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ABSTRACT

The proper selection of the recipient vessels is essen-
tial for the success of the free tissue transfer, especially
when the transfer is to the lower extremity. After trauma
to the lower extremity, wide spread changes occur in the
walls and perivascular tissues of the major vessels of the
limb. The term Post Traumatic Vessel Disease (PTVD)
was applied to these changes. It is extremely troublesome
to operate on vessels affected by PTVD. They are easily
damaged in dissection and prone to intractable vasospasm.
In addition, their lining lacks the thromboresistant proper-
ties of a healthy vessel. So, to obtain a successful result
with microvascular free tissue transfer, the surgeon should
go to recipient vessels away from the injury beyond the
zone of PTVD. This can be achieved by performing the
anastomosis with a more proximal and healthy vessel us-
ing long vein grafts. This paper will demonstrate the tech-
niques of arterio-venous loop in microvascular anastomo-
sis. The recipient vessels, the sources of vein grafts, the
timing of flap transfer and the problems of this technique
will be thoroughly discussed.

INTRODUCTION

Selection of recipient vessels is one of the
most important factors determining free flap
success. It has become axiomatic that the se-
lected vessels should be away from sites of pre-
vious trauma or severe irradiation [1].

After trauma to the lower extremity, wide
spread changes occur in the walls and perivas-
cular tissues of the major vessels of the limb.
These changes have been conveniently called
post-traumatic vessel disease (PTVD) [2]. Ves-
sels affected by PTVD are more difficult to be
dissected, are easily damaged during the dissec-
tion and prone to intractable vasospam. Their
linings also lack the thromboresistant properties
of healthy vessels. Depending upon the magni-
tude of the traumatic insult to the extremity, the
area in which PTVD is found can extend mark-
edly beyond the original site of bony and soft-
tissue damage.
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Whenever possible, the surgeon should go to
recipient vessels away from injury beyond the
zone of PTVD. This can be achieved by either
hooking up the flap with "Carrier" vessels in
the contralateral non affected leg [3-8] or by per-
forming the anastomosis with more proximal
and healthy vessel using long vein graft [2].
This vein may be harvested locally and used in
situ (Corlett loop) or transposed to distal ves-
sels. With a locally used saphenous vein the
distal end may be anastomosed to the femoral
or popliteal artery.

Distal transfer requires the vein to be posi-
tioned so that the valves of the vein are not ob-
structing the arterial flow. This vein graft can
be used in either 2 ways [2]:

1- Blind-loop inset of the graft:

The anastomosis between the vein graft and
the flap vessels can conveniently be done on the
side table with the flap iced down. The vein
may be divided into two lengths right away or it
can he kept intact and installed as a temporary
blind loop (Fig. la). This loop arrangement
helps to conserve useful vessel length and the
decision on where to divide the loop can be dif-
fered and made accurately once the flap is in
the wound.

2- Proximal-loop inset of the graft:

In this method, the proximal anastomoses
have to be done first, with the whole length of
the vein graft intact, creating a temporary U-
shaped loop of arteriovenous fistula (Fig. 1b).
In this procedure clamps are released to allow a
period of maturing flow past the anastomosis.
While this maneuver offers some advantages in
terms of ischemia time and patient positioning,
it carries the risk for a high flow thrombus,
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which sometimes forms at the arterial end of
the graft and for this reason it is not recom-
mended.

However, these vein grafts are believed to
carry major risk of failure and this risk is be-
lieved to become greater as the graft lengthens
[1].

In this paper the technique of arteriovenous
loop in microvascular anastomosis will be dem-
onstrated. The indications, recipient vessels,
sources of vein grafts, timing of flap transfer as
well as the problems of this technique will be
thoroughly discussed.

PATIENTS AND METHODS

The study included 15 patients in whom ar-
terio-venous loop is required to accomplish mi-
crovascular free tissue transfer due to lack of
healthy recipient vessels. In three patients the
procedure was not completed. In these patients
there was no available vein graft as the contra-
lateral long saphenous vein was previously can-
nulated or harvested for associated vascular in-
jury and the upper limb veins could not be used
due to their thrombosis from repeated cannula-
tions. These patients were managed by conven-
tional cross leg flap (two patients) and cross leg
free latissimus dorsi myocutaneous flap (one
patient).

Twelve patients with different lower limb
defects were operated upon. Their ages ranged
from 8 to 38 years. Nine patients were males
and three were females. All defects were trau-
matic in origin except one that was due to post
operative irradiation for sarcoma of the upper
end of the fibula. Nine of these defects were in
the chronic stages (more than 3 months and up
to 11 years after the injury) and the other three
were in the subacute stage (between 3 days and
3 months after the injury). The defects were in-
volving the whole leg in the form of circumfe-
rential scarring with or without ulceration with
oedema of the dorsum of the foot in 6 patients
(Fig. 2). Upper 1/3 leg defects with bone expo-
sure and stiff knee joint was present in 3 pa-
tients. Middle 1/3 leg defect with bone loss and
extensive scarring was present in one patient.
Lower 1/3 leg defects with bone exposure and
tendoachillis rupture was present in 2 patients.
In only two patients the defect was mainly in-
volving the lateral aspect of the leg. Patients'
data are shown in Table (1).
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Operative technique:

The A.V. loop was done with the superficial
femoral vessels in 7 patients, with the descend-
ing branch of the lateral circumflex femoral
vessels in 2 patients having defects on the later-
al aspect of the leg, with the popliteal vessels in
2 patients and with the anterior tibial vessels in
one patient (Table 1). The technique of proxi-
mal loop inset of the graft was done in all pa-
tients.

When the femoral vessels were used (7 pa-
tients), they are exposed in the subsartorial ca-
nal through medial thigh incision. A good seg-
ment from the artery and the vein is dissected.
The long saphenous vein is also exposed in the
upper most part of the leg and followed to the
lower most part of the thigh.

Simultaneous harvesting of a vein graft is
done by another team. In all cases the contralat-
eral long saphenous vein was used except in
one patient the cephalic vein was used. The
graft is harvested under tourniquet with loupe
magnification. All tributaries are ligated. The
graft is distended by applying a microvascular
clamp on the outflow end of the graft and in-
jecting at the inflow end of the graft. This im-
portant preparatory step removes the possibility
of segmental spasm and detect any leaks that
have to be repaired. The distal end is then di-
vided and the graft is irrigated with heparinized
saline. The distal end is tagged by suture for
identification. The shortest vein graft was 25
cm and the longest was 45 cm (Table 1).

The venous anastomosis was done firstly
followed by the arterial anastomosis. In the first
2 patients the venous anastomosis was done be-
tween the proximal end of the vein graft and the
femoral vein (end to side anastomosis) in one
case and with one of its muscular tributaries
(end to end anastomosis) in the other case (Fig.
3 a,b). In the next 5 patients the anastomosis
was done between the proximal end of the vein
graft and the divided end of the saphenous vein
in the upper most part of the leg or in the lower
most part of the thigh (end to end anastomosis)
(Fig. 4a,b). All arterial anastomoses were done
between the distal end of the graft after being
reversed and the femoral artery (Cobra-head
anastomosis).

For defects on the lateral aspect of the leg (2
patients) end to end anastomosis was done be-
tween the proximal end of the vein graft and
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one of the venae comitants of the descending
branch of the lateral circumflex femoral artery
and between the distal end of the vein graft and
the descending branch of the lateral circumflex
femoral artery (Fig. 5).

When the popliteal vessels were used (2 pa-
tients) end to side anastomosis was done. When
the anterior tibial vessels were used (one pa-
tient) end to end anastomosis to the divided
ends of the vessels was done.

In one patient after making the loop and ele-
vation of the flap, the loop was not patent de-
spite repeated trials of anastomotic revision.
This flap was not transferred and resutured to
its original donor site and the defect was cov-
ered by conventional cross leg flap. In the elev-
en patients with the AV loop, immediate flap
transfer was done in 8 of them and postponed in
the other three where patience of the loop was
doughtful. In two of them the flap was trans-
ferred after 2 days and in the third one flap
transfer was not feasible due to loop occlusion
4 days post operatively.

So, a total number of 10 flaps were trans-
ferred, five of them were Latissimus dorsi myo-
cutaneous flaps with skin paddle allowing di-
rect closure of the flap donor site and the other
five were rectus abdominis muscle flap (2) and
rectus abdominis myocutaneous flaps (3) (Ta-
ble 1). For the patient who had middle 1/3 leg
defect with bone loss, the bone was reconstruct-
ed simultaneously by non vascularized fibula
and covered by rectus abdominis muscle flap
(Fig. 6).

RESULTS

Of the fifteen patients in whom the AV loop
was planned to be done, only twelve patients
had this procedure. In one of these patients the
loop was initially patent but soon became
thrombotic with a patent anastomosis at its arte-
rial end. Repeated revisions of the thrombotic
segments failed to make the loop patent. The
raised flap was resutured to its original donor
site and the defect was covered by conventional
cross leg flap.

In the other 11 patients immediate flap trans-
fer was done in 8 of them and they survived
completely (100% success) (Figs. 7-10) with
partial loss of the skin island of one rectus ab-
dominis myocutaneous flap. In the other three
patients flap transfer was delayed for matura-
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tion of the loop. Two of them were reexplored
after 48 hours, one loop of them was patent and
the flap was transferred and it survived com-
pletely. The other one-that had had a throm-
bosed segment at the initial time of making the
loop-developed the same problem and became
thrombotic, again though it had a patent anas-
tomosis at its arterial end. The thrombosed seg-
ment was resected again followed by flap trans-
fer that was completely lost. In the third patient,
in whom the defect was due to irradiation, the
loop become thrombosed after 4 days. On ex-
ploration the whole loop, both arterial and ve-
nous anastomoses and a part from the recipient
artery (descending branch of the lateral circum-
flex femoral artery) were thrombosed. The loop
was irrigated, both arterial and venous anasto-
moses were revised. Flap transfer was post-
poned but the loop become thrombosed again
after 24 hours. Flap transfer was cancelled and
above knee amputation was decided for the pa-
tient.

So, the overall incidence of thrombosis was
3 out of 12 (25%). Two of them were most
probably due to a pathological vein graft and
the third one was due to high flow thrombus at
the arterial end of the graft. Success rate of
flaps that were transferred immediately was
100%, while that of the flaps that were trans-
ferred after AV loop maturation was 50% (one
out of 2 flaps). The overall success rate of flap
transfer was 90% (nine out of ten) (Table 1).
The results can be summarized in the following
flowchart:

15 patients (operated upon)

/ —~—

12 (AV loop was done) 12 (AV loop was not done)

Patent loop (11) Thrombosed loop (immediate) (1) Procedure was canceled
O TT— T T
Immediate flap transfer (8) Follow up for loop maturation (3) Procedure was canceled
I ——
All survived Patent loop (1) Thrombosed loop (2)
\
Success rate (100%) Delayed flap transfer Revision Revision
(after 48h) (After 48h)  (After 96h)
|
Survived Delayed flap ~ Reocclusion

transfer (After 24h)

Sloughed Procedure
was canceled

Success rate (50%)
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Table (1): Patients' data.
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No. Age Sex Etiology Defect Rj:::g:" i‘:sz;gi E/‘eei‘:lg;,’]:;{ Stages Flap Outcome Notes

1 36 M P.T. Bony defect of the Femoral a. femoral V. Long saphenous 45 cm Two stages ~ R.A. muscle Complete flap -
left tibia and ad- vein (right leg) 48 hours flap survival
herent scarring in- interval
volving most of
the skin of the leg

2 16 M P.T. Circumferential Femoral a. tributary of ~ Long saphenous 45 cm One stage L.D. myocutan ~ Procedure was  Pathological
scarring of the the femoral vein vein (right leg) flap 22x8 canceled be- vein graft
left leg and lym- cm (skin cause the
phedema of the paddle) loop was not
dorsum of the patent. Flap
foot resutured to

its site

3 26 M P.T. Circumferential Femoral a. long saphe- Long saphenous 41 cm One stage L.d. myocutan. ~ Complete flap -
scarring and ul- nous V. vein (right leg) flap 35x8 survival
ceration of the cm (skin
left leg with con- paddle)
tracture of the an-
kle, dorsum, toes
of the foot

4 38 M P.T. Circumferential Femoral a. long saphe- Long saphenous 40 cm One stage L.D. myocutan ~ Complete flap -
scarring of the nous V. vein (right leg) flap 32x8 survival
left leg with ulcer- cm (skin
ation of the medi- paddle)
al and lateral mal-
leoli and
lymphedema of
the dorsum of the
foot

5 15 M P.T. Chronic leg ulcer Femoral a. long saphe-  Cephalic vein (left 35 cm One stage L.D. myocutan ~ Complete flap -
over the left ankle nous V. forearm) flap 25x8 survival
and unstable cir- cm (skin
cumferential scar- paddle)
ring of the leg and
lymphedema of
the dorsum of the
foot

6 16 M P.T. Exposed upper third ~ Femoral a. long saphe- Long saphenous 30 cm One stage L.D. myocutan ~ Complete flap -
of the right tibia nous V. vein (left leg) flap 20x10 survival
with stiff knee cm (skin
joint paddle)

7 16 M P.T. Circumferential Femoral a. long saphe-  Long saphenous 38 cm Two stages  L.D. myocutan ~ Complete flap  Pathological
scarring of the nous V. vein (left leg) 48 hours flap 30x8 loss (ische- vein graft
lower 2/3 of the interval cm (skin mia 8 hours
right leg and con- paddle) post opera-
tracted right knee tively)
region

8 16 F Post Defect over the lat- Descending branch of ~ Long saphenous 25cm Two stages - Loop is not pat- Exploration

irradiation eral aspect of the the lateral circum- vein (right leg) (explorat- ent > revi- > thrombo-
upper 1/3 left leg flex femoral a. ve- ion after sion > reoc- sis of the
with exposure of nae comitant 96 clusion one whole loop
the upper tibia hours) day later on and arteri-
and stiff knee in > procedure al & ve-
flexion was canceled nous anas-
tomoses

9 34 M P.T. Exposed left knee Descending br. of the  Long saphenous 35cm One stage R.A. myocutan ~ Complete flap -
and upper 1/3 tib- lateral circumflex vein (right leg) flap 20x8 survival
ia (anteriorly and femoral a. vena cm (skin
laterally 1 with comitant paddle)
non-united frac-
ture tibial plateau

10 8 F P.T. Exposed shaft of the ~ Popliteal a. popliteal Long saphenous 30 cm One stage R.A. myocutan ~ Complete flap -
lower 1/3 right v. vein (left leg) flap 12x5 survival with
tibia with rupture cm (skin partial loss
and exposure of paddle) of the skin
tendoachillis island

11 31 F P.T. Exposed lower 1/3 Popliteal a. popliteal Long saphenous 30cm One stage R.A. muscle Complete flap -

3 (ant and medial v. vein (left leg) flap survival
sides of the right
tibia)
12 6 M P.T. Circumferential Anterior tibial a. ante-  Long saphenous 25cm One stage R.A.myocutan ~ Complete flap -

scarring and ul-
ceration of the
lower 1/3 of the
left leg with lym-
phedema of the
foot

rior tibial vena com-
itant at the junction
of the upper and
middle 1/3 of the
leg

vein (right leg)

flap 20x8
cm (skin
paddle)

survival

L.D.: Latissimus dorsi.
R.A.: Rectus abdominis.
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Fig. (1): (a) Blind-loop inset and (b) proximal-loop inset of
the graft (Acland 1990).

(@) (b)

Fig. (3): End to side arterial and venous anastomoses be-
tween the graft and the femoral vessels:
a- Diagrammatic presentation.  b- Intra-operative view.
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Fig. (2): Pre-operative view of a patient showing circumfe-
rential scarring, ulceration of the whole leg and edema
of the dorsum of the foot.

() (b)

Fig. (4): End to side arterial anastomosis between the graft
and the femoral artery and end to end venous anastom-
osis between the graft and the long saphenous vein.

a- Diagrammatic presentation. b- Intra-operative view.

Fig. (5): Intra-operative view showing the A-V loop done
with the descending branch of the lateral circumflex
femoral artery and its venae comitant.

Fig. (6): Intra-operative view of patient No. (1) showing

the rectus abdominis muscle flap anastomosed to the
A-V loop and the non vascularized fibular graft.
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Fig. (7):
a- Pre-operative view of patient No. (1) with extensive leg
scarring and bone loss of the middle 1/3 of the left tibia.
b- Post-operative view of the same patient with stable
wound coverage by rectus abdominis muscle flap.
c- Pre-and post operative X-ray showing solid union of the
transferred fibula.

Fig. (8):

a- Pre-operative view of patient No. (4) with circumferen-
tial scarring of the left leg with marked edema of the
dorusm of the foot.

b- Three years post-operative view showing stable wound
coverage by latissimus dorsi myocutaneous flap with
subsidence of the foot edema.
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Fig. (9):

a- Pre-operative view of patient
No. (5) with chronic left leg
ulcer, circumferential scar-
ring and edema of the dor-
sum of the foot.

b- Two years post-operative
view showing coverage of
the defect by latissimus dor-
si mycoutaneous flap.

Fig. (10):

a- Pre-operative view of patient
No. (6) with exposed upper
1/3 of the right tibia and
stiff knee joint.

b- Post-operative view show-
ing coverage of the defect
by latissimus dorsi mycou-
taneous flap.

DISCUSSION

Free flap transfer to the lower limb in chron-
ic post-traumatic conditions is known to have a
higher complication rate with flap loss in up to
10% of cases, mainly due to the recipient vessel
[9]. The dissection of these vessels often leads
to refractory spasm, due to the so-called post-
traumatic vessel disease (PTVD) [2].

This term was used to describe the wide-
spread changes that occur in the walls and peri-
vascular tissues of the major vessels of the limb
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following trauma to the lower extremity. Its
cause is unknown but it can be hypothesized
that PTVD is the result of wound exudates
tracking up the perivascular sheath. The area in
which PTVD is found, often misleadingly re-
ferred to as the zone of trauma, extends mark-
edly beyond the original site of bony and soft
tissue damage. Established PTVD may be en-
countered as early as one week after the injury.
There are three hallmarks of the established
condition: (1) loss of the normal easy planes of
dissection between vascular sheath and artery
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and between artery and vena comitant; (2) loss
of vasa vasorum and (3) a marked tendency to
vasospasm [2].

It is extremely troublesome to operate on
vessels affected by PTVD. They are easily
damaged in dissection and prone to intractable
vasospasm. Their linings also lack the throm-
boresistant properties of healthy vessels. The
use of these vessels as recipient vessels for a
free flap should be strongly avoided [1,2].

So, the surgeon should go to recipient ves-
sels away from the injury beyond the zone of
PTVD. This can be achieved by either hooking
up the flap with "carrier" vessels in the contra-
lateral non affected leg [3-8] or by performing
the anastomosis with a more proximal healthy
vessel using long vein graft [2].

The concept of a pedicled free flap that em-
ploys "carrier" vessels anastomosing to distally
located recipient vessels was practised by many
surgeons [3-6]. The disadvantages of this cross
leg microsurgical free flap technique are the
multiple operative stages required, the pro-
longed immobilization (4-7 weeks) and the
costs of extended hospitalization [7]. However,
it has all the advantages of free flaps as regards
type of tissues and donor site morbidity.

Using a long vein graft to perform the anas-
tomosis away from the zone of PTVD can be
also another solution. In this series, the local
use of the saphenous vein graft was not feasible
as it was not available due to extensive trauma
and scarring. In all patients the vein grafts were
harvested from far and transferred to create the
arteriovenous loop. The technique of proximal
loop inset of the graft was selected because all
the used flaps were muscle and musculocutane-
ous flaps that could not tolerate long ischemia
time.

The femoral artery in the subsartorial canal
was preferred over the popliteal artery as a re-
cipient vessel in most of the cases for many rea-
sons:

1- It is more far from the area of the trauma and
the PTVD.

2- Most of the defects are on the anterior aspect
of the leg while the popliteal vessels are lo-
cated in the posterior region of the knee.

3- The popliteal vessels are deep making anas-
tomosis with them more difficult.
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4- End to side anastomosis might posses a po-
tential danger to the popliteal artery, which
is an end artery of the leg [10].

In defects involving the lateral aspect of the
leg the descending branch of the lateral circum-
flex femoral artery is the only available recipi-
ent vessel.

Many veins can be used as a source for vein
grafts. The short saphenous vein was preferred
by Acland [2] because it has a more suitable di-
ameter and a thinner wall than the long saphe-
nous and is less affected by previous damage.
In this series the log saphenous vein was used
instead of it as it can give length up to 45 cm
which is required in most cases. It can be also
simultaneously harvested during recipient ves-
sels exposure that save some operative time.
When the long saphenous vein was not availa-
ble, the cephalic vein can be used.

In anastomosing the arterial end of the graft,
the technique of Cobra-head anastomosis,
which is widely used by macrovascular sur-
geons, was preferred because it has two advan-
tages: First, the ready access of an abundance
of freely deformable vessel edges makes it easy
to produce a truly everting suture, thus mini-
mizing the exposure to the blood stream of raw
tissue and suture material. Second, the way the
sides of the arteriotomy bulge apart once blood
fills the vessel gives a true incidence in anasto-
motic diameter thus a reduced risk for the for-
mation of an occlusive thrombus [2].

When the arterio-venous loop was done with
the femoral vessels, the venous anastomosis
was done between the graft and the femoral
vein or its tributaries in the subsartorial canal in
the early 2 cases. Later on the long saphenous
vein in the lower most part of the thigh was pre-
ferred for many reasons: (1) Technically is
much easier; (2) It avoids exposure and dissec-
tion of the deep venous system of the limb; (3)
It conserves the length of the vein graft.

Vein grafts are believed to carry major risk
of failure and this risk is believed to become
greater as the graft lengthens [1]. In this series
thrombosis of the loop occurred in 3 cases out
of 12 (25%) which is quite high incidence. This
high incidence of thrombosis can be related to
the length of the graft and its pathological state
and to the use of the proximal-loop inset of the
grafts. In this series the length of the required
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vein graft reached 45 cm in some cases. On ex-
ploration of the two of three cases that had
thrombosis, the anastomosis at the arterial end
of the graft was patent. Thrombosis occurred in
the graft itself and it recurred despite repeated
resections of these thrombosed segments indi-
cating pathological vein graft. In the third case
thrombus was formed at the arterial end of the
graft. This is the major disadvantage of the
technique of the proximal-loop inset of the graft
[2], which is even not recommended by him for
this reason. However, the role of irradiation in
this patient could not be excluded.

Initially the use of the AV loop was staged.
The vessel was transferred and then allowed to
mature for 10 days. After maturation, the loop
was divided and anastomosed to the recipient
free flap [11]. We followed this method in three
cases where there was dought about the patency
of the loop. Success rate in the flaps that were
immediately transferred was 100%, while for
those flaps that were transferred after loop mat-
uration was only 50%. However, the failure in
these cases could be attributed to the loop itself
rather than the delay which is supposed to be
better for loop maturation. So, most surgeons
including us are preferring immediate division
of the loop and flap transfer at the initial setting
provided that the loop is perfectly patent to
avoid considerable scarring and thrombosis that
may occur in it [11].

The overall success rate of flap transfer in
this series was 90% which is even comparable
with the results of other reports of lower ex-
tremity free flaps under normal circumstances
[12]. This is greatly accepted in reconstruction
of such types of extensive defects in the suba-
cute and chronic stages. Codina [9] had a failure
rate of 12% and 9.5% in reconstruction of low-
er extremity defects in the subacute and chronic
stages. However, their defects were not compli-
cated like the defects in this series.

In conclusion the use AV loop is strongly in-
dicated for lower extremity free flap surgery
whenever there is any dought about the availa-
bility of healthy recipient vessels. This will al-
low the anastomosis to be performed away
from the area of PTVD and could eliminate the
failure that occurs when the anastomosis is
done in the area of trauma and scarring. Though
the proximal-loop inset of the graft has the dis-
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advantage of occurrence of high flow thrombus
at the arterial end of the graft, it is still recom-
mended in consideration of saving ischemia
time which is crucial to flap survival especially
muscle flaps. Immediate loop division and flap
transfer has a higher success rate than delayed
flap transfer. So, it should be done wherever
possible if there is no dought about the patency
of the loop.
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