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Objectives: To show how the Cycle Index (CY) is linked to strategic choices in Vein Surgery of lower limbs.

Background: The surgical approach to venous insufficiency abruptly changed point of view in 1988, with the introduction of C.H.I.V.A. (Chirurgie Hémodynamique de l’Insuffisance Veineuse en Ambulatoire). Since then, new surgical methods have appeared, while C.H.I.V.A. strategy has been better delineated. Shunts classification appears to be essential, because surgical choices depend on it.

Vein Surgery Strategy is usually individually formulated on the basis of rational principles, personal intuition and surgical/haemodynamical experience, which have not a clear analogous formulation in basic sciences, so that there is an empty space to fill, introducing objective parameters for surgical strategy evaluation.

The Haemodynamic Venous Map (MEV) is an absolutely necessary tool for the surgical strategy of the venous diseases of the lower limbs. The computerised MEV (MEV-C) regards the venous net as a remarkable analogue of an electrical circuit.

Searching for correlation’s between the venous structure and the surgical strategy, it’s useful to define Cycle Index (CY), starting from the MEV of the lower limbs. CY is similar to the Cyclomatic Number of Graph Theory (Eulero, XVIII century). While CY is generally used in Circuits Analysis and linked to the number of loops of the electric circuit, CY was never applied before to the venous circuit.

Experimental Design: Retrospective Study. Double group of patients: operated and not operated. The value of CY has been compared in the two groups, while in all patients the automatically computed CY has been matched to the number of functional and esthetical surgical cuts, planned by a trained operator in the past, when the MEV was performed.

Measures: The VNet Model  (1991-2004, © aquarius s.r.l., Min. Angiol. 1991; 16:373-4, http://web.tiscali.it/afunc) has been used, which provides a 3D vectorial draw of the vascular net. Starting from the structure of the Net, CY has been computed. Strictly, it is not a measure but a numerical index, insensitive to the level of detail of the description of the Net.

CY computation is quite simple and alternatively it can be performed by hand in a time consuming way. In order to compute an exact value of CY, the MEV must show clearly all the connections of insufficient veins with deep veins. Otherwise, some loops are not detectable.

Materials: Two groups have been analysed: the MEVs of patients operated in the years 1989-2002 with a follow up > 1 year (I group) and the MEVs derived from ultrasound merely diagnostic exams executed in the same years (II group). In both groups only those patients have been selected, provided a MEV-C was available for them, extracting so a very small number of patients.

Statistical Analysis: CY has been matched to the surgical results, classified into four groups: very good, good, mediocre and insufficient. The significant level has been tested by means of analysis of variance, while the overall statistics has been computed on all MEVs.

Results: The range, the mean, the standard deviation, the analytical as the experimental variance have been computed. CY is not significatively correlated to the quality of surgical results. While esthetical cuts fall out of the scope of the index, CY is not smaller than the number of functional cuts planned by a trained operator.

Conclusions: The Cycle Index can be regarded as an additional useful tool for surgeons planning to follow C.H.I.V.A. strategy. It can give an aid to inexperienced operators when trying to detect venous shunts.

CY is worth the number of independent closed loops in a connected graph, while it is the maximal number of independent closed loops in a connected directional graph (digraph).

As a consequence, CY is the maximal number of disconnections in a venous net, which are admissible in  the Surgical Strategy Planning.

As a collateral effect, CY provides a rational to analyse and eventually refuse wide venous ablations, which constitute alternative choices to  C.H.I.V.A. strategy.

