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Introduction

Microsurgery requires meticulous technique. The learning of microsurgery skills can be integrated directly in the specialty's training program [START_REF] Kshettry | The role of laboratory dissection training in neurosurgical residency: results of a national survey[END_REF], or it can be taught during dedicated microsurgery training courses [START_REF] Hong | Evaluation of the efficacy of microsurgical practice through time factor added protocol: microsurgical training using nonvital material[END_REF]. This comprises practical training sessions in a laboratory setting on inert materials [START_REF] Prunières | Use of the Konnyaku Shirataki noodle as a low fidelity simulation training model for microvascular surgery in the operating theatre[END_REF] and then in a living model [START_REF] Grober | Laboratory based training in urological microsurgery with bench model simulators: a randomized controlled trial evaluating the durability of technical skill[END_REF]. The assessment of microsurgery skills is increasingly being done with objective evaluation criteria (hand movements, leaking of anastomosis, patency test) [START_REF] Ramachandran | Assessment of microsurgery competency-where are we now?[END_REF], which helps to optimize one's actions during a procedure in current practice.

The benefits of "immediate" repetition of a skill have been documented as improved performance during learning [START_REF] Blackwell | Overcoming the learning curve in microvascular head and neck reconstruction[END_REF][START_REF] Bergmeister | New concept for microsurgical education: The training academy of the German Working Group for Microsurgery of Peripheral Nerves and Vessels: Results of a 4-year evaluation[END_REF][START_REF] Balasundaram | Development of a training curriculum for microsurgery[END_REF]. This concept has long been used at aircraft pilot training centers [START_REF] Bongers | Learning and forgetting in the jet fighter aircraft industry[END_REF]. In current practice, repeating a procedure contributes to reducing the morbidity and mortality rate [START_REF] Nugent | Factors influencing microsurgical skill acquisition during a dedicated training course[END_REF].

Generally in clinical practice, the microsurgical phase of a procedure is integrated and described in the surgical technique at a specific point in time. For example, in hand surgery, it is understood that bone fixation is first, then suture repair of tendons, followed by the microsurgical steps with arterial then venous anastomoses, followed by nerve repair and last, skin coverage [START_REF] Beris | Digit and hand replantation[END_REF].

However, the sequencing of the microsurgical anastomosis phase, especially when several anastomoses are needed, has not been defined.

The quality of a microsurgery task repeated immediately during the same procedure has never been studied. The aim of this study was to determine if immediate repetition of a microsurgical suturing task helps to improves it reliability, execution and quality.

Materials and methods

Study design

This was an experimental animal study, approved by our research ethics committee. All of the study-related procedures and observations were carried out on February 4, 2019 during the 6 th day of a microsurgery graduate diploma course. The entire curriculum for this diploma was conducted over a 2-week period.

General procedures

The sample consisted of 10 surgeons from different specialties (plastic surgery, orthopedic surgery, maxillofacial surgery, neurosurgery, otorhinolaryngology) and with different experience levels who were participating in the microsurgery course. The students were divided into two groups of five surgeons; group 1 operated in the morning (8 am to 12 noon) while group 2 operated in the afternoon (1 pm to 5 pm). The first phase of each half-day consisted of a training session on an inert material (Konnyaku Shirataki noodle) [START_REF] Prunières | Use of the Konnyaku Shirataki noodle as a low fidelity simulation training model for microvascular surgery in the operating theatre[END_REF]. The full procedure consisted of anesthetizing a rat, positioning it, dissecting the first carotid artery, performing arteriotomy and end-to-end microanastomosis, and then repeating the same procedure on the other side.

Anesthesia and surgical technique

Rats (female, Sprague Dawley, average 300 g) were provided by the animal husbandry center of the Angers University Hospital. Each surgeon was responsible for the anesthesia and dissection of their rat. For the surgery, a rat was placed in an induction chamber, which was filled with Isoflurane at 5 L/min. Once sedated, the rat was weighed to determine the optimal dose of anesthetic agent. A mixture of ketamine (100 mg/kg) and xylazine (10 mg/kg) was administered in bolus IP injection; a second injection could be done as needed during the procedure. Once its reflexes were suppressed, the rat was placed supine on a cork board, with its extremities held by elastic bands.

A single T-shaped incision (Fig. 1) was made to allow the two carotid arteries to be dissected and exposed. A transverse arteriotomy was done after the clamp was placed on the vessel.

Anastomosis was done using microscopy, with each surgeon choosing their own magnification.

Nonabsorbable 10-0 monofilament suture was used.

Assessment and endpoints

After the first end-to-end anastomosis (C1) was completed, it was evaluated by the student and the instructor. Subjective and objective outcomes were assessed using a simplified grid derived from the CoTeMi grid described by Adeline Cambon Binder (http://www.edu.upmc.fr/medecine/pedagogie/memoire/Memoires_16/Memoire_Cambon-Binder) (Fig. 2) and inspired by the scale described by Chan [START_REF] Chan | Structured assessment of microsurgery skills in the clinical setting[END_REF]. Each item was graded as 1, 2 or 3 points. The same procedure was followed for the second anastomosis (C2).

Primary endpoint: Permeability

The permeability of the anastomosis was determined with a patency test, upstream of the suture.

The test was scored as either perfect, localized leak/small stenosis, or absent.

Secondary endpoints

The subjective assessment parameters, evaluated during and after the procedure, were scored as incorrect, correct or perfect. The following items were graded:

-Dexterity (quality of movements, instrument manipulation, needle-induced damage) -Blood vessel preparation (quality of dissection, clamp positioning) -Anastomosis quality (regularity, manipulation and preservation of blood vessels during procedure).

The instructor recorded when the clamp was applied and when it was released, then calculated the clamping time.

Statistical analysis

The statistical analysis was carried out using R software (version 3.5.2, The R Foundation for Statistical Computing, Vienna, Austria). Since there is no published data on evaluating the progress made in microsurgery skills, all the subjects were included. A paired Student's t-test was used to compare the mean values for the primary endpoint. The pairing was based on the carotid arteries. A value of p < 0.05 was considered statistically significant.

Results

Permeability

Only one anastomosis was not permeable (C2, Student 4) One rat died during the procedure. No significant difference in permeability was found between C1 and C2 (Table 1).

Dexterity / preparation / quality / verification

The total points assigned during the evaluation of C1 was compared for each student to the total assigned for C2 (Table 2). Three students felt they were better during C2, two of which had significantly improved according to the instructor's evaluation. The self-assessment was significantly better during C2 (p = 0.005), although this difference was not confirmed by the instructor's evaluation (Table 3). In the subgroup analysis (morning vs afternoon groups), C2 was significantly better in the morning group in the self-assessment and the instructor's assessment (Table 3).

Clamping time

There was no significant different in the clamping time between C1 and C2, although the latter was somewhat shorter (Table 4).

Discussion

The aim of this study was to determine whether immediate repetition of a microsurgical suturing task improves its quality. Up to now, no study had been published on this topic. We found no significant difference in our primary endpoint (patency test), although there was a trend towards C2 being better, which would need to be confirmed on a study with more subjects.

As for the anastomosis quality, based on our criteria (dexterity, preparation, quality) [START_REF] Hong | Evaluation of the efficacy of microsurgical practice through time factor added protocol: microsurgical training using nonvital material[END_REF][START_REF] Blackwell | Overcoming the learning curve in microvascular head and neck reconstruction[END_REF][START_REF] Bergmeister | New concept for microsurgical education: The training academy of the German Working Group for Microsurgery of Peripheral Nerves and Vessels: Results of a 4-year evaluation[END_REF],

the surgeon felt that repetition was a significant contributing factor (p = 0.005), although the instructor did not confirm this finding. It turns out that the surgeon, who is always harder on himself, seems to underestimate the quality of the first anastomosis, while the instructor assigned more points to it. Conversely, the points assigned by the surgeon and instructor were the same for the second anastomosis. This difference in opinion highlights the difficulty of performing objective, reproducible assessments [START_REF] Nugent | Factors influencing microsurgical skill acquisition during a dedicated training course[END_REF] of a manual procedure with a composite instead of a binary success criteria (yes/no, permeable/non-permeable anastomosis). It may be relevant to evaluate the trends in self-and proxy assessment of a 3 rd consecutive anastomosis to objectively determine how the self-assessment changes.

Improvement in the quality of anastomosis execution was significant in the morning group, according to the surgeons and instructor. This finding highlights the fact that the success of a highprecision cognitive and motor skill is affected by the time of day in which it is done. One study showed an impact of the carbohydrate/protein ratio [START_REF] Fischer | Carbohydrate to protein ratio in food and cognitive performance in the morning[END_REF] of the first meal of the day, with it affecting short-term memory and the precision of tasks carried out [START_REF] Fischer | Cognitive performance and its relationship with postprandial metabolic changes after ingestion of different macronutrients in the morning[END_REF].

Furthermore, there was no significant difference in the clamping time between C1 and C2 (p = 0.089). This can be explained in many ways, the most obvious being lack of statistical power.

But the more likely reason is the surgeon's experience level, which had an noticeable impact on the difference between the two times during the same procedure [START_REF] Hong | Evaluation of the efficacy of microsurgical practice through time factor added protocol: microsurgical training using nonvital material[END_REF]. A younger surgeon who is still in the learning phase, improves his manipulations and systematizes his actions during the exercise, thus his time improvement between C1 and C2 may be large depending on his personal learning curve [START_REF] Blackwell | Overcoming the learning curve in microvascular head and neck reconstruction[END_REF]. Conversely, a more experienced surgeon, whose actions and habits are already optimal and highly repeatable, will likely have consistent anastomosis time. This question could be answered by increasing our sample size and carrying out subgroup analyses by surgeon experience level.

The evidence of an impact, whether beneficial or not, of immediate repetition on a microsurgery procedure allows us to propose a strategy for performing multiple anastomoses, as is the case for re-implantations. In this scenario, the broad steps are already described in the literature; however, the sequence of microsurgery steps is not clearly set out. Feng Zhan [START_REF] Zhang | Effect of sequence, timing of vascular anastomosis, and clamp removal on survival of microsurgical flaps[END_REF] was the first to attempt to address this problem in 2002. He concluded that a short venous stasis after arterial anastomosis does not damage the flap's circulation, meaning that arterial suturing should be done first. Other authors have proposed that two teams work simultaneousness to optimize the procedure time [START_REF] Wang | Synchronous microsurgical anastomosis in complex replantation surgery[END_REF]. In our practice, when several arterial and venous anastomoses are required, the sequence is determined by the surgeon. Our study found the second anastomosis was better than the first in the morning group. Clinically, when multiple anastomoses need to be done, it would be preferable to do the most important anastomosis after a less important one.

Moreover, based our findings and the literature, we continue to believe that microsurgery training must be repetitive and practical. For optimal, rapid progression [START_REF] Bergmeister | New concept for microsurgical education: The training academy of the German Working Group for Microsurgery of Peripheral Nerves and Vessels: Results of a 4-year evaluation[END_REF], it must be conducted continuously over a compressed period of time [START_REF] Komatsu | Evaluation of the microvascular research center training program for assessing microsurgical skills in trainee surgeons[END_REF]. The aeronautics industry integrated this concept many years again in their training [START_REF] Bongers | Learning and forgetting in the jet fighter aircraft industry[END_REF]. Learning periods must be close together to minimize the forgetting curve described by Hermann Ebbinghaus in 1885, who established that things learned slowly are forgotten more quickly [START_REF] Sharp | Serial pattern retention in male and female rats[END_REF]. This training must consist of repetitive steps and actions that become more complex over time [START_REF] Komatsu | Evaluation of the microvascular research center training program for assessing microsurgical skills in trainee surgeons[END_REF]. And it also must include reminders to consolidate learned skills, even during the career of an experienced surgeon [START_REF] Balasundaram | Development of a training curriculum for microsurgery[END_REF].

Our study has several strengths: it was prospective, comparative and used a paired design.

It had a short duration (one day) without missing data and the assessments were performed immediately after the procedure by the surgeon and instructor. This instructor was an experienced surgeon who has been the head of the microsurgery diploma program for many years, thus wellversed in observing and analyzing microsurgery procedures. One of its limitations is that a surgeon's objectivity during self-assessment can always be questioned. Another is the small size of the groups.

Conclusion

This prospective study evaluated the benefits of immediate repetition of a microsurgery procedure in terms of the effectiveness of the suturing and clamping time. It supports the validity and benefits of using repetition to achieve better results. Using self-assessment and proxy assessment of immediately repeated procedures could help surgeons determine their own optimal sequence for procedures requiring several anastomoses. Eventually, a larger scale study would allow us to draw objective conclusions about this microsurgical sequencing strategy.

Figure legends

Fig. 1. T-shaped incision followed by end-to-end anastomosis. 
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 2 Fig. 2. CoTeMi grid (developed by Adeline Cambon Binder) used by the surgeon and the instructor to assess the procedure.
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 1 Main endpoint: permeability (patency test)

		Self-assessment (student)	Proxy assessment (instructor)
		Mean of differences	p	Mean of differences	p
	All groups pooled	-0.1111 [-0.401;	0.430 -0.0556 [-0.4895;	0.790
		0.1788]		0.3784]
	Morning group	-0.1111 [-0.401;	0.430 0	1.000
		0.1788]		
	Afternoon group	0.125 [-0.4108; 0.6608] 0.598 -0.125 [-1.167; 0.917]	0.785

Table 2 .

 2 Evaluation of dexterity / preparation / quality / control

		Self-assessment (student)		Proxy assessment (instructor)
		Mean of C1-C2	p	Mean of C1-C2	p
		difference		difference
	Student 1*	0	1.000 0	1.000
	Student 2*	-0.2 [-0.6524; 0.2524]	0.343 -0.4 [-0.7694;	0.037
				-0.0306]
	Student 3*	-0.3 [-0.6456; 0.0456]	0.081 -0.3 [-0.6456; 0.0456]	0.081
	Student 4*	-0.8 [-1.3643; -0.2357]	0.011 0	1.000
	Student 5*	-0.4 [-0.7694; -0.0306]	0.037 -0.3 [-0.6456; 0.0456]	0.081
	Student 6**	0.2 [-0.1016; 0.5016]	0.168 0.1 [-0.1262; 0.3262]	0.343
	Student 7**	0.1429 [-0.2067; 0.4924]	0.356 0.1 [-0.4278; 0.6278]	0.678
	Student 8**	0.4 [-0.2032; 1.0032]	0.168 0.5 [-0.2727; 1.2727]	0.177
	Student 9**	-0.7778 [-1.2902;	0.008 -0.7 [-1.1828;	0.009
		-0.2653]		-0.2172]
	Student 10**	-0.3 [-0.7828; 0.1828]	0.193 -0.2 [-0.6524; 0.2524]	0.343
	*Morning group			
	**Afternoon group			

Table 3 .

 3 Comparison of anastomosis quality between morning and afternoon groups

		Self-assessment (student)		Proxy assessment (instructor)
		Mean of C1-C2	P	Mean of C1-C2	p
		difference		difference	
	All groups pooled	-0.2083 [-0.3521;	0.005	-0.12 [-0.2618; 0.0218] 0.096
		-0.0646]			
	Morning	-0.340 [-0.527; -0.153]	<	-0.20 [-0.3722;	0.024
			0.001	-0.0278]	
	Afternoon group	-0.0652 [-0.2857;	0.554	-0.04 [-0.2694; 0.1894] 0.727
		0.1553]			

Table 4 .

 4 Comparison of mean clamping time (in seconds) between C1 and C2

		C1 -clamping	C2 -clamping time	Mean of differences	p
		time			
	N=9*	39	29	7.78 [-1.4844; 17.04]	0.089
	*One animal died			
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