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ABSTRACT: Negative pressure wound therapy (NPWT) is a method for treating wound. However, there are no case reports using NPWT for
treating congestion after arterialized venous flap. Therefore, this study reported favorable outcomes after using a single-use NPWT system for
managing congestion. A 39-year-old man had his index finger caught by a press machine. The finger had a soft tissue defect at the ventral
part. An arterialized venous flap taken from the right forearm was transplanted. Perfusion of the flap was favorable, but on postoperative day
5, congestion and the edema of the flap were found. Then, NPWT was initiated. The congestion and edema in the flap were improved without
complications such as flap necrosis and wound infection. At 4 months postoperatively, the morphology of the finger was favorable. In this
study, NPWT was speculated to force the deeper blood vessels within the flap to dilate with inducing drainage and the simultaneous reduction
in excess blood flow to the cortical layer, resulting in the improvement of congestion. Negative pressure wound therapy was used for treating
congestion after the transplantation of arterialized venous flap, and the wound was favorably managed.
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Introduction

Negative pressure wound therapy (NPW'T) is a therapeutic
method for treating wound reported by Argenta and
Morykwas.! Although its usefulness is already reported in sev-
eral clinical studies and in basic research,>? most of the appli-
cations are limited only in extensive skin ulcers, and the
applications for several joints and small areas, such as the fin-
gers, are currently known to be difficult.*”

Meanwhile, the effectiveness of arterialized venous flaps for
treating finger trauma is known.® However, these flaps some-
times give severe congestion such as bullae formation, severe
postoperative swelling, and partial necrosis.” There is no case
report using NPW'T for treating the congestion of an arterial-
ized venous flap continuously from the early stages of surgery
over an extended period of time.

This study used an arterialized venous flap for treating a soft
tissue defect of the index finger of which middle phalanx was
fractured externally. This report described the favorable out-
comes after the treatment with a single-use NPW'T' system
(PICO; Smith & Nephew, London, UK) for managing con-
gestion. This study was performed with respect to high ethical
standards and approved, when required, by the appropriate eth-
ics committee. This study, therefore, was conducted in accord-
ance with the World Medical Association Declaration of
Helsinki (June 1964) and subsequent amendments. The
patients voluntarily gave written informed consent to partici-
pate in this study.

Case Presentations

A 39-year-old man had his index finger caught by a press
machine. He had the following injuries: an open fracture of the
middle phalanx of the index finger, extensor tendon rupture,
and a high-grade crush injury (Figure 1). During emergency
surgery on the day of injury, Kirschner wires were used for fix-
ing the fractured bones, and the extensor tendons were sutured.
The finger had a soft tissue defect at the ventral to lateral part
on the distal interphalangeal (DIP) joint due to the crush
injury with exposing the middle phalanx. Because the unfa-
vorable engraftment of the skin graft was expected, an arterial-
ized venous flap from the right forearm was transplanted
(Figure 2). A flap of 3 cm x 3 cm in size with 1 efferent vein and
2 afferent veins was taken, transferred to the defect of the index
finger, and sutured loosely. The afferent vein of the flap was
anastomosed to the radial digital artery of the index finger. One
of the 2 efferent veins was anastomosed to the radial digital
artery, and the other was anastomosed proximally to the cuta-
neous vein in the ventral part of the finger.

Although the perfusion of the flap was favorable, congestion
and edema in the flap were observed on postoperative day 5
(Figure 2B). Therefore, a single-use NPW'T system was initi-
ated for improving the problems. First, the sufficient amount of
no-sting barrier film (SECURA; Smith & Nephew) was
applied for increasing the adhesion between the skin and the
dressing (Figure 3A). Then, the barrier-film—covered finger
was covered with the dressing in a spiral shape for allowing the
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Figure 1. The ventral part of the finger and X-ray image of the index
finger at the time of injury. (A) Soft tissue defect was observed on the
ventral part of the index finger that was pinned for fixing the open fracture
of the middle phalanx. (B) X-ray image showed the fracture of the middle
phalanx of the index finger.

Figure 2. Intraoperative and postoperative views of the wound site of the
index finger. (A) Photograph showed the intraoperative views of the
wound after arterialized venous flaps transplant. (B) On postoperative
day 5, the congestion of the flap on the wound was observed.

aspiration port to appear at the dorsum of the hand. As a result,
the dressing covered the whole index finger including the arte-
rialized venous flap on DIP joint except fingertip. A gel seal
(Renasys Adhesive Gel Patch; Smith & Nephew) was applied
around the dressing (Figure 3B). Finally, a drape was applied
(Figure 3C and D). This device delivered NPWT at a single
preset pressure of ~-80 mm Hg. Negative pressure wound ther-
apy dressing was exchanged twice a week by the same proce-
dure for 3weeks at the outpatient department, and the bullae
formation, swelling, and the deep purple color of the flap due
to congestion in the flap were found to be improved. Although
only epidermal necrosis was found at the peripheral part of the
flap, nearly all flaps were confirmed to be salvaged on the
exchange of NPW'T. After the application of NPW'T dressing

was completed, the wound was treated conservatively with
p ) y

"

Figure 3. Application procedure of PICO dressing. (A) Before the
application of PICO dressing, the sufficient amount of no-sting barrier film
(SECURA) was applied to the around the wound. (B) Gel sealer was
applied to the middle part of the finger. (C) Photograph showed the
dorsum of the hand after PICO dressing application. The aspiration port
with drain tube was placed on the dorsum of the hand. (D) Photograph
showed the palmar side of the hand after PICO dressing application.

vaseline ointment and a nonadherent pad (Derma Aid;
ALCARE, Tokyo, Japan). As a result, the wound epithelialized
in 2months, and no complications, such as wound infection,
were observed in the flap.

At 4months postoperatively, although mild atrophy that
was one of common complications with arterialized venous
flap was noted,® the morphology of the finger was favorable
(Figure 4A). Satisfactory synostosis was also observed radio-
graphically. Although a little weakness in DIP joint movement
with a percent total active motion of 61% was found, no limita-
tions in the extension of each joint was noted, resulting in no

inconvenience in daily life (Figure 4B).

Discussion

Uygur et al’ and Qui et al'® used NPWT for treating conges-
tion after free flap transplants and reported the improvement
of congestion. Nelson et al'* also used NPW'T after free flap
transplants and reported a good contour morphology in addi-
tion to the improvement of flap edema, and the flap morphol-
ogy is also satisfactory in that case after an extended course. In
this study, NPWT was effective not only for treating the physi-
ological congestion after arterialized venous flap transplants
but also for providing an aesthetic satisfaction to the patients.
Malmsjo et al investigated wound perfusion with NPW'T and
reported (1) the expansion of the deep tissues after the applica-
tion of negative pressure to wound defects and (2) the dilation
of the deeper vessels with increasing perfusion. They also
reported the reduced perfusion of the cortical layer during
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Figure 4. The wound at 4 months after surgery. (A) The ventral part of
the finger. At 4months postoperatively, although mild atrophy was found
in the arterialized venous flap, the morphology was favorable. (B) The
maximum flexion position of the finger. At 4months postoperatively,
although a little weakness was observed in distal interphalangeal joint
movement with a percent total active motion of 61%, there was no
inconvenience in daily life.

wound suturing by the compressive force of the coating mate-
rial.12 Malsiner et al'3 reported that immunohistochemical
analysis found an increase in the number of vessels treated by
NPWT increase in chronic wound. In this study, the number of
vessels in wound bed also increased by NPW'T; and in addition,
NPWT was speculated to allow the deeper blood vessels within
the flap to dilate with inducing drainage and the simultaneous
reduction in excess blood flow to the cortical layer, resulting in
the improvement of congestion. Although only one case could
be a weak point in this study, time to improve congestion and
the severity of necrosis without NPW'T were speculated be
longer and higher than those fingers treated with NPW'T,
respectively. Kairinos performed NPW'T in poorly perfused
tissues and reported that (1) the tissue pressure in the sur-
rounding tissues increased, (2) the capillaries are compressed,
and (3) the perfusion could decrease.'* In this study, blood flow
from afferent vein was speculated to decrease because of the
reasons described in (2) and (3), and blood flow from efferent
vein increased because of the reason described in (1). This
study performed the revascularization of wound with the flap
and improved the perfusion of surrounding tissues, and no
decrease in perfusion to the extent was speculated to be
observed, resulting in no severe necrosis at the flap or sur-
rounding tissues with the use of NPW'T. However, the effects
of NPWT on the site of blood vessel anastomosis were unclear,
and the application and timing of the use of NPW'T after skin
flap transplant are to be carefully investigated. Malmsjo et al'2
previously compared conventional NPWT with foam to that
with PICO dressings and reported no significant difference in
their effectiveness for treating full-thickness skin defects and

suture wounds. PICO was thought to be effective for treating a
site, such as the fingers, which was difficult to perform conven-
tional NPW'T, and this device could allow patients to receive
their treatments at the outpatients department.

On the use of PICO on the fingers, the following leak fac-
tors were expected: (1) the application site has several joints
and a complex spatial construction, (2) there are many lines at
the palms and ventral part of the fingers, and (3) the size of
dressing is larger than the surface area of the wound. Fujitani
et al® used a surgical glove to prevent air leaks. For solving
these issues, this study could make the following remarks on
the use of NPWT device: (1) the dressing should be mini-
mized for fitting the wound area, (2) the sufficient amount of
no-sting barrier film (SECURA) should be applied for
increasing the adhesiveness between the skin and the dress-
ing, (3) the dressing should be applied to the finger in a spiral
shape for allowing the aspiration port to appear at the dorsum
of the hand and to avoid reaching the palmar area, (4) gel seal
(Renasys Adhesive Gel Patch) should be applied to possible
leaking sites followed by the application of dressing, and (5)
the surroundings of the dressing should be covered with an
all-cotton elastic bandage (Elascot; ALCARE) with applying
light compression. Although the patient underwent rehabili-
tation immediately after surgery, the procedures described
above allowed PICO dressing to be used without leak prob-
lems that was well tolerated during wound healing induced by
NPWT. This procedure also can be applied to the fixation of
the skin graft for hand injury requiring rehabilitation. In the
future, the authors would accumulate cases and investigate
the effects NPWT with PICO on perfusion within arterial-
ized venous flaps. Also, the authors would compare the
degrees of congestion, cosmetic, and treatment period with-

out NPWT.

Conclusions

Negative pressure wound therapy was used to treat congestion
after the transplantation of an arterialized venous flap, and the
wound could be favorably managed. In addition, this NPWT
device was easily used for the finger, which is known to be dif-
ficult to perform conventional NPW'T with dressing.
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