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Abstract

Background Training in laparoscopic surgery is impor-

tant not only to acquire and improve skills but also avoid

the loss of acquired abilities. The aim of this single-centre,

prospective randomized study was to assess skill acquisi-

tion of different laparoscopic techniques and identify the

point in time when acquired skills deteriorate and training

is needed to maintain these skills.

Methods Sixty surgical novices underwent laparoscopic

surgery (LS) and single-incision laparoscopic surgery

(SILS) baseline training (BT) performing two validated

tasks (peg transfer, precision cutting). The novices were

randomized into three groups and skills retention testing

(RT) followed after 8 (group A), 10 (group B) or 12 (group

C) weeks accordingly. Task performance was measured in

time with time penalties for insufficient task completion.

Results 92 % of the participants completed the BT and

managed to complete the task in the required time frame of

proficiency. Univariate and multivariate analyses revealed

that SILS (P\ 0.0001) and precision cutting (P\ 0.0001)

were significantly more difficult. Males performed signifi-

cantly better than females (P\ 0.005). For LS, a deterio-

ration of skills (comparison of BT vs RT) was not

identified; however, for SILS a significant deterioration of

skills (adjustment of BT and RT values) was demonstrated

for all groups (A–C) (P\ 0.05).

Discussion Our data reveal that complex laparoscopic

tasks (cutting) and techniques (SILS) are more difficult to

learn and acquired skills more difficult to maintain.

Acquired LS skills were maintained for the whole obser-

vation period of 12 weeks but SILS skills had begun to

deteriorate at 8 weeks. These data show that maintenance

of LS and SILS skills is divergent and training curricula

need to take these specifics into account.

Keywords Surgical novices � SILS � LS � Skill
acquisition � Skill retention

Minimally invasive surgery has become widely used and

integrated in routine surgical practice. Single-incision

laparoscopic surgery (SILS) technique is an example for

the trend towards even less invasive surgical procedures.

This represents a unique challenge for surgical training. In

standard laparoscopic (LS) procedures, the ports are placed

in a triangular fashion. The target organ should be

15–20 cm from the central camera port and the remaining

working trocars should ideally be placed on either side of

the camera port. This allows the surgeon to work at a 60�–
90� angle and triangulation is the most efficient and com-

fortable position for a laparoscopic procedure. Further-

more, standard laparoscopic operative technique has been

proven to be more intuitive when compared to SILS pro-

cedures [1]. SILS technique, on the other hand, with its one

port access offers cosmetic benefits for patients and may
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lead to reduced postoperative pain [2]. The use of several

instruments through one port results in a technically more

challenging operation because the well-established princi-

ple of laparoscopic triangulation is not possible. Special

manoeuvrability of the instruments is needed to facilitate

the SILS procedure because all instruments are inserted in

the same axis. Therefore, articulating intersecting instru-

ments have been developed which lead to an inverse tri-

angulation; the surgeon’s right hand holds the left-sided

instrument and vice versa.

Not all skills acquired by conventional laparoscopic

surgery are transferable to SILS [3]. Several case series

have demonstrated the presence of a significant learning

curve for trained laparoscopic surgeons acquiring SILS

technique [4, 5].

The establishment of new surgical techniques is time

consuming. In addition, adequate training must be guar-

anteed for patient’s safety. Focused training outside of

operating theatres is needed, especially for SILS, to prevent

longer operating times and increased rates of conversion

when operating on patients. In a previously published study

by our group [6], we were able to show that participants

maintained their acquired SILS skills after 4 weeks without

training; however, these skills were lost when retested after

12 weeks.

The aim of this study was to optimise our laparoscopic

training curriculum by identifying the point in time when

acquired laparoscopic skills deteriorate and training is

needed to maintain these skills. We have trained and

retested surgical novices not only for SILS but also for

standard laparoscopic procedures to assess ideal training

programmes for standard and complex laparoscopic skills

and evaluate differences in skill maintenance between

these different techniques.

Methods

A single-centre, prospective randomized study was con-

ducted at The Queen Elizabeth Hospital in Adelaide

between July and November 2014. The study has been

approved by the Human Research Ethics Committee

(TQEH/LMH/MH).

The primary endpoint was definition of the time point of

skill deterioration. The aim was to assess when training

needs to be repeated to avoid loss of acquired skills and if

the different techniques (standard laparoscopy vs SILS)

display different time periods of skill maintenance without

training.

The assessment of tasks with different complexity (peg

transfer vs precision cutting), gender differences, influence of

non-surgical skills were secondary endpoints of our study.

Medical students and Interns at the University of Ade-

laide without LS or SILS exposure participated in this

study. All participants had an interest in a surgical spe-

ciality and agreed to the assessment and publication of their

results.

Training was conducted as a single afternoon session

including an introduction tutorial on LS and SILS tech-

niques, equipment handling, and a repetition of the course

tasks. Before starting the training, participants completed a

questionnaire assessing age, gender, previous exposure to

surgery and non-surgical skills such as computer games,

use of chopsticks and musical instruments. Previous

experience was rated subjectively on a 5-point Likert scale,

with 1 indicating no experience and 5 indicating very

experienced.

Students were randomized into three groups (A, B and

C) by picking a sealed envelope. The training curriculum

was identical in all groups apart from the duration of time

between baseline training (BT) and retention testing (RT).

Group A returned to RT after 8 weeks, group B after

10 weeks and group C after 12 weeks of BT completion.

Between BT and RT, participants had no access to the

simulation facilities or exposure to LS/SILS procedures.

BT was conducted by the first author (SME) and RT by a

different author (TR) who had no information about the

participant’s randomisation to exclude investigator related

bias.

The setup and tasks have been described in detail in our

previous study [6]. Briefly, Fundamentals of Laparoscopic

Surgery (FLS) box trainers (modified for SILS) were used

for both laparoscopic methods (LS, SILS) and tasks (peg

transfer, precision cutting). Participants needed to reach

previously defined [6] proficiency levels at baseline train-

ing (\240 s for peg transfer,\420 s for precision cutting)

and both tasks were scored for efficiency (time) and pre-

cision. Penalties were applied for specific errors or lack of

precision.

Statistics were conducted by senior statistician SH. A

sample size of n = 20 for each group was calculated to be

adequate. The data were analysed using a linear mixed

effects model, with subject treated as a random factor. A

log transformation was applied to the outcome measure

(time) to normalise the distribution of this measure in order

to meet the assumptions of a linear mixed effect model.

The data were transformed back to the original scale prior

to reporting with the effects representing the ratio of two

geometric means. Multivariate analysis commenced with a

saturated model which included all variables with a P value

of \0.20. Non-significant variables were systematically

removed from the model until a model containing only

significant variables remained. All analyses were com-

pleted using SAS 9.3 (SAS Institute Inc, Cary, NC, USA).
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A subgroup analysis was performed on the retest data to

determine whether subsequent performance depended on the

length of the retest interval. The effects task (cutting vs peg)

and equipment (SILS vs LS) were evaluated separately to

assess trends in performance over retest were dependent on

these measures. This was accomplished by assessing retest

by task and retest by equipment interactions.

Results

General findings

Sixty medical students were enrolled and randomized into

three groups. 92 % of the participants completed the BT

and managed to complete the task in the required time

frame of proficiency. There were no significant differences

in the demographic characteristics of the groups. There was

also no statistically significant difference in the distribution

of the potential confounders (e.g. previous laparoscopic

experience) between the two groups (data not shown).

Comparison of training periods (BT vs RT)

and techniques (LS vs SILS)

For LS, a deterioration of skills was not identified. The

participants performed significantly better at RT in all

groups: mean time to completion was 1.64, 1.93, and 1.86

times higher at baseline compared to retest after 8, 10, and

12 weeks, respectively.

For SILS, however, a significant deterioration of skills

was demonstrated for all groups (A-C) (P\ 0.05) (Fig. 1;

Table 1).

Multivariate analysis

In general, the completion of tasks took longer at baseline

when compared to the retest (MR = 1.20; P\ 0.01), and

when the technique [(SILS) (MR = 1.55; P\ 0.0001)] or

the task [cutting (MR = 1.42: P\ 0.0001)] were more

complex. Females took significantly longer (12 %) to

complete the tasks than males (MR = 1.12; P\ 0.01).

The multivariate analysis revealed that technique, task

and gender are significant and independent predictors of

time to complete the tasks (Table 2).

Discussion

Previous experience with the introduction of laparoscopic

surgical techniques strongly suggests that well-structured,

specific training programmes are a requirement to facilitate

the development of technical skills in order to ensure

optimal clinical outcomes [3]. Multiple papers have

described SILS training programmes in varied detail, most

without specific measurement of clinical outcomes and

without specific consideration of time interval between

SILS cases [7–10]. Whilst a number of studies have

investigated potential differences in skill acquisition

between LS and SILS techniques [11, 12], there is limited

data investigating skill retention. An understanding of

temporal skill degradation is imperative to designing a

programme that optimises the maintenance of these skills

to ensure that the achieved optimal clinical outcomes are

Fig. 1 Display of baseline and retesting results (in seconds [s]) after

8/10/12 weeks [t] for laparoscopy (LS) and single-incision laparo-

scopic surgery (SILS). The significantly improved results in the LS

group at retesting demonstrate the maintained skills at all retested

time points. * P\ 0.05

Table 1 Comparison of training periods and techniques

Group Training Mean MR P

LS

8 BT 188.02 1.64 \0.0001

RT 114.53

10 BT 204.39 1.93 \0.0001

RT 106.16

12 BT 199.27 1.86 \0.0001

RT 107.32

SILS

8 BT 228.86 1.06 n.s.

RT 215.94

10 BT 246.99 1.04 n.s.

RT 238.84

12 BT 229.01 1.03 n.s.

RT 222.79

The different groups (8/10/12 weeks without training) and techniques

[LS = standard laparoscopy vs SILS = single-incision laparoscopic

surgery] were assessed for baseline (BT) and retesting (RT) perfor-

mance (shown as mean = seconds needed to fulfil the task)

MR ratio of means
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perpetuated. Thus, the aim of this study was to assess skill

acquisition of different laparoscopic techniques and clearly

identify the point in time when acquired skills deteriorate

and training is needed to maintain these skills.

Our participants were trained in conventional and sin-

gle-incision laparoscopic surgery and acquired both skills.

The final score [time to completion of the task including

penalty] for BT was calculated by assessing all attempts the

students needed to reach the level of proficiency, whilst RT

scores were gathered via assessment of three consecutive

runs of the tasks. Thus, similar results at BT and RT rep-

resent the loss of acquired skills.

In previous studies of our group and others [6, 13–15],

the deterioration of acquired laparoscopic skills without

training has been demonstrated. For conventional laparo-

scopic surgery, Bonrath et al. [13] reported that a time

period of 11 weeks between initial training and retesting

resulted in significantly deteriorated skills. Recently we

published our results for maintenance of acquired skills for

SILS, demonstrating that acquired skills of surgical novices

were well maintained after 4 weeks but significantly

deteriorated after 12 weeks without training [6]. The data

presented in this study further characterise the timeline of

loss of attained skills in the absence of regular training,

suggesting that whilst SILS skills are maintained for a

period of 4 weeks there is a significant decline in ability

demonstrable at 8 weeks and beyond. Subsequently, we

recommend a maximum period of 4 weeks without training

for maintenance of acquired SILS skills in laparoscopic

novices.

Interestingly, there was no deterioration of skills iden-

tified within any group for LS techniques during the

12-week study period. This contrast to the results described

above by Bonrath et al. [13] may be attributable to a

potential synergistic effect of SILS training on LS skills, as

suggested by results reported in previous studies. Santos

et al. [1] observed that participants trained exclusively in

SILS techniques performed equally well as those trained

exclusively in LS techniques when assessed with LS tasks.

They also observed that the reverse situation did not yield

equal performance, with those trained in SILS techniques

producing superior results in SILS tasks. Our participants

received an augmented training programme including both

SILS and LS skills, a feature that clearly differentiates our

study design from previous studies. It is possible that this

extended period of LS skill retention observed is

attributable to a consolidatory or synergistic effect of SILS

training.

The results of different studies to identify the ideal time

point of laparoscopic training vary widely. For example,

Stefanidis et al. [16] tried to identify the ideal training

interval for proficiency-based laparoscopic suturing but

failed to demonstrate an association between intertraining

interval and change in performance during proficiency-

based laparoscopic simulator training. In contrast, several

studies showed a significant loss of skills when acquired

skills were not retrained, e.g. loss of skills after 2 weeks

[15], 11 weeks [13], 12 weeks [6] or 6 months [17]. These

studies have to be considered with caution because some of

the study designs have tested limited time points, such as

baseline training and retesting at one single time point

without assessing the performance status in the interim.

Our model is not ideal either. Probably it does not

adequately represent the real-life situation in surgery

because our students did not have any exposure to

laparoscopic or SILS simulation or actual surgery between

the initial training and retesting. In addition, there is

growing evidence that spaced training (multiple training

sessions with interruptions) is superior to massed training

(training in one compact training session) [17, 18]. Nev-

ertheless, we have chosen this setup because we wanted to

imitate the scenario of being trained for a short time, e.g.

1-day training course abroad, and not being able to train

and/or perform the acquired surgical skills in the operating

theatre for some weeks. Taken together, the model clearly

provides evidence for the need of re-training once surgeons

have been away from training for some time (e.g. research,

maternity/sick leave). Surgical trainees should be aware of

the fact that continuous training in minimally invasive

surgery is very important and train as much as possible to

keep and improve acquired skills.

The finding that males showed significantly better

results compared to females is in concordance with existing

studies demonstrating that females seem to have inferior

visual-spatial abilities when compared to males in laparo-

scopic suturing [19] and that males are able to complete

tasks on the Minimally Invasive Surgical Trainer-Virtual

Reality (MIST-VR) in less time than females [20].

Table 2 Multivariate predictors of time to completion

Effect Predictor MR P

Training Retest (RT) 1.20 \0.01

Baseline (BT)

Equipment LS 1.55 \0.0001

SILS

Task Peg 1.42 \0.0001

Cutting

Gender Male 1.12 \0.01

Female

The multivariate model revealed training, equipment, task, and gen-

der to be significant and independent predictors of time to complete

the tasks

MR ratio of means
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In conclusion, our data reveal that once acquired,

complex laparoscopic skills such as cutting and complex

techniques such as SILS are more difficult to maintain than

simpler laparoscopic skills. Acquired LS skills were shown

to be maintained throughout the entire 12-week observa-

tion period, in contrast to SILS skills which were shown to

have deteriorated significantly at an 8-week interval. We

recommend that that the future development of SILS

training curricula involves establishing continuous training

programmes for novices and inexperienced surgeons based

on these results.
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