Haemodynamic saphenous-femoral disconnection: TSFL technique 

Roberto Delfrate*, Massimo Bricchi*, Claude Franceschi°, Matteo Goldoni**
*   Surgery Unit Figlie di San Camillo hospital, Cremona, Italy

°   Angiology Consultant Saint Joseph hospital, Paris, France
** 

Roberto Delfrate,  Figlie di San Camillo hospital  56 Fabio Filzi st, 26100 Cremona , Italy, +39 0372 421111;  mobile phone 0039 334 9089110,  roberto.delfrate@libero.it
Massimo Bricchi, Figlie di San Camillo hospital  56 Fabio Filzi st,   26100 Cremona , Italy, +39 0372 421111;  mobile phone 0039 347 4700110, brik2@libero.it
Claude Franceschi, Hopital Saint Joseph  185 rue Raymond Losserand 75014, Paris, France. +33 1 44 12 33 33 ‎ 

Objective. To compare the results of two different techniques of surgical haemodynamic and conservative saphenous-femoral disconnection, both preserving the cross collateral veins drainage with a low percentage of neoangiogenesis recanalization.
Design. Retrospective analysis of surgical cases.
Materials. Three groups of patients were analized. 49 procedures of triple 0 polypropylene ligation ( T0PL ) had a 12 months  follow up , 60 crossotomy procedures had a 28.3 months follow up,  and 82 Triple Saphenous Flush Ligation procedures ( TSFL )  had a 17.5 months follow up. All the surgical procedures  where done by the  same surgeon and the recurrences assessed with duplex ultrasonography (  linear 7-18 mhz probe ) detecting the reflux due to  ricanalization with the valsalva manoeuvre.
Results. Crossotomy and TSFL are techniques suitable to preserve the drainage of the collateral veins of the GSV arch ,  and the percentage of recanalization is low  and in this study asymptomatic thanks to the spared saphenous  venous trunk . TSFL is a safer  and  quicker technique compared with  crossotomy. T0PL is not reliable  for the high percentage of symptomatic recurrences.
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The sapheno-femoral junction (SFJ) is a key point for the venous skin drainage of the lower limb from the foot up to the hip and gluteus, the lower abdominal wall and lower genital tract. In addition, SFJ is connected to the deep pelvic venous network through anastomosis with the round ligament, perineal, obturator and clitoris veins. Moreover, the arch of the great saphenous vein and  its SFJ represent an important pathway of vicarious open shunts when they by-pass deep-vein obstructions. Iliac and/or cava vein blocks are by-passed by reverse flows that start from the SFJ towards the arch tributaries. The by-pass features depend on the tributaries. The supra-pubic vicarious shunts connect the two SF-Junctions through their external pudendal veins. The infra-pubic one drains from the pudendal vein to the perineal and obturator veins up to the hypogastric veins. The abdominal shunt connects the superficial epigastric and superficial circumflex iliac veins to the upper abdominal wall veins. Furthermore, the superficial epigastric vein may by-pass a portal vein obstruction down to the SFJ . It makes sense according to these issues the respect of the GS arch tributaries drainage in order to prevent recurrences due to drainage impairment and  to avoid the lack of natural by-passes in case of deep venous obstruction. Especially regarding a benign disease such as primary varicose veins. In 1907 Babcock (2) described a surgical ablative technique to treat the varicose veins of the lower limbs, which is still widely performed. Crossectomy, stripping and extended phlebectomies have been the gold standard of the treatment of the varicose veins of the lower limbs for a century. Nevertheless, the modern studies of the venous network, especially thanks to Duplex Ultrasounds, have elicited the crucial role of the venous hemodynamics regarding the pathophysiology and provided conservative therapeutic strategies that at the same time, treat the varicose veins, prevent the recurrences, preserve the potential natural by-passes in case of deep venous block and allow future arterial by-pass. The haemodynamic approach shows that the varicose is not an intrinsic cause but a sign of the pressure/volume overload that increases the trans-mural pressure responsible for the dilation. The therapeutic consequence is based on the correction of the heamodynamic disorder responsible for the TMP excess (3). The aim of the haemodynamic therapy is the proximal disconnection of the incompetent veins fed  by closed and open deviated shunts respecting distal re-entries. This strategy leads to the collapse of the varicose veins down to normal size thanks to the flow/pressure overload suppression and respect of the drainage through the remaining re-entry perforators. The conservation of the incompetent and no longer overloaded but draining veins prevents varicose recurrence usually due to progressive dilatation of vicarious collateral veins. In addition, the conservation of the GS trunk gives the patient a future chance of arterial by-pass (4,5,6,7,8,9,10 ). In case of Saphenous Terminal Valve incompetence assessed either by Valsalva and Paranà or squeezing manoeuvres, a saphenous–femoral disconnection is needed in order to avoid recurreces (11). In these cases the haemodynamic strategy does not consist in the ablation of the saphenous arch, but in a saphenous disconnection at the very end of the Great Saphena and in the preservation of arch tributaries. This disconnection is called Crossotomy when it consists of a division. It is called selective ligature when not divided ( 1 ). Both techniques require specific techniques in order to avoid future sapheno-femoral junction recurrences and  the need  to re-do surgery. Crossotomy ( Fig. 1 ) is a more refined and delicate technique compared with crossectomy, and in overweight patients or in the presence of local inflammation, or a large siphon the procedure can be difficult and it requires particularly skilled surgeons. In order to make the surgical disconnection easier, safer and quicker, for more than a decade we have tested  a technique that requires peculiar ligatures without division of the competent saphenous femoral tract.

The simplicity of the procedure, the safety of the manoeuvre, which has no problems of post-surgery bleeding of the stumps due to improper ligatures, and the efficacy of the disconnection have been the goals.

Methods
The initial stage of the study consisted in a triple ligature with non-overlapping of 0 polypropylene ( TPL ), positioned at the siphon between the cross collaterals and femoral vein. Unfortunately, the Duplex follow up showed a high percentage of recanalizations due to a phenomenon of encompassed suture by the reopened siphon surrounded by a network of new vessels, so called ice effect. In practice, first a Colour Doppler study and then a direct surgical check-up showed the formation of a network of new vessels that surrounded the saphenous siphon and it encompassed it together with the ligatures. It seemed as if the ligatures had determined the segmental necrosis and section of the vein with its new formation outside the ligature. With the triple zero polypropylene ligature the recanalizations appear in high and haemodinamically notable percentage, with the re-appearance of the symptoms of the diseases in a high percentage of cases. So, technical changes were implemented. They still consisted in triple ligature but with a 2-0 non-absorbable braided coated suture associated with the application of a titanium clip (10 mm long and 1 mm thick) at the sapheno-femoral junction in order not to leave any stumps behind and obtain a perfectly flat profile of the femoral vein : TSFL ( triple saphenous flush  ligature). This procedure ( Fig. 2 ) prevents the stump left below the ligature being a cause of relapse due to neo-angiogenesis secondary to intra-stump turbulences. The skin is previously marked under Duplex at the saphenous arch level, in an operative position. 

Thanks to a previous suspension on silicone loops of the superficial epigastric vein, the pudendal vein and the great saphenous vein, the siphon and the sapheno-femoral junction are easily and safely exposed.  Then, three ligatures are performed with a 2-0 suture thread. The first one in the layer adjacent to the cross collaterals, the second one as close as possible to the femoral vein, and the third one in an intermediate position. Finally, the clip is added close to the femoral vein, taking care to perfectly dominate the cone-shaped point and the borders of the femoral vein. This technique can be performed under local anaesthesia and also in obese patients, with standard surgical access but also with a mini access of  about 20 mm. Obviously, a perfect B-mode ultrasound assessment and marking of the arch and accurate clip positioning are fundamental to perform a proper mini-invasive surgical operation, in particular when a mini access is required. All the operations were performed by the same surgeon. The surgeon and  other co-authors did the follow-up check up using the same Color Doppler Ultrasound equipment: in particular, the recanilizations with TSFL technique were all but one detected by the surgeon and all of them were checked by all the members of the  medical staff. The Valsalva manoeuvre was the method to detect the femoral saphenous recanalization polypropylene. The Valsalva manoeuvre was performed by the patients by using the method followed in Cremona, that is to say, by inviting the patients to blow in a straw closed at one end (Cremona manoeuvre). In all the cases the Valsalva manoeuvre was performed after properly emptying the deep venous system through the performance of Paranà monoeuvres, with the aim to prevent false negatives due to a full deep venous system with the impossibility  of creating a proper venous flow that cannot be detected even in the presence of a hyper pressure gradient. All the patients’ upper cross collateral veins were studied according to the same methods in order to rule out both a Valsalva of pelvic origin and one deriving from a lateral crural perforator.
Subjects and Interventions
The number of interventions and subjects during follow-up visits are reported in table 1. Briefly, in the crossotomy and TSFL  groups 8/53 (15.1%) and 11/60 (18.3%) patients underwent to bilateral interventions, whereas in the TPL group the bilateral intervention was only one out of 55 patients. The follow-up period was longer for crossotomy than the other two groups; in particular, in the TPL group the follow-up was always ( 12 months. Crossotomy is the technique  commonly used and adopted since 2003, while the TSFL experience began in 2007. Since 2007 the number of crossotomy was therefore reduced and this is the  reason why crossotomy have  normaly  a longer follow up.

Statistical analysis
Normally distributed variables were reported as mean (SD); otherwise, as median (interquartile range). Differences among groups for continuous variables were assessed by means of ANOVA followed by Tukey's post-hoc test or Kruskal-Wallis test followed by Bonferroni post-hoc test. Differences for categorical variables were assessed by means of chi-square test using the Bonferroni correction. Survival was considered as follows: (1) the event was new angiogenesis for crossotomy group, considered as control; (2) the event was asymptomatic or symptomatic recanalization during the follow-up period. Kaplan-Meyer survival curve was performed on the survival data followed by log-rank test with Bonferroni correction was performed on the survival data to assess the differences among groups.  An adjusted for age and gender model was further performed using Cox regression. All the models were repeated with and without bilateral interventions, when in the first case all the interventions were considered as independent measures. p=0.05 was the significance value. All the statistical tests were performed with SPSS 20 (IBM, Chicago, USA).
Results
409 TSFL procedures where performed from January 2007 to January 2011. From January to May 2011, 82 procedures were performed but the follow up checks at 6 months and longer were only possible  on 71 patients (52 females, 19 males) because some of the patients didn’t want to undergo an examination, saying on the phone, that they were satisfied with the operation outcome and didn’t feel the necessity of a follow-up. Five recurrences due to reflux were elicited at the procedure site in 3 patients (2 bilateral, 1 unilateral).  The reflux during the Valsalva test was limited to the GSV arch  in one case, 1 immediately below the preterminal valve and 1 at the proximal third of the thigh and another 2 at mid thigh level. Both patients who had had a bilateral procedure already had  a reflux at 8 months’ follow up. The patient who had had a unilateral procedure, recanalization and reflux in valsalva at the GSV arch, and follow up at 14 months didn’t accept any further follow-up because he was satisfied with the clinical result. On the other hand, the 2 other patients  were satisfied with the operation despite both  showing a bilateral reflux at the tight ( in  1 case at the preterminal valve ) at 35 and 33 months for the male and at 31 to 26 months for the female. Thefore the 4 cases of reflux beyond the pre-terminal valve represented 4.8% out of  the 82 TSFL procedures. Total recurrences, including the Valsalva reflux limited to the arch, represented 6% of cases. All the patients where pleased with the clinical results and didn’t show any visible recurrence of varicose veins. The rate of TSFL recanalizations was 4.8% beyond the pre-terminal valve, however, the Valsalva reflux flew clearly  beyond the arch only in 3 cases. So, the rate of the case where the reflux reached the third proximal and mid thigh  went down to 3.6%.
Fifty-three patients who had crossotomy procedures were followed up from January 2008 to December 2010. The average follow up period was  28.34 months (10-64 months’ interval). Positive Valsalva test was identified in one patient at the saphenous arch and at proximaly a third of the thigh in two cases of neoangiogenesis despite the patients remaining asymptomatic  the varices were still collapsed. 
Fifty-five patients (37 female, 18 male), had triple prolene ligature  procedures  (2004 – 2005). 49  of them had a follow up check one year after the operation; 21 showed recanalised procedure while 14 were asymptomatic with moderate Valsalva reflux at the upper third of the thigh and 7 symptomatic with Valsalva reflux down to the lower leg. All recurrences occurred between  the 3rd and 6th month after surgery. Re-operation was performed  in 3 cases where neo vessels around the polypropylene thread were elicited and it was planned in 4 other cases. 
Looking at the differences among groups (table 1), age was not significant both considering the unilateral and bilateral patients. In the case of bilateral patients, the age at both interventions and that at the first intervention gave no different results. The percentage of females was higher in the crossotomy group, but it did not reach the significance looking at multiple comparison. However, age and gender were further considered as possible confounding factors.

In the crossotomy group, the prevalence of new angiogenesis at 12 months was 0% and only three interventions showed it at 19, 61 and 64 months (cumulative incidence 3/61=4.9%). In the TSFL group, asymptomatic and modest recanalization was observed  in a unilateral intervention at 14 months and in four interventions in bilateral patients (12 and 23 months in the first case, 8 and 14 months in the second case). Therefore, the cumulative incidence at 1 year was 2/82=2.4% and overall 5/82=6.1%. Finally, in the TPL group the cumulative incidence of recanalization was 21/56=37.5% at 1 year (7/21 were symptomatic) and three patients underwent to further surgical intervention. The incidence rates were: 0.0017 event/month/patient for crossotomy group, 0.0037 event/month/patient for TSFL group and 0.040 event/month/person for TPL group.

Looking at survival curves (figure 3), both crossotomy and TSFL were significantly different from TPL group (p<0.001), but not between them (p=0.14) considering all the surgical interventions as independent. Results did not change when only unilateral interventions were considered or in the case of bilateral interventions only the first one was taken (not shown). The same model was weighted for gender and age, and the results of the Cox regression model were reported in table 2 (crossotomy group was the control). Gender and age were not significant, and the results substantially confirmed those of the unweighted model.  Results did not change when only unilateral interventions were considered or in the case of bilateral interventions only the first one was taken (not shown).
	
	Crossotomy
	TSFL
	TPL

	Interventions
	61
	82
	56

	Patients
	45 unilateral; 8 bilateral
	60 unilateral; 11 bilateral
	54 unilateral; 1 bilateral

	Gender
	6 M/47 F
	19 M/52 F
	18 M/37 F

	Age y

(bilateral=1° intervention)
	57.8 (12.3)
	58.3 (12.3)
	62.9 (12.4)

	Age y

(bilateral=both)
	58.6 (12.6)
	58.2 (12.4)
	63.0 (12.3)

	Follow-up time (months)
	29.0 (18.5-34.5)
	14.0 (12.0-20.0)
	12.0 (6.0-12.0)


Table 1: Characteristics of the patients

	
	B
	SE
	Sig.
	Exp(B)
	95%IC

	TSFL(1)
	.998
	.766
	.193
	2.713
	.605
	12.172

	TPL(2)
	3.991
	.962
	<0.001
	54.122
	8.211
	356.717

	Age
	.020
	.016
	.208
	1.020
	.989
	1.053

	Gender
	-.488
	.404
	.226
	.614
	.278
	1.354


Table 2: Cox regression results, using Crossotomy as control group (0). 
[image: image1.emf]
Figure 3: Survival curves of Crossotomy (black continuous line), TSFL (black dash line) and TPL (grey continuous line). Crosses are censored data.
Results
 

The average age was 58.53 and average follow up period was 17.5 months (9 to 64 months’ interval). 

Conclusions
Crossotomy and TSFL techniques are suitable to preserve the drainage of all the saphenofemoral collateral veins and they enable, in case of recanalization or even of persistent reflux of other origin, to carry the flow towards a re-entry perforator in order to reach the deep vein, keeping the system tidy, more balanced and easy to manage.

As far as the comparison with other methods of haemodynamc saphenofemoral disconnection, it is possible to draw at least four conclusions:

Firstly, these data demonstrate the efficiency of TSFL procedure, and if we don’t consider the cases of recanalization with Valsalva reflux not beyond  the preterminal valve, the approach can be considered equivalent to  crossotomy.

Secondly, ricanalization and neoangiogenesis were asymptomatic in both TSFL and crossotomy groups, thanks to the draining effect of the spared saphena trunk. 

Thirdly, TPL is not reliable.

Fourthly, TSFL demonstrated no surgical complications, it is safer and quicker than crossotomy thanks to the absence of vessel division and consequently it presents a very low risk of haemorrhage 

On the basis of what has been exposed, the haemodynamically conservative saphenofemoral disconnection crossotomy and TSFL are both tecniques  suitable to eliminate the saphenofemoral escape point in case of full-blown incontinence of the terminal valve, besides also being right in keeping the result of the disconnection over time, with the advantage of the conservation of the drainage of all the cross collateral veins.
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