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Introduction:
A surgical complication is any undesirable, 
unintended, and direct result of surgery aff ect-
ing the patient which would not have occurred 
had the surgery gone as well as could reason-
ably be hoped1. As modern surgery has become 
capable of addressing problems within human 
body that would have been unimaginable fi ft y 
to hundred years ago, range of potential surgi-
cal complications is greater than ever before. 
However, modern surgeon is more capable to 
stabilize and overcome such complications 
because of vast armamentum of clinical tech-
niques available today2. Soft  tissue coverage 
and preservation of lower limb has persistently 
challenged Plastic surgeons.     

Today, they have a variety of options to deal 
with this challenge ranging from non surgical 
like vaccum assisted closure to complex surgical 
ones like free tissue transfer.

Th e purpose of this audit was to determine the 
outcome (in term of complications) of soft  tis-
sue coverage to lower extremity, identify factors 
responsible for these complications and review-
ing the literature.

Soft  tissue coverage was defi ned as covering of 
the soft  tissue defect with skin graft ing, local 
fl aps, distant fl aps or free fl aps.

Outcome was seen in terms of complications 
that will be defi ned as follows:
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Complications of reconstruction
Venous thrombosis of fl ap: when fl ap has vi-
olaceous colour, brisk capillary refi ll, normal or 
increased temperature and dark blood aft er pin-
prick due to venous outfl ow obstruction

Arterial thrombosis of fl ap: when fl ap has pallor, 
decreased temperature, decreased capillary re-
fi ll, absence of bleeding aft er capillary refi ll due 
to arterial insuffi  ciency

Hematoma                               • 
Hemorrhage                      • 
Excessive fl ap edema• 
Partial fl ap necrosis: (<50% loss) any mar-• 
ginal necrosis or de epitheliasation
Complete fl ap necrosis: total loss• 
Skin graft  loss on fl ap margins                              • 
Sepsis • 
Wound infection: early post operative re-• 
cipient site infection, infection that required 
debridement.

Th e complications of donor site could be hema-
toma, seroma, cellulitis, partial wound dehis-
cence, skin graft  failure that could be complete 
or partial, sensory nerve dysfunction, scar for-
mation.

Material and methods:
Th is descriptive case series study was conduct-
ed at Plastic and Hand Surgery Department of 
Liaquat National Hospital, Karachi from 23rd 
November 2007 to 26th of October 2008. A 
total of 107 patients with lower extremity de-
fects requiring soft  tissue coverage were studied 
through purposive sampling.

Th e patients who presented in Emergency/ Or-
thopaedics or Plastic surgery departments with 
lower extremity defect or wound with or with-
out exposed bone and underwent reconstruc-
tive surgery or open fracture of lower extremity 
requiring soft  tissue coverage were included in 
the study. 

Patients who had segmental bone defects and 
underwent reconstruction with vascularized 
bone graft s and patients who underwent recon-
struction of amputation stumps were excluded. 

All patients admitt ed in Plastic surgery depart-
ment or referred from orthopedics or emergency 
with lower limb defect/wound and meeting the 
inclusion criteria were selected for the study af-
ter informed consent. Information prospectively 
collected was age, sex and etiology of defect, lo-
cation and size of defect, presence of co existing 
medical illnesses like diabetes, hypertension and 
smoking history. In case of trauma, mechanism 
of trauma and associated bone fracture and its 
method of fi xation was also recorded. Before em-
barking onto the procedure, patients were care-
fully examined. Before defi nitive coverage, num-
ber of debridements required was also recorded.  
Th e type of soft -tissue coverage performed by a 
Plastic Surgeon like skin graft ing, local, distant 
fl aps or free fl aps, and date between injury and 
coverage was noted. Th e dimensions of fl ap was 
recorded for each case. Patients were followed 
up for 1 month and outcome was recorded. Out-
come was assessed in terms of Complications 
like:  wound infection  including soft -tissue in-
fections requiring debridement, Partial Graft  
loss, Partial fl ap Necrosis, need for secondary 
soft -tissue coverage, and future amputations. All 
this information was recorded on a proforma. 

Data was analyzed by SPSS v 13.0. Mean and 
standard deviation was computed for quantita-
tive variables like age, timing of soft  tissue cov-
erage, associated type of fracture, mechanism of 
trauma, size and site of defect. Any inferential 
test of signifi cance will not be applicable for this 
descriptive study.

Results:
One hundred and seven patients underwent soft  
tissue coverage of lower extremity from 23rd 
November 2007 to 26th of October 2008. Mean 
age was 31.9 years  with range 3-70 years. Th ere 
were 91 men (85%) and 16 women (15%). 
Mean hospital stay was 10 days ranging from 
1-42 days. Follow up ranged from 1 month to 9 
months. 

Most of the defects were due to Trauma (72 %) 
followed by Diabetes (13.1%) and non diabetic 
skin infections (5.6 %). In case of trauma most 
common cause was motorbike accidents fol-
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lowed by motorvehicle and pedestrian/motor-
vehicle accidents. Most common causes of burn 
causing soft  tissue were fi re and electric burns 
followed by scald. Most of reconstructions 
were performed for Leg and ankle foot complex 
(each 36.4%) followed by thigh alone (16.8) 
and knee (6.5%) In case of knee, anterior knee 
was involved in 3 cases (2.8% of total) while 
popliteal fossa was involved in 4 cases (3.7% of 
total).  In leg, most of the times, middle third 
(n=17, 15.9% of total) was involved followed 
by lower (n=10, 9.3%) and upper third (n=6, 
5.3%).  Dorsum of foot was mostly involved area 
in foot/ankle complex. (n=18, 16.8% of total) 
followed by plantar aspect of foot (n=6, 5.6%) 
and Achilles tendon area (n=5, 4.7%). No. of de-
bridements required ranged from 1-3. Vaccum 
assisted closure therapy was used preoperatively 
in only 3 patients (2.8%). 9 patients had major 
vascular injury needing repair (8.4%).  19 pa-
tients (17.8%) (Figure 26) had associated frac-
tures which were treated by external fi xation in 
fi ve patients followed by nailing (n=4).

Most of the wounds were covered by skin graft s 
(65.4%) which all were split thickness (fi gure 
1). Fasciocutaneous local fl aps were employed 
in 22.4 % of cases followed by free fl aps (5.6%), 
perforator fl aps (3.7%), muscle fl aps (1.9%) and 
musculocutaneous fl aps (0.9%). Most common 
fasciocutaneous fl aps employed were proxi-
mally based of random patt ern (13.1% of to-
tal) followed by distally based sural fl ap (4.7%) 
and bipedicled fl aps (2.8%). In two patients 
gastrocnemius muscle fl ap was used while the 
only one musculocutaneous fl ap used was fl exor 
digitorum brevis musculofasciocutaneous fl ap. 
Among the free fl aps latissimus dorsi and rectus 
abdominis muscle fl aps (2 cases for each 1.9% 
of total) were most commonly employed fol-
lowed by radial forearm and anterolateral thigh 
fl aps (each used in one case only). Medially 
based perforator fl ap based on perforators from 
posterior tibial artery was employed in 1.9 % of 
total cases followed by distally based anterolat-
eral thigh fl ap and perforator fl ap based laterally 
on peroneal artery perforators (each in 0.9 % of 
cases). 
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Figure 1: Type of Soft  Tissue coverage
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Figure 2: Complications observed
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Complications were observed in 35 patients 
(32.7%) (Figure 2). Most common was partial 
graft  loss (n=11, 10.3%), followed by partial fl ap 
loss (n=8, 7.8%) and total fl ap loss (5,4.7%). 
Donor site complications were observed in 4 
patients (3.7%), 3 were partial loss of graft  and 
one was delayed healing of donor site of graft . 
Only one mortality was encountered when one 
patient died on fi rst post operative day (mortal-
ity =0.9%). Complications were higher for more 
complex procedure (fi gure 3). Majority of com-
plications were dealt with dressings (19, 17.8%), 
skin graft ing in fi ve patients (4.7%), VAC and 
subsequent cover with skin graft ing in four pa-
tients and fl aps were used in only two patients 
(fi gure 4). 

Discussion:
Soft  tissue defects of the lower extremity espe-
cially of leg and foot  used to be  an enigma of 
reconstructive surgeons. Trauma due to road 
traffi  c accidents, diabetes mellitus and periph-
eralvascular disease account for most of the 
cases presenting with soft  tissue losses in lower 
extremity. Reconstruction of lower extremity is 
diff erent from upper limb because of its unique 
features. It is almost always in a dependent po-
sition and more susceptible for venous stasis. It 
has an increased incidence of peripheral vascular 
diseases. Th e subcutaneous location of the tibia, 
the main weight bearing bone of the leg, poses 
unique problems in the fracture healing.

In this study, skin graft s were the most com-
monly used reconstructive option (65.4%) with 
complications observed in 24.3% ; most com-
mon being partial graft  loss (15.7%) needing 
further dressings. All of the thigh wounds were 
skin graft ed showing that in thigh, fl aps are rare-
ly required. Similarly, 2nd most common site 
graft ed was dorsum of foot. 

Most commonly employed fl aps were fasciocu-
taneous fl aps of lower limb. Complications were 
observed in 37.5 % of cases. Proximally based 
fasciocutaneous fl ap was the most commonly 
employed (58.3% of fasciocutaneous fl aps) with 
complications observed in 35.7% of cases. Par-
tial fl ap loss was observed in 3 while donor site 

graft  loss in 2 patients.  Hallock found an 18.5% 
complication rate in 67 patients treated by fas-
ciocutaneous fl aps. Distally based fl aps had a 
higher rate of 37.5%, however wound closure 
was ultimately achieved in 97% of patients3.

Distally based Sural fl ap was used to cover de-
fects of ankle and foot in fi ve cases and a total 
complication rate of 60% was observed. Th ere 
was one (20%) total fl ap loss and two partial fl ap 
necrosis (40%). Complication rate is similar to 
Baumeister, SP et al4  who critically examined 
complications of sural fl ap in 70 consecutive 
cases and found 59% complication rate with 
19 % rate of total fl ap necrosis and 17% partial 
fl ap necrosis. Th ey found that age older than 
40 years was found to be a signifi cant risk fac-
tor for complications, both in all patients and in 
those without comorbidities. Patients without 
medical problems showed a necrosis rate of 11 
percent. Patients with systemic diseases other 
than diabetes mellitus, venous insuffi  ciency, and 
peripheral arterial disease showed a necrosis 
rate of 33 percent. Patients with one or more of 
those three diseases showed a necrosis rate of 60 
percent. Th e only failure we encountered was in 
a diabetic patient with age 52 years and dilated 
cardiomyopathy. In case of Partial fl ap loss in 
two patients, no obvious cause was found. One 
study from Rawalpindi, Pakistan has compared 
medial plantar artery fl ap to sural fl ap for cover-
age of heel defects and found former to be bett er 
in terms of weight bearing, early mobilization 
and less complications5.

Perforator fl aps were used in four cases with 
limited success. Only one of the fl aps totally 
survived. Out of these four, one was distally 
based anterolateral thigh fl ap which failed due 
to venous congestion on third day. It was used 
in 65 years old man with degloving injury to 
his knee and fl ap was used to resurface anterior 
knee. Th ere are small case series on the use of 
distally based anterolateral thigh fl ap with high 
success rates. However they concluded one dis-
advantage of this fl ap that is the variability of the 
vascular pedicle and pivot point. It is diffi  cult to 
dissect, as the distal portion of the descending 
branch runs into muscle, and taking a piece of 
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muscle with the pedicle to prevent vasospasm is 
recommended6. 

Distally based island fasciocutaneous fl ap, based 
on a single perforator (propeller fl ap) was used 
in three patients: two based on posterior tibial 
and one on peroneal perforators. Th ese fl aps 
were completely successful in one, partially in 
one and completely failed in one patient. Flaps 
were delayed in two out of three patients.  Th e 
single important determinant for occurrence 
of complication was the vertical dimension of 
fl ap. Both fl aps which failed either partially and 
completely, had vertical dimension of 35 cm and 
30 cm respectively. Proximal limit of fl ap falls 
within 8 cm from the knee joint line according 
to one study7. Th ey also concluded limitations 
of these fl aps. In patients where the defects were 
followed by severe trauma of the distal leg, it is 
not advisable unless the patency of the perfora-
tors has been proved by Doppler. Th e reach of 
the fl ap is not adequate to resurface the total sole 
or total dorsal defects of the foot. 

Muscle/ musculocutaneous fl aps were used in 
three patients. Two were gastrocnemius and one 
was fl exor digitorum brevis musculocutaneous 
fl ap whose skin portion underwent necrosis. 
Th is musculocutaneous fl ap has been described 
in few case reports8,9,  but fl exor digitorum mus-
cle fl ap is a useful fl ap in reconstruction of heel 
defects with good reliability10. Gastrocnemius 
fl ap (medial heads) was used in two patients for 
upper 1/3rd of leg defects with one complete 
success and one with partial necrosis due to in-
fection. 

 Free fl aps transferred to the lower extremity have 
been associated with a signifi cant incidence of 
vascular complications and fl ap necrosis varying 
from 15 to 20%11,12. Th is is because recipient ves-
sels are oft en very diffi  cult to prepare, with wide 
zones of trauma13. Free fl aps were used in six of 
our patients (5.6% of total) and all had traumat-
ic wounds. Total fl ap loss occurred in 2 of our 
patients (33.3% failure rate). Th is is quite high 
when compared to other studies. So we tried to 
analyze the causes of high failure rate. 

Diminished functional capacities of all vital 
organs in elderly patients and the presence of 
associated medical problems may increase pe-
rioperative and postoperative morbidity and 
mortality14. All of our patients undergoing free 
tissue transfer had mean age of 31 years with 
range 15-45 years. So age should not have been 
the problem. Age is not considered to be a risk 
factor now and successful transfers have been 
performed in patients upto 70 years of age15. 

Godina noted a failure rate of 0.75% for fl aps 
covering wounds that were 0 to 3 days in du-
ration, 12% failure for wounds remaining for 3 
days to 3 months aft er injury, and 9.5% failure 
for fl aps covering wounds remaining for longer 
than 3 months aft er injury in his study of 532 
fl aps16. Gonzalez et al. noted a 19% (eight out 
of 42) rate of fl ap failure in chronic leg wounds 
of greater than one month duration17. Byrd et al. 
noted a 33% (seven out of 21) rate of fl ap failure 
when covering wounds of the tibia in the sub-
acute period (1 to 6 weeks) and the chronic pe-
riod (>6 weeks)18. It is clear that in the delayed 
coverage group the rate of complications is in-
creased markedly. Mean time between injury 
and wound coverage in our study was 6 days 
ranging from 2-14 days. 

Th e microvascular surgeon’s choice of fl ap do-
nor site has a signifi cant eff ect on the probability 
of fl ap survival, and not all free fl aps are equal. 
Krott  et al19 noted that  rectus abdominis free 
fl ap, the free latissimus dorsi fl ap, the radial fore-
arm free fl ap, and the free jejunal fl ap had the 
lowest failure rates and the fewest complications 
in their hands. Conversely, the free fi bula fl ap, the 
DCIA (iliac crest) fl ap, the scapular (osteocuta-
neous) fl ap, the lateral arm fl ap, and the lateral 
thigh fl ap had higher failure rates and more risk 
of complications. Th ey concluded that during 
selection of a free fl ap to use for a given defect, 
the reconstructive surgeon should consider the 
ease of fl ap execution as one factor determining 
fl ap choice, especially if he or she is relatively 
inexperienced. If all other factors are equal, the 
fl ap with the lowest failure rate will ordinarily be 
the best selection. Rectus abdominis and radial 
forearm yielded good results in our hands while 
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anterolateral thigh fl ap failed probably because 
we are gaining experience in this fl ap. Similarly 
the only latissimus dorsi that failed was elevated 
by a registrar. However in a small series of fi ve 
patients it is diffi  cult to draw conclusion. 

Th e choice of microvascular anastomotic tech-
nique, end-to-end versus end-to-side, is still an 
item of debate. We used end to end anastomosis 
for artery in 3 while end to side for 2 patients 
and in case of venous anastomosis end to side 
for 4 while end to end for one patient. We found 
no signifi cant diff erence in success rate but 
conclusion cannot be drawn from such a small 
sample. A review of the literature reveals no dif-
ference in patency rates in animal models20,21 
where there is no size discrepancy. Th e avail-
able clinical evidence stems from Godina’s early 
experience22, who reported 41 consecutive free 
fl aps using end-to side anastomoses without 
failure aft er having considerably less success us-
ing arterial end-to-end anastomosis. Th e choice 
of technique therefore should be secondary to 
factors infl uencing the choice of recipient vessel, 
such as the condition of the vessel, its accessi-
bility, and the preservation or augmentation of 
maximal distal fl ow to an extremity.

Conclusion:
In conclusion, soft  tissue coverage of lower limb 
is demanding and challenging and at the same 
time rewarding because most of the patients are 
young and victims of trauma. Earlier coverage 
not only results in fewer complications but also 
earlier mobilization and return to work. Fol-
lowing this study we recommend the use of ear-
lier coverage whenever possible, frequent use of 
Vaccum assisted therapy and muscle fl aps where 
indicated, use of Sural fl ap in selected patients 
and restricting the use of Propeller fl aps for the 
leg defects only and not for the foot defects.  
Similarly it is recommended to use those free 
fl aps which are frequently performed in the unit 
to ensure success.
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