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Abstract Negative pressure wound therapy (NPWT) has been used in the treatment of open
fractures to improve local wound treatment, to allow skin integration when skin
grafting is needed. During the last decade, the use of this device contributes to
decreasing the venous congestion in microsurgical procedures in free flaps and finger
replantation. The negative pressure increases the vascularization and decreases the
edema, allowing the integration of tissue. Nine patients were included in this protocol.
These patients had an open wound, and primary healing was not an option. Therefore,
reconstructive surgery was needed. One female and eight male patients were included.
Five reconstructive surgeries were performed in the lower limb and four in the upper
limb due to an open fracture, skin defect secondary to infection, avulsion injury of the
upper limb, and electric burn. Following the reconstructive procedure, NPWT was
applied immediately peripheral to the pedicled flap. Our protocol indicates that the
suction was placed for 5 days, set at continuous pressure of —100 mm Hg. At the end of
the treatment, no complications were observed, and full integration of the flap was
achieved. NPWT avoids local complications such as hematoma, shearing forces, and
infection.
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Negative pressure wound therapy (NPWT) has been widely
used in the treatment of open fractures, diabetic foot ulcers,
mediastinal wounds, and skin graft integration.! NPWT is
now being used in the treatment of venous congestion after
microsurgical procedures.? This case series aims to demon-
strate the applicability of NPWT for pedicled flap reconstruc-
tion using our institutional protocol.
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Materials and Methods

We present nine patients, one female and eight male patients,
who underwent reconstructive surgery of the upper and/or
lower extremities secondary to open fractures, open fracture
dislocations, electrical burns, infections, exposed hardware,
and soft tissue defects after oncological resection. Patients
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were treated from January 2020 to December 2022 at a large
academic institution by our group of microsurgeons. The
average age of this cohort was 43.4 years with patients ranging
from 27 to 60 years. None of the patients had a prior history of
tobacco use, smoking, high blood pressure, or diabetes.

NPWTwas applied using granufoam (3M V.A.C. USA) on the
periphery of the pedicle and the flap was covered with the
adhesive; when NPWT is applied peripheral to the flap, neo-
vascularization is increased and established and venous con-
gestion is less likely secondary to the negative pressure. In
some cases the pedicle was grafted with a partial thickness
skin graft and granufoam was also used to improve integration
of the skin around the pedicle. The therapy unit (3M V.A.C. Ulta
Therapy System) was connected in a standard fashion over the
granufoam. The device was set to continuous suction at
—100 mm Hg for 5 days (which is based on our prior experi-
ence).” The granufoam was placed over the distalmost one-
third of the circumference of the flap, away from the pedicle’s
arterial inflow (which minimizes flap burden). In finger inju-
ries (specially the index finger), the granufoam was applied
with the middle finger interposed due to the cumbersome
nature of isolated finger NPWT application. Patients who also
underwent skin grafting near the pedicle had the NPWT
applied to both the flap and the skin graft. The NPWT was
removed at bedside in six of the nine patients with use of local
anesthesia. All flaps were secured with simple nylon stitches.
Three patients required NPWT removal in the operating room
due to the location and size of the surgical site. No anti-
coagulation protocol was used and the average follow-up
was 3.6 months (range: 1-14 months; ~Figs. 1-3)
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Results

All nine patients underwent NPWT for 5 days without failure
or malfunction of the suction device. Four patients under-
went upper limb soft tissue reconstruction and five patients
underwent lower limb reconstruction. In the only infected
patient, irrigation and debridement was performed, antibi-
otic treatment was administrated for 5 days, and soft tissue
reconstruction was performed once the infection was con-
trolled. All patients had 100% healing and no complications,
such as seroma, dehiscent wound, local necrosis, infection,
were identified up to the time of their last follow-up
visit. =Table 1 shows patient details including anatomic
location, size of defects, and outcome. Patients’ satisfaction
was demonstrated with a pain scale of 0 when the patients
used the NPWT and after the removal of the device.

Discussion

For over 20 years NPWT has been an ally in surgical recon-
struction of skin and soft tissue defects. It has proven
beneficial in decreasing risk of infection, reducing the num-
ber of dressing changes, and allowing faster healing. In
animal models, NPWT leads to an increase in granulation
tissue formation, blood flow velocity, and capillary caliber as
early as 3 days after its use. In addition, it minimizes edema
(which allows improvement in oxygen transportation). Fol-
lowing 5 days of NPWT use, there is evidence of fibroblast
conversion to fibrocytes, which increases the quality and
quantity of the extracellular matrix.> This is the reason we

Fig. 1

(A) Patient #3: heel defect and initial drawing of the flap. (B) Patient #3: immediately postoperative, reverse sural pedicled flap with

NPWT. Wet gauze in split-thickness skin graft (STSG) nonincluded in the NPWT. (C) Patient #3: postoperative integration of the flap at 6 weeks.

NPWT, negative pressure wound therapy.
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Fig. 2 (A) Patient #8: heel defect with bone cement after fracture dislocation. (B) Patient #8: sural reverse flap. (C) Patient #8: immediately
postoperative, reverse sural pedicled flap with NPWT. Wet gauze in split-thickness skin graft (STSG) nonincluded in the NPWT. (D) Patients #8, 5:
postoperative, flap integration. NPWT, negative pressure wound therapy.

Fig.3 (A) Patient #9: proximal tibia defect and hardware exposure. (B) Patient #9: rotational gastrocnemius flap. (C) Patient #9: split-thickness
skin graft. (D) Patient #9: NPWT. (E) Patient #9: 6-week follow-up, full integration of the flap, superficial necrosis of the skin. NPWT, negative
pressure wound therapy.

use the NPWT for 5 days in all our patients, increasing the
neovascularization rate and decreasing the complications.
Plikaitis and Molnar* demonstrated that the use of NPWT
with intermittent suction therapy at a setting of —125 mm
Hg improves oxygenation and nutrient delivery to the wound
bed. Intermittent suction therapy leads to changes in the
pattern of blood flow and improves neovascularization in
complex wounds. Our findings suggest that either continu-
ous or intermittent therapy allow integration of the flap
without complications. Plikaitis and a prior study? reported
that using NPWT in skin grafts minimizes shear forces,
removes exudate, and increases blood flow and NPWT in
pedicled grafts also allows for indirect graft immobilization.

Journal of Reconstructive Microsurgery Open

Kim and Hong” demonstrated that NPWT can remove blood
and exudates, minimizing the risk of hematoma and infection.
It also noted that continuous therapy was much more tolerable
and less painful than intermittent therapy. Additionally, an
important reason for maintaining continuous therapy was to
avoid any risk of failure of the graft secondary to shearing
forces when intermittent therapy is used.

Chim et al® used NPWT in 9 of 16 patients who had
undergone free flaps for reconstruction of lower extremity
defects. They noted that there was no difference in flap
survival rates. However, it was noted that flaps treated
with NPWT were thinner, which led to an improved cosmetic
outcome.
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Bi et al’ reported the immediate use of NPWT after free
tissue transfers in 24 patients. NPWT was used at continuous
—125mm Hg therapy for 7 days. He noted that none of the
patients had drained more than 10 mL in a 24-hour period.
None of the patients required return to the operating room,
and no cases of loss or partial loss were documented.

Eisenhardt et al® performed 14 free gracilis flaps with
split-thickness skin graft (STSG), 7 rectus abdominis muscle
flaps, 4 latissimus dorsi free flaps, and 1 combined latissimus
dorsi-serratus anterior muscle flap for lower limb recon-
struction. NPWT settings were not described. STSG were
applied after the flaps were secured. Only two flaps failed,
which again provides evidence of the important role that
NPWT may play in avoiding complications and allowing
integration in the recipient wound.

Goldstein et al® published a total of 10 patients who
underwent random flaps for coverage of ankle defects. A
total of 17 flaps were performed (which included transposi-
tion, rotational, advancement flaps, and rotational pedicled
muscles flaps). NPWT was set to —125 mm Hg continuous
therapy and was removed on postoperative day 4. Two
patients had a small wound dehiscence.

We present 9 flaps with use of NPWT for 5 days set at
continuous —100mmHg, with no complications at the end of
the follow-up, NPWT would improve neovascularization
according to Chen et al,> could avoid venous congestion
and allow integration. Gabriel et al'® demonstrated the use
of NPWT for 7 days in a lateral local flap of the ankle, which
healed without complications.

Conclusion

NPWT used immediately after the fixation of a pedicled flap
avoids local complications such as hematoma, seroma, infec-
tion and minimizes the shearing forces that can lead to
dehiscence of suture in the recipient area. Less bulky flaps
can be the consequence of the NPWT, and control of the
pedicled flap can be established with a simple standardiza-
tion protocol. NPWT does not control the complications
during the harvesting process of the flap, and this process
depends only on the surgeon’s ability.
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