 30-mm
half circle, round body needle and a thread length of 15
cm. The posterior layer was sutured before the anterior
layer, starting from the right corner. At the end, the ante-
rior and posterior sutures were tied together at the left
corner. The technique of anastomosis, suturing, and knot
tying was similar for each candidate and for each case.

Assessment

The performance of the candidates was recorded for every
case. The operation time for each procedure was noted.
The evaluation of the anastomosis was done extracorpo-
really. The quality of anastomosis was evaluated by as-
sessing anastomotic leak, size of the anastomosis, suture
placement, and mucosal approximation. The anastomotic
leak was assessed by occluding both limbs of the jejunum
and 1 end of the stomach with clamps (Figure 1a). The
stomach was then filled with water from the open end,
and any leak was scored as explained in the Table 1. The
jejunum was split open along its mesenteric border to
visualize the inside of the anastomosis for the evaluation
of the size of the anastomosis, suture placement, and
mucosal approximation, and these were assessed as
shown in the Table 1 (Figure 1b). The score for anasto-
motic leak, size of the anastomosis, suture placement, and
mucosal approximation were added to achieve the overall
anastomotic score for each participant. The level of diffi-
culty of the procedure was graded by each participant at
the end of the procedure on a Likert scale from 1 to 4. The
performance was assessed from case 1 to case 5, and the
acquisition of laparoscopic suturing skills was compared
between the 2 groups on various parameters as previously
described.
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Statistical Analysis

Statistical analysis was done using Stata/S.E 9.1 software.
Improvement from case 1 to case 5 was analyzed using
Friedman’s test (for anastomotic leak, suture placement,
and difficulty level), Cochran’s Q test (for mucosal ap-
proximation), and Wilcoxon signed rank test (for opera-
tion time and size of the anastomosis). The performance
of trained and novice surgeon was compared using the
Pearson �2 test for anastomotic leak, suture placement,
and difficulty level. The Mann-Whitney test was used to
compare operation time and the size of the anastomosis.
Correlation of continuous variables with age and experi-
ence was assessed with the Spearman’s rank correlation
test. Correlation of discrete variables with age and expe-
rience were assessed with the Karl-Pearson correlation
test. P�.05 was considered statistically significant.

RESULTS

The age of the participants ranged from 22 y to 36 y with a
mean age of 28.2�3.4. There was a significant difference in
the mean age between the 2 groups (30.9�2.5 y vs 25.5�1.8

y, P�.001). There were 38 male and 2 female participants.
All the participants were right-handed surgeons. The partic-
ipants belonged to various levels of residency from postgrad-
uate year (PGY) 1 to 6 (Table 2). None of the participants
admitted having any prior skill or practice in laparoscopic
suturing techniques. The average number of procedures
performed by the trainees is given in Table 3.

Figure 1. a. Extracorporeal assessment of anastomotic leak by filling the jejunum and stomach with water. b. Extracorporeal assessment
of size of anastomosis, suture placement and mucosal approximation.

Table 1.
Assessment Criteria for Performance

1. Operative Time Measured in Minutes

2. Quality of the Anastomosis Score 1 Score 2 Score 3 Score 4

A. Anastomotic Leak Major Leak Minor Leak No Leak —

B. Size of the anastomosis Complete closure �1 cm �1 cm–�2 cm 2 cm

C. Suture Placement �0.5 �1 cm 0.5–1 cm —

D. Mucosal approximation Poor Satisfactory — —

Anastomotic Score Total of A, B, C, D

3. Difficulty level Difficult Not Difficult Not Easy Easy

Table 2.
Demographic Profile–Age Distribution (years)

Group I N(%) Group II N(%)

Age 30.9�2.5 (27–36) 25.5�1.8 (22–28)

PGY 1 0 18 (45%)

PGY 2 0 2 (5%)

PGY 3 3 (7.5%) 0

PGY 4 3 (7.5%) 0

PGY 5 9 (22.5%) 0

PGY 6 5 (12.5%) 0

PGY � Post Graduate Year.
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The trainees showed a statistically significant improve-
ment in the mean operation time (113.8�55.4 min to
60.7�20.6 min, P�.0001) from the baseline evaluation to
the final score. Participants in group 1 took significantly
less operative time at the baseline evaluation. It was ob-
served that with training the difference between the 2 groups
that existed at the baseline evaluation (P�.05) disappeared
by the fifth case (final score)(P�.3, Figure 2). The tasks
were also performed by 2 senior consultants, and their mean
operative time was 42.6 min with a range of 35 to 55 min.

The study group showed a significant improvement in the
overall anastomotic score from the baseline evaluation to

the final evaluation (9.2 vs 10.4, P�.001, Figure 3). Lap-
aroscopy-exposed surgeons had a better anastomotic
score at the baseline evaluation, (9.46 vs 9.03, P�.3);
however, the laparoscopy-naïve surgeons managed to catch up
on their skills at the time of final evaluation, and the difference
between the 2 groups narrowed (10.58 vs 10.33, P�.6).

All the participants showed a significant improvement in
major anastomotic leak rate (P�.003) and size of the
anastomosis (P�.002). Although there was an improve-
ment in adequate suture placement and satisfactory mu-
cosal approximation, the improvement was not statisti-
cally significant (P�.6 and P�.3, respectively).

Figure 2. Comparison of mean operation time (Minutes).

Table 3.
Exposure to Laparoscopic Surgery

Procedure Group I Group II P Valuea

Assisted Performed Assisted Performed

Diagnostic Lap 40.0�109.2 (0–500) 2.8�3.5 (0–10) 1.5�2.8 (0–10) 0 0.001

Lap Cholecystectomy 62.5�45.3 (0–200) 13.5�16.1 (0–55) 5.3�4.9 (0–15) 0 0.0006

Lap Appendectomy 9.1�5.5 (3–20) 1.3�1.9 (0–5) 0.2�0.4 (0–2) 0 0.004

Lap ventral hernia repair 20.1�12.5 (2–50) 0.6�1.4 (0–3) 1.6�2.3 (0–5) 0 0.06

Lap inguinal hernia repair 24.5�19.5 (6–100) 0.6�1.4 (0–5) 1.7�2.3 (0–5) 0 0.06

Open bowel anastomosis 73.4�103.9 (0–400) 21.5�31.7 (0–150) 2.2�3.1 (0–10) 0 0.004

aP value calculated by unpaired t-test for laparoscopic surgeries performed.
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Considering each parameter individually for quality of
anastomosis, laparoscopy-exposed surgeons had a signif-
icant improvement from the baseline to the end of training
in major anastomotic leak rate (P�.001) (Figure 4) and
size of the anastomosis (P�.01). The improvement in
mucosal approximation and suture placement was not
significant. On the other hand, although laparoscopy-
naïve surgeons had significant improvement in the

overall quality of anastomosis with training, the im-
provement was not significant for any parameter indi-
vidually.

Each participant assessed the level of difficulty at the end
of each case (Figure 5). The assessment of the level of
difficulty of laparoscopic gastrojejunostomy improved
with training for the entire study population (P�.001).

Figure 3. Comparison of overall anastomotic score.

Figure 4. Comparison of anastomotic leak.
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The assessment of the level of difficulty was not found to
be significantly different between the 2 groups at any time
during the training.

Another significant observation in our study was a neg-
ative correlation of mean operation time with age (cor-
relation��0.2233, P�.015) and experience (correla-
tion��0.2515, P�.0003) and a positive correlation of
mucosal approximation with experience (correlation�
0.1557, P�.0289). Significant correlation of age with experi-
ence (correlation�0.8839, P�.0001) (Table 4) was also
noted.

DISCUSSION

Laparoscopic suturing skill is probably the most difficult
skill to master in the minimally invasive environment.1,12

Despite the difficulty, studies reveal that these skills can
be acquired with extensive training outside the operating
room.2,5,7,8,13 However, the baseline skills required by the
subject to learn laparoscopic suturing skills have not been
defined, though many studies have found that previous
laparoscopic exposure is not required for the acquisition
of laparoscopic skills.

The method to assess acquisition of laparoscopic suturing
skill varies among studies and has not been uniform. They
vary from assessment of single intracorporeal knotting to
100 consecutive knots.3,14 No previous study has assessed
the laparoscopic suturing skills of surgical trainees in the
performance of bowel anastomosis on a porcine model in
an almost real scenario. This is possibly the first study
where laparoscopic suturing skills acquisition has been

Figure 5. Comparison of assessment of difficulty level (percentage).

Table 4.
Correlation with Age and Experience

Age Experience

Correlationa P Valuea Correlationa P Valuea

Operation Time �0.2233 0.0015 �0.2515 0.0003

Anastomotic leak 0.0861 0.2255 0.0588 0.4117

Size of the anastomosis �0.0180 0.8023 �0.0488 0.4959

Suture placement 0.006 0.9328 �0.0091 0.8990

Mucosal approximation 0.0766 0.2811 0.1557 0.0289

Age with experience 0.8839 .0001

aKarl Pearson correlation for continuous variables and Spearman’s rank correlation for discrete variables.
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assessed by operation time, anastomotic leak, and size of
the anastomosis, suture placement, mucosal approxima-
tion, and difficulty level.

Operation time is a significant parameter to assess the
laparoscopic skills of a surgeon. It has been used as an
objective measure of the acquisition of laparoscopic skills
by many studies such as those done by Rosser et al.15

Vossen et al.16 Chung et al.17 Risucci et al.18 and
Dubrowski et al.6 These studies reveal that as the surgeon
becomes more skillful, operation time decreases and
reaches a minimum level that is similar to that of the
experts.19–21 In the present study, training resulted in sig-
nificant improvement in mean operation time for all the
participants. It was the first and the most significant pa-
rameter to improve after training. The difference in the
operation time between the laparoscopy-exposed and
laparoscopy-naïve surgeons also decreased significantly
after the training course, signifying that training definitely
shortens the learning curve for laparoscopic suturing skills
for both the laparoscopy-exposed and laparoscopy-naïve
surgeons and that the laparoscopy-naïve surgeons man-
age to catch up with the laparoscopy-exposed surgeons
after training.

However, the trainees in our program could not reach the
level of experts possibly because laparoscopic suturing is
a very difficult task to master, and although they showed
significant improvement in operative time, they still need
more practice to reach the level of experts. The trainees
showed a significant improvement in the overall anasto-
motic score from the baseline to the postcourse evalua-
tion, which signifies that training helped them in acquiring
the skills of laparoscopic suturing. The laparoscopy-naïve
surgeons also had a significant improvement in the anas-
tomotic score.

Similar improvement in laparoscopic suturing skills with
training was also observed by Kanumuri et al.13 who
found that third-year medical students improved task
completion rate and time with training. Botden et al.22

observed statistically significant improvement in 18 novice
medical students from the second knot to the top of the
performance. Vossen et al.16 observed 100 consecutive in-
tracorporeal suturings after a training and found that the
quality of the knots increased when the first 10 were com-
pared to the last 10 knots.

Few studies have shown that experience in laparoscopic
procedures is not a prerequisite for trainees to learn lapa-
roscopic suturing techniques and that novice surgeons
can acquire complex skills of laparoscopic suturing in a
shorter and similar time as compared to the trained sur-

geons. Aggarwal et al.4 who compared the performance of
9 senior operative residents (PGY 4 and 5; course A) with
14 junior operative resident (PGY 2 and 3) at an identical
2-d laparoscopic suturing course, had similar observa-
tions. In a study done by Stefanidis et al.23 novices dem-
onstrated a 22-fold increase in performance after uni-
formly achieving proficiency in a reasonable (5.6 h)
amount of time. Risucci et al.18 found significant and
similar improvement in both the resident and attending
surgeons from suturing trials 1 to 3 and trials 8 to 15.

The observations in our study are similar to the above-
mentioned studies. Laparoscopy-naïve surgeons, despite
the limitation of their minimal previous laparoscopic sur-
gery experience and even exposure to open bowel anas-
tomosis, were capable of learning basic laparoscopic skills
as effectively and efficiently as the trained surgeons. It was
seen that though the laparoscopy-exposed surgeons were
faster than the laparoscopy-naïve surgeons in the begin-
ning of the study, this difference in mean operation time
between the 2 groups decreased significantly after train-
ing.

Many studies have shown variable effect of age and ex-
perience on acquisition of laparoscopic suturing skills.
Rissuci et al.18 and Kroeze et al.3 demonstrated a positive
relationship between laparoscopic suturing skill and ex-
perience. Our study also suggests that as age increases
mean operation time decreases and as experience in-
creases the mean operation time decreases and the mu-
cosal approximation improves. Thus, with age, experi-
ence increases and both lead to better acquisition of
laparoscopic suturing skills. However, Vossen et al.16 and
Aggarwal et al.4 had observed that performance was not
related to experience or age, respectively. The application
and transfer of these skills in the operating theater directly
on patients has not been studied and the sustainability and
transfer of the skills acquired was not assessed due to
logistical problems of retesting the individuals.

Though the relation of experience to acquisition of
laparoscopic suturing skills is controversial, there may
be some benefit to having previous experience in lapa-
roscopic or open surgical procedures. One explanation
is that laparoscopy-naïve surgeons had to first over-
come the basic skills of laparoscopy, such as bimanual
dexterity, depth perception, absence of haptic feed-
back, and other such things, accounting for their ini-
tially prolonged operative time. However, once they
overcame this, they made significant improvement in
the operative time and also the overall anastomotic
score. Laparoscopy-exposed surgeons were able to
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achieve significant improvements in anastomotic leak
rate and size of the anastomosis apart from the mean
operation time. The overall anastomotic score was
greater than that of the laparoscopy-naïve surgeons;
however, the difference was not statistically significant.
Our observations suggest that this group of participants
acquired knowledge of the methods for laparoscopic
suturing and were able to apply this knowledge without
difficulty. Further, their experience in performing a
secure anastomosis in open surgical procedures may
have benefitted them. On the other hand, laparoscopy-
naïve surgeons had to acquire knowledge of basic lapa-
roscopic skills, laparoscopic suturing, bowel anastomo-
sis, and dexterity during the 3-d course and hence could
not achieve further improvement in mean operative
time and other parameters. Since laparoscopic suturing
is a complex skill involving several tasks, the mental
workload threshold of participants, along with the short
duration of training, probably prevented the laparosco-
py-exposed surgeons from improving on their perfor-
mance. Hence, it can be deduced from our study that
training leads to improvement in skills in all the resi-
dents irrespective of their previous exposure to laparo-
scopic surgery. Laparoscopy-naïve surgeons can ac-
quire skills comparable to that of the trained surgeons.

The findings of this study need to be tested on a larger
scale with a greater number of trainees, and if the
findings are proven and the skills are identical between
the 2 groups, then it can have important implications in
the training requirements of laparoscopy-naïve resi-
dents whereby it may become mandatory for laparos-
copy-naïve as well as practicing surgeons to undergo
training before they are exposed to the operating the-
ater environment.

CONCLUSION

It may be inferred from our study that training improves
the laparoscopic suturing skills of laparoscopy-exposed
as well as laparoscopy-naïve surgeons and definitely
helps in decreasing the learning curve. Prior experience
in laparoscopic surgery does not seem to influence the
acquisition of laparoscopic suturing skills, as laparos-
copy-naïve surgeons catch up with the skills of the
laparoscopy-exposed surgeons.

The laparoscopic equipment in the Minimally Invasive Surgery
Training Centre, All India Institute of Medical Sciences, New
Delhi, India was donated by Richard Wolf, Knittlingem, Ger-
many as one time educational grant, and technical support for
establishing this training centre was provided by Prof GF Buess

and Mrs Lilo Mailander, Section for Minimally Invasive Surgery,
Eberhard-Karls University Tuebingen, Tuebingen, Germany.
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