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des établissements d'enseignement et de recherche français ou étrangers, des laboratoires publics ou privés.

The vessels used were an external jugular vein sleeve on the end-to-end anastomosis of the common carotid artery and comparing it to this same anastomosis without a sleeve. The data analyzed were rat weight, suture time with carotid clamping time, number of stitches used, complications as well as vascular leakage and permeability of the repair at 0 and 5 minutes evaluated with a patency test. The average rat body weight was 255 g. Mean suture time was 52 minutes in group A (sleeved repairs) and 41 minutes in group B (standard repairs). The number of stitches placed was 5.1 points on average in group A and 5.6 points in group B.

The time to perform the repair and the number of stitches was not statistically different between groups. The patency test was positive in 100% of cases in group A and in 78% of cases in group B. There was a significant difference between the permeability rate of the repairs, with better results in group A (p=0.03). There were two anastomotic leaks after declamping in the sleeve group and five in the standard suture group, thus 2.5 times more leaks in the group without a sleeve (p<0.01). The addition of a vein sleeve around an end-to-end arterial suture repair seems to improve its permeability and therefore its reliability.

Résumé

Le manchonnage veineux des sutures microchirurgicales est une procédure bien décrite pour la réparation microchirurgicale des nerfs. Peu décrite dans le contexte des sutures vasculaires, cette technique pourrait augmenter la perméabilité des vaisseaux suturés. Dans le cadre du diplôme universitaire de microchirurgie, neuf chirurgiens débutants ont réalisé une étude comparative de 18 sutures microchirurgicales sur des rats avec et sans manchon veineux. Les vaisseaux utilisés comprenaient l'utilisation d'un manchon veineux jugulaire externe autour de l'anastomose termino-terminale de l'artère carotide commune en la comparant à cette même anastomose sans manchon. Les données analysées étaient le poids des rats, les temps de suture avec les durées de clampage carotidien, le nombre de points utilisés, les différentes complications ainsi que les résultats en termes de fuite vasculaire et de perméabilité de la suture à 0 et 5 minutes évalués par test de perméabilité. Le poids corporel moyen du rat était de 255 g. Le temps de suture moyen était de 52 minutes dans le groupe A (sutures avec manchon) et de 41 minutes dans le groupe B (sutures standards). Le nombre de points utilisés était de 5,1 points en moyenne dans le groupe A et de 5,6 points dans le groupe B. L'analyse du temps de suture et le nombre de points de suture n'ont pas montré de différence statistiquement significative entre les groupes. Le test de perméabilité a été positif dans 100% des cas dans le groupe A et dans 78% des cas dans le groupe B.

L'analyse a mis en évidence une différence significative entre le taux de perméabilité des sutures en faveur du groupe utilisant un manchon (p = 0,03). Il y a eu deux fuites anastomotiques après déclampage dans le groupe manchon et 5 dans le groupe suture standard, cela signifie qu'il existait 2,5 fois plus de fuites dans le groupe sans manchon (p <0,01). L'ajout d'un manchon veineux enveloppant une suture artérielle termino-terminale semble améliorer sa perméabilité et donc sa fiabilité.

Introduction

Wrapping microsurgical sutures with a vein conduit is a well-described procedure for microsurgical nerve repair [START_REF] Alligand-Perrin | Vein conduit associated with microsurgical suture for complete collateral digital nerve severance[END_REF]. While this has rarely been described in the context of vascular suture repairs, this technique could reduce the number of stitches, therefore limiting fibrosis and increasing the permeability of the repaired vessels [START_REF] Wang | Sleeve insertion and collagen coating improve nerve regeneration through vein conduits[END_REF].

We conducted an experimental study on rats to evaluate the feasibility of applying an external jugular vein sleeve to the end-to-end anastomosis of the common carotid artery and compared it to this same anastomosis without a vein sleeve, with the aim of confirming its efficacy in vascular microsurgery.

Materials and methods

This study was carried out as part of the University Diploma of Experimental and Clinical Microsurgery at the Angers (France) Faculty of Health. It was approved by the Ethics Committee and met the international criteria for animal research (approval number D49007002). Nine junior surgeons were involved in a comparative study of 18 microsurgical suture repairs performed using a binocular microscope (Zeiss™, Iena, Germany), with and without vein sleeve.

The experimental subjects were Wistar female albino rats with a mean body weight of 255 grams (225-300). The vessels studied were the internal carotid arteries and the sleeves were from the external jugular veins. It was predetermined that the right carotid artery would undergo microsuturing with the venous sleeve and the left, microsuturing only. The vessels used were 0.8 to 1 mm in diameter.

The ten participants in the training were divided into two groups of five; each participant was matched with another in the other group. One participant was not a junior surgeon, thus his data was not recorded in the study because of the differences in training level. The participants in the first group drew for the first carotid to work on (with or without sleeve); its pair in the second group used the opposite. It was predetermined that the first arterial suture was on the animal's right side.

The anesthesia protocol used 5% isoflurane gas induction immediately followed by an intramuscular injection of ketamine 1 mg/kg and then 10 minutes later, a 0.5 g thiopental injection diluted in 20 cc of physiological saline at a dose of 2 mL/kg intraperitoneally. The protocol was designed without reawakening.

The standard suture repair procedure used a female Wistar albino rat in the supine position. We began with an anterior cervical approach with an inverted T skin incision and then reflected the two lateral skin flaps. A median longitudinal incision was made by pushing aside submandibular salivary glands. The interval between the sternocleidomastoideus (SCM) muscle and the infrahyoid muscles was dissected and SCM myomectomy was done for better exposure of the common carotid artery and vagus nerve. Then, the common carotid artery was separated from the vagus nerve, making sure not to damage the nerve. After vascular double clamps were placed on the carotid, transverse arteriotomy and end-to-end microsurgical anastomosis were done according to the Comtet technique (without clamp reversal) [START_REF] Comtet | Anatomical and technical bases of microsurgical repair of blood vessels and nerves[END_REF] using non-resorbable Braun™ polyamide 10/0 suture with 4 to 7 separate stitches. After proximal and distal release, the permeability of the anastomosis was determined using a patency test at 0 and 5 minutes.

The sleeve procedure used the same surgical procedure technique arbitrarily on the right carotid artery. The vein sleeve was cleaned, dilated and stored in serum.

The sleeve was slipped on the distal segment of the artery and left on hold. The microsurgical suture repair was done as before with 4 to 6 separate stitches. The venous sleeve was then positioned over the sutures (Figs. 1,2) followed by a permeability assessment (Figs. 3,4). Fig. 5 shows the different stages of suturing with the sleeve.

The data analyzed were rat weight, suture time with carotid clamping and unclamping time, number of stitches used, complications as well as vascular leakage and permeability at 0 and 5 minutes evaluated with a patency test. The primary assessment was permeability of the anastomosis immediately (T0) and 5 minutes 

Results

The study included 11 rats; since two rats died during the study, a total of 9 rats were studied with an average weight of 255 g (225-300). Both deaths occurred during dissection of the carotid artery and were attributed to vagus nerve stimulation.

Each of the nine junior surgeons performed successively both types of suture repairs and randomly began with the standard or the sleeved technique. The data set for all 18 repairs is presented in Tables 1 and2.

Mean suture time was 52 minutes in group A and 41 minutes in group B. The number of stitches used was 5.1 points on average in group A and 5.6 points in group B. The suturing time was not different between the two groups (11 95% CI [-14.99; 36.99] p=0.21). The number of stitches used was not significantly different between the two groups (0.44 95% CI [-0.42; 1.31] p=0.33).

The patency test was positive in 100% of cases in group A and in 78% of cases in group B. There was a significant difference between the permeability rate in favor of the repairs with a vein sleeve (p=0.03).

There were two anastomotic leaks after declamping in the sleeve group (2 grade II leakages) and 5 in the standard suture group (1 grade I leakage, 2 grade II leakages, and 2 grade III leakages). This means there were 2.5 times more leaks in the repairs done without a sleeve (p<0.01).

Discussion

While venous wrapping of microsurgical sutures is a well-described procedure for microsurgical nerve repair [START_REF] Alligand-Perrin | Vein conduit associated with microsurgical suture for complete collateral digital nerve severance[END_REF], this technique is not typically used during microsurgical vessel suturing. Our analysis of the literature found few publications about sleeved microsurgical arterial suture repairs.

Sekri et al. described adding a vein sleeve to the arterial micro-anastomosis

of a cutaneous inguinal flap on the contralateral epigastric artery. The vein sleeve consisted of the innominate vein (authors' description). The study was performed on eight rats and the permeability rate in the last four rats was 50% [START_REF] Sekri | Étude expérimentale -lambeau inguinal réalisé par une suture microvasculaire en terminoterminal sur l'artère épigastrique protégé par un manchonnage veineux[END_REF]. This rate is much worse than in our study (78% permeability in the group without sleeve) but the vessels used were in a different location and of a different size (0.8-1 mm in our study vs. 0.2-0.3 mm in theirs) and the evaluation was done at the end of training in the Sekri et al. study versus after 4 days of training in our study.

Zhang and al. [START_REF] Zhang | Different types of sleeve anastomosis[END_REF] described different types of sleeve anastomosis and compared them to standard anastomosis on the same animal model. They used three stitches, four stitches and side-cut sleeve anastomosis. They showed that the hemodynamics were comparable to control sutured anastomoses at 2 to 4 hours postoperatively. The operative times for all three types of sleeve anastomoses were significantly shorter than sutured control anastomoses.

In another study, Zhang and al. [START_REF] Zhang | Venous microanastomosis with the Unilink system, sleeve, and suture techniques: a comparative study in the rat[END_REF] compared three different techniques for venous microanastomoses using the Unilink® system (Synovis MCA™, Birmingham, Alabama, USA), the sleeve technique, and the suture repair technique. If we focus on the comparison between the standard suture repair and the sleeve one, the anastomosis time for the sleeve technique was again significantly shorter than for the suture technique, but the patency rates for the suture techniques were significantly higher than those of the sleeve anastomosis.

Finally, the addition of a vein sleeve to reinforce a standard end-to-end arterial suture could act as a hemostasis chamber that contains any bleeding from the anastomosis, thus would behave like a vascular patch inducing complete extraluminal hemostasis and better pressure distribution around the anastomosis. The resulting improved seal could reduce the number of stitches, therefore limiting fibrosis and increasing the permeability of the sutured vessels [START_REF] Sekri | Étude expérimentale -lambeau inguinal réalisé par une suture microvasculaire en terminoterminal sur l'artère épigastrique protégé par un manchonnage veineux[END_REF].

In our study, the use of a vein sleeve was accompanied by a higher rate of anastomosis permeability. Contrary to what we thought, the use of a sleeve does not significantly decrease the number of stitches. It is plausible that a more experienced surgeon would put fewer points in the sleeve [START_REF] Kanaujia | Micro-arterial anastomosis using only two sutures and an autogenous cuff[END_REF], thus the advantages of using a sleeve would be even more obvious. It has also been shown that limiting the number of points causes only a reduced number of lesions of the vascular wall, in particular of the intima, at the origin of endoluminal arterial thromboses and thus of failure of revascularization [START_REF] Servant | A Scanning Electron Microscope Study of Microvascular Anastomoses[END_REF]. The anastomoses by the junior surgeons are flawed by an excessive number of points within the sleeve. These surgeons did not have the experience to tolerate a lower number of stitches and accept vascular leakage, especially if they had first performed the anastomosis without a sleeve. They placed a similar number of stitches to the other group to prevent any leaks.

The number of leaks was lower in the group with sleeve (2 against 5) and less serious (grade II against grade I, II, III) in this group, there was no need to take off the sleeve and perform new stitches on the anastomosis. There was 2.5 times more leaks in the group with standard sutures, which was statistically significant (p<0.01). This demonstrates the benefits of using the sleeve on the repair's vascular permeability.

In our study, the randomization of the first suture performed (with or without a sleeve) eliminates any evaluation bias corresponding to the surgeon's training. Indeed, the second suture repair is likely to be performed more quickly since the gesture is being repeated, with shorter clamping time and suturing time than those of those of the first repair.

One study limitation is the surgeons' experience. Indeed, in the context of the University Diploma of Experimental and Clinical Microsurgery, the surgeons were all novices in microsurgery with only 4 days of practice before this study. We can assume that experienced surgeons would have shorter operating times and better permeability rates and therefore better success with the microanastomoses.

Conclusion

The addition of a vein sleeve around an end-to-end arterial suture repair seems to improve its permeability and therefore its reliability. Using a vein sleeve is therefore an original technique that improves the reliability of microsurgical arterial suture repair and is an excellent exercise in microsurgical training. This process seems promising and should be repeated with a larger number of experienced microsurgeons to prove its relevance. 

Figure legends

(

  T5 min) after declamping by a patency test. Immediate filling of the vessel after relaxation of the compression signaled correct permeability while absent or slow filling indicated thrombosis, vascular spasm, or technical fault. Secondary assessments were clamping time, number of microsurgical points placed and presence of anastomotic leakage. Grade I leaks corresponded to immediate bleeding that stopped without intervention. Grade II was slight bleeding interrupted by pressure. Grade III was major bleeding that required additional sutures. Qualitative variables were described with numbers; quantitative variables were described by means and standard deviations. Qualitative variables were compared between the group A (suture repair with sleeve) and group B (standard suture repair) by a McNemar test (paired sample) and the quantitative variables were compared between groups by a Wilcoxon test. Pearson coefficients were used to analyze the relationship between suture time and the number of points. A p value of 0.05 was considered statistically significant.

Fig. 1 .

 1 Fig. 1. Suture repair with the sleeve resting on the right side.

Fig. 2 .

 2 Fig. 2. Passage of the vein sleeve over the sutures.

Fig. 3 .

 3 Fig. 3. Patency test.

Fig. 4 .

 4 Fig. 4. Final appearance of sleeved arterial suture repair.

Fig. 5 .

 5 Fig.5. Forceps are passed through the vein sleeve to slide it onto one end of the artery (A). Anastomosis is performed (B). After the anastomosis is completed, the sleeve is slid over the suture line (C). Final appearance of the sleeve technique (D).

  

  

  

Table titles Table 1 .

 titles1 Results obtained in group A (suture repair with sleeve)

Table 2 .

 2 Results obtained in group B (standard suture repair)End-to-end suture repair with sleeve

	Repair	Rat	Suture	Number	Permeability	Anastomotic
	No.	weight	time	of stitches	(T0 and T5 min)	leak
		(g)	(minutes)	used		
	1	225	80	6	+	1 grade II
	2	280	55	5	+	-
	3	270	73	4	+	-
	4	285	63	5	+	-
	5	250	80	6	+	1 grade II
	6	240	38	6	+	-
	7	225	36	6	+	-
	8	280	26	4	+	-
	9	270	14	4	+	-

Table 1 .

 1 Results obtained in group A (suture repair with sleeve)

			End-to-end suture repair	
	Repair	Rat	Suture	Number	Permeability	Anastomotic
	No.	weight	time	of stitches	(T0 and T5 min)	leak
		(g)	(minutes)	used		
	1	250	33	6	-	1 grade III
	2	225	35	5	+	-
	3	235	60	5	-	-
	4	250	63	6	+	1 grade III
	5	250	20	6	+	1 grade II
	6	300	25	7	+	-
	7	250	27	4	+	-
	8	225	29	5	+	1 grade II
	9	235	74	6	+	1 grade I

Table 2 .

 2 Results obtained in group B (standard suture repair)
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