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Abstract
Introduction Laparoscopic Appendectomy (LA) allows residents to get early exposure to minimally invasive techniques. 
Despite its importance, involving residents as primary surgeons is a complex process, influenced by more than just clinical 
factors. Mentorship, environment, and perceptions play crucial roles. This study aimed to explore rates of residents' involve-
ment in LA, the factors influencing the decision-making, and how surgeons and residents perceive the process. Methods We 
analyzed data from the REsiDENT-1 trial, covering 653 LA performed between 2019 and 2023 in 24 hospitals affiliated 
with the University of Milan. Adults with intraoperative acute appendicitis were included. Univariable analysis and multi-
variable logistic regression explored factors impacting residents’ involvement and clinical outcomes. A survey captured the 
perspectives of surgeons and residents. Results Residents approached 35.9% of the procedures, with longer operative times 
67.14 (± 28.1) vs 71.68 (± 24.44), p = 0.001. Trainees were more involved in academic hospitals and emergency surgery 
units and less complex cases with lower complication rates. Residents' involvement was hampered by patients’ complexity 
in the multivariable analysis. Surgeons prioritized non-technical factors such as punctuality and reliability, whereas residents 
highlighted clinical complexity as a key consideration for the decision-making of the operator. Both groups agreed that struc-
tured feedback systems could improve the educational and training experiences. Conclusion LA remains a crucial procedure 
for surgical training, balancing hands-on learning with patient safety. Structured mentorship in academic and emergency 
settings could allow safe resident involvement. Future improvements should focus on clear feedback processes, better access 
to simulations, and standardized competency-based training to prepare residents for independent practice.    
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Introduction

Laparoscopic Appendectomy (LA) is often one of the first 
surgeries that trainees perform, giving them an early intro-
duction to minimally invasive procedures [1]. Recent studies 
highlight the benefits of increasing residents’ responsibil-
ity, which helps them safely tackle more complex surgeries 
and enhances their learning experience [2]. When residents 
perform LA under appropriate conditions and with adequate 
supervision, patient outcomes remain unaffected [3], despite 
longer operative times [4].

However, understanding the involvement of residents in 
LA extends beyond clinical factors. A recent study from 
Norway highlighted that internal factors like a trainee’s basic 
skills, stress levels, and confidence significantly influenced 
their performance. External factors, such as the quality of 
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mentorship and simulation tools, along with environmental 
pressures, also played a crucial role. The study concluded 
that trainees who were part of structured mentorship pro-
grams tended to perform better [5].

The European scenario on education in acute care surgery 
training is heterogeneous, due to differences inherent to each 
country. A common challenge is the lack of structured men-
torship and standardized educational initiatives [6].

In Italy, surgical residency programs are heavily affected 
by young physician disaffections, due to environmental, 
quality of life, and educational constraints, mainly coming 
from the absence of a standardized approach to surgical 
education [7]. Despite this, scientific societies continue to 
invest considerable effort in implementing different educa-
tional programs to maximize the educational experience for 
aspiring surgeons covering all the subspecialties in the field 
of general surgery, including a new program focusing on 
acute care surgery [8].

What is still lacking is a comprehensive report explor-
ing the trend of surgical trainees’ involvement in LA in the 
Italian scenario, understanding the dynamics beyond their 
involvement, and looking for educational gaps to address.

The study hypothesis was that residents’ involvement in 
LA is still scarce and that the decision-making process lead-
ing to residents’ involvement in LA is primarily influenced 
by non-technical and environmental factors rather than clin-
ical ones, and that there are discrepancies in perceptions 
between surgeons and trainees on this process.

This study aimed to assess the rate of appendectomies 
approached by general surgery trainees and to shed light on 
the decision-making process behind the choice of the opera-
tor, assessing differences in perceptions, patients’ character-
istics, and outcomes between surgeons and general surgery 
residents.

Methods

Primary endpoint

Evaluate the rate of LA approached by general surgery train-
ees in the clinical network of the residency program of the 
University of Milan.

Secondary endpoints

–	 Identify factors associated with and predictors of train-
ees’ involvement in LA.

–	 Evaluate the perceptions of surgeons and trainees on the 
decision-making process leading to the selection of LA 
potentially approachable by a resident.

Study design and setting

Data were reported according to the STROBE statement 
for observational studies [9].

Data were extracted from a four-year data lock of the 
REsiDENT-1 trial registry to perform a spin-off analysis. 
This is a multi-center project, started in October 2019, 
and approved by the ethics committee of the ASST GOM 
Niguarda Coordinating Center. Local registration number 
n° 486–22,072,021, ClinicalTrials.gov: NCT05075252. 
All the centers re-evaluated the protocol before the 
inclusion.

The REsiDENT-1 project aims to standardize the 
reporting of Acute Appendicitis (AA) severity and the 
grade of peritoneal contamination and explore the rela-
tionships between peritoneal irrigation and postoperative 
intra-abdominal abscesses [10].

Residents belong to the General Surgery Residency pro-
gram of the University of Milan and do a clinical rotation 
every 6 months to 1 year within the clinical network of the 
University accounting for more than 50 surgical units. The 
online guidance regarding the compilation of the database 
was performed through group webinars led by seniors. A 
regular checkpoint and data cleaning are performed every 
6 months by the steering committee. The list of residents 
and centers involved is available as supplementary mate-
rial, S1.

Patient enrolment

Inclusion criteria: age > 18 years, laparoscopic appendec-
tomy (LA), and a histological diagnosis of AA. Exclusion 
criteria: conversion to open surgery and other primary 
causes of intra-abdominal infection clinically mimicking 
acute appendicitis (i.e. right colonic diverticulitis, gynae-
cological diseases).

Variables of interest in the registry included clinical, 
intraoperative, and postoperative data [10].

Acute appendicitis severity was reported following our 
published intraoperative classification [10]. Its clinical 
efficacy in identifying complex and simple diseases, using 
histology as the gold standard, is good to moderate and has 
been discussed in a previously published study [11]. The 
classification is reported below.

Appendix aspect

•	 Erythematous and oedematous appendix
•	 Appendiceal phlegmon
•	 Gangrenous appendix
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•	 Perforated appendix

Contamination

•	 Single abscess
•	 Multiple abscesses
•	 Localized purulent peritonitis
•	 Diffuse purulent peritonitis
•	 Localized faecal peritonitis
•	 Diffuse faecal peritonitis

The presence of a complicated form of appendicitis was 
defined if at least one of the following was present: perfora-
tion or peritoneal contamination in any form.

The technical difficulty of LA was defined following a 
5-point Likert-type scale [12], considering the progressive 
operative autonomy of the operator from a procedure per-
formed independently (1), via procedures requiring passive 
(2) and active (3) assistance from the assistant, to complex, 
challenging procedures needing an external, non-scrubbed 
(4) or scrubbed (5), help to finish the LA.

The perceptions of residents and surgeons on the deci-
sion-making were explored via a web-based survey. This 
electronic survey study was performed in October 2023 at 
the end of the data lock on the REsiDENT-1 registry. The 
population of interest consisted of trainees who joined the 
study and performed data collection and surgeons working 
in the same centers as the residents involved in the study. 
Participation was anonymous, confidential, voluntary, and 
free from financial incentives. Thus, we did not request Insti-
tutional Review Board (IRB) study approval.

Survey design

A 15-question electronic survey instrument was developed 
by the steering committee of the REsiDENT-1 study along 
with representatives of the scientific committee of the Gen-
eral Surgery residency program of the University of Milan. 
Because no suitable validated survey instruments exist, 
we created a survey instrument to qualitatively explore the 
perceptions on the decision-making process leading to the 
choice of the operator of an LA. The survey was divided 
into four parts exploring: respondent demographics, the role 
of clinical factors, the role of environmental factors, and 
the role of non-technical factors. The complete survey is 
reported in the Supplementary materials, S2. The survey was 
conducted following the CHERRIES (Checklist for Report-
ing Results of Internet E-Surveys) method [13]. A practical 
guide published in JAMA Surgery on survey research was 
also followed [14]. The survey was administered through 
RedCAP [15] and was delivered via email to the 69 residents 
involved in data collection and to 250 surgeons working in 
the 24 units involved in the study.

Survey data management

To prevent multiple data entries from the same respondent 
the IP address was used to automatically identify potential 
duplicates.

Study data collection and storage

Data was anonymized and stored securely in an online 
secure database. [15]

Statistical analysis

Primary endpoint analysis

The primary endpoint analysis was performed with descrip-
tive statistics.

Numeric variables are expressed as mean (± SD) and 
discrete outcomes as absolute and relative (%) frequencies.

Secondary endpoints analysis

The first of the secondary endpoints was explored with two 
statistical approaches to explore associated factors with sur-
geries performed by a resident or a surgeon.

Continuous outcomes were compared with unpaired Stu-
dent t-test, Welch t-test, or Mann–Whitney U test accord-
ing to data distribution. Discrete outcomes were com-
pared with chi-squared or Fisher’s exact test accordingly. 
We created 2 groups according to the operator approach-
ing the LA, Resident, or Surgeon. Group comparability 
was assessed by comparing baseline demographic and 
clinical data. Normality and heteroskedasticity of con-
tinuous data were assessed with Shapiro–Wilk and Lev-
ene’s test, respectively.. The alpha risk was set to 5% and 
two-tailed tests were used.
A multivariable logistic regression model was developed 
with the operator (surgeon or resident) as the dependent 
variable, using the resident as the reference category. Pre-
operative variables included in the model were selected 
based on univariate analysis results and their clinical 
relevance. Data were checked for multicollinearity using 
the Bels- ley–Kuh–Welsch technique. Heteroskedasticity 
and normality of residuals were assessed using the White 
test and Shapiro–Wilk test, respectively. The confidence 
interval (CI) was set at 95%. The alpha risk was set at 5% 
and two-tailed tests were used.

To study the second and last secondary endpoint a uni-
variable analysis was performed comparing the responses to 
the survey administered to surgeons and residents involved 
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in the surgical units who joined the study. Group compa-
rability was assessed by comparing baseline demographic 
data and follow-up duration between groups. Normality and 
heteroskedasticity of continuous data were assessed with 
the Shapiro–Wilk and Levene’s test, respectively. Continu-
ous outcomes were compared with unpaired Student t-test, 
Welch t-test, or Mann–Whitney U test according to data 
distribution. Discrete outcomes were compared with chi-
squared or Fisher’s exact test accordingly. The alpha risk 
was set to 5% and two-tailed tests were used.

Statistical analyses were performed using EasyMedStat 
(version 3.20.4; www.​easym​edstat.​com) and R software (R 
Core Team (2021). R: A language and environment for sta-
tistical computing. R Foundation for Statistical Computing, 
Vienna, Austria. URL https://​www.R-​proje​ct.​org/).

Results

Primary endpoint analysis

Surgical trainees approached LA in 35.9% of the procedures, 
234/653. The median number of LA performed by residents 
at the time of the study was 11 (IQR 6–20). Among the 
residents who approached the LA as a first operator, 29.5% 
(69/234) had already performed more than 20 LA. The 
results of the demographic analysis are available in Table 1.

The flowchart of patients enrolment is available in Fig. 1.

Secondary endpoint analysis

The univariable analysis compared patients undergoing LA 
approached by residents and surgeons. Residents were more 
frequently involved as first surgeons in LA in university hos-
pitals, 57.3% vs 24.2%, p < 0.001, and dedicated emergency 
general surgery units, 51.3% vs 17.9%, p < 0.001. Residents 
were primary surgeons in patients with lower ASA scores, 
p = 0.02, with less comorbidities, Charlson Comorbidity 
Index 0.38 vs 0.69, p = 0.002. In addition, when no diagnos-
tic was performed surgeons were more prone to approach the 
LA, p = 0.05. The rate of gangrenous and perforated appen-
dicitis was also lower for residents, p = 0.004 as well as the 
rates of peritoneal contamination, p < 0.001. The reported 
difficulty grade was overall higher in LA approached by sur-
geons, 18.7% vs 12.6% for grades 4 and 5 in which external 
help was necessary to complete the procedure. The Clavien 
Dindo classification of surgical complications was signifi-
cantly higher for all grades above 1, p = 0.002, but no differ-
ence was identified for grades 3–4-5.

Residents had longer operative times, 67.14 (± 28.1) 
vs 71.68 (± 24.44), p = 0.001, less use of peritoneal irri-
gation, 64.5% versus 79.9%, p = 0.011, intra-abdominal 
drainages, 38.5% versus 61.7%, p < 0.001, and shorter 

duration of the postoperative antimicrobial therapy, when 
administered, 5.5 (± 2.58) versus 6.7 (± 2.7), p = 0.002, 
and of the total length of the hospital stay 3.7 (± 1.69) ver-
sus 4.1 (± 1.74), p = 0.002. The full results of the analysis 
are available in Table 2.

In the multivariable analysis, the odds of the surgeon 
initiating the procedure increased by 120% when no 
imaging diagnostics were performed (OR = 2.22, 95% 
CI = 1.06–4.7), controlling for age, sex, CRP levels, and 
ASA risk class. Among patients classified as ASA 2, the 
odds of the surgeon initiating the procedure increased 
by 153% compared to patients classified as ASA 1 
(OR = 2.53, 95% CI = 1.69–3.78). For patients with ASA 
classifications of 3–4, the odds of the surgeon initiating the 
procedure were nearly four times higher compared to ASA 
1 patients (OR = 3.879, 95% CI = 1.55–9.699). The results 
of the model are summarized in Table 3.

The second secondary endpoint was explored by 
comparing surgeon and resident responses to the survey 
administered. The survey response rate was 26%, 83/319. 
Sixty-eight point-one percent, 47/69, among residents 
and 14.4%, 36/250 among surgeons. Trainees prioritized 
clinical factors, such as the presence of complicated dis-
ease, 25.5% versus 8.3%, p < 0.05, in the decision-making 
process.

Surgeons prioritized non-technical and environmental 
factors such as the year of residency. 63.1% vs 44.7%, 
p = 0.015, and punctuality and reliability, 47.2%vs.23.4%, 
p = 0.041.

Both groups agreed that a standardized perioperative 
feedback system would improve the process of residents’ 
involvement in LA. The full comparison is available in 
Table 4.

Discussion

This prospective multicenter study examined surgical 
trainee involvement in laparoscopic appendectomy (LA) 
across the University of Milan's general surgery residency 
program. Analysing 653 procedures across 24 hospitals, 
we found that residents approached LA as primary opera-
tors in 35.9% of cases. This finding provided a foundation 
for exploring the dynamics of resident participation in LA 
as an index procedure.

We first sought to understand if there was any differ-
ence between LA's approach by residents and surgeons. 
The analysis disclosed three areas of discussion regarding: 
first, the importance of the training environment; second, 
clinical outcomes and training opportunities; third, adher-
ence to guidelines and the impact of complicated diseases.

http://www.easymedstat.com
https://www.R-project.org/
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Table 1   Demographics of the general population. EGS, Emergency General Surgery. BMI, Body Mass Index. ASA, American Society of Anes-
thesiologists

Variable Mean (SD) 95% CI Min Q1 Median
Count (%) Max Q3

Hospital type (1 University 2 Non university)
No 417 (63.9) 0.602

0.675
Yes 236 (36.1) 0.325

0.398
Dedicated EGS service
No 458 (70.1) 0.666

0.736
Yes 195 (29.9) 0.264

0.334
Age 37.74 (16.37) 36.49 18 23 35

39 91 50
BMI 24.31 (3.89) 24.01 15 22 24

24.61 42 26.4
ASA
1 378 (58.0) 0.542

0.618
2 238 (36.5) 0.328

0.402
3 34 (5.2) 0.035

0.069
4 2 (0.3) 0

0.007
Charlson Comorbidity Index 0.528 (1.15) 0.439 0 0 0

0.616 11 1
PIRO score 0.248 (0.741) 0.191 0 0 0

0.305 9 0
Alvarado Score 6.49 (1.68) 6.36 1 5 7

6.61 10 8
AIR score 5.89 (2.0) 5.73 1 4 6

6.04 12 7
Point Of Care Ultrasound
No 621 (95.1) 0.934

0.968
Yes 32 (4.9) 0.032

0.066
US performed by a radiologist
Yes 352 (53.9) 0.501

0.577
No 301 (46.1) 0.423

0.499
CT Scan
No 373 (57.1) 0.533

0.609
Yes 280 (42.9) 0.391

0.467
White Blood Cells (^3) 13.86 (4.51) 13.51 1.58 11 13.64

14.21 58.3 16.3
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Table 1   (continued)

Variable Mean (SD) 95% CI Min Q1 Median
Count (%) Max Q3

Neutrophils (%) 78.89 (11.12) 77.88 15.37 75 80.3

79.89 98 86
C Reative Protein (mg/dl) 6.83 (7.74) 6.24 0 1.12 4.32

7.43 46.2 9.52
Time to surgery (hour) 16.74 (18.28) 15.34 0.95 8 13

18.15 360 22
Operative time (minutes) 68.77 (26.91) 66.7 15 50 60

70.84 230 82
Operator 1 Resident 2 Surgeon
2 418 (64.1) 0.604

0.678
1 234 (35.9) 0.322

0.396
Number of lap appy performed by the resident 14.89 (11.8) 13.26 0 6 11

16.52 60 20.25
Operator 1 Resident < 20 LA 2 Resident > 20 LA 3 Surgeon
3 418 (64.0) 0.603

0.677
1 135 (20.7) 0.176

0.238
2 69 (10.6) 0.082

0.129
0 31 (4.7) 0.031

0.064
Difficulty grade
1 141 (21.6) 0.185

0.248
2 236 (36.2) 0.325

0.399
3 165 (25.3) 0.22

0.286
4 87 (13.3) 0.107

0.16
5 18 (2.8) 0.015

0.04
Aspect of the appendix 1 erythematous 2 phlegmpn 3 gangrenous 4 perforated
1 109 (16.7) 0.139

0.196
2 337 (51.7) 0.479

0.555
3 148 (22.7) 0.195

0.259
4 58 (8.9) 0.067

0.111
Complicated Appendicitis (perforation or peritoneal contamination)
Yes 372 (57.1) 0.533

0.609
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Table 1   (continued)

Variable Mean (SD) 95% CI Min Q1 Median
Count (%) Max Q3

No 280 (42.9) 0.391

0.467
Peritoneal Irrigation
Yes 485 (74.4) 0.71

0.777
No 167 (25.6) 0.223

0.29
Drainage
Yes 348 (53.4) 0.495

0.572
No 304 (46.6) 0.428

0.505
Length of Stay (days) 4.19 (2.06) 4.03 0 3 4

4.35 21 5
Intensive Care Unit
No 634 (97.4) 0.962

0.986
Yes 17 (2.6) 0.014

0.038
Duration of antimicrobial therapy 6.29 (2.76) 6.04 0 4 6

6.53 21 8
Clavien Dindo classification of surgical complications 0.499 (0.877) 0.432 0 0 0

0.567 7 1
Death
No 651 (99.7) 0.993

1.001
Yes 2 (0.3) 0

0.007
Health-care related expenditures 3330.18 (945.22) 3257.55 1044 2560 3514

3402.81 5735 3514
New hospitalization at 30 days
No 498 (97.3) 0.959

0.987
Yes 14 (2.7) 0.013

0.041
New hospitalization at 60 days
No 511 (99.8) 0.994

1.002
Yes 1 (0.2) 0

0.006
New hospitalization at 90 days
No 512 (100.0) 1

1
Yes 0 (0.0) 0

0
Unplanned readmission
No 497 (97.1) 0.956

0.985
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Training environments

Academic hospitals and emergency surgery units may 
have played an impactful role in facilitating trainee 
involvement. Surgical trainees more frequently performed 
LA in centers with academic affiliations or an emergency 
surgery focus. These settings provided broader exposure 
to diverse cases, supporting Shetty et al.'s [16] emphasis 
on realistic training tools. While centers committed to 
surgical education showed a greater inclination toward 

trainee participation providing graded exposure and 
autonomy [2], reported barriers—including limited sim-
ulator access and curriculum gaps [4, 16] —persist also 
in the Italian system. These findings mirror challenges 
reported globally, and reinforce Wczysla et al.'s [17] call 
for structured, competency-based training to better pre-
pare residents for independent practice. There has already 
been a call for action addressing the main critical areas 
of improvement, but still, no roadmap is available [7].

Table 1   (continued)

Variable Mean (SD) 95% CI Min Q1 Median
Count (%) Max Q3

Yes 15 (2.9) 0.015

0.044
Surgical Site Infections
No 607 (93.0) 0.91

0.949
Yes 46 (7.0) 0.051

0.09
Organ Space Surgical Site Infections
No 617 (94.5) 0.927

0.962
Yes 36 (5.5) 0.038

0.073

Fig. 1   Flowchart of patients’ enrolment according to the STROBE checklist of cohort studies
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Table 2   Results of the univariable analysis. BMI, Body Mass Index. ASA, American Society of Anaesthesiologists score. CCI, Charlson 
Comorbidity Index. SSI, Surgical Site Infection. OS SSI, Organ Space Surgical Site Infection

Variable Surgeon N = 418 Resident N = 234 p-Value

Hospital type
 University
 Non University

101 (24.16%)
 317 (75.84%)
 N = 418

134 (57.26%)
 100 (42.74%)
 N = 234

 < 0.001

Dedicated EGS service
 Yes
 No

75 (17.94%)
 343 (82.06%)
 N = 418

120 (51.28%)
 114 (48.72%)
 N = 234

 < 0.001

Year of residency
 1
 2
 3
 4

3 (8.11%)
2 (5.41%)
16 (43.24%)
16 (43.24%)
N = 37

3 (5.56%)
4 (7.41%)
31 (57.41%)
16 (29.63%)
N = 54

0.469

Age 38.53 (± 16.77)
Range: (18.0; 87.0)
N = 418

36.36 (± 15.58)
Range: (18.0; 91.0)
N = 234

0.162

BMI 24.38 (± 4.05)
Range: (15.0; 42.0)
N = 410

24.17 (± 3.58)
Range: (15.9; 38.5)
N = 228

0.807

ASA
1
2
3
4

212 (50.84%)
177 (42.45%)
26 (6.24%)
2 (0.48%)
N = 417

165 (70.51%)
61 (26.07%)
8 (3.42%)
0 (0.0%)
N = 234

 < 0.001

Charlson Comorbidity Index 0.609 (± 1.23)
Range: (0.0; 11.0)
N = 417

0.385 (± 0.979)
Range: (0.0; 6.0)
N = 234

0.002

PIRO score 0.314 (± 0.855)
Range: (0.0; 9.0)
N = 417

0.132 (± 0.458)Range: (0.0; 3.0)N = 234  < 0.001

Alvarado Score 6.49 (± 1.67)
Range: (1.0; 10.0)
N = 417

6.48 (± 1.7)
Range: (2.0; 10.0)
N = 234

0.966

AIR score 5.93 (± 1.97)
Range: (1.0; 12.0)
N = 392

5.81 (± 2.04)
Range: (1.0; 11.0)
N = 227

0.419

Point Of Care Ultrasound
Yes
No

25 (5.98%)
393 (94.02%)
N = 418

7 (2.99%)
227 (97.01%)
N = 234

0.132

US performed by a radiologist
Yes
No

206 (49.28%)
212 (50.72%)
N = 418

146 (62.39%)
88 (37.61%)
N = 234

0.002

CT ScanYesNo 186 (44.5%)
232 (55.5%)
N = 418

93 (39.74%)
141 (60.26%)
N = 234

0.274

No imaging performed
Yes
No

36 (8.61%)
382 (91.39%)
N = 418

10 (4.27%)
224 (95.73%)
N = 234

0.055

White Blood Cells (^3) 14.06 (± 4.28)
Range: (3.0; 27.8)
N = 418

13.5 (± 4.87)
Range: (1.58; 58.3)
N = 234

0.132

Neutrophils (%) 79.38 (± 11.11)
Range: (15.37; 98.0)
N = 305

78.0 (± 11.11)
Range: (20.15; 95.1)
N = 167

0.183

C Reactive Protein (mg/dl) 7.55 (± 8.49)
Range: (0.0; 46.2)
N = 418

5.56 (± 6.0)Range: (0.0; 35.0)N = 234 0.045
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Table 2   (continued)

Variable Surgeon N = 418 Resident N = 234 p-Value

Platelets (^3) 251.56 (± 76.03)
Range: (16.0; 676.0)
N = 418

246.06 (± 58.37)
Range: (23.0; 407.0)
N = 234

0.886

INR ratio 1.16 (± 0.291)
Range: (0.8; 5.6)
N = 418

1.11 (± 0.155)
Range: (0.3; 2.2)
N = 234

0.015

Time to surgery (hour) 16.37 (± 13.07)
Range: (0.95; 120.0)
N = 418

17.41 (± 25.06)
Range: (2.0; 360.0)
N = 233

0.881

Operative time (minutes) 67.14 (± 28.1)
Range: (15.0; 230.0)
N = 418

71.68 (± 24.44)
Range: (20.0; 180.0)
N = 233

0.001

Difficulty grade
0
1
2
3
4
5

3 (0.72%)
91 (21.77%)
151 (36.12%)
95 (22.73%)
69 (16.51%)
9 (2.15%)
N = 418

2 (0.85%)
50 (21.37%)
85 (36.32%)
70 (29.91%)
18 (7.69%)
9 (3.85%)
N = 234

0.02

Aspect of the appendix
 Erythematous
 Phlegmon
 Gangrenous
 Perforated

61 (14.59%)
205 (49.04%)
109 (26.08%)
43 (10.29%)
N = 418

48 (20.51%)
132 (56.41%)
39 (16.67%)
15 (6.41%)
N = 234

0.004

Peritoneal contamination
Fecal Peritonitis
No Contamination
Purulent peritonitis
Single/Multiple Abscess

21 (5.02%)
170 (40.67%)
144 (34.45%)
83 (19.86%)
N = 418

32 (13.68%)
111 (47.44%)
52 (22.22%)
39 (16.67%)
N = 234

 < 0.001

Peritoneal Irrigation
Yes
No

334 (79.9%)
84 (20.1%)
N = 418

151 (64.53%)
83 (35.47%)
N = 234

 < 0.001

Volume of irrigation 1052.19 (± 1469.09)
Range: (30.0; 10,000.0)
N = 310

692.68 (± 795.6)
Range: (0.0; 5000.0)
N = 142

0.01

Drainage
Yes
No

258 (61.72%)
160 (38.28%)
N = 418

90 (38.46%)
144 (61.54%)
N = 234

 < 0.001

Length of Stay (days) 4.47 (± 2.2)
Range: (1.0; 21.0)
N = 415

3.7 (± 1.69)
Range: (0.0; 13.0)
N = 233

 < 0.001

Intensive Care Unit
Yes
No

14 (3.35%)
404 (96.65%)
N = 418

3 (1.29%)
230 (98.71%)
N = 233

0.131

Postoperative antimicrobial therapy
Yes
No

329 (78.71%)
89 (21.29%)
N = 418

163 (69.96%)
70 (30.04%)
N = 233

0.017

Antimicrobial regimen 4.08 (± 3.4)
Range: (1.0; 12.0)
N = 333

3.03 (± 3.05)
Range: (1.0; 12.0)
N = 166

 < 0.001

Duration of antimicrobial therapy 6.7 (± 2.76)
Range: (0.0; 21.0)
N = 317

5.5 (± 2.58)
Range: (0.0; 14.0)
N = 166

 < 0.001

Clavien Dindo classification of surgical complications
 0–1 
> 1

351 (83.97%)
67 (16.03%)
N = 418

217 (92.74%)
17 (7.26%)
N = 234

0.002
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Clinical outcomes and training opportunities

Procedures performed by trainees were associated with 
longer operative times, consistent with the learning curve 
documented in previous studies [3, 18]. The time required 
reflects the educational value of these surgeries, allowing 
trainees to develop technical proficiency. Despite longer 
durations, postoperative complication rates were lower for 
all complication above Clavien Dindo 1, on the other hand, 
no significant difference was deployed for major complica-
tions requiring invasive management. The significant dif-
ference in minor complication may be explained by lower 
rates of high-grade appendicitis with lower contamination 
performed by residents. Although the safety of trainee-
performed LA under supervision was already reported by 
Ussia et al. [1] and Yamamoto et al. [19], the absence of a 

standardized approach providing graded autonomy could be 
could have limited residents’ involvement and crucial oppor-
tunities for surgical education in our cohort.

The adherence to guidelines and the impact 
of complicated disease

Laparoscopic appendectomies approached by trainees dem-
onstrated superior compliance with evidence-based guide-
lines, including peritoneal irrigation, drainage, and postop-
erative antibiotic protocols. These differences in peri and 
intra-operative attitudes may be influenced by the higher 
rates of complicated disease operated on by surgeons. As 
previously disclosed in our research [20], the higher expo-
sure of surgeons to more complex cases may have certainly 
limited their adherence to guidelines, due to the psychologi-
cal impact of a more complex and stressful procedure.

This enhanced adherence among residents may likely 
benefit from recent education, and highlights the value 
of integrating current guidelines into training [20, 21]. 
Research shows better guideline compliance in academic 
and emergency surgery units [20], where residents more 
frequently perform LA. Notably, these cases showed 
shorter hospital stays—contrasting with previous studies 
reporting longer stays with resident involvement [2]. This 
improvement may reflect optimal postoperative antibiotic 
management and the reduced use of drainages, which our 
earlier research linked to better outcomes and reduced 
healthcare costs, especially in non-complicated diseases 
[20]. As evidence-based guidelines recommend, there 

Table 2   (continued)

Variable Surgeon N = 418 Resident N = 234 p-Value

Clavien Dindo classification of surgical complications
0-2
3–4-5

411 (98.33%)
7 (1.67%)
N = 418

232 (99.15%)
2 (0.85%)
N = 234

0.501

Death
Yes
No

2 (0.48%)
416 (99.52%)
N = 418

0 (0.0%)
234 (100.0%)
N = 234

0.539

Health-Care related expenditures 3419.62 (± 1002.19)
Range: (1044.0; 5735.0)
N = 418

3173.71 (± 813.06)
Range: (1044.0; 5735.0)
N = 234

0.002

Unplanned readmission at 90 days
Yes
No

8 (2.41%)
324 (97.59%)
N = 332

7 (3.89%)
173 (96.11%)
N = 180

0.412

Length of Stay for new hospitalization 1.6 (± 3.37)
Range: (0.0; 11.0)
N = 35

0.9 (± 3.02)
Range: (0.0; 17.0)
N = 50

0.395

SSI overall
Yes
No

30 (7.18%)
388 (92.82%)
N = 418

16 (6.84%)
218 (93.16%)
N = 234

0.998

OS SSI overall
Yes
No

23 (5.5%)
395 (94.5%)
N = 418

13 (5.56%)
221 (94.44%)
N = 234

 > 0.999

Table 3   Results of the multivariable logistic regression model. The 
dependent variable is the operator (surgeon versus resident). ASA, 
American Society of Anaesthesiologists. CRP, C Reactive Protein

Adjusted 
Odd Ratio

95% 
Confidence 
Interval

P value

Age 0.99 0.98–1.00 0.098
Female Sex (Reference Male) 1.43 1.03–2.00 0.035
No diagnostic imaging 2.22 1.06–4.65 0.034
CRP 1.04 1.01–1.06 0.005
ASA = 2 (Reference ASA = 1) 2.53 1.69–3.78 0.001
ASA = 3–4 (Reference ASA = 1) 3.88 1.55.9–70 0.004
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Table 4   Results of the survey showing group comparison exploring residents and surgeon perceptions on the decision-making beyond residents 
involvement in laparoscopic appendectomy

Variable General surgery resident Surgeon p-Value

N = 47 N = 36
In which kind of hospital do you work?
Community hospital
Large referral centre
Large referral university centre

13 (27.66%)
14 (29.79%)
20 (42.55%)
N = 47

8 (22.22%)
8 (22.22%)
20 (55.56%)
N = 36

0.498

Does you hospital have a dedicate emergency surgery service?
Yes
No

36 (76.6%)
11 (23.4%)
N = 47

21 (58.33%)
15 (41.67%)
N = 36

0.124

Do you believe that the year of residency is a determining factor to 
let a resident operate on a Laparoscopic Appendectomy?

44.7 (± 31.98)
Range: (0.0; 100.0)
N = 47

63.11 (± 30.55)
Range: (5.0; 100.0)
N = 36

0.015

How important do you think is the number of surgeries previously 
performed by a resident to be considered ready to perform a lapa-
roscopic appendectomy?

1
2
3
4
5

7 (14.89%)
11 (23.4%)
11 (23.4%)
11 (23.4%)
7 (14.89%)
N = 47

1 (2.78%)
6 (16.67%)
9 (25.0%)
11 (30.56%)
9 (25.0%)
N = 36

0.282

Do you think that a Laparoscopic Appendectomy should be per-
formed by a resident only if s/he has performed a certain number 
of laparoscopic procedures other than laparoscopic appendec-
tomy?

Yes
No

4 (8.51%)
43 (91.49%)
N = 47

7 (19.44%)
29 (80.56%)
N = 36

0.196

How many laparoscopic procedures should have been performed by 
a resident to safely involve her/him into a Laparoscopic Appen-
dectomy?

11 to 15
16 to 20
5 to 10
Less than 5
More than 20

0 (0.0%)
1 (25.0%)
1 (25.0%)
1 (25.0%)
1 (25.0%)
N = 4

2 (28.57%)
2 (28.57%)
3 (42.86%)
0 (0.0%)
0 (0.0%)
N = 7

0.509

How many laparoscopic appendectomies should a surgeon have 
performed to be ready to assist a resident during a laparoscopic 
appendectomy?

20
21–30
31-40
41-50
Less than 20
The number doesn’t matter
more than 50

7 (14.89%)
6 (12.77%)
12 (25.53%)
8 (17.02%)
1 (2.13%)
4 (8.51%)
9 (19.15%)
N = 47

7 (19.44%)
7 (19.44%)
10 (27.78%)
3 (8.33%)
1 (2.78%)
1 (2.78%)
7 (19.44%)
N = 36

0.81

Do you believe that only > 40 years old surgeons should assist a 
resident during a laparoscopic appendectomy?

10.72 (± 17.43)
Range: (0.0; 91.0)
N = 47

16.06 (± 19.18)
Range: (0.0; 80.0)
N = 34

0.041

Factor influencing residents involvement in LA: BMI 
> 30
Yes
No

6 (12.77%)
41 (87.23%)
N = 47

7 (19.44%)
29 (80.56%)
N = 36

0.544

Factor influencing residents involvement in LA: immudeficiency
Yes
No

2 (4.26%)
45 (95.74%)
N = 47

3 (8.33%)
33 (91.67%)
N = 36

0.648

Factor influencing residents involvement in LA:ASA
 > 2
Yes
No

1 (2.13%)
46 (97.87%)
N = 47

2 (5.56%)
34 (94.44%)
N = 36

0.576
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Table 4   (continued)

Variable General surgery resident Surgeon p-Value

Factor influencing residents involvement in LA: Alvarado or AIR 
score > 2

Yes
No

3 (6.38%)
44 (93.62%)
N = 47

5 (13.89%)
31 (86.11%)
N = 36

0.284

Factor influencing residents involvement in LA: Radiological suspi-
cion of complicated appendicitisYesNo

17 (36.17%)30 (63.83%)N = 47 14 (38.89%)22 (61.11%)N = 36 0.98

Factor influencing residents involvement in LA: 
Septic shock
Yes
No

26 (55.32%)
21 (44.68%)
N = 47

21 (58.33%)
15 (41.67%)
N = 36

0.959

Factor influencing residents involvement in LA: Previous laparo-
scopic surgery

Yes
No

4 (8.51%)
43 (91.49%)
N = 47

1 (2.78%)
35 (97.22%)
N = 36

0.382

Factor influencing residents involvement in LA: Previous open 
surgery

Yes
No

12 (25.53%)
35 (74.47%)
N = 47

13 (36.11%)
23 (63.89%)
N = 36

0.424

Factor influencing residents involvement in LA: None of the previ-
ous factor is important

Yes
No

13 (27.66%)
34 (72.34%)
N = 47

9 (25.0%)
27 (75.0%)
N = 36

0.983

Factor influencing residents involvement in LA:Gangrene or Perfo-
ration

Yes
No

12 (25.53%)
35 (74.47%)
N = 47

3 (8.33%)
33 (91.67%)
N = 36

0.05

Factor influencing residents involvement in LA: Single abscess
Yes
No

0 (0.0%)
47 (100.0%)
N = 47

1 (2.78%)
35 (97.22%)
N = 36

0.434

Factor influencing residents involvement in LA:Localized Perito-
nitis

Yes
No

1 (2.13%)
46 (97.87%)
N = 47

1 (2.78%)
35 (97.22%)
N = 36

 > 0.999

Factor influencing residents involvement in LA:Diffuse peritonitis
Yes
No

18 (38.3%)
29 (61.7%)
N = 47

15 (41.67%)
21 (58.33%)
N = 36

0.933

Factor influencing residents involvement in LA: Adhesions
Yes
No

14 (29.79%)
33 (70.21%)
N = 47

10 (27.78%)
26 (72.22%)
N = 36

 > 0.999

None of the previous mentioned factor
Yes
No

20 (42.55%)
27 (57.45%)
N = 47

14 (38.89%)
22 (61.11%)
N = 36

0.911

Enviroment Factor influencing residents involvement in LA: Night 
time

Yes
No

2 (4.26%)
45 (95.74%)
N = 47

2 (5.56%)
34 (94.44%)
N = 36

 > 0.999

Enviroment Factor influencing residents involvement in 
LA:Weekend

Yes
No

0 (0.0%)
47 (100.0%)
N = 47

1 (2.78%)
35 (97.22%)
N = 36

0.434

Enviroment Factor influencing residents involvement in LA: Busy 
operating list

Yes
No

8 (17.02%)
39 (82.98%)
N = 47

9 (25.0%)
27 (75.0%)
N = 36

0.419

Enviroment Factor influencing residents involvement in LA: Nurs-
ing staff 0t trained for laparoscopy

Yes
No

2 (4.26%)
45 (95.74%)
N = 47

3 (8.33%)
33 (91.67%)
N = 36

0.648
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Table 4   (continued)

Variable General surgery resident Surgeon p-Value

Enviroment Factor influencing residents involvement in LA: Una-
vailable basic laparoscopic instrumentary

Yes
No

8 (17.02%)
39 (82.98%)
N = 47

8 (22.22%)
28 (77.78%)
N = 36

0.585

Enviroment Factor influencing residents involvement in LA: Teach-
ing is 0t a mission of my hospital

Yes
No

1 (2.13%)
46 (97.87%)
N = 47

0 (0.0%)
36 (100.0%)
N = 36

 > 0.999

None of the above mentioned factors are important
Yes
No

32 (68.09%)
15 (31.91%)
N = 47

21 (58.33%)
15 (41.67%)
N = 36

0.493

NTS Factor influencing residents involvement in LA: Trustworthi-
ness (reliable, honest, truthful)

Yes
No

28 (59.57%)
19 (40.43%)
N = 47

25 (69.44%)
11 (30.56%)
N = 36

0.486

NTS Factor influencing residents involvement in LA: Professional 
behaviour

Yes
No

28 (59.57%)
19 (40.43%)
N = 47

28 (77.78%)
8 (22.22%)
N = 36

0.129

NTS Factor influencing residents involvement in LA: Being on time
Yes
No

11 (23.4%)
36 (76.6%)
N = 47

17 (47.22%)
19 (52.78%)
N = 36

0.041

NTS Factor influencing residents involvement in LA: Recognizes is 
own limits

Yes
No

38 (80.85%)
9 (19.15%)
N = 47

31 (86.11%)
5 (13.89%)
N = 36

0.57

NTS Factor influencing residents involvement in LA: Ability to 
communicate with other healt care providers

Yes
No

22 (46.81%)
25 (53.19%)
N = 47

21 (58.33%)
15 (41.67%)
N = 36

0.412

NTS Factor influencing residents involvement in LA: Accepts nega-
tive feedbacks

Yes
No

30 (63.83%)
17 (36.17%)
N = 47

29 (80.56%)
7 (19.44%)
N = 36

0.155

NTS Factor influencing residents involvement in LA: Able to listen 
and follow advices

Yes
No

46 (97.87%)
1 (2.13%)
N = 47

34 (94.44%)
2 (5.56%)
N = 36

0.576

NTS Factor influencing residents involvement in LA: Kowledge of 
patient's history

Yes
No

28
 (59.57%)
19 (40.43%)
N = 47

26 (72.22%)
10 (27.78%)
N = 36

0.334

NTS Factor influencing residents involvement in LA: Knowledge of 
surgical anatomy

Yes
No

43 (91.49%)
4 (8.51%)
N = 47

34 (94.44%)
2 (5.56%)
N = 36

0.693

NTS Factor influencing residents involvement in LA: Knowledge of 
surgical technique

Yes
No

40 (85.11%)
7 (14.89%)
N = 47

34 (94.44%)
2 (5.56%)
N = 36

0.287

NTS Factor influencing residents involvement in LA: Is updated on 
the most recent literature

Yes
No

12 (25.53%)
35 (74.47%)
N = 47

13 (36.11%)
23 (63.89%)
N = 36

0.424

None of the previous factor is important
Yes
No

0 (0.0%)
47 (100.0%)
N = 47

1 (2.78%)
35 (97.22%)
N = 36

0.434
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is no demonstrated advantage in the usage of peritoneal 
irrigation and drainages, also in complicated appendecto-
mies. Despite this, we know that compliance with guide-
lines is still low [19, 20].

Finally, with the multivariable analysis, we aimed to 
understand which preoperative factors, linked to the clini-
cal status and pathway of the patient could impact resi-
dents' involvement in LA. Then we explored the results 
of the survey to understand our research findings in rela-
tionship to residents' and surgeons' reported perceptions 
of the decision-making process regarding the choice of 
the operator. These analyses showed an interesting dis-
crepancy. The American Society of Anaesthesiologists 
(ASA) score emerged as the primary clinical factor inde-
pendently limiting trainee participation. This data reflects 
a safety-conscious approach by surgeons in charge of the 
decision-making of the operator, aligned with research 
supporting experience-matched case complexity [5]. On 
the other hand, the survey revealed that surgeons did not 
declare to prioritize clinical factors, giving instead pri-
ority to soft skills, like reliability and punctuality, over 
clinical ones during the choice of the operator, whilst res-
idents agreed that case complexity could be a participa-
tion barrier. This disparity highlights the need for stand-
ardized processes and structured closed-loop feedback 
systems to bridge perception gaps between residents and 
surgeons [22] and allows trainees to be gradually exposed 
to more complex procedures.

Study significance and educational implications

Early involvement in laparoscopic appendectomy enables 
residents to approach minimally invasive techniques, with 
studies [19, 23] showing comparable outcomes regardless 
of open surgery experience. Task-specific simulations and 
feedback systems enhance skill acquisition and confidence 
[16, 22], a point supported by both surgeons and residents in 
our survey. Moreover, this approach could help the surgeons, 
who are always in charge of the choice of the operator in 
Italy, to limit the effect of environmental and clinical factors 
on the decision-making process. Surgeons should be able 
and free to apply graded autonomy models, where supervi-
sion adapts only to case complexity and trainee competency 
[2].

Limitations and future directions

The observational design limits causal inferences, and its 
focus on a single residency network may restrict generaliza-
bility to the whole country. Moreover, concerning the results 
on the impact of academic centers on residents’ involve-
ment, the generalizability could be partially affected by the 
predominant contribution to data collection by a few large 
referral centers with a structured and renewed approach to 
surgical education. This could be read as a limitation but 
also as a relevant aspect to be considered as an example 
that systematic residents’ involvement in LA is feasible if 

Table 4   (continued)

Variable General surgery resident Surgeon p-Value

Technical skills
1
2
3

15 (31.91%)
24 (51.06%)
8 (17.02%)
N = 47

12 (33.33%)
17 (47.22%)
7 (19.44%)
N = 36

0.933

0n Technical skills
1
2
3

26 (56.52%)
14 (30.43%)
6 (13.04%)
N = 46

18 (51.43%)
14 (40.0%)
3 (8.57%)
N = 35

0.613

Environmental factors
1
2
3

4 (8.7%)
9 (19.57%)
33 (71.74%)
N = 46

6 (16.67%)
5 (13.89%)
25 (69.44%)
N = 36

0.485

Have you ever heard about the Zwisch Scale?
Yes
No

4 (8.51%)
43 (91.49%)
N = 47

8 (22.22%)
28 (77.78%)
N = 36

0.115

Do you feel that a perioperative feedback system would increase the 
awareness on residents operative auto0my? (e.g., after each surgi-
cal procedure the resident and the attending fill a dedicated f

3
4
5

5 (10.64%)
13 (27.66%)
29 (61.7%)
N = 47

2 (5.56%)
18 (50.0%)
16 (44.44%)
N = 36

0.11
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logistical, environmental, and cultural constraints are cor-
rectly addressed.

Another limitation of our study is the potential for cluster-
ing bias due to its multicenter design. While we attempted 
to mitigate this by standardizing data collection, we recog-
nize that unmeasured variability between hospitals—such as 
teaching culture, operative volume, or supervisory norms—
could impact resident involvement. Future studies should 
consider hierarchical modelling from the outset and possibly 
stratify results by hospital or cluster-specific characteristics 
to better capture and understand these contextual influences.

Furthermore, part of the data collection period fell into 
the first outbreak of the COVID-19 pandemic, and most of 
the hospitals involved were located in the core area of the 
outbreak. Data collection was certainly hampered by the 
pandemic, explaining why the number of patients enrolled 
does not fully reflect the true number of patients suffering 
from acute appendicitis who could have been hospitalized 
and treated during the study period. Despite this, a huge 
effort was made to maintain data collection.

Conclusion

Our study demonstrates that organizational, environmental, 
clinical, and subjective factors can play a crucial role in the 
educational experience with LA of trainees and surgeons, 
with much room for improvement especially in general non-
academic hospitals. Structured surgical educational path-
ways for trainees could improve adherence to guidelines, 
reduce length of stay, and may deliver comparable clinical 
outcomes to experienced surgeons. To maximize the benefits 
of training, future efforts should focus on closing curricu-
lar gaps, improving access to simulators, and standardizing 
competency-based models. By prioritizing these strategies, 
we can better prepare surgical residents for the challenges 
of independent practice while maintaining high standards 
of patient care.
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