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Abstract

Patients with severe injury or vasculopathy of the extremities often require  resurfacing 
of tissue defects as well as preservation of functional blood flow to distal areas. 
In  conventional free flap transfer, the recipient vessel is sacrificed to facilitate pedicle 
 anastomosis. On the other hand, a flow‐through flap can provide blood flow to distal 
tissues. In this chapter, we present cases of successful salvage and reconstruction of the 
extremities using free flow‐through flaps and highlight their advantages and  applications. 
Free flow‐through flap use should be a good option in the following cases: (1) Gustilo‐
Anderson IIIC type open fracture, (2) chronic ulcer resurfacing in the less vascularized 
extremities, and (3) additional blood supply for an ischemic flap. This flap facilitates not 
only the reconstruction of soft tissue defects, but also restores the functional vascular 
anatomy and maintains the original blood flow by interposing the T‐portion of the ves‐
sel. This technique enables both vascular and soft tissue reconstructions simultaneously 
with minimal donor site problems. The anterolateral thigh flap is recommended as a free 
flow‐through‐type flap due to its advantages, including the variety of flap sizes, adequate 
calibers of the vascular pedicle, and the lack of a need for position changing.

Keywords: reconstruction of the extremity, soft tissue defects, revascularization, free 
flow‐through flap, anterolateral thigh flap

1. Introduction

The disadvantage of traditional methods for reconstruction of soft tissue deficits using pedicle 
flaps is the need for multiple stages. In addition, donor site morbidity may be another disad‐
vantage [1]. Following recent trends to overcome these problems, microsurgical flap trans‐
fer has revolutionized the reconstruction of soft tissue defects and has become a standard 
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 technique for the resurfacing of wounds, because it facilitates not only the safe coverage of 
large tissue defects, but also yields a cosmetically acceptable appearance [2–4]. Regarding 
hand and leg salvage and reconstruction after trauma and oncologic resection, surgeons often 
need to ensure both soft tissue coverage and blood flow supply to the distal extremities. Free 
tissue transfer can be superior to pedicle flap coverage for the resurfacing of a large tissue 
defect, as it reduces infection, induces bony healing, and optimizes limb salvage [5–7].

However, in conventional free flap transfer, the recipient vessel is sacrificed to facilitate ped‐
icle anastomosis, a procedure which may reduce the distal blood flow. Especially, patients 
with vascular injury or chronic vasculopathy of the extremities require resurfacing of tissue 

defects as well as preservation of functional blood flow to distal areas. The concept of flow‐
through circulation in free flaps is using a one‐staged technique for wound coverage and the 
revascularization of ischemic extremities [8].

In this chapter, several cases of successful salvage and extremity reconstruction using free 
flow‐through flaps are presented; their advantages and applications are highlighted.

2. Surgical principle of free flow‐through flap

In the flow‐through flap concept, both the proximal and distal ends of the vascular pedicle of 
a free flap are anastamosed to provide blood flow to distal tissues (Figure 1). Since the concept 

Figure 1. Schematic representation of the conventional and flow‐through‐type free flap. (a) Conventional free flap 
transfer. Major blood vessels are sacrificed; consequently, blood flow to the distal area is reduced. (b) Free flow‐through 
flap transfer. Flow‐through anastomosis preserves the recipient arterial flow, and the flaps are anatomically consistent.
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was first described by Soutar et al. [9] using a radial forearm flap, many investigators have 
described the application of flow‐through flaps for extremity reconstruction; latissimus dorsi 
musculocutaneous, rectus abdominis musculocutaneous, fibula osteomyocutaneous, and 
anterolateral thigh (ALT) flaps have been diversely used [9–12]. The ALT flap, in particular, 
can provide a large skin paddle yet with minimal donor site morbidity; thus, it is ideal for 
extremity reconstruction [10, 13–16].

3. Surgical procedure of free flow‐through ALT flap

The musculofasciocutaneous ALT flap is supplied by the descending branch of the lateral 
femoral circumflex artery. Thus, it can be harvested as a fasciocutaneous or myocutaneous 
flap [17]. The descending branch traverses downward in the intermuscular septum between 
the rectus femoris and vastus lateralis muscle [18]. The rectus femoris muscle is retraced medi‐
ally to expose the vascular bundle of the descending branch, and the length and diameter are 
examined. It proceeds downward, while sending perforators to supply the skin and muscles 
around the anterolateral aspect of the thigh (Figure 2). Usually, the descending branch has an 
external diameter of more than 2 mm at the proximal end with a pedicle of more than 8 cm 
in length (Figure 3) [18, 19]. When a larger flap is required, more than two perforator arteries 
should be preserved between the flap and pedicle.

Figure 2. Vascular anatomy of the descending branch of the lateral femoral circumflex artery. The descending branch of 
the lateral femoral circumflex artery (marked in the illustration) is used as an interposing vessel.
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Figure 3. The harvested TFL flap and descending branch of the lateral femoral circumflex artery.

After the ALT flap has been harvested with an elliptical skin island from the thigh in the usual 
manner, the T‐portion of the descending branch is interposed with the defect of the recipient 
artery (Figure 1 (b)). After confirming the vascular flow in the distal extremity, two veins are 
connected by end‐to‐end anastomosis. Vessel size mismatch has not been an issue because the 
caliber of the descending pedicle is considered to be consistently maintained throughout its 

course down the upper half to two‐thirds of the vastus lateralis [20]. Generally, venous anasto‐
mosis does not have to be performed using the flow‐through technique, except in re‐plantation 
surgery for amputated limbs. Consequently, the interrupted recipient artery resumes normal 
blood flow, while the flap is vascularized via the perforator vessels of the descending branch.

4. Indication of free flow‐through flap

Maintaining distal blood supply is important at all times for preventing the development 
of many diseases due to ischemia or peripheral circulation disorders (including frostbite, a 
contaminated leg ulcer, peripheral arterial disease, and skin and soft tissue problems associ‐
ated with diabetes mellitus). Therefore, free flow‐through flap use can be recommended in 
any case when combined free flap reconstruction and preservation/restoration of distal blood 
flow are required. In this fact indicating that the absolute indication of free flow‐through flap 
use may be limited. However, additional indications include severe trauma involving the 
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extremities and after malignant tumor resection, as these often cause blood vessel loss associ‐
ated with soft tissue defects. Extremity reconstruction in vasculopathy patients also requires 
primary preservation of functional blood flow to distal areas. In such cases, one‐stage recon‐
struction using a free flow‐through flap may be an absolute application.

Free flow‐through flap use should be a good option for soft tissue reconstruction in the fol‐
lowing three cases:

(1) severe trauma (for example, Gustilo‐Anderson IIIC type open fracture);

(2) chronic ulcer resurfacing in the less vascularized extremities; and

(3) additional blood supply for an ischemic flaps.

The author presents some cases of successful salvage and reconstruction of the extremities 
using free flow‐through flaps.

5. Case presentation

5.1. Severe trauma (Gustilo‐Anderson IIIC type open fracture)

Gustilo‐Anderson IIIC type fracture requires both vascular and soft tissue repair immediately 
[21]. For reconstruction, flow‐through flap use is beneficial, because blood flow of the dis‐
tal extremity can be maintained, while the soft‐tissue‐insufficient wound can be resurfaced 
simultaneously.

Case 1. Due to a traffic accident, a 64‐year‐old man sustained a Gustilo‐Anderson Type IIIC 
bone‐exposing fracture to the left fibula and tibia with wide skin abrasion and involvement 
of the anterior tibial muscles (Figure 4 (a, b)). Circulation of the left foot had ceased because 
three main arteries in the leg (peroneal, posterior tibial, and anterior tibial arteries) had been 
ruptured with subsequent flow interruption (Figure 5). After the crushed bones had under‐
gone external fixation, the bone‐exposing wound was repaired with a free flow‐through ALT 
flap. The T‐portion of the descending branch of the ALT flap was interposed to the defect 
of the anterior tibial artery (Figures 6, 7). Subsequently, the interrupted anterior tibia artery 
resumed normal blood flow. The viability of the flap was favorable without infection or 
necrosis (Figure 8). The patient could walk without canes 1 year after surgery.

5.2. Chronic ulcer resurfacing in the less vascularized extremities

Chronic ulcer resurfacing, especially reconstruction after oncologic resection, in the less vas‐
cularized extremities is a challenge, because single artery scarification can cause amputation 
[22]. Free flow‐through flap use is beneficial as it can maintain the distal blood flow [6].

Case 2. A 65‐year‐old man suffered from a chronic right leg ulcer, which rapidly enlarged and 
developed a fungating wound over a 6‐month duration (Figure 9). Histological analysis of 
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Figure 5. Contrast‐enhanced CT reveals that circulation of the left foot had ceased because peroneal, posterior tibial, and 
involvement of anterior tibial arteries had been interrupted.

Figure 4. Case 1. The photographs show a Gustilo‐Anderson IIIC type bone‐exposing fracture to the left fibula and tibia 
with severe abrasion of the skin and anterior tibial muscles.
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Figure 6. A harvested flow‐through ALT flap.

Figure 7. The intra‐operative photograph shows the T‐portion of the descending branch of the ALT flap interposed 
within the defect of the posterior tibia artery.
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a biopsy specimen indicated squamous cell carcinoma. The peripheral side of his lower leg 
was perfused only by the posterior tibial artery, because both the anterior tibial and peroneal 
arteries had been interrupted due to a trauma suffered 40 years previously (Figure 10).

After the complete removal of the tumor (Figure 11), the bone‐exposing wound was resur‐
faced with a free flow‐through ALT flap with a 22.0 × 8.0‐cm elliptical skin island (Figure 12). 
The T‐portion of the descending branch of the lateral circumflex femoral vessel was  interposed 

Figure 8. The postoperative photograph shows the resurfacing of all of bone‐exposing wound and assumption of 
circulation to the foot.
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Figure 9. Case 2. The photograph shows a chronic right leg ulcer, which developed a fungating wound.
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within the divided posterior tibial artery. Two veins were connected to the accompanying 
posterior tibial veins by end‐to‐end anastomosis (Figure 13). The viability of the skin flaps 
was favorable without infection or necrosis (Figure 14). Contrast‐enhanced computed tomog‐
raphy of the reconstructed leg 1 month after surgery demonstrated successful revasculariza‐
tion at the vascular anastomotic sites, which maintained effective circulation of the right foot 
(Figure 15). Six months later, the patient showed a favorable outcome of the lower leg without 
recurrence (Figure 16).

Figure 10. Contrast‐enhanced CT revealed that the lower leg was solely being perfused by the posterior tibial artery.
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Figure 11. Intraoperative picture after the complete tumor removal showing the large bone‐exposing wound.
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Case 3. A 57‐year‐old male had developed a diabetic ulcer on the medial malleolus, which 
had enlarged over a 1‐year period. He had non‐controlled diabetes mellitus for more than 7 
years. There was evidence of peripheral circulatory disturbance. The chronic ulcer reached 
the fibula and osteomyelitis occurred (Figure 17). He underwent debridement that included 
infected bone. To maintain peripheral circulation, the defect after resection was resurfaced 

Figure 12. A harvested flow‐through ALT flap.
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Figure 13. Intraoperative picture showing the T‐portion of the descending branch interposed within the divided 
posterior tibial artery. The arrows indicate the microsurgical anastomosis points.
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Figure 14. A postoperative photograph showing the resurfacing of all of the bone‐exposing wound, and immediate 
resumption of foot circulation.
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Figure 15. Contrast‐enhanced CT demonstrated sufficient circulation of both the transferred flap and right foot.
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with a free flow‐through ATL fasciocutaneous flap (Figure 18). The T‐portion of the descend‐
ing branch was interposed within the posterior tibial vessel. The viability of the skin flaps was 
favorable without infection or necrosis (Figure 19). This flap was thin enough to enable him 
to wear shoes (Figure 20).

Figure 16. A 6‐month postoperative view. The viability of both the leg and flap was favorable, without tumor recurrence.
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Figure 17. Case 3. This photograph shows a diabetic ulcer on the medial malleolus associated with osteomyelitis.

Figure 18. A harvested flow‐through ALT fasciocutaneous flap.
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5.3. Additional blood supply for ischemic flap

As a flow‐through flap can supply circulation for distal areas, it may be utilized to improve 
blood flow to other distally‐based ischemic flaps, which show poor circulation [7, 23].

Figure 19. A 6‐month post‐operative view. The viability of both the leg and flap was favorable, there was no ulcer 
recurrence.
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Case 4. A 53‐year‐old man underwent resection of a malignant melanoma presenting at the 
distolateral plantar weight‐bearing region of the right foot (Figure 21). The defect after resec‐
tion of the melanoma was repaired with a reversed island median plantar flap (Figure 22). 
However, the flap became ischemia as the reversed blood flow was insufficient to maintain 
adequate circulation. Thus, the instep donor defect was covered with a free anterolateral thigh 

Figure 20. A 6‐month post‐operative view. The ALT fasciocutaneous flap was thin enough to enable the patient to wear 
shoes.
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Figure 21. Case 4. This photograph shows a malignant melanoma on the distolateral plantar weight‐bearing region of 
the right foot.
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Figure 22. Intraoperative photograph of the wound after complete resection of the tumor.

Figure 23. Schematic representation of the instep donor defect coverage with a free flow‐through ALT flap.
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flap, while the T‐portion of the descending branch of the lateral circumflex femoral vessel was 
interposed within the transected medial plantar vessel providing additional blood supply to 

the ischemic flap (Figures 23 and 24). Consequently, ischemia of the reversed median plantar 
flap improved, because the interrupted medial plantar vessel resumed normal blood flow 
(Figure 25). The patient could walk without tumor recurrence 1 year after surgery (Figure 26).

Figure 25. The T‐portion of the descending branch was interposed within the transected medial plantar vessel. 
Subsequently, ischemia of the reversed median plantar flap improved.

Figure 24. A harvested flow‐through ALT flap.
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6. Discussion

Reconstruction of soft tissue defects in areas of the extremities with no or impaired circula‐
tion is one of the most difficult challenges. Surgeons must reconstruct the defect as well as 
maintain the peripheral circulation, or patients will lose their limbs. A flow‐through flap 
may be utilized in an effort to reconstruct the vasculature as well as provide soft tissue 
 coverage [24].

The author believes that this flap is useful not only for establishing arterial blood supply to 
the peripheral tissue, but also for preserving venous return, especially in legs with venous 
stasis. This is particularly so, because it does not sacrifice the valuable deep venous return 
system. Furthermore, several investigators have reported that flow‐through arterial anas‐
tomosis leads to a higher patency rate than conventional end‐to‐end and end‐to‐side arte‐
rial anastomosis, and even promoted more favorable blood flow through the anastomotic 
site [25, 26].

Figure 26. A 12‐month postoperative view. The viability of both the leg and flap was favorable; there was no tumor 
recurrence.
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7. Conclusion

The principal advantage of the flow‐through flap is that it allows a single‐stage composite 
reconstruction of both soft tissue and vascular defects, making it particularly useful in the 
reconstruction of ischemic extremities and defects resulting from oncologic ablations.
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