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ABSTRACT

Background: The aim was to determine whether a simulation-based care pathway approach (CPA) curriculum could improve compliance for enhanced recovery programs (ERP), and residents’ participation in laparoscopic colorectal surgery (LCS). Indeed, trainee surgeons have limited access to LCS as primary operator, and ERP have improved patients’ outcomes in colorectal surgery (CS). 
Methods: All residents of our department were trained in a simulation-based CPA: perioperative training consisted in virtual patients built according to guidelines in both ERP and CS, whilst intraoperative training involved a virtual reality simulator curriculum. Twenty consecutive patients undergoing CS were prospectively included before (n = 10) and after (n = 10) the training. All demographic and perioperative data were prospectively collected, including compliance for ERP. Residents’ participation as primary operator in LCS was measured.
Results: Five residents (PGY 4-7) were enrolled. None had performed LCS as primary operator. Overall satisfaction and usefulness were both rated 4.5/5, usefulness of pre-, post- and intraoperative training was rated 5/5, 4.5/5 and 4/5, respectively.  Residents’ participation in LCS significantly improved after the training (0% (0-100) vs. 82.5% (10-100); P = 0.006). Pre- and intraoperative data were comparable between groups. Postoperative morbidity was also comparable. Compliance for ERP improved at Day 2 in post-training patients (3 (30%) vs. 8 (80%); P = 0.035). Length of stay was not modified. 
Conclusions: A simulated CPA curriculum to training in LCS and ERP was correctly implemented. It seemed to improve compliance for ERP, and promoted residents participation as primary operator without adversely altering patients’ outcomes.
Keywords: colorectal surgery, training, care pathway, enhanced recovery, simulation.
RESUME

Objectif: Déterminer si une formation en parcours de soin simulé (FPSS) améliore le respect des objectifs réhabilitation améliorée (ORA) et la participation des internes au bloc opératoire en chirurgie colorectale laparoscopique (CCL). 
Méthodes: Tous les internes du service ont reçu cette FPSS: les entrainements pré- et postopératoires étaient constitués de patients virtuels scénarisés selon les recommandations de réhabilitation améliorée et de chirurgie colorectale (CC); l’entrainement peropératoire était un programme validé en CCL sur simulateur. Vingt patients admis consécutivement pour CC ont été inclus prospectivement avant (n=10) et après (n=10) FPSS. Les données démographiques, périopératoires, et le respect des ORA ont été collectés. La participation des internes en CCL a été mesurée comme % de temps en tant qu’opérateur. 
Résultats: Cinq internes (4ème-7ème année) ont été formés. Aucun n’avait réalisé de CCL comme opérateur. La satisfaction et l’utilité globale de la FPSS étaient de 4.5/5, l’utilité des formations pré-, per- et postopératoires de 5/5, 4.5/5 et 4/5.  La participation des internes en CCL a augmenté après formation (0% (0-100) vs. 82.5% (10-100); P=0.006). Les données préopératoires des patients étaient comparables entre les groupes. La morbidité postopératoire, dont la morbidité majeure (4 (40%) vs. 1 (10%); P=0.15) était également inchangée. Le respect des ORA était meilleur à J2 dans le groupe post-FPSS (3 (30%) vs. 8 (80%); P=0.035). La durée d’hospitalisation était inchangée (P=0.74). 
Conclusion: La FPSS a permis d’améliorer le respect des ORA. Elle a aussi augmenté la participation des internes comme opérateur sans altérer les suites opératoires des patients. 
Mots clés: Chirurgie colorectale, enseignement, parcours de soin, réhabilitation améliorée, simulation.


INTRODUCTION

Surgical skills have long been grounded to technical abilities: training out of the operating room (OR) predominantly consisted of improving intraoperative technical skills using benchtop models and simulators [1,2]. However, both technical and non-technical skills are essential in the training of surgeons. Non-technical skills are needed not only in the OR [3,4], but also in pre- and postoperative care. Indeed, Pucher, et al. recently showed that ward round quality had some impact on patients’ outcomes in surgery [5]. 
A care pathway approach implies both technical skills training on a simulator, and training in pre- and postoperative care: the purpose of perioperative training is to improve both decision-making and knowledge. Most perioperative care training interventions that have been published so far are experiential or via lectures, but not interactive between the trainees and the patients, i.e. that 3D virtual patients (VP), or actors in a simulated ward provide data about their chief complaint, history and exam. In a pilot study, we demonstrated that a simulation-based CPA training (using VP and a virtual reality (VR) intraoperative curriculum) had a positive impact on patient care for acute appendicitis, a common disease requiring basic skills (this work, still unpublished, was presented as a poster presentation at the APDS (Association of Program Directors in Surgery) Spring Meeting in Seattle in April 2015). 
A further step in education would be to implement simulation-based CPA for advanced training in laparoscopic abdominal surgery (ATLAS) [6], where intraoperative skills, strategy, and decision-making are paramount. Indeed, advanced technical skills training may reduce learning curves and improve patient safety in the OR. Advanced non-technical skills training should encompass enhanced recovery programs (ERP). Indeed, despite the known benefits of ERP [7,8], uptake remains slow: compliance to colorectal ERP would only be 60 to 70% [9], and tends to decrease with time, even in reference centers [10]. 
We previously designed VP in colorectal surgery to train in ERP through pre- and post-operative cases [11], and an intraoperative VR competency-based curriculum for sigmoid colectomy, which demonstrated validity evidence. The objectives of the present study were to implement such a simulation-based CPA curriculum, and to assess its impact on compliance for ERP.




METHODS 

Study population
This was a prospective single-center study, conducted in the department of colorectal surgery of St. Mary’s Hospital, Imperial College Healthcare NHS Trust, London, and implementing a simulation-based CPA curriculum in colorectal surgery. The primary objective was to assess such a CPA impact on compliance for ERP in colorectal surgery; the secondary objectives were to assess its impact on residents participation in OR, on patients’ outcomes, and on residents’ satisfaction. ERP was well established within the department at the time of the study, as it had been introduced for over 5 years.
The study was approved by the NRES Committee London – Central under the REC reference: 12/LO/1215. After providing informed consent, twenty consecutive patients undergoing colorectal surgery, whether laparoscopic or open, were prospectively included before (n = 10) and after (n = 10) the training of residents. 
The data included the following: demographic data, such as age, gender, body mass index (BMI) and American Society of Anesthesiology score (ASA score); preoperative data, such as indication for surgery, disease location, cancer (and in case of rectal cancer, preoperative radiochemotherapy), type of operation scheduled, preoperative counseling, respiratory preparation, bowel preparation, admission at the day of surgery; intraoperative data, such as type of approach (i.e., laparoscopic or open), type of operation actually performed, stoma creation, drainage, conversion to open surgery, self rating of difficulty (on a 1 to 5 scale), Objective Structured Assessment of Technical Skills (OSATS) self rating [12], intraoperative complications, operative time, percentage of time during which residents were primary operator; and postoperative data, such as compliance for ERP at Day 1 and Day 2 (including appropriate diet and mobilization, and discontinuation of IV fluids at Day 2), time to liquid and solid diet, type of analgesia, postoperative pain at Day 1 (according to an analogue visual scale (AVS) from 1 to 10), postoperative morbidity (according to Dindo’s classification), including gastrointestinal complications, additional surgery and mortality, and length of stay. 

Care pathway curriculum
The curriculum was designed in a previous study [11]. In summary, four preoperative VP were designed in the virtual world of Second Life™ (Linden Research Inc, San Francisco, CA, USA). They presented in clinics with various colorectal diseases, including both simple and complex cases. The objectives of pre-operative cases were to elicit the relevant clinical information from the history and examination, establish the pertinent investigation findings, determine the correct diagnosis and initiate an appropriate management plan, similar to how a surgeon should perform in clinics. The cases involved knowledge in colorectal diseases and ERP such as pre-operative counseling, preoperative identification of high-risk patients for ERP failure (in particular, social assessment), medical review, absence of bowel preparation in colonic surgery, absence of fasting, minimal length incision and discharge plan (Figure 1). 
Intraoperative training consisted of a competency-based curriculum for laparoscopic sigmoid colectomy on a virtual reality (VR) simulator: the Lap-Mentor™ (Simbionix, Cleveland, OH, USA). This curriculum encompassed procedural modules (medial and lateral colonic dissection, colorectal anastomosis) and a full sigmoid colectomy (Figure 2). It has demonstrated validity evidence in a preliminary study [12]. 
Finally, 5 post-operative VP were virtually assessed in the surgical ward after laparoscopic colorectal surgery, with uneventful and complicated outcomes, in order to train in both simple implementation of ERP (absence of nasogastric (NG) tube, epidural analgesia in case of open surgery, early use of oral analgesia, perioperative nutrition, early mobilization) and decision making for more complex cases. Their objectives were to identify the patient’s post-operative progression and initiate an appropriate management plan according to ERP, similar to how a surgeon should perform in the surgical ward.  

Trainees 
All residents of the department were trained in a simulation-based CPA. Before entering the study, all residents gave informed consent and completed a questionnaire about their seniority and surgical experience (Annex 1). Each session lasted one hour, and consisted of training on one preoperative VP, then on one step of the intraoperative curriculum, and finally on one postoperative VP. Two sessions per day were performed. Training was completed when correct management was achieved for all VP and proficiency goals were reached at every steps of the competency-based curriculum. At the end of the training, they responded to a satisfaction questionnaire (Annex 2).
In the “real” surgical ward, in accordance with the senior surgeon, residents were mostly responsible for the ward round and making a management plan as per ERP. Namely, residents managed the ward on their own and they prescribed adequate medications (analgesia, antiemetics…), diet and mobilization, as well as discontinuation of IV fluids, retrieval of urinary drainage, etc… A consultant round was performed ad hoc as required, but the primary responsibility for the daily ward round lied with the resident.
Both nurses and anesthetists of the department were not informed of the study, hence were blind from knowing whether they were in charge of pre- or post-training patients.

Definitions
Conversion to open surgery was defined as any unplanned incision or a planned incision longer than 6 cm. Postoperative morbidity was defined as complications occurring in the hospital or within 30 days after surgery. Major complications were defined as those requiring surgical, radiological or endoscopic intervention (Dindo III), life-threatening complications requiring intensive care management (Dindo IV) and death (Dindo V). Mortality was defined as death occurring in the hospital or within 30 days.
Goals at Day 1 and Day 2 were defined as follows in the department, and were the same in the training curriculum: 1/solid diet on Day 1 and Day 2, 2/mobilization: being out of bed for at least 8 hours and walk 4 times a day on Day 1 and Day 2, and finally 3/discontinuation of IV fluids and urinary drainage on Day 2. Goals were defined as achieved only if all criteria were met.
OSATS is a validated assessment scale of technical skills in surgery [13], assessing the following items using a Likert scale scoring each skill from 0 to 5: respect for tissue, time and motion, instrument handling, knowledge of instruments, use of assistants, flow of operation/forward planning, and knowledge of specific procedure.

Statistical analysis
The quantitative data were reported as the medians and range. Normally distributed quantitative data were analyzed with Student’s t test, and the Mann-Whitney test was used otherwise. The qualitative data were reported as the number of patients (percentage of patients) and were compared using the Pearson’s 2 test or the Fisher’s exact test, as appropriate. As worse results were not expected after training, the tests were one-sided, and the level of statistical significance was set at p < 0.05. As this study was the first of its kind, data was lacking to formulate formal power calculations to determine the number of included patients to assess compliance for ERP: a convenience sample was therefore chosen. The analysis was performed using the Statistical Package for the Social Sciences software (SPSS, version 20, Chicago, IL, USA).

RESULTS

All residents of the department were enrolled: they were 5, ranging from PGY 4 to 7. They had been working in the department for one month at the beginning of the study. All had performed over 50 laparoscopic procedures, but none had performed any laparoscopic colorectal surgery (LCS) as primary operator. 
Twenty consecutive patients were included as planned. Preoperative data of pre-training and post-training patients are reported in Table 1. Demographic data and clinical presentations were comparable between groups, and preoperative management did not differ after the training. Most patients presented with cancer (17; 85%), located in the right colon in 8 cases, left colon in 2 cases, rectum in 7 cases (2 high-, 3 mid-, and 2 low-rectum). The other 3 patients presented with inflammatory bowel disease in 2 cases (one Crohn’s disease, one ulcerative colitis) and unresectable polyp in one case.

Primary objective: compliance for ERP
In the preoperative phase, all but one patient (pre-training group) had preoperative counseling. No patients scheduled for colonic surgery had bowel preparation, whereas all patients undergoing rectal surgery did. No patients needed respiratory preparation.
In the postoperative phase, compliance for ERP (Table 2) was not modified at Day 1, but improved at Day 2 in post-training patients in terms of overall objectives (3 (30%) vs. 8 (80%); P = 0.035) and mobilization (3 (30%) vs. 8 (80%); P = 0.035). There were no medical reasons explaining the absence of mobilization at Day 2 when it occurred: only the absence of adequate prescription by the resident in charge was found. No patients came back from surgery in the ward with an NG tube, and there were no differences in terms of discontinuing IV fluids or removal of urinary drainage at Day 2.

Secondary objectives
Intraoperative data were comparable between pre-training and post-training patients (Table 3) except for residents’ participation in LCS, which significantly improved after the training (0% (0-100) vs. 82.5% (10-100); P = 0.006) and OSATS self-rating, which was better in the pre-training group (35 (27-35) vs. 27 (23-35); P = 0.011). Fifteen patients were admitted the day of surgery (75%). Laparoscopy was performed in 18 patients (90%), with 8 conversions into open surgery. Conversion was not modified after the training: it was performed for adhesions in 3 cases, difficulties of exposure in 3 cases, technical failure of laparoscopic stack in one case, and vascular injury in one case. Two intra-operative complications occurred, both in pre-training group: one vascular injury, and one port-site bleeding.
Postoperative overall and major morbidity (Table 4) were comparable. In the pre-training group, the 5 major complications happened after Day 2; there were 3 reoperations (2 peritonitis, one pelvic abscess with no radiological access), 1 collection drained under CT scan associated with pulmonary embolism requiring intensive care, and 1 cardiac failure requiring intensive care. In the post-training group, the one major complication was a reoperation for peritonitis. Overall, there were 9 ileus, and 7 medical complications (one pulmonary embolism and one cardiac failure, cited above, one urinary retention, one slight renal failure, 3 slight cardiac failure, and one chest infection), some patients having both major complications and ileus or medical complications. There were no deaths. Length of stay was not modified (9,5 days (4-26) vs. 6,5 (5-30); P = 0.74). 
Overall satisfaction and usefulness of training were both rated by residents 4.5/5, whereas usefulness of preoperative, postoperative and intraoperative training was rated 5/5, 4.5/5 and 4/5, respectively. 
DISCUSSION

This study implemented a simulation-based (CPA) pathway approach to training in ERP and laparoscopic colorectal surgery (LCS), combining virtual patients with a competency-based curriculum on a VR simulator. All residents of our department of colorectal surgery were trained, with good feedback on satisfaction and usefulness. Compliance for ERP improved at day 2 in post-training patients. Moreover, residents participation in LCS as primary operator significantly improved after the training, without adversely altering patients outcomes: postoperative morbidity of pre- and post-training patients was comparable, including major morbidity. 
This study has several limitations: first of all, the limited number of residents and patients assessed. Even if the number of trainees was low (5), the purpose was to train all the residents of the department, which was achieved. The number of patients was also low: this study was however prospective, and the first of its kind in colorectal surgery. The second limitation is the high rates of morbidity and conversion into open surgery. This is probably due to the small number of patients assessed, and may not reflect the rates of the Department on a larger scale. Patients were enrolled consecutively, and there were no differences in terms of conversion or morbidity in between groups. Larger series, ideally randomized control trials, are therefore needed to corroborate the results of the present study.  
Only few patients were actually operated by the residents as primary operator, especially in the pre-training group: however, the main objective was not to assess technical skills or intraoperative data, but compliance for ERP, which was not impacted by the seniority of the operator. Furthermore, the significant increase of operations actually performed by residents after CPA may be partly explained by the training itself (associated with the progression in time in their rotation). These results are indeed in accordance with those of Lin et al., who found that simulation in LCS favored residents’ participation in the OR [14]. We do not think that this finding biased the quality of care given by residents in the postoperative course. Indeed, patients’ management performed by residents in the surgical ward should be optimal, whether residents are or are not their primary operator. However, even if it influenced the quality of care, that should still be a positive impact of CPA training.
Whilst training independently on either a VR simulator or VP has demonstrated its positive impact on trainees’ technical and non-technical skills [15,16], intra- and perioperative care training have always been performed apart form each other. Furthermore, no combination of training in technical and non-technical skills has been designed as a curriculum in the literature. The type of “combined” training published so far has associated technical skills training and formal lectures on intraoperative care, often during workshops in advanced surgery [17]. We previously designed a pilot simulation-based CPA to training in acute appendicitis [18], which was implemented on real patients: both feasibility of such training and positive impact on patients management were found. The present research was designed to train in more complex surgery, LCS, where decision-making and strategy are paramount. 
The key concepts of ERP in colorectal surgery include patient education and preparation, preservation of gut function, minimization of organ dysfunction, minimization of pain and discomfort, and promotion of patient autonomy [19]. Several meta-analyses, through 13 randomized controlled trials, found that ERP decreased length of hospital stay and global morbidity, despite no differences were found in mortality and surgical morbidity [20]. A recent series of 541 colorectal procedures, performed according to ERP, showed that compliance with oral intake and fluid management in the first 48 hours significantly decreased post-operative morbidity [21]. In the present study, simulation-based CPA training improved compliance for ERP in the first 48 hours. Neither length of stay nor global morbidity was modified. However, the objective of our study was to assess compliance for ERP and not patients’ outcomes, which would have needed much larger samples. 
The present CPA training was built for surgical residents. However, ERP needs multidisciplinary management, with senior surgeons, anesthetists and nurses involved. In order to minimize potential biases, both nurses and anesthetists were blind from the study. And as residents have little or no impact in the preoperative counseling, this study focused on compliance for ERP in the postoperative phase, where the impact of residents on care is paramount: in the present study, residents were responsible for patients management in terms of treatment, type of diet and mobilization prescriptions, in accordance with senior surgeons. Further studies, however, should design CPA training not only for surgical residents, but also for the whole multidisciplinary team. 
Indeed, despite its benefits, compliance for ERP remains an issue in everyday practice: compliance to colorectal ERP would only be 60-70% [9], and tends to decrease with time, even in reference centers [10]. A recent Delphi consensus stated that continuing education of new team members was one of the 3 most important leads to sustain success in ERP, along with regular staff update sessions and positive feedback to team [22]. In their interview study, Pearsall et al. found that surgeons were concerned that residents might not follow ERP because of lack of awareness [7]. Nadler et al. interrogated 77 residents in surgery on ERP: overall, they had a reasonable approach to the management of patients who underwent laparoscopic colectomy, but there were gaps in their management [8]. Education and training are therefore needed in ERP for residents, who make many decisions in the post-operative care. 
Advanced technical skills training may reduce learning curves and improve patients’ safety in the OR. However, this field of research is still quite poor, as most studies appraising education in ATLAS are purely descriptive [6]. In their systematic review, Miskovic et al. found only 6 studies assessing simulation in LCS: they concluded that there was a “notable lack of available data on the educational value of simulated training” [23]. However, 2 studies found interesting results. Palter et al. assessed the impact of LCS training in the OR in a randomized controlled trial: curricular-trained residents demonstrated higher performance in the OR than controls, who followed only classical apprenticeship (P=0.03) [24]. Lin et al. found that simulation in LCS favored residents’ participation in the OR without altering patients’ outcomes [14]. The present study found the same results, as residents’ participation in LCS as primary operator significantly improved after the training, with no impact on patients’ morbidity. 


CONCLUSION

A CPA to training in colorectal surgery has been implemented: it demonstrated its positive impact on residents’ participation in the OR and on compliance for ERP. However, as the number of patients and trainees were small, larger series, ideally randomized trials, are still needed to corroborate the results of the present study.  Further studies should also design CPA training in ERP in a multidisciplinary manner, for both surgical and anesthetic care. Finally, CPA training could be applied to new procedures (robotics or single port surgery), new pathways of care, especially in the field of enhanced recovery, and non-surgical care. 
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TABLES


Table 1: Preoperative data of 20 patients undergoing colorectal surgery before (pre-training group) and after (post-training group) pathway care training of residents.
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BMI: Body Mass Index; ASA: American Society of Anaesthesiology. The data are reported as the median and range. 







Table 2: Compliance for ERP: postoperative data of 20 patients undergoing colorectal surgery before (pre-training group) and after (post-training group) pathway care training of residents. 
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ERP: Enhanced Recovery Program; Goals Day 1 and Day 2 stand for goals of ERP at postoperative day 1 and 2. The data are reported as the median and range. 


Table 3: Intraoperative data of 20 patients undergoing colorectal surgery before (pre-training group) and after (post-training group) pathway care training of residents.
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The data are reported as the median and range. 



Table 4: Postoperative data of 20 patients undergoing colorectal surgery before (pre-training group) and after (post-training group) pathway care training of residents: morbidity.

	 
	Pre-training
Group, n = 10
	Post-training
Group, n = 10
	P

	Overall morbidity, n (%)
	8 (80)
	7 (70)
	0.5

	Major morbidity 
(Dindo III/IV), n (%)
	5 (50)
	1 (10)
	0.07

	Surgical
complication, n (%)
	7 (70)
	5 (50)
	0.33

	Medical complication, 
n (%)
	4 (40)
	3 (30)
	0.5

	Reoperation, n (%)
	3 (30)
	1 (10)
	0.29

	Intensive Care Unit
admission, n (%) 
	4 (40)
	2 (20)
	0.31

	Death (Dindo V), n (%)
	0 (0)
	0 (0)
	1



The data are reported as the median and range. 



FIGURES LEGENDS

Figure 1: Main items of enhanced recovery programs (ERP).
NG: nasogastric, CHO: carbohydrate.
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Figure 2: Virtual curriculum for laparoscopic colorectal surgery.
No.: number.
[image: ]


Annex 1: Pre-training questionnaire.


Age:
Gender:		F / M
Seniority:		ST3 / ST4 / ST5 / ST6 / ST7 


Total number of laparoscopic cases performed as primary operator: 
5-10		10-20		20-50		50-100	       	   >100

Number of open colorectal resection performed (>50%) as primary operator:
0	  1-5             5-10	    10-20	  20-50		  50-100	 >100

Number of laparoscopic colorectal resection performed (>50%) as primary operator:
0	  1-5             5-10	    10-20	  20-50		  50-100	 >100

Number of laparoscopic colorectal resection performed as primary assistant:
0	  1-5             5-10	    10-20	  20-50		  50-100	 >100




Annex 2: Post-training questionnaire.


Please rate from 1 to 5 the following questions (1 being poor and 5 excellent)

Overall satisfaction:				1	2	3	4	5	
Overall usefulness:				1	2	3	4	5
Usefulness of preoperative scenarios: 	1	2	3	4	5
Usefulness of postoperative scenarios:	1	2	3	4	5


Confidence in managing colorectal patients in the ward before the training:
1	2	3	4	5
Confidence in managing colorectal patients in the ward after the training:
1	2	3	4	5
Confidence in assisting laparoscopic colorectal resections before the training:
1	2	3	4	5
Confidence in assisting laparoscopic colorectal resections after the training:
1	2	3	4	5
Confidence in performing laparoscopic colorectal resection (primary operator) before    
the training:					
1	2	3	4	5
Confidence in performing laparoscopic colorectal resection (primary operator) after   
the training:					
1	2	3	4	5


Comments:
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Pre-training

Post-training

Group,n=10 Group,n=10 P
Age (years) 79 (37-93) 75 (34-85) 0.32
BMI (kg/m?) 24 (17-39) 26 (23-35) 0.24
Gender: male, n (%) 5(50) 6 (60) 0.5
ASA score 3 (2-3) 3(1-4) 0.68
Cancer, n (%) 9 (90) 8 (80) 0.5
g::;)i?)gltﬁn:’:therapy, n (%) 000 1(10) 05
Preoperative counseling, 9 (90) 10 (100) 0.5
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Pre-training

Group, n = 10

Post-training

Group, n = 10

P

Age (years)

79 (37-93) 75 (34-85) 0.32

BMI (kg/m

2

)

24 (17-39) 26 (23-35) 0.24

Gender: male, n (%) 

5 (50) 6 (60) 0.5

ASA score

3 (2-3) 3 (1-4) 0.68

Cancer, n (%) 

9 (90) 8 (80) 0.5

Preoperative 

Radiochemotherapy, n (%) 

0 (0) 1 (10) 0.5

Preoperative counseling, 

n (%)

9 (90) 10 (100) 0.5
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Pre-training

Post-training

Group,n=10 Group,n=10 P
f(();l; Day 1 achieved, 3 (30) 5 (50) 033
Walk x4 on Day 1, n (%) 3 (30) 5(50) 0.33
g:; ‘;f ::e(‘: /8) hours on 6 (60) 7(70) 0.5
S(()‘;IS Day 2 achieved, 3(30) 8 (80) 0.035
Walk x4 on Day 2, n (%) 3 (30) 8 (80) 0.035
g:; ‘z’f Il:e(‘: A)S) hours on 4 (40) 8 (80) 0.09
;l;li:::i.:;) resume liquid diet 6 (4-72) 6 (4-18) 0.45
(Tl::;i:;) resume solid diet 72 (24-192) 42 (20-192) 0.18
(Tl:;'l‘;:;’ remove drain 96 (96-168) 96 (72-144) 0.70
Length of hospital stay 9.5 (4-26) 6.5 (5-30) 0.74

(days)










Pre-training

Group, n = 10

Post-training

Group, n = 10

P

Goals Day 1 achieved, 

n (%)

3 (30) 5 (50) 0.33

Walk x4 on Day 1, n (%)

3 (30) 5 (50) 0.33

Out of bed 8 hours on

Day 1, n (%)

6 (60) 7(70) 0.5

Goals Day 2 achieved, 

n (%)

3 (30) 8 (80) 0.035

Walk x4 on Day 2, n (%)

3 (30) 8 (80) 0.035

Out of bed 8 hours on

Day 2, n (%)

4 (40) 8 (80) 0.09

Time to resume liquid diet 

(hours)

6 (4-72) 6 (4-18) 0.45

Time to resume solid diet

(hours)

72 (24-192) 42 (20-192) 0.18

Time to remove drain

(hours)

96 (96-168) 96 (72-144) 0.70

Length of hospital stay

(days)

9,5 (4-26)  6,5 (5-30) 0.74
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Pre-training

Post-training

Group,n=10 Group,n=10 P
Eligmh:colectomy, n (%) 4 (40) 6 (60) 0.33
;Zi;ﬁcolectomy, n (%) 2(20) 00 0.24
Anterior Resection, n (%) 4 (40) 4 (40) 0.68
Difficulty (1-5) 3(1-5) 4 (3-4) 0.09
OT/‘;:;EE::;’;?"“ 0 (0-100) 82.5 (10-100) 0.006
Laparoscopy, n (%) 9 (90) 9 (90) 0.76
Er(io‘}:;'ry open surgery, 1(10) 1(10) 0.76
Conversion into open 3(30) 5(50) 033
surgery, n (%)
e 20 oo | o
Ileostomy / colostomy, n (%) 2 (20) 3 (30) 0.5
Drain, n (%) 4 (40) 3 (30) 0.5










Pre-training

Group, n = 10

Post-training

Group, n = 10

P

Right 

Hemicolectomy, n (%) 

4 (40) 6 (60) 0.33

Left

Hemicolectomy, n (%) 

2 (20) 0 (0) 0.24

Anterior Resection, n (%) 

4 (40) 4 (40) 0.68

Difficulty (1-5)

3 (1-5) 4 (3-4) 0.09

% Laparoscopic

Trainee time

0 (0-100) 82.5 (10-100) 0.006

Laparoscopy, n (%)

9 (90) 9 (90) 0.76

Primary open surgery, 

n (%)

1 (10) 1 (10) 0.76

Conversion into open

surgery, n (%)

3 (30) 5 (50) 0.33

Intraoperative 

complication, n (%)

2 (20) 0 (0) 0.47

Ileostomy / colostomy, n (%)

2 (20) 3 (30) 0.5

Drain, n (%)

4 (40) 3 (30) 0.5
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