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Abstract

Introduction: Hand injuries continue to be a major occupational hazard and a frequently associated injury in road
traffic accidents requiring flap cover for soft tissue defects. Various local flaps, regional flaps, distant flaps, and
free flaps are used for covering hand defects. Posterior Interosseous Artery (PIA) Flap is a reliable regional flap
for such defects. It is a reverse pedicled fasciocutaneous flap, based on the anastomosis between Posterior and
Anterior Interosseous arteries near distal Radio Ulnar Joint. In our present study, we have documented a consistent
branch from the ulnar artery, running around the neck of the ulna and anastomosing with the PIA which enhances
flap vascularity when carefully retained. We have designed the flap based on mid-forearm perforator from PIA
which avoids encountering PIN branches present proximally. The perforator is eccentrically placed in the flap
design, thus allowing the proximal forearm skin to be raised in the flap without compromising the reach of the flap
Aim: To study the technical refinements in PIA flap and to recapitulate the versatility of PIA flap for various defects
of distal forearm and hand.

Methodology: A prospective study was conducted over a period of 15 months to include 15 cases of distal forearm
and hand defects that could be covered with PIA flap. The patients were observed for outcomes.

Results: Fifteen cases were included in this study over a span of 15 months. The average age was 41.9 years. Post-
traumatic defects in the dorsum of hand, fingers, thumb, and volar aspect of the distal forearm; Post burn
contractures in the palm (camphor burns), 1st web space, and thumb; and post excisional defect of tumor in hand
were included. None of the flaps had any partial or total necrosis. One patient had flap edema (6.67%) and another
patient had venous congestion (6.67%) of the flap which subsided by conservative management.

Conclusion: PIA is a versatile and reliable flap for the defects in the distal forearm and hand. Mid-forearm
perforator can be chosen whenever feasible with appropriate flap design to avoid encountering PIN branches.
Vascularity can be enhanced by maintaining the communicating vessels from the ulnar artery around the neck of the
ulna.

Keywords: dorsal interosseous artery flap, distally based island flap, distally based fasciocutaneous flap, hand
reconstruction, distal forearm reconstruction, post-burns reconstruction of hand.

Introduction
Hand injuries continue to be a major occupational

outcome finally. Various local flaps, regional
flaps, distant flaps, and free flaps are used for
hazard and a frequently associated injury in road covering hand defects. Local flaps are small flaps
traffic accidents”). Soft tissue defects of the hand which might not meet the requirements of larger
require early flap cover to protect exposed defects. Distant flaps have a multi-staged

neurovascular structures, tendons & bone, thus
ensuring their vascularity, preventing infection,
allowing early mobilization, and a good functional

procedure and require high patient compliance.
Free flaps are technically demanding. Most of the
regional flaps have the advantage of being a single
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staged procedure® in general which provides
adequate tissue for complete cover of the defect.
Posterior Interosseous Artery (PIA) Flap has
become a preferred flap since its introduction by
Zancolli and Angrigiani in 1986%). It is a reverse
pedicle fasciocutaneous flap (Mathes & Nahai
type B). It is based on the anastomosis between
Posterior and Anterior Interosseous arteries near
distal Radio Ulnar Joint®”. The flap receives
multiple septocutaneous branches from the PIA
running between Extensor Digiti Minimi (EDM)
and Extensor Carpi Ulnaris (ECU)®. A relatively
larger flap can be harvested without sacrificing the
two major arteries® of hand and can even be
harvested when these are injured.Extended flaps
have been described based on the continuation of
PIA in the fifth extensor compartment (ECA) and
further anastomosis with Dorsal Intercarpal Arch
(DIA).

In our present study, we have documented a
consistent branch from the ulnar artery, running
around the neck of the ulna and anastomosing
with the PIA. Identifying this communication and
preserving this branch shifts the pivot point 0.5
cm further proximally. But it serves for better
vascularity of the retrograde PIA flap, without
compromising the reach of the flap when planned
appropriately.

The Posterior Interosseous Nerve (PIN) located
lateral to the PIA, sends branch to ECU which is
closely associated with the most proximal relevant
perforator. Buchler and Frey® had described three
types of relationship of the ECU branch of PIN
with the most proximal relevant perforator of PIA
in which type C pattern would require neurotomy
and repair of the ECU branch supplying PIN if the
flap was planned on the proximal perforator. Such
complication can be avoided by choosing the mid-
forearm perforator from PIA. The reach of the flap
is not compromised by this as the perforator can
be eccentrically placed in the flap design and thus
the proximal forearm skin can be raised in the
flap.

Another disadvantage of conventional PIA flap is
its bulkiness as a fasciocutaneous flap for the very

thin dorsal skin of the hand. The other available
Radial forearm flap can be harvested both
suprafascially and subfascially. Likewise, we have
harvested the flap proximal to the perforator
without fascia to have a more supple and pliable
cover to the distal end of the defect. These
modifications of the promising PIA flap are
described in this article.

Aims & Objective

1. To study the feasibility of harvesting a
more pliable suprafascial flap proximal to
the perforator

2. To redefine the pivot point proximally for
better vascularity.

3. To assess the feasibility of choosing mid-
forearm perforator to avoid encountering
the branch of PIN to ECU without
affecting the reach of the flap

4. To recapitulate the versatility of PIA flap
for various defects of distal forearm and
hand

Material and Methods
A prospective study was conducted between
January 2019 and March 2020 at our institute. A
total number of 15 cases were included. Complete
general and local evaluations were done. Those
patients with a distal forearm and hand defects
that could be covered with PIA flap were
included. Written and informed consent was
obtained from all patients.
Inclusion Criteria

e Volar wrist defects

e Palmar and dorsal hand defects

e Dorsum of Finger defects proximal to PIP

joint

e Thumb defects

e 1st web space contracture
Exclusion criteria

e Uncontrolled diabetes mellitus

e Patient with Peripheral vascular disease
Surgical Procedure
Pre-operative Doppler marking of perforator was
done. Four cases were done under general
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anesthesia and 11 cases were done under regional
block.

In case of trauma, the defects were debrided
adequately and thorough wash was given. Then
the defect to be covered by flap was assessed. In
cases of contracture, an adequate release was done
and the defect to be covered by flap was
measured. For skin tumors, the flap was planned
after wide local excision

The vascular axis of the flap was marked from the
lateral epicondyle to distal radio-ulnar joint
(DRUJ). A point 2 cm proximal to DRUJ along
this line is the conventional pivot point. By
planning in reverse, the flap was marked around
the perforator in the mid-forearm. This perforator
is usually 1cm distal to the midpoint of the line
joining the lateral epicondyle to DRUJ. The
location of perforator was confirmed by a hand
held Doppler. The perforator can be eccentrically
placed in the flap design (Figure 1), enabling the
proximal forearm skin to be raised in the flap, thus
not compromising the distal reach of the flap.
Surgery was done under loupe magnification. The
radial incision was made and the fascia over the
EDC was encountered [Extensor Carpi Radialis
Longus (ECRL)/ Extensor Carpi Radialis Brevis
(ECRB) too if the flap is large]. As we dissected
radial to ulnar the septum between EDC and EDM
was cut and dissection was done until the septum
between EDM and ECU was reached. The ulnar
incision was made and dissected towards the
septum between ECU and EDM. The fascia over
extensor muscles was included in the flap distal to
the perforator (Figure 2 &3). A linear incision was
extended distally from the flap towards the pivot
point to dissect the pedicle. Dermal flaps on either
side were raised and retracted and the linear
adipo-fascial pedicle was raised on the septum
with PIA. Distally a dorsal branch from the ulnar
artery was always encountered anastomosing with
the PIA, which was carefully preserved (Figure 4).
The pedicle dissection was stopped here, thus
shifting the pivot point 0.5 cm further proximal to
the conventional pivot point. The proximal end of
PIA was ligated and divided proximal to the

chosen mid perforator. The septum between ECU
and EDM was raised as the pedicle (contains PIA
vessel), by cutting its attachment to the bone, deep
to the PIA vessels. The flap was tunneled to the
defect and inset given with 3-0 Prolene. If there is
slight tension to inset at the defect margins,
further mobilization for 3mm can be gained by
incising the periosteum transversely over ulnha
proximal to the communicating ulnar branch thus
mobilizing it distally along with periosteum of
ulna. A Segmiller drain was placed. The thin
pliable flap proximal to the perforator which was
raised suprafascially fit well on the fingers,
thumb, first web and palm where thick flaps are
not desired.

The secondary raw area was grafted with split-
thickness skin graft and tie over dressing was
applied. When the width of the donor defect was
less, primary closure was done. The incision
between the flap and defect was closed primarily
and grafted with split-thickness skin graft only at
the 180° turn of the pedicle if it was getting
compressed with primary suturing.

The flap was dressed with loose fluffy dressing
and splinted with volar POP slab positioning wrist
at 30 degrees extension and MCP Joint at 90
degrees flexion.

Post-operative Care

The flap was monitored for any complications in
the postoperative period. Hand elevation was
given. The drain was removed in 2-3 days. The
sutures were removed after 2 weeks and
mobilization was started. Graft dressing on the
donor site was changed after 5 days.

Case Illustration 1

A 36-year female had a history of accidental scald
burns to left forearm and hand 4 years ago, which
healed by secondary intention. On examination,
the patient had Z-contracture (Hyperextension of
MCP and flexion of IP joint) of thumb (Figure 5).
The flap was marked. The flap proximal to the
perforator was elevated suprafascially (Figures 2
& 3). Figure 2 shows the deep fascia covering the
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proximal part of the secondary raw area. Distal to
the perforator deep fascia was included with the
flap. Figure 3 shows the elevated flap with deep
fascia included distal to the perforator. The part of
the flap which would reach the distal part of the
defect was raised as a thin pliable suprafascial
flap, and it covered the 1st web space and
proximal phalanx comfortably (Figure 5).
Postoperatively, the patient did not require any
secondary debulking procedure and was able to
freely oppose the thumb (Figure 5).

Results

Fifteen cases done in our department in a span of
15 months were included in this study (Table 1).
Eight out of the 15 cases were male (53.3%) and
the remaining 7 were female (46.7%). The

average age was 41.9 years. The majority of the
cases (9 patients) were post-traumatic defects in
the dorsum of hand, fingers, thumb, and volar
aspect of the distal forearm which were debrided
in emergency (8 patients) or elective (one patient)
and immediate cover with PIA flap were done.
One-third of the cases (5 patients) had post burn
contractures in the palm (camphor burns), 1st web
space, and thumb. The contractures were released
and the defect was covered with PIA flap. One
case of recurrent dermatofibrosarcoma

protuberans of the hand underwent wild local
excision and the PIA flap cover. None of the flaps
had any partial or total necrosis. One patient had
flap edema (6.67%) and another patient had
venous congestion (6.67%) of the flap which
subsided by conservative management.

Figure 1: Markings showing the vascular axis, conventional and proposed pivot point, flap design with

perforator in its eccentric location
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Defect after
contracture release

Proximal half of
secondary raw area
with intact deep fascia

Distal half of secondary
raw area exposing muscle
without deep fascia

Figure 2: Image showing the defect in thumb after contracture release and the elevated flap; Deep fascia
was left intact in the proximal half of the secondary raw area

Thin, pliable proximal
half of flap- elevated in
subcutaneous plane

Distal half of flap- elevated
with deep fascia (glistening
white surface)

Figure 3: Image showing the elevated flap without deep fascia proximal to the perforator. With the
perforator inclusion, the flap and the pedicle were elevated with the deep fascia
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Figure 4: Image showmg dorsal branch from ulnar artery winding around the neck of ulnar to join the PIA
(Left) and diagrammatic illustration of branches and anastomoses of PIA near the wrist joint (Right)

Z- Contracture
of the left
thumb

Post-op pe Thin pliable flap
. ' covering proximal

phaknx of thumb

$09.1% web paca Secondary raw
area covered with
split skin graft

Figure 5: Case 1- Contracture release of post-burnleftthumb Z-contracture and PIA flap cover of thumb and
' webspace
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Thumb web
contracture

Intact deep fascia covering the muscles
proximally

Thin pliable
half of the flap
distal to the
perforator
snugly fitting
the first
webspace

SSG over narrowed
defect

'

g 9

| Excision of
Post camphor burns - scar and
scar contracture of contracture
the right palm release

100% take of
split skin
graft over
secondary
raw area

Thin PIA flap seen flush
with surrounding palmar
surface

Figure 7: Case 3 - PIA flap for right palm defect following release of PBC due to camphor burn
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Defect over dorsum of hand

Elap tunneled

into the defect

for inset Intact deep fascia over the
proximal half of secondary
raw area as flap was raised
suprafascially here

Distal half of
secondary raw area
without deep fascia
as flap was raised
subfascially here

Donor site
covered
with SSG

Figure 9: Case 5 - PIA flap for defect over volar aspect of right forearm following debridement of post-
traumatic wound, tenorrhaphy and median nerve neurorrhaphy
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Figure 10: Case 6 - PIA flap for defect in dorsum of left hand exposing extensor tendon over MCP joint of
ring finger

Donor site

Thin PIA Flap over MCP joint
allowing free opposition movement

it

Y

Figure 11: Case 7 - PIA flap for post-traumatic wound exposing right thumb MC and MCP joint
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Well settled PIA flap over
dorsum of hand

SSG over
donor defect

Thin pliable PIA
flap over MCP
joint of right index
and middle finger

Figure 12: Case 8 - PIA flap for post-traumatic defect over dorsum of right hand, 2" and 3™ MCP joint

Table 1: Clinical details, operative and post-operative details of our patients

Sl Age | Gender Cause Location Timing of Procedure Complication
No. surgery
1 36 Female PBC Thumb-Z contracture Elective Contracture release and flap cover None
2 51 Male PBC 1% web space Elective Contracture release and flap cover None
3 35 Female PBC- Palm Elective Contracture release and flap cover None
Camphor
burn
4 40 Female Trauma Dorsum of hand Emergency Debridement and flap cover None
5 46 Male Trauma Distal forearm- volar Emergency Debridement, tenorrhaphy, median None
nerve repair and flap cover

6 33 Female Trauma Dorsum of hand and Elective Debridement and flap cover None

middle finger distal to

MCP Joint
7 28 Male Trauma Dorsum of thumb MC Emergency K-wire fixation of thumb MC with None
Flap cover

8 34 Male Trauma Hand- dorsum of Emergency Debridement and flap cover None

index& middle finger

MCP joint

9 61 Female Tumor Recurrent Elective Wide local excision and flap cover edema

Dermatofibro-sarcoma

Protuberans of hand

10 55 Female Trauma Amputated stump of Emergency Debridement and flap cover None

thumb Exposing PPx
11 37 Male Trauma Wrist joint - dorsal Emergency Debridement, tenorrhaphy and flap None

aspect cover
12 44 Male PBC 1% web space Elective Contracture release and flap cover None
13 42 Male Trauma Hand- ulnar border Emergency Debridement and flap cover Venous
congestion
14 47 Male Trauma Wrist joint — volar Emergency Debridement, and flap cover None
aspect

15 39 Female PBC Thumb Elective Contracture release and flap cover None
PBC- Post Burn Contracture; MC- Metacarpal; MCP-Metacarpo-Phalangeal Joint; PPx- Proximal Phalanx
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Discussion

PIA flap was initially introduced as a distally
based retrograde flap for various soft tissue
defects in the fingers, thumb, wrist, palm &
dorsum of the hand, and first web space®>®. This
versatility has been shown in our study also.
Various defects included in our study are enlisted
in Table 1. A proximally-based PIA flap has also
been described for elbow defects® and to prevent
the recurrence of synostosis of the elbow joint?.
Post-traumatic defects and defects after post-burn
contracture release form the majority of
indications in most literature. In a few studies, it
has also been utilized in the reconstruction of
defects following excision of tumors like
sarcoma™. We have performed the PIA flap for
one case of recurrent dermatofibrosarcoma after
wide local excision.

The reverse PIA flap is based on the anastomosis
between the PIA and the anterior interosseous
artery (AlA) proximal to the wrist joint. A major
advantage of PIA flap is that the main vessels of
the forearm and hand, namely ulnar and radial
artery can be spared?, and is available even in
the presence of injury to these vessels. Many
studies have confirmed variations and the absence
of PIA occurring commonly in the mid-
forearm™. Despite these variations, the versatility
and reliability of PIA have been proved and it is a
widely accepted flap®?.

PIA arises as a branch of the common
interosseous artery, just a centimeter after its
origin from the ulnar artery and passes between
the oblique cord and interosseous membrane to
enter the posterior compartment between
supinator and abductor pollicislongus muscle. The
point of entrance is approximately at the junction
of the upper third and middle third of the line
joining lateral epicondyle and ulnar head®. It
gives off an interosseous recurrent artery deep to
supinator™ and then runs down between the
superficial and deep muscles of the posterior
compartment of the forearm in the intermuscular
septum between ECU and EDM. The PIA
continues to run in the septum and at around 2 cm

proximal to the DRUJ(13), its transverse branch
anastomoses with the dorsal branch of AIA. PIA
joins the Dorsal Intercarpal Arch (DIA) through
the 5th extensor compartment artery (ECA)
running on the radial side of the 5th extensor
compartment floor”. Many anatomical studies
have also documented anastomosis of PIA with
the vascular plexus around the ulnar head or
neck®**1618)  This branch was noticed in our
dissection in all the cases, around the neck of the
ulna and it was preserved to augment the blood
supply of the retrograde PIA flap (Figure 4). Due
to this inclusion, the pivot point got shifted 0.5 cm
more proximally.

Seven to fourteen Perforators arising from PIA
travel in the septum between ECU and EDM and
supply the posterior forearm skin. Few authors
describe that these perforators are in two groups,
one in the middle forearm and the other in the
distal forearm. We included the perforator in the
mid-forearm. The flap was designed in such a way
that the perforator was located eccentrically in its
distal portion so that flap could have adequate
reach. Even if the perforator was in the distal part
of the skin island, the flap perfusion was good (the
augmentation from the preserved ulnar artery
branch to PIA). Though another perforator was
generally available from PIA in the proximal
forearm soon after its origin from Common
Interosseous artery, we did not raise based on it,
because 1) the reach for the defects after planning
was found to be adequate with second perforator
2) the dissection becomes tedious proximally,
because of the PIN which divides into multiple
branches to supply the extensor muscles and is
liable to injury. The PIN is located lateral to the
PIA in the posterior compartment of the
forearm®. Branches from the PIN to the extensor
muscles arising from lateral epicondyle pass
superficial to the interosseous recurrent artery.
The branch to ECU might be closely associated
with the most proximal relevant perforator. If the
branch to ECU runs deep to PIA or proximal to
the located perforator, the flap harvest is
straightforward without any injury to the ECU
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branch. If the branch to ECU runs superficial and
distal to the desired perforator, then the nerve to
ECU has to be divided (close to the muscle) and
repaired after the flap harvest. If unrepaired or
sometimes even when repaired, paralysis or
weakness of ECU muscle can result. None of our
patients had ECU weakness. We did not encounter
the ECU branch of PIN near our chosen perforator
in the mid-forearm.

Initially, Angirgiani et al described it as a
suprafascial flap®. But they encountered few
partial and total flap necroses. Over a period of
time fascia was included to improve the
vascularity of the flap®™. But this made the flap
bulkier in contrast to the thin, pliable flap required
in the recipient areas. To incorporate the
advantages of both suprafascial and subfascial
dissection, our surgical technique was modified to
elevate the flap suprafascially proximal to the
perforator and to include the fascia distal to the
perforator (Figure 2 & 3). In this way, the flap
proximal to the perforator, which reaches the
distal part of the defect, remains thin and pliable.
Venous drainage is also enhanced and pedicle
kinking is minimized by maintaining the fascia
around and distal to the perforator and in the
adipofascial pedicle. The incidence of venous
congestion leading to partial or total flap loss in
the literature is between 3% and 37%%“%. Only
one patient (6.67%) in our study had minimal
venous congestion which was managed with
conservative management. None of our patients
had any flap necrosis.

Angrigiani et al had 8.8% necrosis in 80 patients
due to insufficient vascularity™. Buchler et al had
partial necrosis in 21% of their patients which
they attributed to both venous congestion and
ischemia®. There was no arterial insufficiency in
our study. This shall also be attributed to the
careful dissection near the wrist joint, not injuring
the dorsal oblique branch from the ulnar artery
that runs around the neck of the ulna and joins the
PIA adding to its vascularity. Though the main
source is the anastomotic dorsal branch from AIA,
preservation of the dorsal ulnar branch to PIA

enhances the blood supply of the flap,as the PIA
caliber decreases distally towards its anastomosis
with AIA. This shifts the pivot point 5 mm
proximally but does not affect the reach of the flap
significantly if the flap is planned carefully with
allowance for the shift. If need be another 3 mm
distal shift can be achieved by incising the
periosteum of ulna as described in the surgical
procedure.

Ghareeb et al studied the functional and cosmetic
outcomes of PIA flap in which 10% of their
patients had delayed graft uptake and 5% of their
patients had graft loss®Y. In our patients the donor
area was narrowed before covering with a skin
graft and most of the distal part of the defect got
primarily closed while narrowing. Further, leaving
the fascia at the proximal part of the donor defect
served as a good and even bed for skin grafting. In
our study, SSG uptake in the secondary raw area
was good over the retained fascia. Although PIA
flap is considered a thin flap compared to distant
flaps used for hand defects® even little
bulkiness in extremities are easily noticeable and
aesthetically unappealing. Bulkiness in the palm,
first web space, and joints can also be functionally
disabling. Secondary debulking procedures are
required in many cases for better aesthesis and
function. 30% of flaps were bulky in Buchler et al
study®. Shibata et al studied free and pedicled
PIA flaps and 19% of their patients required
debulking procedure®. None of our patients
required a secondary procedure of debulking due
to our refinements in flap elevation. The flap
proximal to the perforator elevated suprafascially
was thin and supple to cover hand and finger
defects. There was no difficulty in adducting
thumb after 1st web space reconstruction. Flaps
used in the palm were flush with surrounding skin
and there was no hindrance in grasping objects.
One disadvantage is the lack of colour and texture
match when used in the palm and volar aspect of
the fingers. Also if the donor area in the forearm is
hairy it is not ideal to use it in the palm. Overall
our patients were functionally satisfied with this
single-stage retrograde PIA flap cover.
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Conclusion

PIA is a versatile flap for the defects in the distal
forearm and hand. Despite the anatomical
variations, it is a reliable flap. Mid-forearm
perforator can be chosen whenever feasible with
appropriate flap design to avoid encountering PIN
branches. Vascularity can be enhanced by
maintaining the communicating vessels from the
ulnar artery around the neck of the ulna.
Meticulous dissection is required to preserve these
vessels. When elevated suprafascially, it provides
a thin and pliable flap cover. The PIA flap is a
preferred single-stage option in covering medium-
sized defects of the proximal hand and distal
forearm, without sacrifice of the main vessels.
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