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Introduction
Over the last thirty years, laparoscopic appendectomy has gained 

wide acceptance as the surgical procedure of choice for patients with 
acute or chronic appendicitis. A shorter hospital stay, earlier return 
to work and activity, better wound healing, and less postoperative 
pain are now well known reasons for the transition from laparotomy 
to laparoscopy. These benefits raise the question as to whether more 
minimalized surgery would offer patients even greater benefits. 
Therefore, single-incision laparoscopic surgery (SILS) has raised 
tremendous interest among surgeons in the last few years, and 
has emerged as a serious alternative to conventional multiport 
laparoscopy. Although larger series and extended follow-up analyses 
are still missing and may well provide valuable additional information 
regarding postoperative outcomes, several studies have demonstrated 
the technical feasibility and safety of single-incision laparoscopic 
appendectomy (SILA) [1-6].

Experienced laparoscopic surgeons were reported to have a short 
learning curve for SILS. As senior surgeons are becoming increasingly 
familiar with the technique, it is being incorporated in surgical training 
as well. Appendectomy is one of the most common surgical procedures 
performed worldwide [7]. Being one of the most basic laparoscopic 
procedures in general surgery, it is mainly performed by residents. The 
influence of resident involvement in surgery and postoperative care is 
controversially discussed. It is reported to be associated with longer 
operating times, higher costs, and higher complications rates [8-10]. 
However, it has also been reported to exert a protective effect on the 
patients' outcome [11]. Little is known about the effect of resident-
performed SILA on intraoperative and postoperative outcomes. The 

purpose of the present study was to determine resident performance and 
postoperative outcomes in patients undergoing SILA performed by a 
resident versus SILA performed by an experienced laparoscopic surgeon.

Material and Methods
We performed a review of all patients who underwent single-

incision laparoscopic appendectomy between July 2009 and January 
2014 at Vivantes Klinikum Am Urban in Berlin, Germany. Patients 
who underwent appendectomy as part of another single-incision 
laparoscopic procedure were excluded from the study. Patients with 
primary multiport laparoscopic or open appendectomy were also 
excluded. Demographic data included age, gender, weight, height, 
body mass index (BMI), the American Society of Anesthesiologists 
score (ASA score), preoperative comorbidities, previous abdominal 
surgery, and laboratory data concerning leukocytes and C-reactive 
protein (CRP) on admission. Details of surgery included operating 
time, the need for conversion to multiport laparoscopy or the open 
procedure and the reasons for conversion, intraoperative findings such 
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Abstract
Background: Single-incision laparoscopic appendectomy (SILA) has become an accepted alternative to 

conventional multiport laparoscopic appendectomy. Yet, little is known about the impact of operations performed 
by residents on the outcome of SILA. The aim of the present study was to evaluate the safety and efficacy of SILA 
performed by younger surgeons.

Methods: All SILA's at a single institution were reviewed and grouped according to the educational level of the 
operating surgeon: group 1 included residents with no experience in single-incision laparoscopic surgery (SILS) and 
little experience in multiport laparoscopy, group 2 comprised fellows with experience in multiport laparoscopy but with 
no experience in SILS, and group 3 consisted of senior surgeons, all of whom were experienced in performing SILS.

Results: A total of 176 patients were included. The patients had been operated on by residents (n=62), fellows 
(n=21), or senior surgeons (n=93). Senior surgeons performed the operation in less time than fellows or residents (48.7 
vs. 55.4 vs. 53.6 minutes, respectively; p=0.108). Six patients required conversion to multiport laparoscopy while no 
patient required conversion to the open procedure. The overall postoperative morbidity was 9.1%, with no significant 
difference between the three groups (p=0.536). The surgeon's level of surgical education was no statistical risk factor 
for developing postoperative complications after SILA.

Conclusion: Although operating times were longer for residents and fellows compared to senior surgeons, less 
surgical experience did not correlate with a greater need for conversion to multiport laparoscopy and was not associated 
with a higher rate of postoperative complications.
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as peritonitis, peritoneal adhesions or other pathological findings (e.g. 
gynecological reports). Data concerning short-term outcomes included 
postoperative complications, the need for reintervention, leukocyte 
count, CRP values on discharge, and the length of hospital stay. All 
specimens were sent for histological investigation, which included 
determination of the grade of inflammation.

Patients were divided into three groups, based on the educational 
level of the surgeon performing the operation. Group 1 included all 
residents from postgraduate year 1 to 6 with no experience in single-
incision laparoscopic surgery and little experience in multiport 
laparoscopy. Fellows (postgraduate year >6) were pooled in group 
2; these surgeons had experience in multiport laparoscopy but no 
experience in SILS. Group 3 included three senior surgeons and 
the head of the department, all of whom were highly experienced 
laparoscopic surgeons. We started performing SILA in July 2009, at the 
beginning of the study period, but all surgeons in group 3 had previous 
experience in the procedure. Taken together, they had performed 
more than 100 single-incision cholecystectomies until July 2009. All 
surgeons were grouped according to their level of education at the 
time of the procedure. At the start of the study in July 2009 Group 1 
included 6 residents (n=2 in postgraduate year 1, n=2 in postgraduate 
year 3, n=1 in postgraduate year 4, n=1 in postgraduate year 5), Group 
2 included 4 fellows and Group 3 included 3 attendings and the head 
of the department.

The surgical procedure has been described earlier [5,12]. A 15 to 
20mm incision was performed in the umbilical folds and extended 
downward to the fascia. A commercial port system (TriPortTM or 
Triport+TM; Olympus, Germany) was inserted with the provided 
insertion device. After diagnostic laparoscopy the appendix was 
identified and detached. Dissection of the mesoappendix was performed 
using stepwise electrocauterization and scissors. The appendiceal base 
was both ligated with two Endoloops (Serag Binder; Serag Wiessner, 
Germany) and cut in-between, or dissected using a stapler system 
(Endo GiaTM; Covidien, USA). The specimen was removed directly 
through the port system. The fascia was closed using non-absorbable 0 
suture and absorbable 4-0 monofilament sutures for skin closure. Only 
standard straight 5 to 10mm instruments and laparoscopes were used. 

The patients' data were entered prospectively into a Microsoft 
Access (Office 2003, Microsoft, USA) database and reviewed 
retrospectively. Statistical analysis was performed using SPSS Version 
22 (IBM, USA). To compare the three groups, the Chi-square test (χ2) 
was used for analysis of categorical variables, and Student´s t-test or 

a single factor variance analysis for continuous data, with the level 
of significance set to a p value lower than 0.05. A logistic regression 
analysis was performed to assess the educational level of the surgeon 
as a potential risk factor for postoperative complications after SILA.

Results
During the study period, 176 patients were identified as having 

undergone single-incision laparoscopic appendectomy. Patients were 
divided into three groups: those operated on by residents (n=62), by 
fellows (n=21) and those operated on by senior surgeons (n=93). The 
patients' demographic data are shown in Table I. Their mean age was 
26.8 ± 9.2 years (range, 13-64 years) and 29.5% were male. The patients' 
mean BMI was 22.6 ± 3.3 kg/m2 (range, 14.1-32.0 kg/m2), demographic 
data did not differ significantly between the three groups.

The overall mean operating time was 51.2 ± 17.2 minutes (range, 
22-140 minutes). The mean operating time required by senior surgeons 
was 48.7 ± 17.2 minutes, followed by residents (53.6 ± 15.7 minutes) 
and fellows (55.4 ± 20.5 minutes), but the difference did not achieve 
statistical significance (p=0.108). Neither the direct comparison 
between residents and senior surgeons (p=0.075), nor between 
residents and fellows (p=0.663) or between fellows and senior surgeons 
(p=0.119) revealed a significant difference in mean operating times 
(Table II).

Six patients (3.4%) required conversion to the multiport 
laparoscopic procedure with insertion of one or two additional trocars. 
Four conversions (66.7%) were performed by residents, one by fellows, 
and one by senior surgeons (p=0.068). The reasons for conversion 
were extensive peritoneal adhesions, appendix perforation with intra-
abdominal abscess, or retraction difficulties because of abnormal 
location of the appendix. No conversion to the open procedure was 
required.

Complication rates were similar in the three groups (6.5%, 14.3% 
and 9.7%, respectively; p=0.536). The overall postoperative morbidity 
was 9.1%. No wound infection occurred in patients operated on by 
residents, two infections among those operated on by fellows, and three 
in the senior surgeon group. Gastrointestinal complaints included 
postoperative diarrhoea, bowel obstruction, and intestinal atony or 
paralysis. Other complications were prolonged postoperative pain, 
urinary tract infection, and urinary retention. A logistic regression 
analysis to assess predictors of complications after SILA revealed 
no significance in respect of the surgeon's educational level on 
postoperative morbidity (Table III).

  Resident 
n=62

Fellow 
n=21

Senior Surgeon 
n=93 p value

Gender 0.145
Male 24 (28.7%) 3 (14.3%) 25 (26.9%)  
Female 38 (61.3%) 18 (85.7%) 68 (73.1%)  
ASA-score 0.427
I 51 (82.3%) 19 (90.5%) 81 (87.1%)  
II 11 (17.7%) 2 (9.5%) 12 (12.9%)  
Age (years) 26.6 ± 10.4 27.1 ± 8.2 26.9 ± 8.6 0.964
BMI (kg/m2) 22.8 ± 3.3 22.4 ± 2.1 22.6 ± 3.3 0.902
Comorbidities 13 (21.0%) 3 (14.3%) 12 (13.3%) 0.217
Previous abdominal surgery 2 (3.2%) 1 (4.8%) 7 (7.9%) 0.228
Leukocytes on admission (nl) 11.2 ± 4.2 12.0 ± 4.7 12.5 ± 4.3 0.187
Leukocytes on discharge (nl) 7.3 ± 2.0 7.1 ± 1.3 6.8 ± 1.9 0.354
CRP on admission (mg/l) 30.7 ± 44.9 28.7 ± 38.4 25.9 ± 43.5 0.797
CRP on discharge (mg/l) 43.9 ± 46.7 47.9 ± 45.4 44.1 ± 36.8 0.925
Length of hospital stay (days) 3.6 ± 1.2 3.8 ± 1.8 3.8 ± 2.9 0.766

ASA (American Society of Anesthesiologists); BMI (body mass index); CRP (C-reactive protein)
Values are given as numbers and percentages, or means ± standard deviation

Table I: Demographic Data of Patients who underwent SILA (n=176).
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The median duration of hospital stay for all patients who underwent 
SILA was 3 days (range, 2-27 days). The mean length of the hospital 
stay for patients operated on by residents, fellows and senior surgeons 
was 3.6 ± 1.2, 3.8 ± 1.8 and 3.8 ± 2.9 days, respectively (p=0.766).

Figure 1 shows the increasing percentage of operations performed by 
residents over the last few years. In 2009 and 2010, the first cases of SILA 
at our institution were mainly operated on by senior surgeons, but in the 
following years the procedure was performed by younger surgeons.

Discussion
The aim of the present study was to evaluate the influence of 

surgical training levels on surgical and postoperative outcomes after 
single-incision laparoscopic appendectomy, and to ascertain the safety 
of resident involvement. Reviewing the results of 176 single-incision 
cases, we found that the surgeon's training level had little impact 
on outcomes after SILA. Although operating times were longer for 
residents and fellows compared to senior surgeons, the difference 
did not achieve statistical significance. A lower surgical training level 
did not correlate with a greater need for conversion to multiport 
laparoscopy, and was not associated with a higher rate of postoperative 
complications, including wound infection, intra-abdominal abscess, 
hematoma and gastrointestinal complaints.

In previous studies, the involvement of residents in surgery 
was found to be associated with longer operating times and higher 
postoperative morbidity for multiport laparoscopic surgery or open 
surgical procedures in general surgery [8-10,13]. We have a limited 
body of data concerning the presence and impact of surgical trainees 
on single-incision laparoscopic procedures. In a retrospective analysis 
of 220 consecutive patients undergoing single-incision laparoscopic 
cholecystectomy, Sato et al. found residents to be an independent risk 
factor for prolonged operating times [14]. In a single-port simulator 
model of Conway et al., experienced single-port surgeons performed 
surgery faster and with no loss of accuracy compared to experienced 
conventional laparoscopic and novice laparoscopic surgeons [15].

These reports concur with our data. In the present study, the mean 
operating time required by senior surgeons with previous experience 
in single-incision surgery was shorter than that required by fellows 
or residents, although the difference did not achieve significance. The 
fellows involved in the study did have prior experience in advanced 
multiport laparoscopic procedures, but their median operating time 
was similar to the time required by residents. These difficulties of 
conventional laparoscopic proficient surgeons to translate these skills 
to SILS have also been reported by three laboratory-based studies 
comparing laparoscopic- and SILS-trained candidates [16-18]. Pucher 
et al. concluded that the skills required for SILS are not automatically 
acquired through multiport laparoscopic experience [19].

Previous studies showed a steep learning curve for SILS: 10 to 40 
attempts were needed to learn single-incision cholecystectomy [19], 
and about 10 cases to learn single-incision appendectomy [2]. These 
data were confirmed in our review of the surgeons involved in the 
present study, but we were unable to determine the exact number 
of operations needed to achieve a learning curve plateau for single-
incision appendectomies. Since previous simulation and training in the 
skills laboratory were found to enhance a surgeon's skills in multiport 
laparoscopic surgery, the same could be true for SILS. Simulator 
training and specific training in SILS might even shorten the learning 
curve while the patient's comfort could be improved by using a new 
surgical procedure [20-22]. Therefore, some authors advocate specific 
SILS training and simulation models [19,23]. However, it should be 
noted that certain surgical skills and procedures can only be learned in 
the operating room [8].

We do not provide a special SILS simulator model at our institution 
and do not yet have a SILS-specific training curriculum for residents. 
All SILS novices in the present study were trained on the job. Using 
a logistic regression model, we were unable to demonstrate resident 
or fellow involvement in single-incision appendectomy as a potential 
risk factor for developing a postoperative complication. The present 
study confirms that, with appropriate supervision, single-incision 
surgery performed by surgeons with various levels of education is safe 
for patients.

The present study is one of the largest single-institution series of 
SILA, but the number of cases is still small and the study is therefore 
most likely underpowered. The consequence of the small sample size is 
a fairly high chance for a Type II error especially regarding our results 
of the postoperative outcome. The study should therefore only be seen 
as a pilot study and larger multicentre series and randomization will be 

  Resident 
n=62

Fellow 
n=21

Senior Surgeon 
n=93 p value

Operating time (minutes) 53.6 ± 15.7 55.4 ± 20.5 48.7 ± 17.2 0.108
Peritonitis 2 (3.2%) 0 4 (4.3%) 0.672
Peritoneal adhesions 5 (8.1%) 2 (9.5%) 11 (11.8%) 0.446
Additional intraoperative findings 2 (3.2%) 2 (9.5%) 9 (9.7%) 0.14
Conversion to multiport 4 (6.5%) 1 (4.8%) 1 (1.1%) 0.068
Postoperative complications 4 (6.5%) 3 (14.3%) 9 (9.7%) 0.536
     Wound infection 0 2 (9.5%) 3 (3.2%)
     Intraabdominal abscess/ hematoma 0 0 3 (3.2%)
     Gastrointestinal complaints 2 (3.2%) 0 1 (1.1%)
     Other 2 (3.2%) 1 (4.8%) 2 (2.2%)
Reoperation 0 1 (4.8%) 3 (3.2%) 0.209
Pathology 0.23
     Normal appendix 4 (6.5%) 1 (4.8%) 5 (5.4%)
     Acute appendicitis 47 (75.8%) 20 (95.2%) 80 (86.0%)
     Chronic appendicitis 11 (17.7%) 0 8 (8.6%)
Perforation 4 (6.5%) 3 (14.3%) 5 (5.4%) 0.719

Values given as numbers and percentages, or means ± standard deviation

Table II: Details of Surgery and Histology of Patients who underwent SILA (n=176).

OR 95% CI p value
Surgeon level 0.472
Resident Referent  
Fellow 1.55 0.46-5.29  
Attending 2.42 0.49-11.82  

OR (odds-ratio); CI (confidence interval)

Table III: Predictor of postoperativ complications after SILA (n=16; 9.1%).
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Figure 1: Operations Performed by Residents over the Last Few Years.

needed to validate the findings. Another limitation of the present study 
is that data concerning the extent of intraoperative resident involvement 
were not available and were not standardized. In open appendectomy, 
an experienced surgeon supervising an assistant may significantly 
influence the speed of the surgical procedure and its outcome. When 
teaching the laparoscopic procedure, the assisting senior surgeon's role 
is mainly limited to giving instructions and directing the camera. Thus, 
the surgical flow and the outcome of surgery is largely dependent on the 
less experienced operating surgeon. On the other hand, when a resident 
experiences intraoperative difficulties in performing a laparoscopy, the 
more experienced fellow or senior surgeon may completely take over 
and perform the major steps of the operation. As this aspect is rarely 
documented after an operation, some single-incision appendectomies 
may have been categorized incorrectly in the present study. This, 
obviously, is more likely to occur when a resident is involved.

Conclusion
Patients may rest assured that younger surgeons can perform 

single-incision laparoscopic appendectomies safely and effectively, 
although the operating time may be longer and larger case series will 
be needed to validate the findings. This fact is valuable in view of the 
paucity of surgeons in Western countries and the fact that education in 
surgery takes a considerable amount of time.
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