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AIM: The training of medical specialists is a decisive issue for the quality of medical practice. Autonomization in simple procedures
and applying the peer education concept seem promising, particularly for general surgery. With this work, we wanted to assess whether
there are differences between appendectomy operations performed by differently composed teams with the active involvement of resident
doctors at a university centre.
METHODS: We retrospectively analyzed the laparotomies and laparoscopic appendicectomies carried out at the Udine Surgery Clinic
over a period of 10 years. The interventions were divided into groups according to the experience of the surgical team that performed
them: G1 (consultant), G2 (senior resident + consultant), G3 (junior resident + consultant), and G4 (junior resident + senior resident).
RESULTS: 510 appendectomy procedures were considered for the present analysis. 214 (42.0%) were performed by G1, 139 (27.3%)
by G2, 79 (15.5%) by G3 and 78 (15.3%) by G4 group. No difference between the groups was shown in terms of complications,
reinterventions, readmissions, length of stay, and duration of surgery. A statistically significant difference was shown in the age of the
observed population with respect to the degree of experience of the surgical teams: younger patients were mainly operated on by more
experienced teams, and in particular, pediatric laparoscopic appendectomy was performed mainly by consultants.
CONCLUSIONS: Appendectomy surgery can be performed by teams with varying levels of experience and is an example of an activity
that can be used in Peer Education. It allows for the empowerment of younger residents and the autonomization of older residents in
maintaining a medically, ethically, and legally correct standard of safe clinical practice.
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Introduction
The acquisition of practical skills is an essential step in the
training program of resident doctors, particularly for sur-
geons. Recent American studies have highlighted a per-
ceived deficiency in this area, noting inadequate quality and
safety worldwide. This so-called ‘chasm of quality’ is un-
acceptable for the expected possibilities of care in the 21st
century. Potential pathways have been identified by the
American Board of Surgery and the American College of
Surgeons that can fill these gaps.
The Halstedian learning model of ‘see one, do one, teach
one’, which has governed surgical training for almost 100
years, has been replaced by a new model focused on the
attainment of competencies and the acquisition of skills
through the identification of entrustable professional activ-
ities (EPAs), in line with ethical, legal, safety, and even
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economic requirements [1–3]. EPAs are units of profes-
sional practice that encapsulate several essential skills that
trainees acquire proficiency in before undertaking them in-
dependently [4].
The two-century-old concept of ‘peer education’ proposed
the abolition of obsolete teaching/learning methods. Social
and cognitive congruence between learner and teacher has
demonstrated, in many areas, a benefit in qualitative terms
of teaching/learning activities but also in terms of empow-
erment and motivation of older students and teamwork by
younger ones [5,6].
In our work, we wanted to compare any differences in
results between surgical procedures performed by teams
with different levels of experience. Since appendectomy
surgery, whether laparoscopic or laparotomic, is one of the
simplest and most common surgical procedures, we chose
it as our study model.
The aim of the present studywas to analyze the training pro-
gram for doctors in specialist training at the School of Gen-
eral Surgery of the University of Udine, using pre-selected
pre- and post-surgical indicators for the same type of inter-
vention (appendectomy) performed by surgeons with vari-
ous levels of experience.
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Table 1. Appendectomy broken down by surgeons’ team [n (%)].
Year G1 G2 G3 G4 Total

2009 21 (58.3%) 14 (38.9%) 1 (2.8%) - 36 (100.0%)
2010 8 (19.5%) 31 (75.6%) 1 (2.4%) 1 (2.4%) 41(100.0%)
2011 9 (20.5%) 16 (36.4%) 10 (22.7%) 9 (20.5%) 44 (100.0%)
2012 10 (21.3%) 16 (34.0%) 7 (14.9%) 14 (29.8%) 47 (100.0%)
2013 4 (11.4%) 9 (25.7%) 7 (20.0%) 15 (42.9%) 35 (100.0%)
2014 4 (12.1%) 14 (42.4%) 9 (27.3%) 6 (18.2%) 33 (100.0%)
2015 31 (62.0%) 3 (6.0%) 8 (16.0%) 8 (16.0%) 50 (100.0%)
2016 39 (70.9%) 9 (16.4%) 5 (9.1%) 2 (3.6%) 55 (100.0%)
2017 26 (50.0%) 9 (17.3%) 13 (25.0%) 4 (7.7%) 52 (100.0%)
2018 24 (47.1%) 10 (19.6%) 6 (11.8%) 11 (21.6%) 51 (100.0%)
2019 38 (57.6%) 8 (12.1%) 12 (18.2%) 8 (12.1%) 66 (100.0%)
Total 214 (42.0%) 139 (27.3%) 79 (15.5%) 78 (15.3%) 510 (100.0%)

Table 2. Comparison among the different teams [n (%)/Median (p25, p75)].
Variables G1 G2 G3 G4 Total p-value

Years
2009–2013 52 (25.6%) 86 (42.4%) 26 (12.8%) 39 (19.2%) 203 (100.0%) <0.00001
2014–2019 162 (52.8%) 53 (17.3%) 53 (17.3%) 39 (12.7%) 307 (100.0%) (χ2 = 54.67)

Gender
Male 121 (42.2%) 76 (26.5%) 44 (15.3%) 46 (16.0%) 287 (100.0%) 0.94
Female 93 (41.7%) 63 (28.3%) 35 (15.7%) 32 (14.3%) 223 (100.0%) (χ2 = 0.39)

Age
≤15 168 (50.0%) 86 (25.6%) 32 (9.5%) 50 (14.9%) 336 (100.0%) <0.00001
>16 46 (26.4%) 53 (30.5%) 47 (27.0%) 28 (16.1%) 174 (100.0%) (χ2 = 38.90)
Median (years) 12 13 18 12 12.5 0.0004
p25, p75 9, 15 10, 26 10, 38 8, 23.3 9, 23.2 (H = 6.65)

Surgical access
Laparotomy 70 (23.7%) 111 (37.6%) 54 (18.3%) 60 (20.3%) 295 (100.0%) 0.00001
Laparoscopy 144 (67.0%) 28 (13.0%) 25 (11.6%) 18 (8.4%) 215 (100.0%) (χ2 = 98.28)

SAGS score
0–1 117 (38.4%) 88 (28.9%) 51 (16.7%) 49 (16.1%) 305 (100.0%) 0.25
2–4 97 (47.3%) 51 (24.9%) 28 (13.7%) 29 (14.1%) 205 (100.0%) (χ2 = 4.01)

Postoperative indicators
Total 109 (48.7%) 53 (23.7%) 34 (15.2%) 28 (12.5%) 224 (100.0%)

Abdominal drainage 62 (29.0%) 30 (21.6%) 17 (21.5%) 15 (19.2%) 124 (24.3%)
0.20

(χ2 = 4.52)

Complications 28 (13.1%) 16 (11.5%) 13 (16.5%) 10 (12.8%) 67 (13.1%)
0.78

(χ2 = 1.10)

Reoperation 9 (4.2%) 3 (2.2%) 2 (2.5%) 1 (1.3%) 15 (2.9%)
0.51

(χ2 = 2.30)

Readmission 10 (4.7%) 4 (2.9%) 2 (2.5%) 2 (2.6%) 18 (3.5%)
0.70

(χ2 = 1.43)
Median (days) 3 3 3 3 3 0.19
p25, p75 2, 6 2, 4 2, 4 2.7, 5 2, 5 (H = 4.79)

SAGA, Sunshine Appendicitis Grading System.

Methods

As this is a non-interventional observational retrospective
study involving nothing more than the stratification of pa-
tient groups, ethical approval was waived by Università
degli Studi di Udine. We collected data for a 10-year period

from 1 January 2009 to 31 December 2019, divided into
two subgroups (2009–2013 and 2014–2019). Data were
extracted from the Database of the Regional Health Sys-
tem using codes related to the laparoscopic or laparotomic
appendectomy procedure as the first procedure performed
(excluding those associated with another type of surgery).
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Table 3. The logistic regression analysis to compare the distribution of pediatric patients and laparoscopic access in pediatric
patients between G1 surgery team and other ones.

Teams
Patients undergoing surgery

Pediatric n (%) Adults n (%) OR (95% CI) β/SE/Wald χ2 value/p

G1 (n:214) 168 (78.5%) 46 (21.5%) 3.6 (2.6–5.1) 1.3/0.17/58.5/<0.001
G2 (n:139) 86 (61.9%) 53 (38.1%) 0.4 (0.3–0.7) –0.8/0.24/11.4/0.001
G1 (n:214) 168 (78.5%) 46 (21.5%) 3.6 (2.6–5.1) 1.3/0.17/58.5/<0.001
G3 (n:79) 32 (40.5%) 47 (59.5%) 0.2 (0.1–0.3) –1.7/0.28/36.0/<0.001
G1 (n:214) 168 (78.5%) 46 (21.5%) 3.6 (2.6–5.1) 1.3/0.17/58.5/<0.001
G4 (n:78) 50 (64.1%) 28 (35.9%) 0.5 (0.3–0.9) –0.7/0.29/6.2/0.013

Teams
Laparoscopic access in pediatric patients

Yes n (%) No n (%) OR (95% CI) β/SE/Wald χ2 value/p

G1 (n:144) 105 (72.9%) 39 (27.1%) 2.7 (1.9–3.9) 1.0/0.19/27.1/<0.001
G2 (n: 28) 3 (10.7%) 25 (89.3%) 0.04 (0.01–0.16) –3.1/0.64/23.6/<0.001
G1 (n:144) 105 (72.9%) 39 (27.1%) 2.7 (1.9–3.9) 1.0/0.19/27.1/<0.001
G3 (n: 25) 5 (20.0%) 20 (80.0%) 0.09 (0.03–0.26) –2.4/0.53/20.2/<0.001
G1 (n:144) 105 (72.9%) 39 (27.1%) 2.7 (1.9–3.9) 1.0/0.19/27.1/<0.001
G4 (n: 18) 3 (16.7%) 15 (83.3%) 0.07 (0.02–0.27) –2.6/0.66/15.5/<0.001

We collected 510 appendectomy operations performed with
a preoperative diagnosis of acute appendicitis.
The following variables were evaluated: gender [287
(56.3%)male, 223 (43.7%) female] and age of patients [336
(65.9%) pediatric ≤15 years, 174 (34.1%) adult over 16
years]; duration of surgery; type of surgery [295 (57.8%)
laparotomic, 215 (42.2%) laparoscopic]; conversion rate
(laparoscopic to laparotomic); severity index through the
Sunshine Appendicitis Grading System (SAGS) score: 0–
1 white or uncomplicated appendicitis [305 (59.8%)]/2–4
complicated appendicitis [205 (40.2%)]; use of abdominal
drainage [124 (24.3%)]; postoperative complications [67
(13.1%)] such as wound dehiscence, fever, pain, incisional
hernia, wound infection, abscesses, collections, other; re-
operation within 30 days [15 (2.9%)]; readmission in less
than 30 days after discharge [18 (3.5%)]; length of stay (to-
tal, pre and postoperative hospital stay). Then, we stratified
the surgical teams according to their level of experience into
four groups:
G1: Consultant Surgeon
G2: Senior Resident (5 or 6 years of graduate school) +
Consultant
G3: Junior Resident (1, 2, 3, or 4 years of graduate school)
+ Consultant
G4: Junior Resident + Senior Resident
Data were analyzed using the statistical package IBM
SPSS, V.20 (IBM SPSS Statistics, Chicago, IL, USA). Cat-
egorical variables are displayed as n (%). The chi-square
test was used to compare the distribution in the four groups
of operators: gender, age groups, study periods, surgical
access, SAGS score (0–1, 2–4), presence of abdominal
drainage, complications, re-intervention, readmission and
conversion. The continuous variables (mean age, duration
of surgery, length of postoperative hospital stay) were not
normally distributed, expressed using median (p25, p75),

as determined by the Shapiro-Wilk test. Therefore, the
Kruskal-Wallis test was used to compare the group medi-
ans. To investigate possible predictive factors in patient al-
location (sex, age, SAGS score, surgical access) and the oc-
currence of adverse postoperative events (drainage, compli-
cations, reinterventions, readmissions), the Odds Ratio was
calculated with 95% confidence intervals, comparing the
two groups at a time for the variables considered. Logistic
regression was used to investigate the different approaches
used by different teams to treat pediatric patients. The level
of statistical significance was defined as p < 0.05.

Results
During the period under review (2009–2019), 510 appen-
dectomy operations were performed. 214 (42.0%) were
performed by the G1 surgical team, 139 (27.3%) by the G2
surgical team, 79 (15.5%) by the G3 surgical team, and 78
(15.3%) by the G4 surgical team. The trend in the number
of interventions by year is shown in Table 1.

(a) Analysis by Team Type and Analysis of Two Different
Periods
Considering the totality of surgical procedures, the compar-
ison between the two time periods (2009–2013 vs 2014–
2019) shows a reduction in the surgical activity of the resi-
dent as the first operator (p < 0.00001) (Table 2).

(b) Demographic Data and Pediatric Subpopulation
Regarding the demographic data, there were no gender dif-
ferences among the patients operated on by the different
teams. In contrast, pediatric patients (336) were operated
on mainly by consultants in 50.0% of the cases or 25.6% by
a resident in collaboration with them (p < 0.00001). The
statistically significant difference in the percentage distri-
bution of pediatric patients among the teams was confirmed
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Table 4. Laparoscopic appendectomies [n (%)/Median (p25, p75)].
Variables G1 G2 G3 G4 Total p-value

Gender
Male 81 (66.4%) 14 (11.5%) 13 (10.7%) 14 (11.5%) 122 (100.0%) 0.26
Female 63 (67.7%) 14 (15.1%) 12 (12.9%) 4 (4.3%) 93 (100.0%) (χ2 = 4.00)

Age
≤15 105 (90.5%) 3 (2.6%) 5 (4.3%) 3 (2.6%) 116 (100.0%) 0.00001
>16 39 (39.4%) 25 (25.3%) 20 (20.2%) 15 (15.2%) 99 (100.0%) (χ2 = 63.59)

Operating room time
Median (min.) 50 70 63 65 55 0.0016
p25, p75 40, 68.7 50, 93.7 55, 80 50, 81.2 45, 75 (H = 15.26)

Period
2009–2013 15 (62.5%) 6 (25.0%) 2 (8.3%) 1 (4.2%) 24 (100.0%) 0.27
2014–2019 129 (67.5%) 22 (11.5%) 23 (12.0%) 17 (8.9%) 191 (100.0%) (χ2 = 3.88)

SAGS score
0–1 70 (59.8%) 15 (12.8%) 19 (16.2%) 13 (11.1%) 117 (100.0%) 0.03
2–4 74 (75.5%) 13 (13.3%) 6 (6.1%) 5 (5.1%) 98 (100.0%) (χ2 = 8.96)

Postoperative indicators
Total 81 (61.8%) 19 (14.5%) 19 (14.5%) 12 (9.2%) 131 (100.0%)

Abdominal drainage 46 (31.9%) 10 (35.7%) 9 (36.0%) 5 (27.8%) 70 (32.6%)
0.93

(χ2 = 0.47)

Conversion to laparotomy 9 (6.3%) 3 (10.7%) 1 (4.0%) - 13 (6.0%)
0.58

(χ2 = 1.07)

Complications 15 (10.4%) 5 (17.9%) 6 (24.0%) 4 (22.2%) 30 (14.0%)
0.17

(χ2 = 4.98)

Reoperations 4 (2.8%) - 1 (4.0%) 2 (11.1%) 7 (3.3%)
0.21

(χ2 = 3.09)

Readmission 7 (4.9%) 1 (3.6%) 2 (8.0%) 1 (5.6%) 11 (5.1%)
0.90

(χ2 = 0.59)
Median (days) 3 3 3 3 3 0.76
p25, p75 2, 6 2, 4 2, 5 2, 3.5 2, 5 (H = 1.17)

by the results of logistic regression analysis (Table 3). In-
fact, each surgical team had a different propensity for in-
tervention in pediatric patients, with G3 intervening signif-
icantly less than the others (OR = 0.2, 95% CI: 0.1–0.3, p
< 0.001) and G1 (the reference group) having the highest
propensity for intervention (OR = 3.6, 95% CI: 2.6–5.1, p
< 0.001).

(c) Laparoscopic Approach in the Pediatric Population

This difference is even more significant in procedures
with laparoscopic access, where 90.5% of pediatric cases
(105/116) were operated on by G1 (p = 0.00001) (Table 4).
G1 had a relatively high baseline probability of choosing
laparoscopy (OR = 2.7, 95% CI: 1.9–3.9, p < 0.001) (Ta-
ble 3).

(d) Laparoscopy vs Laparotomy

The most frequently used surgical access was laparotomy
(295 vs 215 cases), while a significant increase in the use
of laparoscopic access in the second period considered, par-
ticularly by Consultants vs G2, G3, G4 groups [G1 = 67.3%
(144/214) vs G2 = 20.1% (28/139), OR = 8.1, 95% CI: 4.9–

13.5, p < 0.0001; G1 vs G3 = 31.6% (25/79), OR = 4.4,
95% CI: 2.5–7.7, p < 0.0001; G1 vs G4 = 23.1% (18/78),
OR = 6.8, 95% CI: 3.8–12.5, p < 0.0001)] [Tables 3,4].
Regarding the conversion ratios performed by only the first
three groups [G1 = 6.3% (9/46), G2 = 10.7% (3/10), G3
= 4.0% (1/9)], there were no statistically significant differ-
ences. The choice of placing an abdominal drain (24.3% of
510 cases) is not different in the four groups, although it is
more commonly used in G1 (29.0%) [Table 2].

(e) Complications

Finally, in all cases, re-interventions (2.9%) and second
hospitalizations (3.5%), while not differing significantly,
are greater, again in percentage, in the Consultants group
(G1: re-interventions = 4.2% and readmissions = 4.7%)
[Tables 2,4,5,6,7], while complications (13.1%, 67/510),
are more frequent in G3 (16.5%) [Tables 2,8,9,10]. Overall,
there is a tendency, not statistically significant (p = 0.25),
for structured physicians (G1 + G2 = 72.2%) to take charge
of the most complex cases (SAGS score 2–4: n = 205),
leaving only the least severe cases (SAGS score 0–1: n =
305) to the residency teams (G3 = 16.7%, G4 = 16.1%) [Ta-
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Table 5. Laparotomic appendectomies [n (%)/Median (p25, p75)].
Variables G1 G2 G3 G4 Total p-value

Gender
Male 40 (24.2%) 62 (37.6%) 31 (18.8%) 32 (19.4%) 165 (100.0%) 0.97
Female 30 (23.1%) 49 (37.7%) 23 (17.7%) 28 (21.5%) 130 (100.0%) (χ2 = 0.25)

Age
≤15 63 (28.6%) 83 (37.7%) 27 (12.3%) 47 (21.4%) 220 (100.0%) <0.00001
>16 7 (9.3%) 28 (37.3%) 27 (36.6%) 13 (17.3%) 75 (100.0%) (χ2 = 26.43)

Operating room time
Median (min.) 50 50 52.5 60 55 0.07
p25, p75 35, 71.2 40, 60 45, 66.2 45, 70 40, 65 (H = 6.92)

Period
2009–2013 37 (20.7%) 80 (44.7%) 24 (13.4%) 38 (21.2%) 179 (100.0%) 0.003
2014–2019 33 (28.4%) 31 (26.7%) 30 (25.9%) 22 (19.0%) 116 (100.0%) (χ2 = 13.97)

SAGS score
0–1 47 (25.0%) 73 (38.8%) 32 (17.0%) 36 (19.1%) 188 (100.0%) 0.71
2–4 23 (21.9%) 38 (35.5%) 22 (20.6%) 24 (22.4%) 107 (100.0%) (χ2 = 1.38)

Postoperative indicators
Total 37 (34.6%) 37 (34.6%) 16 (15.0%) 17 (15.9%) 107 (100.0%)

Abdominal drainage 16 (22.9%) 20 (18.0%) 8 (14.8%) 10 (16.7%) 54 (18.3%)
0.68

(χ2 = 1.52)

Complications 13 (18.6%) 11 (9.9%) 7 (13.0%) 6 (10.0%) 37 (12.5%)
0.34

(χ2 = 3.38)

Reoperations 5 (7.1%) 3 (2.7%) 1 (1.9%) - 9 (3.1%)
0.22

(χ2 = 3.04)

Readmission 3 (4.3%) 3 (2.7%) - 1 (1.7%) 7 (2.4%)
0.66

(χ2 = 0.81)
Median (days) 3 3 3 3 3 0.06
p25, p75 2, 4 2.7, 6 2, 4 (3, 5) (2, 4) (H = 7.25)

Table 6. Causes of reoperations by surgical teams (n/%).
Surgical revision Radicalization Dehiscence Operated collections Total

Readmissions
Total 1 (6.7%) 1 (6.7%) 3 (20.0%) 10 (66.7%) 15 (100.0%)
Surgical teams
G1 1 (11.1%) 1 (11.1%) 2 (22.2%) 5 (55.6%) 9 (100.0%)
G2 - - 1 (33.3%) 2 (66.7%) 3 (100.0%)
G3 - - - 2 (100.0%) 2 (100.0%)
G4 - - - 1 (100.0%) 1 (100.0%)

bles 2,5]. This phenomenon becomes statistically signifi-
cant (p = 0.03) in laparoscopic surgeries [G1 + G2 = 88.8%
(87/98)] [Table 4]. No difference is shown in the length of
hospitalization or the duration of surgery [Tables 2,4,5].

Discussions
Empowerment and the achievement of surgical autonomy
are fundamental steps in the training of medical residents.
They both must be part of the training program. Studies on
Peer Education have highlighted the benefits of collabora-
tion among residents, making the teaching and learning of
necessary skills more efficient in achieving training objec-
tives [7].

According to the EPA concept, the trainee’s intraoperative
autonomy ismeasured by the independent execution of both
the technical gesture and the decision-making process of the
procedure [8]. In this scenario, acute appendicitis is an ex-
cellent teaching procedure for young surgeons, as it remains
one of the most common surgical procedures worldwide
[8,9]. Thus, this procedure was selected in this analysis.
A recent study by Barrett et al. [7] published in the Journal
of American College of Surgeons points out that it is pre-
cisely with appendectomy that the concept of Peer Educa-
tion should be encouraged among surgical residents, having
the procedure performed by younger residents mentored by
other more senior residents, as this system is a source of
safe and effective teaching-learning, issue also supported
by other work [10,11].
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Table 7. Causes of readmissions by surgical teams [n (%)].

Dehiscence Collections Radicalization
Instrumental
examinations

Wound
infection

Pain Total Surgical Not surgical

Readmissions
Total 2 (11.1%) 5 (27.8%) 1 (5.6%) 8 (44.4%) 1 (5.6%) 1 (5.6%) 18 (100.0%) 8 (44.4%) 10 (55.6%)
Surgical teams
G1 1 (10.0%) 3 (30.0%) 1 (10.0%) 5 (50.0%) - - 10 (100.0%) 5 (50.0%) 5 (50.0%)
G2 1 (25.0%) 1 (25.0%) - 2 (50.0%) - - 4 (100.0%) 2 (50.0%) 2 (50.0%)
G3 - 1 (50.0%) - 1 (50.0%) - - 2 (100.0%) 1 (50.0%) 1 (50.0%)
G4 - - - - 1 (50.0%) 1 (50.0%) 2 (100.0%) - 2 (100.0%)

Table 8. Type of complications by surgical teams [n (%)].
Dehiscence Fever/Pain Laparocele Wound infection/Abscess/Collection Other Total

Complications
Total 27 (40.3%) 5 (7.5%) 1 (1.5%) 24 (35.8%) 10 (14.9%) 67 (100.0%)
Surgical teams
G1 9 (32.1%) 2 (7.1%) - 11 (39.3%) 6 (21.4%) 28 (100.0%)
G2 10 (62.5%) 1 (6.3%) - 4 (25.0%) 1 (6.3%) 16 (100.0%)
G3 5 (38.5%) 1 (7.7%) 1 (7.7%) 5 (38.5%) 1 (7.7%) 13 (100.0%)
G4 3 (30.0%) 1 (10.0%) - 4 (40.0%) 2 (20.0%) 10 (100.0%)

Table 9. Type of complications in laparoscopic appendectomies by surgical teams [n (%)].
Dehiscence Fever/Pain Wound infection/Abscess/Collection Other Total

Complications
Total 3 (10.0%) 5 (16.7%) 16 (53.3%) 6 (20.0%) 30 (100.0%)
Surgical teams
G1 1 (6.7%) 2 (13.3%) 8 (53.3%) 4 (26.7%) 15 (100.0%)
G2 2 (40.0%) 1 (20.0%) 1 (20.0%) 1 (20.0%) 5 (100.0%)
G3 - 1 (16.7%) 4 (66.7%) 1 (16.7%) 6 (100.0%)
G4 - 1 (25.0%) 3 (75.0%) - 4 (100.0%)

Table 10. Type of complications in laparotomic appendectomies by surgical teams [n (%)].
Dehiscence Laparocele Wound infection/Abscess/Collection Other Total

Complications
Total 24 (64.9%) 1 (2.7%) 8 (21.6%) 4 (10.8%) 37 (100.0%)
Surgical teams
G1 8 (61.5%) - 3 (23.1%) 2 (15.4%) 13 (100.0%)
G2 8 (72.7%) - 3 (27.3%) - 11 (100.0%)
G3 5 (71.4%) 1 (14.3%) 1 (14.3%) - 7 (100.0%)
G4 3 (50.0%) - 1 (16.7%) 2 (33.3%) 6 (100.0%)

A previous study conducted during our training program at
the SMMHospital in Udine concerning laparoscopic chole-
cystectomy had already anticipated the same results regard-
ing the safety of the educational model based on peer edu-
cation [1]. There are some considerations to be made in
commenting on the analysis and results obtained in this
work on appendectomy. During the observed period, 2009–
2019, along with the increasing application of a modern ed-
ucational model with a tendency toward early autonomy of
residents, there has been a change in the surgical standard
for appendectomy, with a shift from laparotomic to laparo-
scopic appendectomy. The introduction of this approach re-
sulted in a slowdown in the surgical procedures performed

by the residents since a period of learning the laparoscopic
technique and its teaching by the consultants themselves
was necessary, in addition to the inherent greater complex-
ity of the approach itself. However, the learning curve was
relatively short (20 surgeries) [12–15].
This fact also explains some of our analysis’s results: the
most complex cases were treated by more experienced
teams, as were most pediatric cases and almost all laparo-
scopic pediatric cases; drainage placement is more frequent
in the G1 group because the surgical complexity (also given
by the severity of the clinical picture) attributed to that
group is higher.
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Laparotomic appendectomy has long been a standard surgi-
cal procedure for acute appendicitis, representing the basis
at the beginning of training in surgical residency [16,17].
However, laparoscopic appendectomy has been success-
fully adopted for patients diagnosed with acute appendici-
tis, and the laparotomic procedure is now rarely performed
unless there is a specific reason [18,19]. Although some
researchers have noted that surgical residents should have
experience with laparotomic appendectomies before per-
forming a laparoscopic one, recent articles have indicated
the possibility of adopting the laparoscopic procedure as the
first approach to be taught in surgical training [20–22].
Numerous publications in the literature over the last decade
demonstrate a non-negative influence on patient safety in
cases of appendectomy performed by residents. Among
these, the work of B. Siam et al. [10] offers a valid
overview, representing—with its 1649 cases—one of the
largest available cohorts of patients operated on laparo-
scopic appendectomy in which a structured surgeon is com-
pared to a resident in general surgery. Appendectomies
were evaluated with pre-, intra-, and postoperative indica-
tors, finding no statistically significant difference in rates of
early and late complications [10]. In line with what has just
been described, the same conclusions were drawn, among
others, by L.J. Graat et al. [16], P. Singh et al. [23], I.
Mizrahi et al. [24] and R. Fahrner et al. [11]. In our study,
there were no significant differences in terms of postoper-
ative outcomes between the different surgical teams con-
sidered: complications, reoperations, and readmissions are
higher, as a percentage—without significance statistics—in
groups G1 and G2, which we believe is due to the greater
severity of the cases allocated in these two groups rather
than to the type of surgical team.
If, therefore, the literature agrees in defining safe appendec-
tomies performed by young surgeons, the considerations re-
lating to the duration of the intervention are less unambigu-
ous. Studies report that operative time increases [25,26],
decreases or remains unchanged [27,28] compared to the
acquisition of experience of the physician in training, with-
out distinction between laparotomic and laparoscopic ac-
cess. From the analysis of J. Mack et al. [29], it appears
that the duration of appendectomies is also influenced by
the role played by the surgeon in training. The appendec-
tomies in which a senior resident was present as a “teaching
resident” to teach a young colleague in training are the pro-
cedures that took the most time ever. In addition, J. Mack
et al. [29] found that the shortest operative time belongs
to structured physicians, and the presence of a junior resi-
dent in whatever role they are in a statistically significant
increase in the duration of surgery, supporting the fact that
the acquisition of skills and experience improves surgical
performance. In contrast, we observed no significant dif-
ference in operating times between the four groups, either
in the laparotomic or laparoscopic approaches.

Conclusions
This retrospective study allows some important conclusions
to be drawn. Following an educational model based on Peer
Education and gradual levels of responsibility and auton-
omy, the students can safely perform the intervention while
maintaining adequate safety standards.
No statistically significant differences were noted between
teams with different surgical experiences regarding intra-
and postoperative complications, conversion rate, reoper-
ations, and readmissions. The length of stay and the in-
tervention time are also overlapping. Appendectomy (and
probably procedures of similar complexity) can be consid-
ered EPAs and must be used for early autonomy and em-
powerment to achieve adequate and safe specialized train-
ing.
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