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ABSTRACT

Background: Omental flap has the distinction of being
the foremost flap to be applied in the field of reconstructive
microsurgery. Despite the keen initial interest, the drawback
of a harvest laparotomy led to gradual loss of favour in this
flap. It was the path breaking application of minimal access
surgery for flap harvest, which led to a renewed interest in
omental flap in its new incarnation. In this case series of
laparoscopically harvested microvascular omental transfers,
we explore the flap's unique immunol ogic and tissue regener-
ative properties and resulting outcomes in challenging recon-
structive situations and limb salvage.

Patients and Methods: A retrospective analysis of micro-
vascular reconstructions with laparoscopically harvested
omental flapsin ten challenging situations. The study evaluated
the indications, procedural details such as operative technique
and time, length of flap vascular pedicle achieved, complica-
tions and outcome.

Results: Provision of vascularized and stable soft tissue
cover with swift resolution of infection in chronic wounds
was achieved in all cases leading to reduced long term mor-
bidity with negligible complications.

Conclusion: Microvascular omental flap provides large
pliable tissue with characteristic vascular anatomy and unique
set of immune and stem cells that has immense application
in situations of complex three-dimensional reconstruction and
limb salvage. Together with the laparoscopic-assisted harvest
to avoid the morbidity of laparotomy, it presents an effective
solution for those challenging situations that demand more
than the routine options.
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INTRODUCTION

The omentum has the distinction of being the
foremost flap in the field of microsurgery [1,2].
Though historical applications of pedicle omental
flap are well known in literature, it was the micro-
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vascular transfer (Mclean and Buncke) that popu-
larized its role in reconstructive surgery [3-15].
However, in spite of the unique attributes of plia-
bility, vascular architecture, stem cells and ang-
iogenic factors [16-18], the drawback of a harvest
laparotomy hindered its routine use until lap-
aroscopic-assisted harvest technique renewed in-
terest and acceptability of this flap.

In this case series, we explore the current indi-
cations of laparoscopically harvested omental flap
in reconstructive microsurgery and discuss with
outcomes the impact of the flap's immunologic
and tissue regenerative properties in complex re-
constructions and limb salvage.

Anatomy:

The greater omentum is afour-layered fold of
peritoneum hanging like an apron from the greater
curvature of the stomach. Supplied by the right
(Rt) and left (Lt) gastroepiploic vessels with an
arterial diameter of 1.5 to 3.6mm, itsrich frame-
work of blood vessels, lymphatics, fat pads, mes-
othelial cells, and lymphoreticular bodies promote
neovascularization by releasing polypeptide growth
factors and activated macrophagesinto the recipient
bed [19,20]. Recent studies also indicate that omen-
tum isarich source of omnipotent stem cells having
the ability to differentiate into a variety of cell
types [17].

These unique attributes make microvascular
omental transfer a potent and reliable option for
complex soft tissue reconstructions.

PATIENTSAND METHODS

Thisis aretrospective analysis of ten microv-
ascular omental transfers for complex soft tissue
reconstructions and limb salvage performed be-
tween January 2013 and March 2016. The study
evaluated the surgical indications, operative tech-
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nigue with duration, pedicle lengthening, com-
plications and outcome. The size of the defect and
duration of follow-up were recorded.

All procedures were approved and in accordance
with the ethical standards of the responsible com-
mittee on human experimentation (institutional
and national) and with the Helsinki Declaration of
1975, asrevised in 2008 [5].

Informed consent was obtained from all patients
and legal guardiansin case of minors.

Surgical technique:

The two team approach starts with a diagnostic
laparoscopy by the laparoscopic surgery/general
surgery team to assess the status of omentum for
transfer. Once confirmed, the plastic surgery team
joins by dissecting the recipient vessels and pre-
paring the bed for flap transfer while the flap is
being harvested. We had to modify this approach
in case no. 3 & 5 where flap harvest preceded
recipient vessel dissection for operative ease. The
vascular pedicles are identified and retrogradely
dissected to their origins from the splenic and
gastroduodenal arteries. The branches going to the
stomach are sealed with harmonic scalpel. In this
study, all flaps were pedicled on the (Rt) gastroe-
piploic vessels due to its preferable calibre. After
dissection of the (Rt) gastroepiploic vessels and
division of the left, the omentum is delivered by
a small upper-midline incision. At this stage, a
template of the defect with the desired pedicle
length helpsin flap customization. Also, lengthen-
ing of the vascular pedicle is achieved by selective
ligation of the middle omental vessels [21,22,23].
Thisis done before the ligation of (Rt) gastroepi-
ploic vessels and flap detachment to reduce
ischemiatime. Once detached, the flap isimmedi-
ately transferred to the plastic surgery team for
microvascular anastomosis. In this study, the reper-
fused flaps were covered with split thickness skin
graft (STSG) harvested from thigh and immobilized

with skin staples. The post-operative monitoring
for the first 72 hours involved hourly monitoring
by the nursing staff of the flap's colour, temperature
and vascular pulsations through the windows kept
in the skin graft. When required, the findings were
corroborated with a hand held doppler examination
by the operating surgeon. In addition, the patients
in the study were put on intravenous Dextran for
3 days.

RESULTS

The case series comprises of ten patients, eight
males and two females with an age range of 7-60
years. The main indications being provision of
stable soft tissue coverage to chronically exposed
and infected fracture sites with and without under-
lying bony osteomyelitis, obliteration of post-
sequestrectomy bony cavities and resurfacing of
severely infected wounds with exposed tendons
and nerves.

Case (1):

A 60 year male referred with 12 weeks old
Gustilo type 3b fracture both bones distal 1/3 left
leg immobilized in an external fixator with adis-
charging wound (Fig. 1A). Sequestrectomy of the
in-fected tibia resulted in 8 x 6cm bony cavity
which was obliterated with microvascular omental
flap (Fig. 1B). The (Rt) gastroepiploic vessels were
anastomosed to the (Lt) posterior tibial vesselsin
middle third of leg. The osteomyelitic bone and
fracture site healed well in aremarkably short span
of time. There was a shortening of the affected
limb by around 2cm that was not bothering to the
patient and he could ambulate without support with
modified footwear after removal of fixator. Another
observation in late follow-up was swelling in the
flap on prolong ambulation (Fig. 1C). Thiswas a
result of vascular stasis as visualized on post-op
CT Angiography (Fig. 1D) and resolved with com-
pression stocking. The patient was given the option
of flap debulking which he refused.

Fig. (1A): Post-debridement bony cavity with exposed fracture
site.

Fig. (1B): Intra-operative obliteration of cavity with flap.
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Fig. (1C): Late post-op view of well settled flap and graft.

Case (2):

A 25 year old female polytrauma patient referred
with cerebral contusion, pelvic fracture, right hip
dislocation, bladder rupture, multiple rib fractures
with right-sided hemothorax besides mangled |eft
foot. She had to undergo emergency |laparotomy
for bladder repair, tube thorocostomy, pelvic fixator
and closed hip reduction followed by prolonged
stay in ICU. Serial bedside debridements of foot
resulted in circumferential loss of the hind and
midfoot skin with exposed calcaneum and necrotic

31

Fig. (1D): Post-operative CT Angiography.

tendons. Once deemed fit, the foot was salvaged
with microvascular omental flap and STSG (Fig.
2A). The vascular anastomosis was performed in
the middle third of the leg between the (Rt) gas-
troepiploic and posterior tibial vessels (Fig. 2B).
In this case, preliminary |aparoscopic examination
revealed extensive omental adhesionsfrom previous
laparotomy precluding safe harvest and resulting
in conversion to open harvest. Subsequently, both
the flap and graft healed without complications.
(Fig. 2C).

Fig. (2A): Post-traumatic skin defect (Lt) foot with cover
with exposed calcaneum and tarsals.

Fig. (2C): Early post-operative view of
flap with graft.

Fig. (2B): Inta-operative view of soft tissue microvascular
omental flap.
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Case (3):

A 7 year girl, with high voltage electric injury,
resulting in deep burns; involving 25% body sur-
face area. The deep burn to the forehead resulted
in 8x10cm full thickness skin loss with exposed
frontal bones. The scattered nature of the burns
made all the routine flap sites unavailable. The
defect was resurfaced with microvascular omental
flap and STSG. The vascular pedicle had to be
lengthened to 12cms for anastomosis in the neck
between (Rt) gastroepiploic vessels and (Rt) facial
Artery & Vein as there were no local recipient
vessels available due to deep burns. The flap and
the graft healed well except afew subcentric losses
that healed with conservative management.

Fig. (3A): Post-traumatic skin defect with exposed and fracture
site.

Fig. (3C): Well settled flap and graft in late post-op.

Case (5):

A 17 year male with left fronto-parietal scalp
defect from a bear maul injury. The multiple scalp
lacerations were repaired and area of scalp loss
covered at the primary hospital with split thick-
ness skin graft (STSG). For unspecified reasons,
the skin graft was partially lost and the patient
presented to us three months after injury with bare

Case (4):

A 25 year male with Gustilo type 3b fracture
both bones left forearm (Fig. 3A) following aroad
side accident. Initially, the fracture was stabilized
with external fixator and overlying skin lacera-
tions repaired. Subsequently, the degloved skin
overlying the fracture site necrosed and the pa-
tient presented 6 weeks later with a discharging
wound with exposed fracture site. The coverage
was provided with microvascular omental flap and
STSG. The (Rt) gastroepiploic artery and vein
were anastomosed to the (Lt) radial artery and
cephalic vein (Fig. 3B). The wound healed remark-
ably well within a couple of weeks and fractured
bones fixed as a secondary procedure (Fig. 3C,D).

Fig. (3D): Fracture site fixed with plates.

fronto-parietal skull (Fig. 4A). The scalp was
reconstructed with laparoscopically harvested
omental flap with a vascular pedicle length ened
to 14cm for anastomosis in the neck (Fig. 4B,C)
between the (Rt) gastroepiploic and the (Lt) facial
vessels. The flap and STSG settled well without
any complication (Fig. 4D).
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Fig. (4A): Post-traumatic scalp defect with exposed frontal
bone.

Fig. (4C): Intra-operative view of flap.

Case (6):

A 17-year old male presented with crush injury
to left foot following a road side accident. The
degloved skin of the dorsum of the foot necrosed
resulting in exposure of the extensor tendons. There
was associated vascular injury to the distal anterior
tibial vesselsin the lower third of the leg. Laparo-
scopically harvested omental flap was used to
cover the dorsum of foot and 1st web space with
the anastomosis between (Rt) gastroepiploic and
anterior tibial vessels at the junction of middle and
distal 1/3rd of the leg. The flap settled well except
a small area around the ankle with graft loss due
to shearing. This healed well with dressings and
the patient achieved normal foot function and
ability to bear weight in routine footwear.

Case (7):

A 28 year old male presented to the hospital
with old electric injury resulting in soft tissue loss
over right forearm and hand with exposed flexor
tendons. Following initial debridement skin cov-
erage was provided with microvascular omental
transfer and ST SG. The anastomosis was performed
between (Rt) gastroepiploic vessels and radial
artery and venae comitantes in middle of the fore-
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Fig. (4B): Inta-operative view with desired length of vascular
pedicle.

. [{/gl'
Fig. (4D): Late post-operative view with well settled flap and
graft.

arm. The flap and graft settled well with acceptable
hand function after physiotherapy.

Case (8):

A 14 year old boy presented with old type [11B
injury to the distal third of right leg following fall
from height. The necrosed degloved skin had been
debrided and the exposed fracture site stabilized
in an external fixator. The skin cover was provided
with microvascular omental flap and STSG with
the (Rt) gastroepiploic vessels anastomosed end
to side with the posterior tibial vessels in the
proximal leg. The flap and graft healed well with
no complications.

Case (9):

A 45 yr old male presented with high voltage
electric injury resulting in extensive deep burnsto
the right upper limb. The patient underwent initial
fasciotomy of the right forearm and hand followed
by serial debridements of the burnt area resulting
in extensive soft tissue defect involving distal
forearm, dorsum of the hand and first web space.
The soft tissue coverage was provided with micro-
vascular omental flap covered with STSG. The
vascular anastomosis was performed in the proxi-
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mal forearm between the (Rt) gastroepiploic vessels
and the radial artery and venae comitantes. The
flap and the graft healed exceptionally well with
good hand function.

Case (10):
A 25 year old male presented with firearm
injury resulting in amputation of all the fingers of

left hand at the metacarpophalangeal level. After
debridement, the bare metacarpal bones were
wrapped around with microvascular omental flap
and STSG. The vascular anastomosis was per-
formed in the mid forearm between the (Rt) gas-
troepiploic vessels and the radial artery and venae
comitantes. The flap and graft healed without
complications.

Table (1): Patient table with operative details, defect size, operative time, length of vascular pedicle, follow-up and outcome.

Length of Operative

Case Defect size Omhental flap Anastomosis pedicle time Follow-up Outcome

arvest
(cm) (hours)
1 8x6 cm post-sequestrectomy L aparoscopic- End to end anastomosis  6cm 3.45 18 months Flap and STSG healed
bone cavity distal tibia assisted between (Rt) gastroepip- well, rapid resolution
loic and posterior tibial of infection, good
vessels in middle third limb function with
of leg complete weight bear-
ing without secondary
bone procedure.

2 20x16 cms skin defect with L aparoscopic- End to end anastomosis 12cm 4.0 lyr Flap and STSG healed
exposed tarsal bones assisted converted  between (Rt) gastroepip- well without compli-

to laparotomy loic and Posterior tibial cation.
vessels at the junction of
middle and distal 1/3"
of the leg.

3 8x10 cm skin defect with Laparoscopic- End to end anastomosis  12cm  4.50 lyr The flap and STSG

exposed frontal bone assisted between (Rt) gastroepip- healed, afew subcen-
loic vessels and facial tric areas of flap
A&V. in neck. necrosis leading to
graft loss that healed
with conservative
methods.

4 10x12cm skin defect with Laparoscopic- End to end anastomosis  6cm 3.50 hours 1yr Flap and STSG healed
exposed fracture both assisted between (Rt) gastroepip- well, internal bone
bones forearm loic vessels and radial fixation after 6-weeks

artery and cephalic vein by orthopaedics, good
in proximal forearm limb function

5 8x12cm skin defect with ex- L aparoscopic- End to end anastomosis  14cm  4.30 hours 1yr The flap and STSG
posed fronto-parietal bone  assisted between (Lt) gastroepip- healed well without

loic and facial vesselsin complications.
neck

6 16x12 cms skin defect with L aparoscopic- End to end anastomosis  8cm 3.45 hours 1yr The flap and STSG
exposed tendons assisted between (Rt) gastroepip- healed well without

loic and Anterior tibial major complications

vesselsin distal third leg except a small area
around the ankle with
graft loss due to
shearing.

7 16x8cm skin defect with ex- L aparoscopic- End to end anastomosis  8cm 3.45 lyr The flap and STSG
posed flexor tendons assisted between (Rt) gastroepip- healed well without

loic vessels and radial complications.
artery and venae comi-
tantesin mid forearm

8 20x10 cm skin defect with Laparoscopic- End to side anastomosis 10cm  3.50 18 months The flap and STSG

exposed tibia assisted between (Rt) gastroepip- healed well without
loic vessels and Posteri- complications.
or tibial vesselsin prox-
imal leg

9 16x12cm skin defect with Laparoscopic- End to end anastomosis  8cm 3.30 lyr The flap and STSG

exposed tendons assisted between (Rt) gastroepip- healed well without
loic vessels and radial complications.
Artery and venae comi-
tantes in proximal fore-
arm.

10  12x8cm skin defect with ex- L aparoscopic- End to end anastomosis  8cm 3.30 lyr The flap and STSG
posed metacarpals assisted between Rt gastroepiplo- healed well without

ic vessels and radial ar- complications.

tery and venae comi-
tantes in mid forearm
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DISCUSSION

The selection of aflap in reconstructive surgery
is guided by the size, location and etiology of the
defect aswell certain patient variables such as past
and existing medical and surgical illnesses. Though
application of microvascular omental flap for rou-
tine reconstructive situations can be debatable, it's
unique set of attributes make it a natural choice
for certain peculiar and challenging situations
where the regular flaps either don't suffice or are
unavailable. These special qualities include:

1- A host of immune cells that help in swift reso-
lution of infection and expedite healing.

2- A vascular pedicle [21,22,23] that can be custom-
ized to need for microvascular anastomosis
outside the zone of injury and as flow-through
flap.

3- Pliable tissue with characteristic vascular archi-
tecture that enables simultaneous transfer of

multiple omental segments in complex three-
dimensional reconstructions.

4- A rich lymphatic system that ameliorates edema.

In this study, we explored omentum'srich vas-
cularity with its immunologic, reparative and re-
generative properties in a variety of severely in-
fected and chronic wounds [17,24,25,26]. The plia-
bility of the flap enabled obliteration of post-
sequestrectomy bony cavities characteristic of
chronic osteomyelitis. The results were swift res-
olution of indolent infection, shorter hospital stay,
significant reduction in secondary surgical proce-
dures and long term morbidity. The resurfaced
tendons demonstrated good function as the flap
provides a stable gliding surface essential for
normal kinetics. Though there was no incidence
of secondary tendon procedures like tenolysisin
this study. When required, that could be easily
done due to the peculiar vasculature of the flap
that allows safe access through it.

Some of the complex wounds in this study
(Cases 2,3,5,8) needed a flap with along vascular
pediclein order to have the microvascular anasto-
mosis outside the zone of injury. Such “ Customized”
vascular pedicles (range 6-14cm) were achieved
by extrapolating the principle of omental length-
ening by selective division of the arcade branches.
This technique allowed us to avoid the need of
vein grafts, thereby reducing operative time and
possible morbidity.

L aparoscopic assisted flap harvest, by doing
away with laparotomy, significantly reduces mor-
bidity [4,27,29,30,31] with |less post-operative pain
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and shorter time to resumption of bowel function.
Thiswas clearly demonstrable in this study as all
the patients were allowed oral intake and ambula-
tion after 24 hours of the procedure. The only
exceptions to early ambulation were the cases with
lower limb reconstruction.

The two-team approach significantly reduced
the operative time of the procedure (Average 4hrs)
as confirmed in this study. We believe this factor
can have major implication for centers with huge
load of reconstructive microsurgery patients but
limited resources particularly operative facilities.

Not with standing these advantages, this proce-
dure does have its own limitations. First, the avail-
ability of trained minimal access surgeon isimper-
ative which may not be possible everywhere.
Second, any previous upper abdominal surgery or
co-morbid condition that precludes safe laparo-
scopic harvest is considered arelative contraindi-
cation. A CT-angiography may be considered for
evaluating the status of the flap and its vascular
pedicle. In our study, all procedures proceeded
with initial diagnostic laparoscopy to confirm the
feasibility of flap harvest. If found other-wise, as
in Case (2) of the series with extensive adhesions,
a decision must be taken for conversion to open
technique or an alternate flap should be considered.

We did not come across any major flap related
or donor site complication including flap congestion
or loss. However, we did experience minor graft
loss in two cases. One in Case (3), where the
delicate omentum of child together with handling
trauma during harvest led to few sub-centric areas
of flap and graft loss. Other is Case (6), where
graft shearing during early ambulation resulted in
an area of minor loss around the ankle. All these
areas of graft loss healed conservatively with
dressings in a couple of weeks.

Another limitation is the short number of cases
in this series. We believe a larger series with ex-
tended follow-up is required to further validate the
results.

Conclusion:

Microvascular omental flap with its unique set
of stem cells, exceptional wound healing and tissue
reparative properties with minimum donor site
morbidity deserves to be in the armamentarium of
every reconstructive surgeon. However, the utility
of thisflap should be reserved for selected complex
situations that require it's unique attributes for
salvage or when as a salvage flap when the routine
skin and muscle flap options are unavailable.
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