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Vacuum sealing drainage combined with free anterolateral femoral
skin flap grafting in 16 cases of pediatric soft tissue damage to
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Background: To investigate the clinical experience and discuss the use of vacuum sealing drainage (VSD)
combined with free anterolateral femoral flap grafting to treat pediatric foot and ankle soft tissue traumas.
Methods: This was a retrospective analysis of 16 pediatric patients with foot and ankle soft tissue traumas
treated with free anterolateral femoral flap grafting from January 2015 to January 2018. After successful
debridement and VSD, the clinical efficacy of the procedure was evaluated by observing parameters such as
the color, shape, and texture of the flap on the receptor site.

Results: All patients were followed up for 23-32 months after surgery. Of the 16 patients, six had a flat flap
appearance, while the remaining ten patients required flap repair surgery 6-9 months after the procedure.
Eight of these ten patients had a satisfactory repair, and the remaining two patients had further repair surgery
9-10 months after the flap grafting. The postoperative results of all patients were satisfactory; no local
infection, good flap survival, soft texture, glossy elasticity, and flat appearance. Statistical results showed only
one case of local necrosis at the distal end of the flap, and the wound healed at stage II after redebridement
and dressing change.

Conclusions: VSD combined with free anterolateral femoral flap grafting is an easy and reliable operation
with a good prognosis and excellent clinical utility and feasibility for treating pediatric patients with foot and

ankle soft tissue traumas.
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Introduction and effectively applied to treat adult patients with complex

. . e . skin traumas and soft tissue damage. However, the same
With increased industrialization and mechanization, the 8 ’

incidence of large skin wounds and soft tissue traumas to the grafting procedure on pediatric patients is technically

foot and ankle has grown. Fortunately, the development in demanding and has a higher surgical risk due to the greater

microsurgery techniques has provided significant advances
in the clinical treatment of such complex injuries (1).
At present, free anterolateral femoral flap grafting is widely

© Translational Pediatrics. All rights reserved.

fragility and sensitivity of the pediatric body. In fact, there
are few reports of pediatric patients that have undergone
anterolateral femoral flap grafting (2). Severe open pediatric
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Table 1 General patient characteristics

Characteristics Cases (%)
Age (years)
>7 6 (37.5)
<7 10 (62.5)
Gender
Male 12 (75.0)
Female 4 (25.0)
Foot
Right 9 (56.25)
Left 7 (43.75)

injuries of the foot and ankle result in the exposure of bone
and tendon and the loss of large portions of soft tissue,
making them difficult to repair with skin grafts or adjacent
flaps (3). To counter this problem, anterolateral femoral
flap grafting is an ideal way to repair soft tissue damage in
pediatric patients. From January 2015 to January 2018, 16
pediatric cases of soft tissue foot and ankle traumas were
repaired by VSD in combination with free anterolateral
femoral flap grafting. The procedure achieved good results,
which are summarized below. We present the following
article in accordance with the STROBE reporting checklist
(available at https://dx.doi.org/10.21037/tp-21-399).

Methods
Clinical information

A total of 16 pediatric cases (age range, 5-11 years; average
age =7.8 years) with soft tissue foot and ankle traumas were
treated (informed consent was taken from all the patients).
Twelve children were male, and four were female. There
were nine cases of right foot injury and seven cases of left
foot injury (Zable 1). Thirteen injuries were caused by car
accidents, and three were due to crushing injuries from
heavy objects. The soft tissue damage was mainly in the
dorsum of the foot and around the ankle joint, with areas
of 7cm x 4 cm and 10 cm x 5 cm, respectively. All cases
resulted in bone or tendon exposure, including seven
metatarsal fractures and two tendon injuries. In view of
the varying degrees of wound contamination, the wound
was thoroughly debrided after admission and treated with
vacuum sealing drainage (VSD) for about a week. The
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treatment of choice for all cases was elective grafting, with
the operation taking place 6-12 days after admission. In
addition, the size of the surgical excision of the flap area
ranged from 10 cm x 7 cm to 14 cm x 8 cm. All procedures
performed in this study involving human participants were
in accordance with the Declaration of Helsinki (as revised
in 2013). The study was approved by Ethics Committee of
"Tongde Hospital of Zhejiang Province.

Statistical analysis

Using SPSS21.0 statistical software, all data were tested
for normality. Mean SD was used to express normal
distribution, and median (25 quantile, 75 quantile) was used
to express skewed distribution data.

Surgery method

VSD

According to the routine laboratory procedure employed in
our hospital, bacterial culture and drug sensitivity tests of
the wound were performed following admission. Antibiotics
were prescribed based on the drug sensitivity test results,
followed by thorough debridement of the contaminated
wound using the “carpet” method, in which all contaminated
and necrotic tissues were removed, and the wound was
washed with at least 6,000 mL of saline. Subsequently,
Kirschner wires were used to repair the patient’s injured
tendon and metatarsal fracture. Appropriate VSD material
was chosen to cover the wound completely based on the size
and specific shape of the foot and ankle injury and without
leaving any physiological dead spaces. A film was used to
close the wound, followed by continuous vacuum drainage
at 200 mmHg pressure. A week later, the VSD material
was removed. The flap repair was performed if the exposed
tendon/bone showed no necrosis, the wound granulation
tissue seemed clean, fresh and rubicund, and bled easily
upon touching. If this was not the case, the debridement
was repeated, the VSD material was replaced, and drainage
was continued until the wound was fresh. After primary
debridement and VSD, 14 patients showed controlled
infection with fresh and rubicund surface granulation. The
remaining two patients underwent secondary debridement
and drainage to achieve a satisfactory result. The donor site
of the anterolateral femoral flap was cleaned afterward.

Flap design, excision, and grafting

Two consecutive surgeries were performed that involved
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flap design, excision, closure of the donor site, the
debridement of the receptor site, vascular dissection,
vascular anastomosis, and flap suturing. The patient was
positioned horizontally to excise the contralateral flap.
Based on the basic principles of “point, line, and surface,”
initial determination of the peripheral projection of the
descending branch of the lateral circumflex femoral artery
(LCFA) was done from the anatomical position. Generally,
the location was near the midpoint of the line from the
anterior superior iliac spine to the external superior
patellar border and the midpoint of the inguinal ligament.
Subsequently, an ultrasonic Doppler blood flow detector
was used to observe the specific skin penetration of the
descending branch of the LCFA. The size, shape, depth of
the wound, and the degree of pediatric fatness were taken
into account when designing the flap. The donor site was
marked schematically, and a flap slightly larger than the
wound-generally greater than about 10% of the defected
area-was used to facilitate tension-free suturing of the flap.

"Tracheal intubation was used to administer anesthesia
to the patient. Subsequently, starting from the medial
side of the flap along the schematic markings, the skin,
subcutaneous tissue, and deep fascia were incised layer
by layer to expose the muscle tissue. Then, the deep
fascia was intermittently sutured with the flap for a few
stitches to prevent separation of the fascia from the skin.
Blunt dissection along the gap between the rectus femoris
and vastus lateralis muscle was performed to explore the
unexposed and carefully protected descending branch of
the LCFA. The larger branches emanating laterally from
the descending branch of the LCFA were sought out and
dissected from above to below, followed by the complete
dissection of the superior, inferior, and medial edges of the
flap. The retrograde tracing operation was performed after
carefully separating the completely exposed perforating
branch with its vastus lateralis muscle. Part of the perforating
branch was gradually severed until it was completely exposed
and had clear continuity with the descending branch. At
the end of the procedure, the lateral edge of the flap was
incised, followed by dissection of the free descending trunk
and ligation of the distal vessel pedicle. Additionally, the
pedicle division was performed according to the length of
the desired vessel pedicle in the receptor site, resulting in the
formation of an anterolateral femoral flap pedicled with the
descending branch of the LCFA.

Once the pedicle division was placed over the receptor
site, repeated wound and anterolateral femoral flap rinsing
was performed. Several temporary sutures were made
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and fixed, and a microscope was used to select either the
posterior tibial artery and vein or the anterior tibial artery
and vein for anastomosis. In this group, 14 anastomoses
targeted the anterior tibial artery and vein, while the
remaining two anastomoses targeted the posterior tibial
artery and vein. Several drainage strips were placed after the
flap was tension-free sutured to the circumferential skin of
the wound. Meanwhile, the donor site was usually closed
by direct-suturing with free skin-grafting covering the
inadequate area.

Postoperative management and follow-up

The flap blood circulation was kept under close observation
after surgery, and the surgery site was kept warm with a heat
lamp for 1 week, along with conventional anti-infective,
anti-spasmodic, and anticoagulant drug administration. The
use of intravenous analgesic pumps caused vascular crisis
due to severe pain in three patients post-surgery, which
was relieved by hibernation therapy. Symptomatic drug
treatment was not helpful for pain relief in one patient who
had developed a vascular crisis, and for that case, emergency
exploratory surgery was performed that revealed venous
reflux obstruction. After reanastomosis of the vein, most
of the flap survived, with necrosis in the distal 1/5 of the
flap, and the wound healed after two weeks of debridement
and dressing changes. All cases were followed up for
23-32 months. Six patients showed satisfactory results with
a flat flap appearance that did not affect daily activities, such
as walking in shoes. The remaining ten patients needed flap
repair surgery 6-9 months after grafting due to the swollen
appearance of the flap. Eight of these patients required one
repair, and the remaining two patients underwent a second
flap repair 9-10 months after the initial graft. Postoperative
wound analysis included observation of healing in the
receptor site; the shape, color, and texture of the flap; the
donor site scar, and the recovery of functional activities.

Two typical cases

Typical case 1 is a S-year-old female patient with dorsal
skin soft tissue necrosis of the right foot (Figure I). The
wound condition at admission is shown in Figure 1A4. After
admission, we initially performed debridement and VSD
negative pressure aspiration. The wound appearance one
week after operation is shown in Figure 1B. Figure 1C shows
the wound condition after the free anterolateral femoral
flap grafting repair. The postoperative condition after the
flap repair can be seen in Figure 1F, and the flap condition
is shown one week after surgery (Figure 1D), 8 months
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Figure 1 Typical case 1. A 5-year-old female patient with dorsal skin soft tissue necrosis of the right foot. (A) Wound condition at admission;

(B) wound condition one week after debridement and VSD; (C) condition after free anterolateral femoral flap grafting repair; (D) flap

condition one week after surgery; (E) flap condition 8 months after surgery; (F) postoperative condition after flap repair; (G-J) flap condition

48 months after surgery. VSD, vacuum sealing drainage.

Figure 2 Typical case 2. The patient was a 5-year-old female with a dorsal skin and soft tissue trauma to the right foot with tendon and bone

exposure. (A) Wound condition at admission; (B) wound condition one week after debridement and VSD; (C) design of free anterolateral

femoral flap; (D) postoperative condition of free anterolateral femoral flap grafting repair; (E,F) flap condition 18 months after surgery.

VSD, vacuum sealing drainage.

after surgery (Figure 1E), and 48 months after surgery
(Figure 1G-17). Typical case 2 is a female, aged 5 years, with
a dorsal skin and soft tissue defect of the right foot with
tendon and bone exposure (Figure 2). The wound condition
at admission and one week after debridement and VSD are
shown in Figure 24 and Figure 2B, respectively. The free
anterolateral femoral flap design can be seen in Figure 2C,
the postoperative condition of the free anterolateral femoral
flap grafting repair is shown in Figure 2D, and the flap

© Translational Pediatrics. All rights reserved.

condition 18 months after surgery is shown in Figure 2E
and Figure 2F.

Results

All 16 patients in this retrospective analysis had successful
surgeries without any intraoperative complications.
Three patients experienced postoperative vascular crises
due to severe pain, and hibernation therapy was used to
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relieve the pain after consultation with a pediatrician.
One patient experienced a vascular crisis that could not
be relieved by symptomatic drug treatment, so emergency
exploratory surgery was performed that revealed a venous
reflux obstruction. The majority of the flap survived after
reanastomosis of the vein. The rest of the patients showed
no adverse reactions post-surgery with good vitals and
mental state. In stage I, all donor sites were infection-free
and healed, and the flap in the receptor site survived well.
There was only one case of local necrosis at the distal end
of the flap, which healed in stage II after redebridement and
dressing change. All patients were kept under observation
4-36 months after surgery, and ten patients required flap
repair. The final feedback results were as follows: A flat
flap appearance with elasticity and texture similar to the
surrounding normal skin, a small donor site scar, recovery
of functional activity of the affected limb, no local pain, loss
of sensation or functional impairment, and the patient had
no difficulty walking in shoes. Overall, the patients were
satisfied with the postoperative condition of their limb.

Discussion
Advantages of the VSD technique in pediatric trauma

Since its first creation in 1993 by Fleischman (4) at ULM
University in Germany, the VSD technique has been
widely used to treat severe traumatic wounds. It has the
advantages of rapidly reducing periwound edema and
promoting the rapid growth of granulation tissue and has
achieved conspicuous results. The main points of VSD
are: (I) the treatment time is obviously shortened, the
patient may avoid the pain which changes the medicine; (II)
VSD is carried out in a closed environment to effectively
prevent cross-infection; (III) continuous negative pressure
suction promotes the fluid flow from the wound tissue to
the drainage tube, which provides an effective, continuous
and auxiliary power to the wound circulation; (IV) for the
superficial wound, can play close to the tissue, reduce the
wound surface, reduce the skin graft area effect.

However, unlike adults, children have delicate tissues and
fragile tendons, so they suffer from injuries that can easily
lead to large avulsions with skin and soft tissue damage.
In the worst cases, bones, joints, tendons, blood vessels,
and nerves may all get injured simultaneously, making
the wound a complex and serious one that creates great
difficulty for its clinical treatment (5). Considering the poor
resistance of pediatric patients, treating their soft tissue
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limb wounds with VSD draws necrotic materials and their
secretions out of the body more efficiently in a shorter time.
VSD can also protect the wound from harmful airborne
microorganisms, reduce the infection probability, and
shorten the cycle of antibiotic use (6). Many studies support
the use of VSD for rapid and effective promotion of wound
healing. Generally speaking, for thoroughly debrided
wounds, fresh, granular, red tissue can be seen 4-5 days
after VSD (7). Because the pediatric population has a low
pathophysiological pain tolerance, the use of VSD helps
children avoid the pain caused by long-term dressing
changes and debridement. The procedure can also reduce
the workload of medical and nursing staff and shorten the
course of treatment (8). The use of VSD after first-stage
debridement not only facilitates quick, simple, and effective
treatment of the wound but also reduces the traumatic
effect on the child, decreases the chance of infection, and
reduces complications. As such, VSD provides an optimal
environment that guarantees successful subsequent free flap
grafting (9).

Characteristics and precautions of pediatric lateral femoral

Jrree flap

The anterolateral femoral flap is a thigh flap with the
descending branch of the LCFA as the vascular pedicle. The
advantages of the LCFA include a long vascular pedicle,
thick caliber, concealed location, and a low impact on the
donor site. Known as the “universal flap,” it has been widely
applied in the repair of soft tissue skin damage since its
first proposal in 1983, when it was perfected by anatomical
studies conducted by Chinese scholars (10). However, there
are additional requirements for pediatric lateral femoral free
flap grafting. Firstly, pediatric patients are in the growth
and development stage of life, so the impact of the scar on
their future quality of life requires serious consideration.
Secondly, the small caliber and relatively weak walls of
pediatric vessels make intraoperative stimulation prone
to vasospasm, which affects the efficacy of surgical
operations (11). Therefore, it is essential to master and
perform the entire vascular anatomy and anastomosis
procedure with precision and care. Furthermore, pediatric
patients have more difficulty understanding the meaning of
surgery than adults, and their lower tolerance to anesthesia,
pain, surgical trauma, blood loss, and resistance to infection
should be considered; adequate preoperative preparation is
essential in this regard. Emotionally, detailed explanations
and clear communication with pediatric patients and their
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parents are needed to obtain full cooperation. Technically,
Color Doppler Ultrasound (CDS) combined with Multi-
slice Dimensional CT Angiography (MDCTA) can
be used to detect and accurately locate the position of
the perforating branch (12) and mark it precisely. For
clarification of the division of labor and for tracking
surgery speed and time, it is essential to closely monitor
and maintain blood volume stability intraoperatively. In
this way, surgery time and the chances of arterial spasm
can be reduced, and the safety and success rate of surgery
be improved (13). In addition, careful postoperative
supervision is required to prevent other complications. Also,
given the immaturity of the pediatric vascular system with
its thin diameter and poor pressure capacity, it is of great
importance to anastomose as many large veins as possible
while avoiding medically derived extravascular membrane
injury so as to promote venous reflux and prevent the
occurrence of venous crisis due to injury or edema (14). The
main complications after surgery are infection, ISCHEMIA
and necrosis of skin flap, hematoma under skin flap, joint
stiffness and so on. If the skin flap becomes infected
after the operation, we can take the following measures:
strengthen the dressing change, pay attention to the aseptic
operation, look for the pathogenic bacteria, choose oral or
intravenous antibiotic treatment according to the result of
drug sensitivity.

In summary, comprehensive preoperative preparation,
active communication, delicate intraoperative operation,
clear division of labor, close postoperative observation, and
meticulous care are essential to ensure a successful surgery.

Summary and prospects

In summary, Anterolateral thigh flap transplantation is
a good method to repair soft tissue injury in adults and
children. And the main steps of staged surgical treatment:
(I) thoroughly debride, repair tendon injury; (II) continuous
VSD negative pressure suction; (III) skin flap design, cut,
close wound; (IV) debridement, vascular anatomy, vascular
anastomosis and flap suture of the recipient area. The 16
pediatric patients included in this study underwent VSD in
the first stage of active and thorough debridement, while
keeping pediatric characteristics under consideration,
which laid a solid ground for a good soft tissue bed for later
grafting. In stage II, free anterolateral femoral flap grafting
was used to repair the soft tissue damage to the foot and
ankle, where satisfactory results were achieved with active
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postoperative complication prevention and meticulous care.
VSD combined with free anterolateral femoral flap grafting
is beneficial in many ways, including a concealed donor site,
smaller scar, anatomical constancy, high flap viability (15),
shorter course, faster wound healing, and a reduced
infection rate (16). Therefore, these advantages make this
technique the method of choice for repairing pediatric foot
and ankle soft tissue traumas with an easy operation, reliable
efficacy, and a good prognosis with significant clinical value.
Given the specific characteristics of the pediatric patient,
the procedure and operating technique is challenging for
the surgeon as it requires high patience, concentration,
and care. In addition, because of the limitations of the
free anterolateral femoral flap itself, further research is
needed to improve the quality of the procedure and reduce
complications.

Conclusions

VSD combined with free anterolateral thigh flap is a simple
and effective method for the treatment of traumatic soft
tissue defect of foot and Ankle in children.
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