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ABSTRACT

Introduction: In a world of fast moving vehicles, heavy machinery and industries crush injury to
limbs with vascular compromise and soft tissue defect is common. The traditional treatment is a 2
step one dealing with vascular repair and soft tissue cover separately, in the same operation. We
report a series of single step vascular repair and soft tissue cover with flow through anterolateral thigh
flap (ALT) flap for limb salvage. Materials and Methods: Ten patients with soft tissue defect and
vascular injury were included in this study. Atwo team approach was used to minimise operative time,
team one prepared the vessels and team 2 harvested the flap. Observations and Results: Of the
ten patients operated (8 males), eight flaps were done for upper limb and two for lower limb salvage.
Six anastomosis were done with ulnar vessels, two with radial and two with posterior tibial vessels.
Nine extremities could be salvaged while one patient developed progressive thrombosis leading to
amputation. Conclusion: The ALT flow-through flap is a versatile single step procedure that can be
used to salvage an ischemic limb with soft tissue loss avoiding the need for interpositional vein graft.
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INTRODUCTION

n a world of fast moving vehicles, heavy machinery
industries, warfare injuries and bomb blasts the
incidence of crush injury to limbs is fast increasing.
Skin and soft tissue loss when not associated with
vascular injury warrants a simple reconstruction, but the
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presence of concurrent vascular injury [Diagram 1] makes
reconstruction complex. Traditionally, treatment involves
the repair of vascular injury by a reversed vein graft followed
by soft tissue reconstruction using pedicled or free flaps
[Diagram 2]. However, if the simultaneous skin and soft
tissue reconstruction is being planned free tissue transfer
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with flow through anastomosis [Diagram 3] is a valuable
option. Soutar et al. first suggested the flow-through
principle for intra-oral reconstruction. In flow through flaps
soft tissue coverage and distal revascularisation is achieved.
Several flaps have been described taking advantage of
the flow-through principle, such as the radial forearm,!'?
scapular® and peroneal® flaps. The anterolateral thigh
flap (ALT), a perforator flap first described by Song et al. has
the advantage of a large pedicle of 2-3 mm diameter, a long
pedicle, a large skin island** and it leaves an inconspicuous
donor scar with minimal donor-site morbidity.®” There have
been isolated reports of ALT flow through flap being used
for salvage of limbs along with soft tissue coverage. We
report here a series of 10 cases in which ALT flow through
flaps were used for augmenting the vascularity of the limbs.

MATERIALS AND METHODS

In a prospective study in Department of Plastic, aesthetic
and reconstructive surgery from 1 January 2013 to

Diagram 1: Soft tissue injury to limb with ischemia

Diagram 2: Reverse vein graft for vascularity and flap cover to soft tissue
defect

Diagram 3: Simultaneous coverage and restoration of vascularity of limb by
flow through flap
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31 December 2014, ten patients with crush injury to
upper and lower extremities with vascular compromise
were assessed. Reconstruction was done for ten patients;
eight patients with upper limb and 2 for lower limb
ischemia.

The procedure involves a two team approach. The first
team conducts the debridement, repairs the injured
structures and prepares the recipient vessels. The second
team harvests the ALT flow through the flap. Once the
size of the skin paddle and length of flow through
segment required is finalized the flap is maximized on
the descending branch of the lateral circumflex femoral
artery (LCFA) and its adequate length preserved distal to
the take-off of the skin perforator. The flap is transferred in
the defect and temporarily stapled. Arterial anastomosis
is first done proximally and then distally to revascularise
the distal extremity taking advantage of the distal runoff
of the descending LCFA. After confirming the vascular
flow in the distal extremity the venous anastomosis is
done and a final flap insetting is done over drains. Low
molecular weight heparin 2500 IU subcutaneously is
given once intraoperatively and continued as a single
daily dose for the 1%t post-operative week. Ecosprin 75 mg
is given once daily for a month. The patient is hydrated
and monitored carefully maintaining a urine output of at
least 1 ml/kg/h. Limb elevation is continued for 2 weeks
and dressings are changed every 3™ day.

OBSERVATIONS AND RESULTS

Out of ten patients (eight males), a flow through flap was
done in eight patients with upper limb and 2 cases of
lower limb ischaemia [Table 1]. Flow through was done
with ulnar vessels in 6 cases, radial vessels in 2 cases
and posterior tibial vessels for 2 cases. The age of the
patients ranged from 13 years to 55 years. The size of the
skin paddle varied from 5 cm X 6 cm to 19 cm X 10 cm.
The length of the flow through a segment of descending
branch of circumflex femoral vessels varied from 8 cm
to 14 cm [Table 2]. Donor area of the flap was closed
primarily in seven patients, and the rest were grafted.

Table 1: Demographic profile

Type of Age Gender
surgery Mean SD Range Male Female Total
Posttibial  39.50 21.920  24-55 2 0 2
Radial 2150 12.021 13-30 2 0 2
Ulnar 2483  3.920 18-30 4 2 6
Total 27.10 11.070 13-55 8 2 10
SD: Standard deviation
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Table 2: Size of skin and Iength of flow

Type of surgery Part revascularized Total Size of skin paddle (cm?) Length of flow through segment
(cm)
Foot Hand Mean SD Range Mean SD Range
Posttibial 2 0 2 84.00 16.971 72-96 11.50 2.121 10-13
Radial 0 2 2 67.50 10.607 60-75 12.00 2.828 10-14
Ulnar 0 6 6 93.67 56.472 30-190 11.17 2.714 8-15
Total 2 6 10 86.50 43.955 30-190 11.40 2.366 8-15

SD: Standard deviation

The flow through ALT flap survived in all the patients.
In 9 out of ten patients, the distal extremity was also
salvaged. One patient who came 14 h after the injury
with initial assessment of a doubtful vascularity of hand
landed with progressive thrombosis and eventually
needed an amputation. The follow-up period of the flaps
varies from 6 months to 2 years.

A 18-year-old female patient presented to us with a month
old high tension electrical injury to right forearm and
hand. The patient was managed in a previous hospital
with multiple sessions of debridement and dressings. All
the flexor tendons, median and ulnar nerves, the ulnar
artery were debrided in previous surgeries. The hand was
surviving on the radial artery alone. The patient had blown
out of the radial artery 4 h before presenting to us and it was
ligated outside. She presented to us with a devascularised
hand [Figure 1]. She was taken up for an emergency flow
through flap which was hooked to the ulnar vessels and
the hand was salvaged [Figures 2-4]. She required other
surgeries for raw areas over the right hand and thumb.

Another patient, a 26-year-old male presented to us
with 4 day old mine blast injury to both the lower limbs.
Emergency below knee amputation of the left lower
limb and debridement of right lower limb with fracture
fixation by external fixator was done at the primary
care centre [Figure 5]. As the anterial tibial vessels were
transected a vascular surgeon in the previous hospital
had put a vein graft on the posterior tibial artery. At
presentation to us the patient had ischemic pain in the
foot and a raw area on the anteromedial aspect of the
lower 1/3™ of the leg. During surgery, it was found that
there was necrotic tissue around the vein graft, and the
vein graft was also thrombosed. Adequate debridement
and flow through ALT flap [Figures 6 and 7] was done
to the posterior tibial vessels to salvage the limb and
provide soft tissue cover [Figure 8].

A 13-year-old boy presented to us 5 h after a railway
accident with an amputation at left forearm level and
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Figure 2: Harvesting of flow through anterolateral thigh flap

Figure 3: Harvested flow through flap

left lower limb vascular injury [Figures 9 and 10]. He
underwent replantation of hand with bone shortening and
repair of radial vessels only (as ulnar vessels were avulsed).
The patient started developing necrosis of forearm skin
and gradual ischaemia of replanted hand [Figure 11].
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Figure 4: Salvaged limb

Figure 5: Soft tissue defect of leg with ischemia of foot

e T

Figure 6: Harvested flow through flap

Figure 7: Flap cutaneous side

Figure 8: Salvaged foot and coverage of leg Figure 9: Amputation at distal forearm

Figure 11: Necrosis of forearm skin and ischemic hand

Figure 10: Proximal stump
through ALT flap was harvested and anastomosed with
On debridement, it was found that the radial vessels  radial vessels [Figure 12]. The post-operation recovery
were thrombosed for 10 cm segment and hence a flow  was uneventful [Figures 13 and 14].
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A 35-year-old patient presented 14 h after a crush injury
to the distal right forearm with doubtful vascularity of
hand [Figure 15]. He sustained fractures to both bones
of the forearm which was managed with external fixator
in a previous hospital. There was thrombosis of both the
ulnar and radial vessels [Figure 16]. He was taken up for
emergency ALT flow through flap [Figure 17]. Anastomosis
was done with ulnar vessels. The flap survived, but the
hand developed progressive thrombosis and had to be
amputated [Figure 18].

DISCUSSION

Asofttissue defect with exposed vessels, nerves, bone or
tendons can lead to severe morbidity and complications
such as osteomyelitis. When revascularisation is

necessary at the same time, a venous interposition

Figure 12: Harvested flow through flap

Figure 14: Salvaged hand

Figure 16: Soft tissue defect with thrombosed vessels
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graft in combination with a fasciocutaneous or
musculocutaneous flap big enough to cover the defect
can be used. An alternative one-stage solution is a
flow-through flap. The first flaps thought useful as
flow-through flaps were the antecubital forearm flap and
the distal radial forearm flap."?! Costa et al. presented
some cases of revascularisation of a traumatised limb
using a radial forearm flap.® Tseng et al. described a
case of revascularisation of a near-amputated foot
by a radial forearm flap.”! Septocutaneous perforator
flaps are deemed suitable as a flow-through flap, like
the ulnar flap and the lateral and medial flap from

Figure 13: Post-operation recovery of hand

B APy
Figure 17: Harvesting of flap
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Figure 18: Progressive thrombosis of hand

the upper arm. The disadvantage of these flaps is the
cosmetically poor outcome at the donor-site and the
small flap size." Furthermore, the problem of coverage
of the flexor tendons at the wrist can arise.l'® Usually,
a split-skin graft is required when using a forearm flap.
Koshima et al. have used the ALT as a flow-through
flap.®! In one of these cases, a flow-through flap was
used to enhance the vascularity, 1.5 months after a
traumatic defect of the foot. Ao et al.”! augmented the
vascularity of the post-traumatic foot with the aid of an
anterolateral or anteromedial thigh flap. In these cases,
ischaemia can be prevented when the traumatised leg
is a ‘one-artery’ leg. Song et al. first described the ALT
flap as a fasciocutaneous flap with septocutaneous
perforators.® Song presents it as an easily dissected
flap, with a large and long pedicle with the possibility
for innervation. The skin has a good quality and can
be raised in a large or irregular shape. The donor site
is hidden and is, therefore, more acceptable to the
patient.l'12

He et al.'*! have in their 2015 article reviewing 14 ALT
flaps said that distal runoff vessel of the descending
branch of the lateral circumflex femoral system could
be used for many aspects of the ALT flap surgery, and we
have in our series found the same to be highly relevant.
In the cases presented there were those patients
with ischaemia of the distal forearm and hand or
lower third of the leg. Revascularisation was needed to
preserve the extremities. For the soft tissue defect, a
rather large skin island was needed. The flow-through
ALT flap is an extremely versatile flap and assessed
by us to be exceedingly suitable in these cases. The
donor-site could be closed primarily in most of the
patients. An additional advantage was provided by two
teams working together and this minimised operative
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time and hence morbidity. The extremities were
saved and vital structures could be covered in
a one-stage procedure due to simultaneous successful
revascularisation and coverage of the soft tissue defect
with a flow-through ALT flap.

CONCLUSION

The ALT flow-through flap is an extremely versatile
and useful flap that must be considered whenever
there is a need to salvage an ischemic limb with
soft tissue loss. In a single step procedure both the
revascularisation and closure of the soft tissue defect
can be achieved avoiding the need for interpositional
vein graft. This also minimises morbidity and hastens
recovery.
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