Fingertip Amputations:
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Flaps
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Introduction

Armed with the understanding of axial blood
supply and perforator sites, the treatment of fin-
gertip amputations has undergone substantial
change in the last 40 years. Early innovators such
as Kutler [1] and Atasoy [2] proposed local ad-
vancement flaps for small defects of the distal
fingertip As our knowledge of the axial blood
supply to the finger progressed, the principle
behind these flaps allowed for the description
of multiple local and regional flaps for coverage
of finger defects. Today, these flaps serve to en-
hance the armamentarium of the surgeon when
presented with a complex defect of the fingertip.
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The arterial blood supply to the fingers
(Fig. 6.1) comes primarily from the superficial
palmar arch and the subsequent common digital
arteries. These common digital arteries branch
at the level of the metacarpophalangeal (MP)
joint to become the proper digital arteries. Other
sources of arterial inflow to the finger include
distal branches of the deep palmar metacarpal
arteries which arise from the deep palmar arch
and distal branches of the dorsal metacarpal ar-
teries. Between these sources of arterial inflow
are ulnar to radial and palmar to dorsal commu-
nications. The ulnar to radial communications are
the transverse palmar arches located at the neck
of the phalanges deep to the flexor tendon sheath.
The palmar to dorsal communications are located
at the metacarpal neck and the base and necks
of the phalanges. The more distal dorsal commu-
nications may actually exist as perforators that
replace the contribution of the dorsal arteries.
The inherent redundancy in these communica-
tions allows for the design and implementation
of'local flaps of the finger while preserving blood
supply to the overall digit.

The Evidence: Literature Review

Many options exist for the treatment of finger-
tip amputations. These include primary repair,
revision amputation, nonvascularized and
vascularized composite grafting, skin grafting,
and healing by secondary intention. Most of these
well-established treatment options are surgically
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Fig. 6.1 a Transverse arterial connections exist between
ulnar and radial digital arteries. b There are volar to dorsal
arterial connections in the hand and finger (/ Dorsal car-

straightforward and are reliable choices for small
defects of the fingertip.

Choosing the optimum treatment alterna-
tive depends on the goals of treatment. The
primary goals of treating a fingertip defect are
a functional, pain-free, sensate tip that meets
the occupational and avocational needs of the
patient. Secondary goals of treatment include res-
toration of volar pulp contour, avoidance of nail
deformities, maintenance of functional length,
and quick recovery.

The concept of the “reconstructive ladder”
has traditionally been utilized to determine the
balance between the reconstructive need of the
defect and the reconstructive complexity of the
surgery, with the simplest option being the pre-
ferred option (Fig. 6.2). However, this concept
has been replaced with the “reconstructive eleva-
tor,” where the best surgical option according to
the needs of the patient and the skill of the sur-
geon may be the more complex option [3]. Ben-
nett and Choudhary stated, “Why climb a ladder
when you can take the elevator?” [4]. Hence, the
optimum treatment alternative and its surgical
complexity will vary according to the goals of

pal arch, 2 Deep palmar arch, 3 Superficial palmar arch,
a—f palmar to dorsal connections)

treatment and the needs of the patient (Fig. 6.3).
Healing by secondary intention may be the ideal
choice for straightforward defects of the finger-
tip. In particular, wounds with minimal bone
exposure (<3 mm), no tendon exposure, and less
than 1 cm? total surface area can be expected to
heal within 4 weeks with eventual recovery of
normal sensation in the majority of patients [5].
While some have expanded secondary intention
to include defects >1 cm?, this is at the expense
of increased time to healing and sometimes a
tender and dry scar. A patient with planing in-
jury 2.8x1.8 cm in site and no bone exposed
(Fig. 6.4a) is shown. In secondary intention,
within hours, phagocytosis of the necrotic tissue
at the end of the finger occurs, local blood ves-
sels dilate, and an exudate forms over the wound
composed of fibrin clot and inflammatory cells.
Phagocytes remove necrotic debris and fibro-
blasts lay down bridging scar tissue (Fig. 6.4b).
Peripheral epithelial cells grow inward to cover
the defect. The underlying scar contracts and
the defect closes (Fig. 6.4c). New nerve endings
subsequently grow into the subdermal layers and
sense organs repopulate the newly covered area.



6 Fingertip Amputations: Coverage, Local and Regional Flaps 99

Distant Flap

Local Flap

Direct Closure

Fig. 6.2 a Reconstructive ladder. b Reconstructive elevator

Other advantages of secondary intention heal-
ing include low risk of acute infection, minimal
long-term stiffness, and satisfactory aesthetics
[5, 6]. Long-term complications associated with
secondary intention healing include 36% cold
intolerance and 26 % scar tenderness at 6 months
in one study [6]. Skin grafting is another option
for coverage of similar fingertip defects. Full-
thickness grafts from the hypothenar eminence
or a flexion crease are preferred. However, skin
grafts typically have poorer sensory recovery and
aesthetics than healing by secondary intention.
Revision amputation remains a popular choice
for complex defects of the fingertip. In the pres-
ence of significant bone loss, tendon loss, or de-
vascularization, revision amputation is preferred
over secondary intention or skin grafting. Advan-
tages of revision amputation include less surgi-
cal demand and quicker return to work than more
complex forms of reconstruction. Complications
associated with revision amputation include re-
sidual irritating nail remnant, decreased tip sen-
sation, painful neuroma, and cold intolerance.
Nonflap options for coverage of fingertip am-
putations including healing by secondary inten-
tion, skin grafting, and revision amputation re-
main widely popular and have their established
roles and indications. However, secondary inten-
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tion is limited to defects of appropriate size with-
out exposure of critical parts. Revision amputa-
tion requires shortening of the digit and is limited
by poor aesthetics and risk of neuroma formation.
Therefore, when secondary intention will not suf-
fice and length preservation is desired, local and
regional flaps are preferred.

Indications and Classification

When considering more complex wounds in the
appropriate patient, the surgeon should employ
the reconstructive elevator and consider local or
regional flap coverage. These flaps can be clas-
sified as traditional local advancement flaps,
staged flaps, and island flaps.

Local Advancement Flaps

An advancement flap is a segment of tissue with
an intact blood supply that is advanced forward to
fill an adjacent defect. The primary examples of
local advancement flaps used in fingertip injuries
are the V-Y advancement flaps described by Ata-
soy [7] and Kutler [8]. Limited fingertip injuries
that involve exposed bone are ideal candidates
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Fig. 6.3 a Preoperative markings of flap for transverse
distal tip defect. b Fibrous septae (white arrow) are careful-
ly identified and released. ¢ Flap is elevated directly off the
periosteum. d Flap is advanced to cover the defect. Note
the red markings identifying the preserved oblique arte-

D

rial vessels. e, f Sutures are placed distally through the nail
plate to secure the advanced flap. If too much tension is
required to close the proximal incisions, then these may be
left open to heal secondarily. g Line drawing of volar V=Y
advancement flap. (Atasoy). h Line diagram of Kutler flap
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Fig. 6.4 a Acute planing injury of volar pad, no bone
exposed b At 2 weeks, phagocytosis of the necrotic tis-
sue, dilation of blood vessels, and exudate formation
composed of fibrin clot and inflammatory cells. ¢ Periph-

for V=Y advancement flaps if too much bone
debridement is required to allow healing by sec-
ondary intention. Patterns of amputation injury
determine the most appropriate method of soft
tissue advancement. In general, transverse or
dorsally angulated amputations of the fingertip
are suitable for a volar V=Y advancement flap
as described by Atasoy and modified by others.
Volarly angulated tip and apical fingertip ampu-
tations may potentially be covered by bilateral
V=Y advancement flaps as described by Kutler;
however, other flaps may be preferred. The ad-
vantages of V-Y advancement flaps are the low—
moderate technical demand, digit and nail length
preservation, and minimal donor-site morbidity.

Staged Flaps

Staged flaps involve two stages for completion
of the fingertip reconstruction. The most popular
staged flaps are the thenar flap and the cross-finger
flap, both random pattern flaps that do not have
a specific blood supply. The thenar flap and the
cross-finger flap are used for volarly angulated
fingertip defects, when local V-Y advancement
flaps are not possible. The thenar flap was first
described in 1926 by Gatewood [9]. Having un-
dergone modification since its first description, the
donor site is typically near the base of the MP joint
of the thumb, which reduces the amount of finger
flexion and utilizes donor skin redundancy, which
reduces the degree of finger flexion and enables
primary donor wound closure compared with the

eral epithelial cells move towards the center to cover the
defect, which begins to close by myofibroblast wound
contraction.

more proximal placement of the thenar donor site
that was originally described. At the initial surgery,
the flap is elevated and the injured finger is flexed
to be inset into the elevated flap. After a period of
time, to allow for vascular ingrowth of the recipi-
ent bed (typically 14 days), the flap is divided and
inset in the volar pulp defect at a second stage. The
risk inherent in the thenar flap procedure is that of
recipient finger stiffness; hence, this flap is better
suited for the pediatric and young adult population.

The cross-finger flap is also used in volar pulp
defects with exposed bone or tendon not ame-
nable to secondary intention healing. The dorsal
soft tissue over the middle phalanx of the adja-
cent digit is used to cover the defect while the
donor site is covered with a full-thickness skin
graft. For skin graft adherence, the paratenon
must be left behind on the donor digit. Like the
thenar flap, the flap is divided and inset into the
recipient bed after a period of time to allow for
vascular ingrowth. An advantage of the cross-fin-
ger flap over the thenar flap is the ability to pro-
vide coverage to multiple traumatized fingertips
in a stacked fashion. Additionally, the flap is use-
ful in volar thumb defects where the thumb can
rest comfortably against the donor index finger.
Cohen and Cronin [10] described a technique for
innervating the cross-finger flap to provide better
sensibility by utilizing the dorsal branch of the
digital nerve. Disadvantages of the cross-finger
flap include finger stiffness, cold intolerance, and
unacceptable cosmetic deformity of the donor
site. The flap may not be suitable for elderly or
female patients for these reasons.
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Island Flaps

Island flaps are axial pattern flaps that maintain
blood flow through a specific vascular pedicle.
The idea of island flaps for fingertip coverage
was not fully espoused until the principle of axial
pattern blood supply to the hand and fingers was
better understood. Armed with this understand-
ing, the options for coverage of fingertip defects
have flourished. Island flaps allow the surgeon
to approach fingertip amputations with respect
to the flap options and not the specific pattern
of the defect. Island flaps may be classified as
homodigital or heterodigital, antegrade or retro-
grade blood supply, and innervated or noninner-
vated. Multiple authors [11, 12] have discussed
the advantages of island flaps which include:

1. More tissue is available to completely cover
large defects.

2. Reconstruction can be completed in a single
stage, which allows for early digital mobiliza-
tion and reduced stiffness.

3. Single-stage coverage minimizes the potential
contamination of hardware used for fixation and
tendon spacers unlike two-stage procedures.

4. The flap is mobilized to reach the defect, not
the fingertip flexed to reach the flap. This pre-
vents immobilization in awkward positions
for prolonged periods, which decreases the
chance of postoperative stiffness.

5. Island flaps have more bulk and are more sim-
ilar in texture to the recipient defect than are
staged flaps.

6. Innervated island flaps allow the surgeon to
provide sensate tissue to the defect with im-
proved long-term sensibility.

7. A greater arc of rotation or advancement can
be achieved when not tethered by skin or fas-
cial connections.

When considering the reconstructive elevator,
island flaps may be considered the ideal choice
for soft tissue coverage and reconstruction of fin-
gertip defects when preservation of length and
maximal function are desired and critical struc-
tures are exposed or injured.

Techniques
Volar V-Y Advancement Flap

The volar V=Y advancement flap is indicated
for transverse or dorsally angulated traumatic
amputations of the fingertip involving exposed
distal phalanx. The advantage of this flap over
revision amputation is the preservation of nail
length and the potential for minimizing hook
nail deformity. The blood supply of the flap is
the oblique terminal branches of the digital ar-
teries arising from the trifurcation at the distal
interphalangeal joint. This is, in essence, a sub-
cutaneous pedicle flap.

A triangular flap is designed on the volar
pulp of the remaining fingertip (Fig. 6.3 shows
cadaver dissection). The width of the flap dis-
tally equals the width of the defect. The flap then
tapers proximally to a V at the level of the dis-
tal interphalangeal flexion crease. Leaving the
apex too distal will provide an insufficient flap
to advance; leaving the apex too proximal will
potentially cause scar contracture at the flexion
crease. The volar skin incisions are made with
care taken not to incise into the deep subcuta-
neous tissue. Under loupe magnification, the fi-
brous septae are released with longitudinal blunt
spreading to allow for distal advancement of the
flap, while preserving the adjacent oblique ves-
sels. A single hook may be used to grasp the distal
flap to create tension and allow for visualization
of any tethering septae. The flap is then elevated
off the periosteum sharply to release the deep
attachments of the terminal pulp fibrous septae
and allow distal mobilization. Advancement of
up to 1 cm can be expected with adequate re-
lease. The distal edge of the flap is typically su-
tured in place. Proximal sutures may be placed,
but if the flap appears ischemic after tourniquet
release, then the proximal incision may be left
open to heal secondarily. Some have suggested
spearing of the distal flap with a longitudinal k-
wire as a way to inset the flap without suture and
minimize tension. We have not generally recom-
mended this.
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Staged Flaps: Cross-Finger Flap and
Thenar Flap

Cross-finger flaps are indicated for volar pulp
defects with exposed bone or tendon. Multiple
“stacked” cross-finger flaps can be used when
multiple digits are involved, as is seen in indus-
trial injuries. The blood supply to this flap is con-
sidered random.

A dorsal rectangular flap of an adjacent fin-
ger is designed over the middle phalanx to match
the size of the pulp defect (Fig. 6.5). The flap
is clevated off the donor digit just above the
paratenon of the extensor mechanism to allow
for full-thickness skin grafting of the donor de-
fect. The flap is hinged at the midaxial line on
the side of the recipient defect and inset into the
defect using interrupted suture. Sensory out-
comes of cross finger flaps can be improved by
coapting the donor dorsal branch of the digital
nerve into the recipient digital nerve stump [13].
A full-thickness skin graft is then placed over the
dorsal donor defect. The patient must be splinted
postoperatively to prevent shearing of the flap. At
2 weeks postoperative, the flap is divided under
local anesthesia. After the second stage, an ag-
gressive range of motion protocol should be insti-
tuted to prevent flexion contracture of the digits.

A clinical case example is illustrated in Fig. 6.6.
This case is also illustrative of another clinical
point as an option when a patient brings in the am-
putated part of a fingertip amputation. Composite
grafts of the amputated part often undergo necro-
sis. Replantation is difficult because of absence of
suitable veins for anastomosis. The perionychial
structures may be retained as a full-thickness graft
and are supported by a “living” and bulky flap
such as a cross-finger flap. The critical perionych-
ial tissues have been preserved.

The thenar flap is indicated in similar volar
pulp defects and is particularly well suited for
the index and middle fingers of pediatric patients
(Fig. 6.7). The affected finger is flexed down to
the thenar region to locate the appropriate site
of the subcutaneous flap. In children, the flap
can often be located near the MP flexion crease,
which will provide a well-hidden scar after flap
division. The size of the flap is designed about

one third larger than the size of the defect. The
flap is elevated from the donor site and sutured
to the recipient pulp defect. A dressing and splint
are applied. Two weeks later, the flap is divided
and the remaining raw edge is left to heal sec-
ondarily or it is loosely sutured. The donor site
is closed primarily or with a small transposition
flap. The available soft tissue redundancy at the
MP region enables easy donor-site direct wound
closure.

Antegrade Homodigital Island Flap

The precursor to antegrade homodigital island
flaps was the oblique triangular flap, a local ad-
vancement flap popularized by Venkataswami
and Subramanian for oblique pulp defects [14].
Island flap modifications were introduced to pro-
vide increased mobilization and allow for cover-
age of defects up to 10x20 mm at the pulp. The
flap receives its blood supply from the digital
vessel opposite the defect.

The skin pattern for the antegrade homodigital
island flap is designed with its midaxis just dorsal
to the digit midaxis (Fig. 6.8). The proximal por-
tion of the flap is tapered as a V to the level of the
proximal interphalangeal (PIP) joint. A longitudi-
nal incision then extends along the digit’s midaxis
to the MP joint to allow for proximal dissection
of the pedicle. The medial/volar incision is made
first, extending through the skin and down to the
flexor tendon sheath. The dissection then proceeds
laterally/dorsally along this plane until the neuro-
vascular pedicle is visualized within the pedicle
on its underside. The dorsal/lateral incision is
then made, isolating the neurovascular pedicle
within the skin island. After the entire skin island
is elevated, retrograde dissection of the neurovas-
cular pedicle with a fibrofatty cuff of tissue is per-
formed with microvascular instrumentation under
loupe magnification. The fibrofatty cuff must be
generous and handled with care, as this contains
the small venae comitantes which provide venous
outflow of the flap. Continued proximal dissec-
tion will allow for greater flap advancement as
the neurovascular pedicle is medialized along the
digit. Sufficient mobilization is attained when
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Fig. 6.5 a Line drawing of cross-finger flap. b Indica-
tions for cross-finger flaps include volar pulp defects.
¢ Preoperative markings of dorsal rectangular flap on
adjacent finger. Note that the flap is not incised on the
midaxial line on the side of the recipient defect to allow

Full thickness
skin graft

turnover of the flap. d The subcutaneous flap is elevated
just above the level of the paratenon to allow skin grafting
of the donor site. e The flap is turned over to cover the
adjacent pulp defect. f The cross-finger flap is sutured in
place. The donor site is skin grafted (not shown)
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Fig.6.6 aand b Perionychial structures are excised from
the amputated part. ¢ Amputated fingertip. Proximally,
germinal matrix is present and will enable future nail plate
growth. d Cross-finger flap provides volar pulp pad bulk
and a vascularized bed for the perionychial graft. e Peri-

the flap can reach the defect. The defect should
never be brought to an inadequately mobilized
flap as this can lead to finger flexion contracture.
The flap is inset loosely with interrupted sutures
and the tourniquet is released to assess adequate
vascularity of the skin island. Poor perfusion is
remedied by release of suture and possible skin
grafting of any donor defect unable to be closed
without excessive tension. After initial healing

onychial graft sutured in place. f and g Long-term result
in the patient treated with cross-finger flap (bottom) and
in a patient treated by perionychial graft and advancement
Moberg flap for volar pulp support in a thumb

(7-10 days), range of motion exercises are begun;
nighttime extension splints can be used as well to
prevent flexion contractures.

Using this flap, Foucher et al. [15] report-
ed 84% of patients achieving sensation with
two-point discrimination of 3—7 mm. In patients
whose index fingers were treated, 12.5% substi-
tuted the middle finger for fine pinch activities.
Eighty-three percent of patients achieved full
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Fig. 6.7 a Line drawing of thenar flap with volar pulp
defect. b and ¢ The affected finger is flexed to the the-
nar region to locate the proper site for flap placement and
design. d The flap is elevated in the subcutaneous plane

extension, with 17% of patients developing PIP
extension deficits (mean 23°, range 10°-70°).
Total flap failures occurred in 3% and the mean
time off work was 61 days.

Contralateral pulp exchange island flaps have
also been described [11] to provide sensate tissue

at the level of the palmar fascia. e The flap is sutured in
place with the finger flexed. f At the second stage, the flap
is separated from the donor site. Dog ears of the donor site
are tailored and the incision is closed

to defects critical for fine pinch (e.g., radial-sided
pulp defect of the index and middle fingers). Ad-
ditional modifications of the antegrade homodig-
ital island flap include a proximal extension of
the skin island to the MP joint, a dorsolateral skin
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Fig. 6.8 a Line drawing of antegrade homodigital island
flap for pulp defects. b Flap design extending from proxi-
mal interphalangeal joint distally to the defect. ¢ The volar
incision is made and both the flap and ipsilateral neurovas-
cular bundle are elevated off of the flexor tendon sheath.
d The neurovascular bundle is identified within the flap
and dissected proximally (white arrows). e Once the loca-
tion of the neurovascular bundle is confirmed within the
elevated flap, the dorsal incision is made and the flap is el-
evated on the neurovascular bundle with a fibrofatty cuff.
f An attempt is made to bring the flap to the defect, but in

pattern to increase the size of the flap, and a step-
ladder design to aid in donor-site closure.

Retrograde Homodigital Island Flap

First described to cover exposed PIP joints [16],
the retrograde or reverse-flow homodigital island
flap can be successfully used to cover both volar
and dorsal fingertip defects. The advantages of

this demonstration, the flap is inadequately released and
mobilized and so finger flexion is required to bring the de-
fect to the flap. Closure at this point would inevitably lead
to postoperative flexion contracture and finger stiffness.
g Further mobilization of the flap along the neurovascular
bundle proximally is warranted. Additional fascial bands
are released. h Now, after adequate release, the flap can be
advanced to the defect without finger flexion. i Final inset
of the flap with the finger in full extension, minimizing
the risk of postoperative contracture and stiffness

the retrograde island flap over the antegrade is-
land flap are its greater arc of rotation and poten-
tially larger size. The disadvantages are the need
for skin grafting the donor site, the intermediate
quality skin compared to the distal glabrous skin
captured in the antegrade flap, and the inferior
long-term sensation, though the dorsal digital
nerve can be retained in the flap and repaired
to the digital nerve for improved sensation. The
blood supply of the retrograde homodigital island
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flap is via the transverse communicating arterial
arcade of the opposite digital artery. This arcade
is located at the condylar neck of the middle pha-
lanx at the base of the flexor tendon sheath.

The retrograde homodigital island flap is de-
signed along the side of the digit overlying the
proximal phalanx according to the size of the
defect (Fig. 6.9). An additional line is extended
longitudinally to allow for distal dissection of the
vascular pedicle. Like the antegrade flap, the flap
is incised along the volar/medial portion first and
dissection proceeds directly down to the flexor
tendon sheath. The flap is then elevated later-
ally/dorsally along this plane until the proximal
neurovascular bundle is seen entering the flap. At
this point, the flap may remain a noninnervated
flap by dissecting the digital nerve from the flap
while maintaining continuity of the digital artery
with the flap. Some authors have described using
either the digital nerve or the dorsal branch of the
digital nerve to provide an innervated flap, with
neurorrhaphy to the cut distal nerve end within

the defect. The proximal digital artery is ligated
and the dorsal/lateral incision is made, isolating
the island flap on its distal vascular pedicle. The
pedicle is then dissected with a generous fibro-
fatty cuff of tissue to preserve the reverse venous
outflow to the level of the distal portion of the
middle phalanx, where the transverse commu-
nicating arterial branch crosses to the opposite
digital artery. The flap is inset with interrupted
suture and a full-thickness skin graft is placed in
the donor site.

Lai et al. [17] reported an overall morbidity
rate of 15 % using the retrograde island flap, with
a total flap loss rate of 4%. In a subset of 22 pa-
tients in their series, the average two-point dis-
crimination was 3.9 and 6.8 mm in the innervated
and noninnervated flaps, respectively. Han et al.
reported an update of their experience with the
retrograde island flap [18, 19]. They reported that
they no longer perform innervated flaps because
the long-term results of sensation were no differ-
ent statistically or clinically compared to nonin-

Fig. 6.9 a Line drawing of retrograde homodigital island
flap. b Flap design along the side of the digit overlying
the proximal phalanx. Red markings (arrows) indicate the
transverse communicating arterial arcades at the necks
of the proximal and middle phalanges. The flap will re-
ceive its retrograde blood supply from the distal arcade
at the neck of the middle phalanx (white arrow). ¢ The
volar incision is made and the flap is elevated off of the
flexor tendon sheath. The transverse communicating arte-

rial branch at the neck of the middle phalanx is identified
proximal to the distal interphalangeal joint (arrow). d The
dorsal incision is made and the flap is elevated with its
pedicle. For noninnervated flaps, the digital nerve is dis-
sected away from the artery and preserved (arrow). e The
arc of rotation for the retrograde flap allows coverage of
dorsal finger defects. f The flap is inset in the volar wound
shown. The donor defect on the side of the finger will
require skin grafting
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nervated flaps. They also prefer to design the flap
in a stellate shape to avoid scar contracture.

Figure 6.10 is a clinical case of a patient who
had a retrograde island homodigital flap for a
large volar pulp fingertip injury.

Heterodigital Island Flap
The heterodigital neurovascular island flap was
originally described by Littler to provide a sen-

sate flap to the thumb tip [20]. Concerns regard-
ing donor-site morbidity, decreased long-term

. ‘
g
)

Fig. 6.10 a Volar fingertip injury. b and ¢ Retrograde

flow island flap design and transposition. d Insetting of
flap. e and f Long-term outcome showing restoration of

sensation and difficulty with cortical sensory re-
integration, and acceptable alternatives have sub-
stantially decreased its indications and use. The
noninnervated heterodigital island flap, however,
preserves the donor digital nerve and remains
suitable for fingertip defects. In particular, large
defects can be covered by the noncritical side
of a longer, adjacent digit while preserving the
donor digital nerve and donor pulp. The donor
digit must be longer than the recipient digit so
that donor pulp does not have to be violated in
order to obtain sufficient flap size. An ideal sce-
nario involves a large volar avulsion defect of the

®

fingertip contour, finger is devoid of contractures, and
skin-grafted donor site is on side of the finger
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tip of the small finger wherein the ulnar side of
the ring finger may be used as a donor.

The heterodigital island flap is designed along
the noncritical border of the adjacent finger to
match the defect (Fig. 6.11). The distal extent
of the flap is to the distal interphalangeal joint,
thereby avoiding the use of donor pulp tissue.
The flap is incised and elevated in a similar fash-
ion to the homodigital island flap. The digital
nerve is dissected from the flap to preserve donor

digit sensation. The pedicle and its fibrofatty cuff
are dissected proximally to the common digital
bifurcation and then the flap is transposed to the
adjacent, smaller finger and inset into the pulp
defect. Full-thickness skin graft is used to cover
the donor-site defect.

Figure 6.12 shows a heterodigital island flap
used to provide volar distal pulp reconstruction
to the middle finger following vascular malfor-
mation excision.

Fig. 6.11 a Line drawing of heterodigital island flap for
small finger defects. b Flap design on the adjacent ulnar
side of the ring finger. Note that the flap design does not
involve the pulp of the ring finger. ¢ The volar incision
is made and the flap is elevated off of the flexor tendon
sheath. d The digital artery is dissected proximally to the

common digital artery bifurcation (white arrow). The dig-
ital nerve is dissected away from the flap and preserved
(black arrow). e The flap is transposed into the small fin-
ger defect. f Final flap inset and closure. Note that often a
skin graft will be required to close the donor defect
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Fig. 6.12 a and b Vascular malformation is excised from  nerve in recipient finger. e and f Long-term outcome with

middle fingertip. ¢ and d Heterodigital flap is transposed  fully sensate volar fingertip
from index and dorsal digital nerve coapted to digital
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The older, previously axiomatic suggestions of
a cross-finger flap for volar oblique wounds and
Atasoy volar V-Y advancement flap for dorsal
oblique wounds no longer necessarily pertain
since we now have intrinsic finger flaps that carry
a more generous bulk of tissue and can be ad-
vanced or transposed over greater distances. For
this reason, our “workhorse” flap has become the
antegrade homodigital island advancement flap.

This flap provides sensate tissue with suffi-
cient bulk to cover most defects.

We have found that the Atasoy volar V=Y
advancement flap is often insufficient except
for smaller defects. When the Atasoy flap is em-
ployed, we typically leave the proximal donor
portion of the advancement open to avoid a tight
wound closure that may compromise the blood
supply. Additionally, if a nail plate remnant is
still intact, we routinely leave it in place as it pro-
vides for secure distal suturing of the Atasoy flap
and minimizes later flap retraction.

The cross-finger flap has the disadvantages
of more likely resulting in finger contracture and
stiffness, being potentially injurious to an addi-
tional donor finger, as well as requiring two awk-
ward stages and leaving a possible unsightly visi-
ble dorsal finger donor site. For these reasons, we
do not routinely perform this operation on older
adults or females. However, it is a straightforward
dissection and it is still useful when crush injuries
or fractures may preclude the use of homodigital
flaps. Like the cross-finger flap, the thenar flap
has similar disadvantages and is principally use-
ful for index or middle finger volar pulp defects
in younger patients.

The primary advantage of the retrograde ho-
modigital island flap is the multiple degrees of
freedom for its arc of rotation. It can equally eas-
ily cover the dorsum of the fingertip as well as
the volar aspect. While the proper digital nerve is
typically spared with this flap, a neurorrhaphy of
the dorsal oblique sensory branch of the digital
nerve can be performed when the flap is trans-
posed to its recipient site. The donor site requires
skin grafting and can be unsightly; however, if

placed directly in the midaxis, the skin-grafted
donor site is less visible.

The traditional heterodigital neurovascular
island flap has been maligned for its donor-site
morbidity and poor long-term sensory outcomes.
However, the noninnervated heterodigital island
flap described earlier in this chapter is useful for
large finger defects. The ideal indication is for
a large volar defect of the small finger with an
intact adjacent ring finger. The flap is designed
to preserve both the donor digital nerve and the
donor pulp. With these modifications, one can
use a heterodigital flap without the original dis-
advantages of the traditional flap design that may
result in substantial donor finger morbidity.

Complications

Complications associated with local flaps for fin-
gertip injuries include partial or total flap loss,
flexion contracture, decreased sensation, and
cold intolerance. Lai et al. [17] reported a par-
tial and total flap loss of 12 and 5 %, respectively.
Flap loss related to vascular insufficiency can
be addressed by multiple maneuvers. First, the
inclusion of a generous cuff of fibrofatty tissue
around the digital artery ensures adequate venous
outflow. Second, additional proximal dissec-
tion of the pedicle can ensure adequate length to
allow the flap to reach the defect without undue
tension. Third, the release of the tourniquet
after flap inset to visualize appropriate capil-
lary refill ensures that the flap is not sewn in too
tightly; this can be addressed simply by suture
removal.

Flexion contracture is a described complica-
tion of thenar and cross-finger staged flaps. As
such, these random flaps should be avoided in
most adults if a suitable alternative exists. Flex-
ion contractures are reported after island flap
reconstruction. However, they are typically bet-
ter tolerated and can often be stretched out with
therapy. It should be emphasized that the risk of
flexion contracture is often directly related to the
inadequacy of flap mobilization. A defect should
never be moved to the flap—the flap should al-
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ways be mobilized to reach the defect with the
finger in full extension. This simple maneuver
virtually eliminates the risk of functional flexion
contracture.

Cold intolerance remains a problem with any
form of reconstruction following fingertip injury.
Van den Berg et al. reported 85% cold intoler-
ance in fingertip injuries regardless of whether
healing by secondary intention, bone shorten-
ing, or reconstruction [21]. It is likely that cold
intolerance is a result of the injury and not the
reconstruction.

Lastly, decreased fingertip sensation is re-
ported following local flap coverage of fingertip
defects. The best outcomes for sensation follow-
ing fingertip injury are with healing by second-
ary intention. However, when secondary inten-
tion is not an available treatment option, other
forms of reconstruction must be used. In a large
series of fingertip reconstruction with reverse
digital island flaps, Han et al. reported a static
two-point discrimination of 6-11 mm in nonin-
nervated flaps and 4-8 mm in innervated flaps
[18]. Takeishi et al. found similar results of in-
nervated reverse island flaps with two-point dis-
crimination of 3—5 mm [22]. Foucher et al. found
comparable results for antegrade neurovascular
island flaps with 84 % of patients having 3—7 mm
static two-point discrimination [11]. Overall, is-
land flaps are well tolerated and have an accept-
able complication profile if judicious surgical
technique is employed.

Summary

With a better understanding of the axial blood
supply to the fingers, the discovery of island
flaps has increased the surgical options of the
physician treating fingertip amputations. The use
of'local flaps should be appropriately considered,
depending on the nature of the injury and other
patient factors. For the patient who desires length
preservation and is an acceptable candidate, local
flaps such as the antegrade homodigital island
flap may be the ideal choice for fingertip cover-
age following amputation.
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