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Background The management of complex soft tissue defects with exposed bones|
tendons is always a challenging task for the surgeon and the problem becomes more
pronounced when it comes to the management of these wounds in children. Though
flap procedures are considered the standard for managing the complex soft tissue
defects with exposed bones/tendons yet small blood vessels for anastomosis, long
operative period, increased chances of perioperative thrombosis, and difficult perioper-
ative management in children add to the difficulty in performing flap procedures in chil-
dren. The vacuum-assisted closure (VAC) therapy has emerged as a novel modality for
the management of the difficult wounds with added advantages, especially in children.
Objective To evaluate the efficacy of VAC in the management of wounds with
exposed bones/tendons in children.

Patients and Method Forty-six children of complex wounds with exposed bones|
tendons were included in the study from July 2016 to June 2018.

Results Out of 46 patients, 31 were male; the patients had a mean age of 8.4 years. Road
traffic accident was the most common mode of injury (54%), with most of the wounds
located over extremities. The mean duration of VAC therapy was 12 days. More than 90%
coverage of the exposed structure was seen in 89% of patients. The wounds were definitive-
ly managed by split-thickness skin graft in 89% of patients and flap coverin 6.5% of patients.
The mean cost of the VAC therapy at our government run hospital was 187 Indian rupees
per day. No significant major complications were seen during the treatment.

Conclusion VAC therapy is an efficient, safe, and cost-effective modality of treat-
ment for the management of complex wounds in the pediatric population.

psychological breakdown of the child. The overall situation
demands a treatment modality that is effective, safe, rela-

The management of complex soft tissue defects with
exposed bones/tendons is always a challenging task for the
surgeon and the problem becomes more pronounced when it
comes to the management of these wounds in children. The
immature age, tragic incident of trauma, long hospital stay,
and complex and invasive treatment required, all add to the
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tively atraumatic, and less invasive so as to provide minimal
discomfort, anxiety, and pain to the child while offering a
standard care for the wound.!

Flap procedures are considered the standard for manag-
ing the complex soft tissue defects with exposed bones/ten-
dons. But the morbidity and difficulties associated with flap
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procedures make this modality less favorable in managing
such wounds in children. Small blood vessels for anastomo-
sis, long operative period, increased chances of perioperative
thrombosis, and difficult perioperative management in chil-
dren add to the difficulty in performing flap procedures in
children.

The vacuum-assisted closure (VAC) therapy has emerged
as a novel modality for the management of the difficult
wounds. Although the literature is predominantly oriented
toward the adults, there is enough scope to use this modality
for managing the complex wounds in children. Good efficacy,
relatively atraumatic nature, and less frequency of dressing
changes make VAC a valuable option. It acts by macrodefor-
mation, microdeformation, reduction of exudates, reduction
of levels of bacteria, angiogenesis, and granulation tissue for-
mation.” VAC therapy has been used in children in manag-
ing soft tissue defects with exposed bone/tendon/hardware
to promote formation of granulation tissue.®** Abundance of
such complex wounds in children in our society and keeping
in view the simplicity of the procedure we decided to under-
take such study in our hospital.

Patients and Methods

This was a prospective study conducted on 46 children in
the Department of Plastic and Reconstructive Surgery from
July 2016 to June 2018. Ethical approval was taken from the
ethical committee of the hospital. In addition to the demo-
graphic data of the patients; mode of injury, site of injury,
size of wound, and size of the exposed structure were noted.
After thorough cleaning with saline, initial debridement and
proper hemostasis under general anesthesia, the patients
were subjected to VAC therapy. A wall-mounted vacuum
creating device was used for the study (=Fig. 1). Continuous
mode of VAC therapy was used at a pressure between 100
and 125 mm Hg. We used two sheets of autoclaved sterilized
locally available open cell polyurethane foam cut to fit the
wound size and overlapping about 1 cm of surrounding skin
and a fenestrated chest tube was put between the two layers
and taken out of the foam by making a small hole in the outer
foam layer. The whole dressing along with the chest tube
was covered with transparent adhesive dressing (lodrape) in
such a way that vacuum seal was achieved. The children were
attached to the vacuum device as soon as they were shifted to
the ward. They were detached from the VAC in between only
when they needed to go to washroom or the bed position
needed to be changed for some reasons. VAC dressings were
changed at a frequency of two to three times a week after
adequate analgesia. The wounds of the patients were evalu-
ated by serial measurements and photographs of the wound
to determine the contracture of the wound and coverage of
exposed bone/tendon by healthy granulation tissue at each
dressing change. Wounds that got covered with >90% gran-
ulation tissue by VAC therapy were considered successful;
those covered between 50 and 90% were considered satisfac-
tory, and those wounds in which <50% granulation covered
the wound were considered failure. End point of the therapy
was selected either when the wound was completely covered
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Fig. 1 Wall-mounted vacuum-creating device used in our study.

by healthy granulation tissue or if there was no response to
three consecutive VAC dressings. Patients were later man-
aged with split-thickness skin graft (STSG)/flap covers and
followed postoperatively on outpatient basis.

Results

Forty-six patients (up to age 15 years) were subjected to
the VAC therapy (=~Table 1). Mean age of the patients was
8.4 years with a male: female ratio of 2:1. Road traffic acci-
dent was the commonest mode of injury (48%), followed by
machine injury (24%) and fall from height (11%). Majority of
patients sustained injuries to lower limb (82.6%) followed by
upper limb (13%) and scalp (4.3%). Twenty-four patients had
exposed bones (=Fig. 2) in their wounds with mean area of



Table 1 Showing details of the patients with regard to etiology, size of exposed structures and duration of vacuum-assisted

closure (VAC) therapy required
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S.NO Etiology Area of bone exposed Length of tendon exposed Duration of VAC
1 RTA <10 cm? Nil 10-15 days
2 RTA <10 cm? Nil >15 days

3 RTA 10-30 cm? Upto 5 cm >15 days

4 RTA <10 cm? Upto 5 cm >15 days

5 RTA <10 cm? Nil 10-15 days
6 RTA <10 cm? Upto 5 cm 10-15 days
7 RTA Nil Upto 5 cm <10 days

8 RTA >30 cm? Nil >15 days

9 RTA Nil Upto 5 cm 10-15 days
10 RTA <10 cm? >5cm 10-15 days
11 FFH <10 cm? Upto 5cm 10-15 days
12 RTA <10 cm? Upto 5 cm >15 days
13 RTA <10 cm? Nil 10-15 days
14 Machine injury <10 cm? Nil 10-15 days
15 RTA <10 cm? Nil 10-15 days
16 RTA <10 cm? Nil 10-15 days
17 Machine injury >30 cm? Nil >15 days
18 FFH <10 cm? Nil 10-15 days
19 RTA 10-30 cm? Nil 10-15 days
20 Animal Attack >30 cm? Nil 10-15 days
21 FFH <10 cm? Upto 5 cm 10-15 days
22 RTA <10 cm? Upto 5 cm 10-15 days
23 RTA Nil Nil 10-15 days
24 RTA 10-30 cm? Nil >15 days
25 RTA 10-30 cm? Nil >15 days
26 FFH Nil >5cm >15 days
27 Machine injury <10 cm? Nil >15 days
28 Machine injury Nil Upto 5 cm >15 days
29 Machine injury Nil Upto 5 cm >15 days
30 Machine injury Nil Nil >15 days
31 Machine injury Nil Upto 5cm 10-15 days
32 RTA Nil Nil 10-15 days
33 RTA <10 cm? Nil >15 days
34 Machine injury Nil >5cm >15 days
35 Machine injury Nil >5cm >15 days
36 Machine injury Nil Upto 5 cm 10-15 days
37 Machine injury 10-30 cm? Nil >15 days
38 RTA Nil >5¢cm >15 days
39 Burn Nil Upto 5 cm 10-15 days
40 RTA >30 cm? Nil >15 days
41 Burn Nil Upto 5 cm 10-15 days
42 FAI <10 cm? Nil 10-15 days
43 Machine injury Nil Upto 5 cm >15 days
44 FFH <10 cm? Nil 10-15 days
45 RTA <10 cm? Nil 10-15 days
46 RTA <10 cm? Nil 10-15 days

Abbreviations: FFH, fall from height; RTA, road traffic accidents.
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Fig. 2 (a) Patient with exposed bone over anterior aspect of foot. (b) Exposed bone covered by healthy granulation tissue after 18 days of
vacuume-assisted closure therapy. (c) Wound after 2 weeks post split-thickness skin graft. (d) Well-settled graft after 6 months.

8 cm? (range 4-34 cm?). Exposed tendon (=Fig. 3) was pres-
ent in 15 cases with mean exposed tendon length of 4 cm
(range 1-7 cm). The average number of VAC dressings applied
was 4.5 (range 2-9). The mean duration of VAC therapy in our
study was 12 days with a range of 6 to 27 days. In our study
patients, more than 90% coverage of the exposed structure
was seen in 89% of subjects and in four patients only <50%
coverage of the exposed structure was seen. Eighty-nine
percent of patients were managed by STSG, 6.5% patients
required flap coverage and 4.3% patients required both STSG
and flap coverage for the management of their wounds. No
significant complications were seen in the patients. Minor
episodes of pain, periwound maceration, and bleeding were
seen during the treatment.

The mean total cost of the therapy was 2250 Indian rupees
(32 USD) with a mean per day cost of 187 Indian rupees
(2.6 USD).

Discussion

VAC technique has evolved as a powerful treatment modal-
ity for the management of complex soft tissue defects. The
rapid formation of the healthy granulation tissue is essen-
tial for the management of these wounds. Flap coverage is
considered standard for the management of wounds with
exposed bones/tendons but it is associated with difficulty
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and morbidity when compared with VAC. Keeping in view
the additional difficulties involved in the flap procedures in
children, VAC becomes an attractive and a promising modal-
ity for managing wounds with exposed bone/tendons in chil-
dren and hence is the core theme of this study.

Most of the wounds in our study subjects were on extremi-
ties (lower limb > upper limb). Foot was the most common site
followed by leg and forearm. Various other studies have also
observed the extremities as the commonest site of injury.'%-'2

Majority of the patients in our series had exposed bones
(52%) with a mean area of 8 cm? followed by exposed ten-
dons (32.5%) with a mean exposed tendon length of 4 cm.
However, 15% of patients had both exposed bone as well as
tendons (=Figs. 4 and 5). Similar results were also observed
by Mullner et al'® and Repta et al'® while treating patients of
exposed bones and tendons with VAC therapy.

The average number of VAC dressings needed per patient
in our study was 4.5. Though our results coincide with those
seen by Eltayeb et al'* and Lee et al,’> most other studies
either needed more'®'? or they needed less®' number of VAC
dressings to cover the wounds by healthy granulation tissue
than in our study. This variation in the number of VAC dress-
ings needed can be explained by varying clinicopathological
factors involved in the wound healing including infection,
underlying comorbidities, technique of VAC used, pressures
used in VAC, and differences in wound size.
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Fig. 3 (a) Post-traumatic wound with exposed bones/tendons over the lateral aspect of foot. (b) Post-traumatic wound with exposed bones/
tendons over the lateral aspect of foot. (c) Wound fully covered with granulation tissue after 17 days of vacuum-assisted closure therapy.

(d) Wound covered successfully with split-thickness skin graft.

The mean duration of completion of successful VAC ther-
apy in our study was 12 days. Eltayeb et al'* also observed a
mean duration of successful VAC as 12 days in their patients,
but some authors have reported relatively higher average
number of days needed to grow healthy granulations.!®!”
Baharestani et al, however, could manage the complex soft
tissue wounds in children by VAC therapy with a mean dura-
tion of 10 days.'® This variation in mean duration of therapy
required is again probably explained by different clinicopath-
ological factors involved in wound healing.

Successful VAC therapy was seen in 89% of subjects in our
study. Patients whose bone exposure was more than 30 cm?
failed to respond to the VAC therapy. Mullner et al reported
that 100% patients in their series were covered by healthy
granulation tissue'® while Lee et al'> and Baharestani et al'®
reported that more than 90% were successfully treated. How-
ever, results are not always as favorable as stated earlier,
because Caniano et al could cover only 57% of wounds with
STSG after VAC therapy.'®

Pain, especially at the time of dressing change, was expe-
rienced by ~80% of the patients that was easily managed

with oral/intravenous analgesics. Minor periwound mac-
eration and minor episodes of the bleeding from wound
were seen in ~30% and 19% of patients, respectively. Bleed-
ing was mainly attributed to the adherence of the foam
dressing to the wound bed and was significantly decreased
when the wounds were irrigated by saline via suction tub-
ing before removal of the foam dressing. None of the com-
plications mentioned earlier led to the discontinuation of
VAC therapy in the study patients. There was no incident
of graft or flap loss in the study subjects. Similar minor
complications were seen in other studies.®2¢

The average total cost of the VAC therapy in our study was
1,050 Indian rupees, which amounts to a mean of ~15 USD.
In terms of cost per day it amounts to 87.5 Indian rupees or
1.25 USD. This cost applies only to VAC therapy excluding
hospital charges. Rupees 100/day was the hospital charges
for all the patients, thus the mean total cost of the therapy
was 2250 Indian rupees (32 USD) with a mean per day cost
of 187 Indian rupees (2.6 USD). Kolios et al?' reported an
average total cost of VAC therapy in their patients as 3,266
USD while Chaput et al?? and Braakenburg et al?* reported
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Fig. 4 8-year-old child with raw area over scalp with exposed bone. (b) Wound showing coverage of exposed bone (Burr holes in situ). (c)
Wound completely covered with healthy granulation tissue after 20 days of VAC therapy. (d) Wound managed definitively with split-thickness

skin graft.

an average cost of 15 USD and 24 Euros per day, respectively.
The disparity in the average cost per day in our study as
compared with others is explained by the fact that ours is
a government hospital-based study and the patient had to
buy only the adhesive drape used in the VAC therapy. Rest
of the material including the foam, tubing and labor was
provided by the hospital. We used a wall-mounted vacu-
um-creating apparatus for the study, which is also the prop-
erty of the hospital.

VAC therapy is even considered to be the cost effective when
compared with the conventional treatment. Moues et al*
reported that the cost of VAC therapy was higher than the con-
ventional therapy (520 USD vs. 18 USD) when only material cost
was taken into consideration but when the hospital and nursing
charges were included (2,252 USD vs. 3,206 USD, respectively),
the overall cost of treatment by VAC was less compared with
the conventional dressing (2,810 USD for VAC vs. 3,225 USD for
conventional therapy).
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Finally, more clinical trials are needed to confirm the
clinical evidence base needed for this powerful wound care
technique especially in identifying the factors that determine
incomplete response to the therapy. In addition, studies are
also needed to see the long-term outcome of these patients
especially with regard to wound break down, tendon glid-
ing, contracture development, and joint function and thus
to ascertain whether this form of treatment could serve as
a sole treatment or any further definitive management is
needed in these patients.

Conclusion

In conclusion, our study supports the VAC therapy as a rel-
atively atraumatic technique to manage soft tissue defects
in complex extremity wounds in pediatric patients. The
VAC therapy proved to be an effective, safe, cost effective,
easy to learn, and simple technique that managed the
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Fig. 5 Patient with post-traumatic compound defect over forearm. (b) Wound after debridement showing exposed bone/tendon. (c) Wound
after 22 days of VAC therapy. (d) Wound managed definitively by split-thickness skin graft.

complex soft tissue defects in children without the mor-
bidity and complications associated with flap procedures.
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