PRINCIPLES OF FLAP SURGERY & THEIR ANATOMICAL BASIS

The word ‘flap’ is used to denote a tongue of tissue, which may simply consist of skin and subcutaneous tissue as in the age old ‘random pattern flaps’ or may also comprise of deep fascia, muscle, and bone as per the requirement in the recipient site. Where it differs from a skin graft is that it brings with itself its own vascularity, and that is why the vascular anatomy of the flap assumes significance.

Blood Supply of Skin and Skin flaps

The major vessels from the aorta are the segmental, anastomotic and axial arteries. These then give off perforator – musculocutaneous and perforator direct cutaneous ( septo-cutaneous )arteries, which in turn supply the dermal-subdermal plexus of skin (Daniel, 1975). Embryologically there are 30 rows of dorsal segmental branches from aorta, whose ventral rami become intercastal and lumbar arteries. A  longitudenal ventral anastomosis exists between these parallel rows of arteries and this develops into internal mammary and epigastric arteries. Axial arteries to extremities brachial a. and femoral a. 

There are two main anatomical pattern of blood supply to the skin:

1. the pattern in which the large artery from aorta or major vessel lies deep to the muscle and sends up perforator musculo-cutaneous branches to the dermal-subdermal plexus of skin. Thus a random pattern flap being elevated is supplied by perpendicular musculocutaneous arteries at its base  and then longitudinally by dermal subdermal plexus.

2. the pattern in which direct cutaneous artery comes off from the large artery by way of short perforator artery, passing through fascial septa between the muscles ( hence the present name – septo-cutaneous perforator ) to lie superficial to the muscle and supply the fascial plexus and the dermal subdermal plexus. Because these direct cutaneous arteries are in the depth of the subcutaneous tissue, a flap designed to include them, which are axial pattern flaps, as they have a vessel running all along its axis, survives approximately 50% greater length than a flap supplied by perforator-musculocutaneous

       pattern of vessels.

Axial pattern flaps are further subdivided into three types:

· Peninsular flap- these have a direct cutaneous A. and V. and a bridge of subcutaneous tissue and skin at its base. Examples are Groin flap, Deltopectoral flap

· Island flap- these have a direct cutaneous a. and v. but no skin bridge in its pedicle. Examples are Neuro-vascular island flaps of finger.

· Free flap: The pedicle with its direct cutaneous A. and V. is severed from the donor site and anastomosed to another A. and V. at the recipient site by micro-vascular anastomosis.

Muscle and Myocutaneous flaps

While raising myocutaneous flaps the perforator musculo-cutaneous branches to the overlying dermal subdermal plexus are not divided but flap elevation is done at sub muscular level such that the muscle and skin are there in the flap as a composite unit. Examples are Latissimus dorsi myocutaneous flap and Gastrocnemius myocutaneous flap. If the skin element is not included in these flaps then these are muscle flaps like Soleus muscle flap, abductor hallucis brevis muscle flap. Myocutaneous flaps too like axial pattern skin flaps can be fashioned as peninsular flaps, island flaps and free flaps.

Mathes and Nahai (1979) classified the blood supply to muscle into the following five types:

· Type I – One vascular pedicle (tensor fascia lata)

· Type II – One dominant pedicle and several minor pedicles (gracilis0

· Type III – Two dominant pedicles (gluteus maximus)

· Type IV – Segmental vascular pedicles (sartorius)

· Type V – One dominant pedicle and secondary segmental pedicles (latissimus dorsi)

The important clinical correlation is that Type III muscle may not survive transposition  totally on one vascular pedicle, while only a small segment of Type IV muscle will survive if reduced to a single vascular pedicle. Muscles with large areas of overlying skin provide reliable myocutaneous flaps like Rectus Abdominis and gastrocnemius and muscled with no skin contact like soleus can be only used as pure muscle flaps.

Fasciocutaneous flaps.

The injection studies of Cormack and Lamberty (1984) and clinical application of Ponten (1981) and Tolhurst, Haeseker and Zeeman (1983) showed that, the septocutaneous perforators were the predominant supply to the rich fascial plexus overlying the long and thin muscle bellies in the limbs.  This fascial plexus in turn supplied the overlying dermal-subdermal plexus. This was in sharp distinction to the skin over the flat muscles of the trunk where the supply to the skin is by perforator musculocutaneous arteries predominantly.

The arterioles and capillaries comprising the fascial plexus lie in intimate relationship to the collagen fibers of the deep fascia and alignment of collagen fibers with these vessels within it provide  an explanation for the axiality of the fascial plexus. Thus for planning a fasciocutaneous flap three questions have to be addressed:

1. Is there a significant fascial plexus at the site?

2. Where are fasciocutaneous perforators located and from which vessel are they arising?

3. What is the axiality of the fascial plexus?

On the basis of pattern of vascularisation,  fasciocutaneous flaps are subdivided into four types:

· Type A: Dependent on multiple fasciocutaneous perforators entering its base and oriented with the long axis of the flap lying parallel to axiality of the fascial plexus. Medial and lateral fasciocutaneous flaps of leg are good examples.

· Type  B: Dependant on single fasciocutaneous perforator of moderate size, which is consistent both in presence and location. Ideal for free flap surgery, examples are Medial upper arm flap, Parascapular flap and antero-lateral thigh flap.

· Type B Modified: This flap is still based on a single perforator like Type B, but the modification is that it is harvested along with a segment of the parent vessel from which it arises. So though the perforator itself may be of a smaller diameter but the parent vessel has a satisfactory caliber for microvascular anastomosis. Antecubital forearm flap supplied by inferior cubital A. can be raised with a segment of Radial A.

· Type C: Dependant on multiple small perforators along its length, which pass like rungs of a ladder from the parent artery align the inter muscular septum into the overlying dermal subdermal plexus. Thus while harvesting the skin the fascial septum and the supplying artery at the base of the septum are all removed in continuity. Radial forearm flap and the lateral fasciocutaneous flap of leg supplied by Peroneal A. are examples.

· Type D: This is an elaborate Type C flap with an osteo-myo-fascial unit. The fascial septum containing the fasciocutaneous perforators to the overlying skin is removed in continuity with adjacent muscle and bone, which derives its blood supply from the same artery. Free fibular flap along with the peroneal fasciocutaneous flap is a typical example.

The typical anatomical orientation of fasciocutaneous flaps renders its greatest advantage – its versatility. There are different ways in which the separate elements of the fasciocutaneous system can be combined at one site to create a variety of flaps. Considering the example of lateral fasciocutaneous flap of leg:

1. type A proximally based pedicle, oriented longitudinally

2. type A distally based pedicle, oriented longitudinally

3. type B pedicled flap on single perforator – either proximally or distally based

4. type B free flap on single perforator

5. type B subcutaneous and fascial pedicle with skin island

6. type B lipo-fascial flap – proximally or distally based

7. type B modified: free flap with segment of peroneal artery

8. type C flap pedicled proximally or distally on peroneal artery

9. type C free flap

10. type D osteo-myo-fasciocutaneous free tissue transfer

11. type D osteo-myo-fasciocutaneous pedicled flap for tibial reconstruction.
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