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Abstract Background Mapping of vascular perforators by various methodologies have been
described for planning of a variety of flaps in the lower limbs. We attempted to assess
the changes in posterior tibial perforators after transfer of fasciocutaneous flaps for
leg defects.

Methods 20 patients with distal leg and foot defects were studied by computed
tomography angiography (CTA) and preoperative audio Doppler to ascertain perfo-
rators of posterior tibial artery. Fasciocutaneous flaps were raised, based on these
perforators, depending on the site and size of soft-tissue defects. The number of per-
forators and their distance from the medial malleolus were also studied. Postoperative
CTA was performed on the 7th to 10th day, with emphasis on postoperative changes
of the perforators on which the flaps were based.

Results One to four posterior tibial perforators were found between 5 cm and 8 cm
proximal to the medial malleolus. After flap transfer, the perforators could be traced
to variable distance through the total length of the flap. The perforators formed small
vascular loop in 12 patients, following retrograde posterior tibial flap transfer. The
height of the loop, the number of such loops, the dilatation and tortuosity of the per-
forators, and their longitudinal orientation were studied in detail. Most of the findings
can be explained by mechanical realignment of perforators as well as by the delay
phenomenon associated with retrograde fasciocutaneous flaps.

Conclusion It was concluded that the morphological changes associated with the
perforators explained the vascular rationality and success of these flaps.
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with subcutaneous and subdermal plexus.! Vascularity is
principally derived from septocutaneous perforators that
emerge from the posterior tibial artery at 4 to 26 cm from the
medial malleolus.? Musculocutaneous and septomusculocu-
taneous perforators have also been described. However, only
septocutaneous perforators are present in the distal third

Introduction

Deep fascia of lower limbs has been used as vascular carrier in
fasciocutaneous flaps for about four decades. Posterior tibial
artery and its perforators play a vital role in forming the vas-
cular arcade in deep fascia and subsequently communicating
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of the leg.> Each arterial perforator is accompanied by two
venae comitantes, draining into the great saphenous vein.
The rich subdermal axial network allows dissection of large
meticulously designed flaps based on these perforators.*

Objective mapping of the perforators has been defined
in cadavers as well as living beings. In cadavers, mapping of
perforators has been described, using radiopaque injections
like barium sulfate and lead oxide.>¢ Computed tomography
angiography (CTA) completed the gamut of perforator imag-
ing, which was earlier assessed only by color Doppler ultraso-
nography (CDU). A number of researchers have used CTA for
preoperative perforator imaging.” However, the vascular anat-
omy of the perforators following the transfer of flaps has been
inadequately studied. Postsurgical alterations in the perfora-
tor anatomy are specific and need detailed evaluation by CTA.

We aimed to study the postoperative course of the per-
forators on which the flap was planned and raised. We
analyzed the subject to provide a logical explanation to the
exclusive findings.

Material and Methods

From October 2018 to March 2020, 20 patients with skin and
soft-tissue defects of the distal third of leg, ankle, and foot
were admitted for treatment in the department of plastic sur-
gery at an apex trauma center. They were resurfaced by ret-
rograde posterior tibial perforator-based flaps. The study was
undertaken after obtaining approval from the Institute Ethics
Committee and following informed consent from the subjects.

Injury to major vessels of the lower extremity was ruled
out. Supple and pain-free movements of the ankle joints
were important for early mobilization. Patients with pro-
fusely discharging wounds were included only after the dis-
charge decreases or ceases. Subjects with significant medical
illness as well as those who were addicted to smoking were
also excluded from the study.

Meticulous preoperative assessment of wounds was done
prior to surgery. Wound was assessed carefully for edema of
edges, obvious necrotic tissue, and structures exposed in the
floor. Defect dimensions were measured and availability of rel-
evant donor tissue was evaluated. Dimensions of the tentative
posterior tibial fasciocutaneous flap and the tentative incision
site were also noted. Subjects with extensive locoregional scar-
ring encroaching the donor area of posterior tibial flaps were
excluded. Strict blood glucose control and evaluation of coag-
ulation function were vital to prevent complications following
surgery. Incisional tissue biopsy helped in culture-based anti-
biotic treatment in chronically infected patients.

Color Doppler (EPIQ Elite, Royal Philips Electronic Inc,
Amsterdam, Netherlands), was performed with 7.5 MHz
to 11.5 MHz linear probes. It helped in locating the site,
length, direction, and internal diameter of the perforators.
The investigative modality of choice was a 128 slice CT
Angiographic evaluation, which was performed using a non-
ionic iodine-based dye (Discovery MI DR, GE Health care,
Milwaukee, USA). Images were obtained and processed for
visualization of peripheral vasculature, including the per-
forators that would be incorporated in the base of the flap.
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They were reconstructed at various angles and rotation. The
images were processed using volume-rendering and maxi-
mum projection intensity functions to select and hide desired
regions of the image which enabled detailed high-contrast
evaluation of the region in three dimensions.

Vascular perforators identified by radiological evalua-
tion were confirmed by handheld audio Doppler just prior
to the surgery. Perforators were marked along the vascular
axis which was marked approximately 2.5 cm posterior to
the medial border of tibia. Careful planning was of utmost
importance to raise an adequate flap. The wound was pre-
pared by thorough debridement and rigorous cleaning.

Retrograde fasciocutaneous flaps were dissected, depending
upon the site and size of the soft-tissue defect. The anatomical
distribution of soft-tissue defects is depicted in =Table 1. The
patients were operated in supine position with hip externally
rotated for easy harvesting of flap from the medial side of leg.
The proximal limit of the flap was marked 10 cm distal to the
knee joint. Under tourniquet control, dissection of the planned
flap was initiated by proximal and anterior incision. As the flap
was raised from proximal to distal, perforators were encoun-
tered, tethered to the deep fascia, which were severed, except
for the distal one or two perforators, and would be included
in the flap pedicle. The pedicle was also narrowed toward the
base of the flap, keeping 4 to 5 cm width and ascertaining the
inclusion of perforators (=Fig. 1). In addition, it was beneficial
to free the perforator from the surrounding tissues to dimin-
ish the prospect of vascular kinking and subsequent compli-
cations. This also permitted smooth transfer of the flap with
a relaxed pedicle. After elevation and retrograde transfer of
the flap, tension-free suturing of the flap was done to prevent
tissue ischemia. A noncompressive windowed dressing was
applied for daily monitoring of the flap. The limb was elevated
above the heart level to minimize postoperative edema. The
perforators that were marked preoperatively would be further
evaluated in the postoperative period utilizing CTA.

It was performed after 7 to 10 days of flap transfer. The
posterior tibial vessel and the perforators, on which the flaps
were based, were evaluated and vascular changes looked for.
The perforator course through the length of the flap was ana-
lyzed in the postoperative period.

Results

Average age of the 20 patients was 36.85+12.71 years
(range 18-60 years). Half of the patients were aged 35 years
or less while 90% were males (=~Table 1). The average size
of posterior tibial perforator-based flaps to resurface wounds
was 105.27 cm? flaps (45-200 cm?), and they were operated
in 132.37 minutes. All the 20 patients were evaluated for
vascularity and imaging of posterior tibial perforators in the
postoperative period.

As much as 50% of the patients sustained wounds due to
trauma followed by nonhealing ulcer including diabetic ulcer
(35%). Tissue defects on the distal third of leg was found in
10 patients (50%), over the dorsum of foot in four patients,
over medial malleolus in three, and on weight-bearing heel
in two patients (=Table 1). Half of the patients had unhealthy

© 2021. Association of Plastic Surgeons of India.

273



274 Perforators in Retrograde Posterior Tibial Fasciocutaneous Flaps Agrawal et al.

V1D anieladoisod

dJeLWdS,
91BN q
JaquinN.
‘Aydesboibue Aydeibowoy payndwod ‘y| ) :uoneinaiqqy
payelb
upys eale jualdipal
2y} jo Jied |e3sig
sIs012au [elied L 0L %07 S 14 b3 jo ¢ |easia 14e1b pjo buibleydsiq IN/9S 0z
a1ndni
- 6 9xLL §'s € uoibai s3Iy UOpUS) SI||ILPY AU /09 61
- L 9x¢l 8 14 b3 J0 ¢ |e3sia ainyoely [eiqiy uado N [0S 8l
SIS01D3U |Bl3led 6 9xG7TL L 3 1004 Jo wnsioq 13| d139qeIq N /€2 Ll
- 8 LxTL S z snjos|jew [eIpay 190n Buijeayuou d1uoiy) /6L 9l
- 8 9x vl 8 L bay 4o ¢4 [e3sia ainyeyy eiqi uado IN/8S Gl
- L 8x Gl L 3 1004 JO WwnsioQ 132|n Buijeayuou diuoiy) >dlvy Il
- 8 Sx50L 8 € b3y 0 % |e3sia ainydely eiqn uado /2y €L
- 8 8xG9l S L [23y burieaq-1ybrap 190)n buijeayuou s1uoly> W/eg zL
- L 9x0l 9 ¥ Snjo3jjew [eIpaN a1n3oely uado Jejoajjew 11dd N/SY m
- ol 0L x9l S € [23y Burieag-3ybropm 190|n bujeay-uou d1uoiyd W/ev oL
- 8 gx¢l L z 1004 Jo WNsi0Q 130|n Buyjeay-uou d1uoiy> N/ Ly 6
- 8 0L x0¢ GG 14 B3] jo0 ¢ |easia ainyoely [eiqiy uado N/LE 8
- L 8x 9l 8 € B3] jo ¢ |e3sia 14816 upys 4o ss07 n/se L
ainjoeyy
- 8 58 x8l S ¥ snjod|ew [elpaj\ | uado Jejo3jjeL pue eiq 1Mo /g€ 9
- L 6x¢€l S € b3 j0 ¢ |easia ainjoeyy [eiqiy uado /o€ S
uoI3dd4uI Aep puodas
- L 9x6 S 4 bay o ¢ [e3sia yum anpdeyy [eiqn uado /9 14
- L 9x¢l 8 % 3004 jo wnsloqg 133|n d13eqeig 4/0z €
- 6 6xSL S 3 bajjo % je3sia ainpey [eiqi uado W/ve 4
juejdwi pasodxa
- L Sx6 8 L baj jo0 ¢ |easia yum ainyoeyy jeiqn uado aN/8L L
(wd) sdueisip
(sAep) (wd x wd)suols | 103e10413d |e3sip-sn| 510} 12949p 19puab
suonjedljdwo) | pawuoyiad , y1D doisod -usawip def4 -03||ew |eip3\ | -e1oiad jo o 9Y3 JO 91IS |ED1WOIRUY Abojon3 |(s1eak) aby .0u °S

sjuaned oz jo eyep oiydesbowsg | 3djqeL

© 2021. Association of Plastic Surgeons of India.

Indian Journal of Plastic Surgery Vol. 54 No. 3/2021



Perforators in Retrograde Posterior Tibial Fasciocutaneous Flaps Agrawal et al.

wounds and required prolonged antibiotic dressing and
sequential debridement before definitive resurfacing.
Preoperative CTA of the involved lower limb was per-
formed to assess vascular axis of the posterior tibial artery
and its perforators. The variables studied on preoperative
CTA were the number of perforators, which were 2.75 + 1
(range 1-4, median 3) (=Fig. 2), and medial malleolus to
the distal most perforator distance, which was 6.3 + 1.3 cm
(range 5-8 cm, median 5.75) (=Fig. 3). The perforators were
single in three cases and multiple in 17 patients, and 50% of
the posterior tibial perforators were clustered within 5-6 cm

Fig. 1 Perforator emerging from the posterior tibial artery, accom-
panied by venae comitantes in a pedicled fasciocutaneous flap.

ml

Single or multiple
—— perforators (1-4)
N of the posterior tibial
artery

Distribution of perforators in the 20 patients

Fig. 2 Pie chart depicting the number of perforators from the pos-
terior tibial artery, with 40% lower limbs having three perforators.
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Distribution in 20 patients of posterior tibial perforator based flaps

Distance of perforators from

medial malleolus (cm})
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Fig. 3 Bar diagram depicting the site of posterior tibial perforators,
especially found at 5-6 cm proximal to the tip of medial malleolus.
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Fig. 4 (a) Reconstruction of right heel by 16 x 10 cm retrograde
pedicled fasciocutaneous flap, based on perforators of the posterior
tibial artery at 5.5 cm and 7.5 cm from the medial malleolus (serial
no. 10 in Table 1). The base of the flap was narrowed to 4 cm. (b)
Flap raised, preserving the perforators, transferred and inset. (c)
Computed tomography angiography (CTA) showed distal perforator
forming a small vascular loop and coursed tortuously to the distal
most sutured portion of the flap.

from the medial malleolus (=Table 1). Flaps survived well in
18 patients (90%), while two patients had partial necrosis.
Postoperative CTA was performed at a median of 8 days
(7 to 10 days) after surgery to study the perforators following
flap transfer. The perforators were traced through the flap
up to the distal most part. Dilatation of perforators as well as
tortuosity were observed following flap transfer. In six cases,
we found that the perforators reached almost to the distal
end of the flap, while in 12 patients, they traversed 50 to
60% of the flap length. However, in two cases, they could be
traced up to less than 50% of the total flap length. In addition,
perforators after emerging from the main trunk formed small
vascular loops in 12 out of 20 patients (60%) (~Figs 4-6).
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Fig. 5 (a) Soft-tissue defect over right medial malleolus resurfaced
by 12 x 7 cm retrograde posterior tibial perforator-based fasciocuta-
neous flap (serial no. 16 in Table 1). (b) Computed tomography angi-
ography (CTA) depicted the perforator course through the length of
the flap.

Discussion

Precise understanding of the vascularity of fasciocutane-
ous flaps has fascinated scientific workers across the globe.
Dynamic infrared thermography has surfaced as a nonin-
vasive means of postoperative flap assessment, but it does
not provide any information about perforators.® Traditional
angiography was considered the gold standard of imaging for
many years. CDU can provide substantial information, but
it is real-time, operator-dependent, and unable to produce
a three-dimensional image of the vasculature.® CTA imaging
of the posterior tibial perforators was performed to provide
significant understanding about the mechanism of survival
of fasciocutaneous flaps.

CTA has been frequently used for planning of perfora-
tor flaps but has not been applied to study the perforator
course in the transferred pedicled flaps. It was observed that
the perforators, after they emerge from the posterior tibial
vessels, formed small vascular loops following flap transfer.
This can well be explained by mechanical realignment of the
flap as the tissue moved almost 180° at the base of the flap.
Identification of perforators and their mobilization prevented
unnecessary torsion. Retrograde flaps demonstrated distinct
perforator course in the superficial plane of the flap. This
is in accordance with the “Gent” consensus that explained
perforator terminologies. It also described that perforators
traverse deep fascia and supply the dermal plexus, thus,
forming the vascular basis of these flaps.!°
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Fig. 6 (a) Profusely discharging skin graft over the dorsum of
right foot and part of heel, necessitating excision and flap cover,
using 16.5 x 8 cm posterior tibial perforator-based flap (serial no.
12 in Table 1). Two perforators, at 5 cm and 8 cm from the medial
malleolus, were preserved. (b) Computed tomography angiography
(CTA) beautifully illustrated both the retained perforators and their
postsurgical course through the flap. They could be seen coursing to
variable distances distally along the entire flap length.

The height of the vascular loop depended on the laxity
of the flap at its base. The number of loops may be one or
more, which was determined by the number of perforators
retained in the base of the flap. Posterior tibial artery con-
tributed sizeable perforators with perforator course along
the length of the flap, independent of caliber of the perfora-
tors. Retrograde fasciocutaneous flaps, which are, in effect,
delayed flaps, demonstrated dilatation of existing vessels
within the flap and not ingrowth of new vessels.!" Such sur-
gical delay was responsible for longitudinal orientation of
perforators, as evidenced by postoperative CTA.

The relative ischemia of the flap, induced by the surgical
delay, was further confirmed by the vivid perforator course
through the flap. The perforators, after originating from the
vascular trunk, were traced up to different distances along
the long axis of the flap (=Fig. 4c). Ischemia-driven vascular
dilatation assisted in better visualization of the perforators
and their subdermal course. The perforators that reach almost
to the distal end of the flap indicate a well-dilated and ade-
quately perfused flap. The entire subdermal course was seen,
and this concept has been highlighted by researchers.'? The
timing of postoperative CTA was not decided arbitrarily.
Tsur et al in their early work demonstrated neovasculariza-
tion from the recipient bed and margins within 7 to 10 days
of intervention.” The CTA would give best results before
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neovascular contribution and, therefore, was performed at a
median of the 8th postoperative day.

Studies have also shown that the flap elevation resulted in
increase of the diameter of choke vessels, which link adjacent
vascular territories or angiosomes, on the 3rd day to reach a
maximum at day 5. Their tortuosity increased as well, lead-
ing to increased vascular length, the change occurring from
day 5 until day 7.4

Posterior tibial fasciocutaneous flap was earlier sup-
posed to depend on the vascular supply of the direct cuta-
neous branches of the posterior tibial vessels. Carriquiry et al
reported that there are three main groups of septocutaneous
perforators, located at 9 to 12, 17 to 19, and 23 to 32 cm from
the tip of the medial malleolus.” On the contrary, Blondeel
categorized posterior tibial perforators as primarily muscu-
locutaneous.'® Schaverien in his work deduced that perfo-
rators arising from the posterior tibial arteries were found
within discrete septa. Reliable perforators of the posterior
tibial artery were found within three distinct 5-cm inter-
vals at 4 to 9 cm, 13 to 18 cm, and 21 to 26 cm from the
medial malleolus.? We demonstrated sizable, distal-most
perforators of vessels on which flaps were raised. In our
study, the posterior tibial perforators were found between
5 cm and 8 cm (median of 7 cm) from the medial malleolus.
Thus, the findings corroborate well with those of Schaverien.
This knowledge of the location of perforators is of para-
mount importance while planning a posterior tibial flap and
enhancing the success rate of the fasciocutaneous flaps. Bulla
et al demonstrated that the mean distance of the perforator
from the medial tibial border was 1.23 cm as opposed to the
conventional 2.5 cm.'® In the present work, the number of
posterior tibial perforators was a median of 3 (1-4). However,
cadaveric dissection of 155 perforators of posterior tibial
artery demonstrated an average number of five perforators.?

Haertsch reported strikingly deficient perforating vessels
in the lower leg.”” However, we could find a sufficient num-
ber of perforators of the posterior tibial vessels with appro-
priate diameter in the middle and distal third of leg. Thinner
modifications of fasciocutaneous flaps such as adipofascial or
fascial flaps have limited usefulness, owing to smaller dimen-
sions.'®19Posterior tibial perforator-based flaps can be used
for reconstruction of massive defects, and it is better than
other more complex microvascular techniques of flap trans-
fer.2° The versatile retrograde posterior tibial perforator-based
fasciocutaneous flaps is a simple technique that remains the
backbone of reconstruction of distal leg and foot defects.

Conclusion

Retrograde fasciocutaneous flaps, based on radiologically con-
firmed perforators of posterior tibial artery, were successfully
executed for distal leg and foot defects. CTA was helpful to ana-
lyze the course of perforators, following flap transfer, as well as
ascertain the viability of the flap. The morphological changes in
the vasculature were unique and add to the existing knowledge.
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