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Background/Purpose: Pediatric burn patients traditionally require multiple dressing changes and significant
amounts of narcotics. Negative pressure dressings (NPDs) have emerged as an effective wound therapy that
may represent an alternative primary dressing for these patients.
Methods: This is a single institution, retrospective study of pediatric burn patients treated with NPDs over a
defined 2 year period. Twenty-two patients were identified and their charts reviewed for age, sex, mode of
injury, location of injury, degree of burn, length of stay, length of dressing required, number of dressing
changes, and narcotic use between dressing changes.
Results: The average patient was 3.5 years old (range of 8 months to 10 years old) with partial thickness burns
involving 8.5% (range 3–18%) body surface area. The average treatment regimen was 3.5 dressing changes

more than 6.6 days, with a mean hospital stay of 9.6 days. The average child received 9.4 total doses of
delivered narcotics during their inpatient care.
Discussion: The use of NPD in pediatric burn patients does require sedation and narcotics which limits its
usefulness in the general pediatric burn population. Yet, they adhere well and stay in place even on active
children, they capture and quantify fluid losses, they only require changes every 2–4 days and promote the
adherence of split thickness skin grafts making them useful in various clinical situations.
Conclusions: NPDs are a viable option for both partial and full thickness burns in pediatric patients
that do not require transfer to a burn unit. NPDs may be advantageous in highly active children,
those with extensive fluid losses, those that require sedation for dressing changes and those that will
require grafting.

© 2014 Elsevier Inc. All rights reserved.
The use of negative pressure dressings (NPDs) is expanding into
many venues as a means to promote wound healing [1–4]. They
function by providing negative pressure to the wound through a
sponge. This design promotes blood flow to the tissue by increasing
capillary caliber, promoting angiogenesis and decreasing edema in
the surrounding tissue [5]. Likewise, NPDs decrease bacterial counts
in the wound and promote granulation tissue formation [5]. This
combination of effects generally leads to faster healing times [1–5].
Furthermore, unlike traditional dressings, such as wet-to-dry
dressings or silvadene dressings, NPDs only need to be changed
every 2–4 days.

Multiple studies have shown that NPDs aid in wound healing
in the pediatric population. The use of NPDs has been reported in
the literature for pilonidal disease, wound dehiscence, chronic
perianal fistulas, and traumatic skin loss, fasciotomy, and pressure
ith negative pressure dressings
ings to be well tolerated and
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ulcers to name a few [6–10]. In these settings, the benefits of
NPDs have included fewer and better tolerance of dressing
changes, earlier return to daily activities, faster wound healing,
edema reduction, wound contraction, shortened hospital stays,
and improved pain control translating to decreased need for
analgesics [6–10]. Wound contraction or “downstaging” can
decrease donor site morbidity and decrease the number of
operations needed for reconstruction [6]. Likewise, NPDs allow
precise information regarding fluid loss, which is extremely
important in the pediatric population [6] and may be especially
helpful in the setting of pediatric burn care.

The use of NPDs for the adult burn population was first reported in
2004 [11]. In addition to the aforementioned benefits of NPDs, these
dressings have also been shown to decrease progression of partial
thickness burns to full thickness burns [1]. Limited research has been
published about the use of NPDs in the pediatric burn population
[12,13]. The few studies that are present seem to focus on using the
wound vacuums to augment the adherence of split thickness skin
grafts [12,13]. Based on the adult burn data and the pediatric wound
healing data, it seemed likely that NPDs would be of benefit to the
pediatric burn population, both physically and mentally.
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Fig. 1. Methods. The burn is debrided and the NPD is applied and placed to suction under sterile conditions while the patient is under conscious sedation or general anesthesia.

Table 1
Patient information. Age, gender, type of injury, thickness of burn, need for subsequen
grafting and percentage body surface area involved for the 22 patients whose charts
were analyzed for the study.

Patient information

Age (years ± SD) 3.4 (±2.5)
Male: female 13: 9 (59.0%: 40.9%)
Scald: flame: chemical 16: 5: 1 (72.7%: 22.7%: 5%)
Partial: full thickness 16: 6 (72.7%: 27.2%)
No grafting: grafting 16: 6 (72.7%: 27.2%)
BSA involved (percent ± SD) 8.5% (±4.5)
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The objective of this study is to describe our institution's
experience with NPDs in pediatric burn patients.

1. Methods

All hospital charts were reviewed for patients with burn ICD-9
codes (940-949) for the period between January 2009 and January
2011. Forty-nine charts were identified. Three patients were excluded
because they were transferred to a burn unit, one was excluded
because s/he was admitted for complications of a prior burn, three
were excluded because they were adults, and another three were
excluded after chart review demonstrated no actual burn injury. Of
the remaining thirty-nine patients, sixteen were excluded because
wound vacuums were not utilized in the care of the patient and one
was excluded because s/he required skin grafting on initial evaluation.
There were multiple reasons for not using NPDs in these sixteen
patients: (1) no surgical consult was obtained; (2) the burn was
mainly superficial or small; or (3) the patient was notmanaged by one
of the authors.

The remaining twenty-two pediatric patients were managed with
negative pressure dressings as initial wound care for extensive partial
or full thickness burns. Their medical records were evaluated
retrospectively for demographics, mode of injury, location of injury,
degree of burn, length of stay, duration of dressing required, number
of dressing changes, narcotic use between dressing changes, antibiotic
use, and complications. All of the patients were admitted to the
hospital and were taken to the operating room for formal debride-
ment and NPD placement on hospital day 1 or 2 by one of the authors
of the study. The majority of the patients (15) were treated with
silvadene or antibiotic ointment before application of the NPD or after
removal of the NPD. Only one patient was given prophylactic
antibiotics at the time of debridement. All dressings utilized the
black sponge for the NPD. For eight of the patients the black sponge
was placed directly on the burn, for ten patients Mepitel® (Mölnlycke
Health Care, Gothenburg Sweden) and Acticoat® (Smith & Nephew,
Inc.; Andover, MA, USA) were placed prior to the sponge and in the
remaining five either Mepitel® or Acticoat® was placed prior to the
black sponge. Based on the retrospective nature of the study and no
comments in the chart, a conclusion cannot be made regarding when
Mepitel® and Acticoat® were utilized. The NPDs were set to−120 to
125 mmHg continuous suction for the majority of patients (19/22).
For the three remaining patients, one was set to 120 mmHg
intermittent suction and two were set to −70 to 75 mmHg
continuous. Dressing changes occurred every 2–4 days. There was
no data available retrospectively regarding the reasoning behind the
choice of negative pressure setting. Those patients that did require
grafting all had an NPD placed over the newly grafted area for
additional time. Patients were classified as a whole, on the basis of
thickness of their burn (partial or full), and on whether they required
subsequent skin grafting.

This study was approved by the Institutional Review Board of
Kapi'olani Medical Center for Women and Children (KMCWC),
Honolulu, HI.

2. Results

Twenty-two children presented to Kapi'olani Medical Center for
Women and Childrenwith burns, not requiring transfer to a burn unit,
who were initially treated with negative pressure dressings (Fig. 1).
These children ranged in age from 8 months to 10 years and the
majority was male (Table 1). The majority of these children sustained
severe scald injuries that were partial thickness burns involving 3 to
18 percent body surface area (Table 1). Approximately one third
required subsequent grafting (Table 1).

Wound vacuum therapy was generally initiated on hospital day 2
and completed either the day before or the day of discharge (Fig. 2).
Negative pressure dressings were utilized an average of 6.6 days per
patient and changed every 2–4 days (Table 2). Half of the children
underwent all dressing changes under general anesthesia while the
other half had dressing changes performed under a combination of
intravenous sedation and general anesthesia. Not including medica-
tions given in the OR or in the postanesthesia recovery unit, the
average child received 9.4 doses of narcotics (Table 2). The types of
narcotics administeredweremorphine, fentanyl, acetaminophenwith
codeine, oxycodone with acetaminophen, or hydrocodone. For one
patient, a morphine patient-controlled analgesia was utilized. As dose
demand information was not available, in order to determine a
number of doses for this child, the total amount of morphine used
over the entire hospital stay was recorded and a dose was considered
0.1 mg/kg.

The degree of burn injury was not significantly associated with
patient age, injury location, or total body surface area affected
t



Fig. 2. Typical results. (A) Child whose burn has been debrided after initial presentation. (B) Same child after treatment with an NPD who is ready for discharge.
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(Table 3). Boys were significantly more likely to sustain partial
thickness burns compared to full thickness burns (Table 3). Narcotic
use, days of NPD therapy, and length of stay were not significantly
different between those with partial or full thickness burns
(Table 3).

When comparing the groups of patients that required subsequent
skin grafting and those that did not, the only significant differencewas
that scald injuries were less likely to require subsequent skin grafting
(Table 4). The average body surface area involved was not
significantly different, nor was the amount of narcotic required
(Table 4).

Three of the twenty-two patients had complications. In all three
cases, the patients developed wound infections that were successfully
treated with antibiotics and did not require removal of the NPD.
3. Discussion

Pediatric burns are the sixth most common cause of unintentional
injury-related childhoodmortality [14]. This translates to b0.1% of the
unintentional injury-related childhood mortality but in our study
period, there were no mortalities. Yet, it should be noted that while
KMCWC is the only children's hospital in all of Hawaii and also serves
many other Pacific islands, there is not a burn center on the island.
During our study period, there were 3 patients that had burns severe
enough to warrant transfer to a mainland burn center and their
outcomes are unknown.

Pediatric burns are also the eleventh most common cause of
morbidity [14]. Not only are the children in a tenuous medical
condition, but the burns can have severe psychological conse-
quences [15]. Much of the children's pain and anxiety revolve
around the frequent dressing changes that traditionally occur at
least twice daily [15]. For a period of time, included in this study,
NPDs were the preferred dressing at our institution. Dressing
changes are only required every 2–4 days. The NPD pulls edema
Table 2
General data. Details of NPD usage, type of anesthesia, length of stay and amount of
narcotics required for the entire group.

General data

Negative pressure days (days ± SD) 6.7 (±3.0)
Number of dressing changes (number ± SD) 3.5 (±1.1)
General anesthesia: sedation 11: 11 (50%: 50%)
Length of stay (days ± SD) 9.7 (±4.9)
Doses of narcotics (doses ± SD) 9.4 (±12.5)
fluid out of the burn and is collected allowing accurate intake and
output measurement. Furthermore, minimal complications were
noted in the study group. Only three patients had complications. In
all cases this was a wound infection that was noted because of
erythema, not biopsy results which resolved with antibiotics. Thus,
the NPD allowed infrequent dressing changes, allows for close fluid
monitoring, is very well tolerated and had a low complication rate.
Unfortunately, length of stay was significant and sedation/anesthe-
sia required.

Since that time, the practice has expanded to include alternative
dressings such as AQUACEL® Ag (ConvaTec; Skillmann, NJ, USA) or
Medihoney® (Comvita; Bay of Plenty, New Zealand) that also have
the advantage of infrequent dressing changes. In our institution,
these alternatives have the advantage of permitting earlier
discharge as funding has not been available for outpatient NPD
use. Yet, there are 3 patient populations wherein we find the NPDs
to be beneficial: those with high volumes of serous drainage, highly
active children, and patients who have undergone skin grafting.
First, they can be used on children whose burns drain up to 2 liters
a day of serous fluid. In these cases, NPDs removed and
quantitatively captured the wound drainage while maintaining
adequate wound coverage. This allows for accurate fluid manage-
ment. Second, the NPD can be used in highly mobile children. The
NPD pump can be mounted on an IV pole for easy ambulation. In
contrast, it has been our experience that traditional dressings may
fall off and require additional dressing changes. Elastic bandages
can help keep traditional dressings in place but additional dressings
are still often required. This is even more apparent in the active
child whose burn is surrounding a joint. In these cases, NPD can
provide secure, protective coverage to the wound. The NPD is
versatile and can be used on small (3% BSA) to quite large (18%
BSA) burns. These dressings are also well tolerated and resilient;
none of the 22 patients required emergent trips to the OR to replace
a leaking NPD, even in those patients with high volume drainage.
Finally, NPDs have a very well established role in assisting in the
adherence of skin grafts [12,13]. Therefore, if a patient will require
or currently has a STSG on an area of burn, an NPD is appropriate.
4. Conclusions

There are numerous ways to treat burns and a large variety of
dressings are now available and being marketed for the treatment of
burns. There are strengths and weaknesses to many of these
dressings. In this retrospective study, we demonstrate that NPDs are
a viable option for both partial and full thickness burns in pediatric
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Table 3
Comparison of patients with partial versus full thickness burns. There were no significant differences between age, percentage BSA involved, days of negative pressure dressing
application, length of stay or narcotic used in patients with full or partial thickness burns. Partial thickness burns were significantly more likely to be caused by scald injuries.

Degree of burns

Partial thickness Full thickness p value

Age (years ± SD) 3.6 (±2.7) 3.1 (±1.8) 0.85
Male: female 12: 4 (75.0%: 25.0%) 1: 5 (16.7%: 83.3%) 0.016
Scald: flame: chemical 14: 2: 0 (87.5%: 12.5%: 0%) 2: 3: 1 (33.3%: 50.0%: 17.0%) 0.009/0.07/0.10
Required grafting 3 (81.2%) 3 (50.0%) 0.02
BSA involved (percent ± SD) 9.1% (±4.7) 7.0% (±4.0) 0.27
NPD duration (days ± SD) 6.8 (±3.3) 6.8 (±2.2) 0.87
Number of dressing changes 3.5 (±1.2) 3.3 (±1.0) 0.90
General anesthesia: sedation 8: 8 (50.0%: 50.0%) 3: 3 (50.0%: 50.0%) 0.90
Length of stay (days ± SD) 9.1 (±4.9) 11.3 (±4.7) 0.36
Doses of narcotics (doses ± SD) 10.4 (±14.0) 8.6 (±7.5) 0.49

Table 4
Comparison between patients that did or did not require subsequent skin grafting after
their initial treatment with the NPD. There was no significant difference in age,
percentage BSA involved, days of NPD application prior to grafting, or narcotic usage
between those patients that required subsequent grafting and those that did not. There
was a significant difference in the length of stay with a p-value of 0.0002 and patient
that did not require grafting were significantly more likely to have sustained a scald
injury (p-value 0.002).

Grafts

No graft Graft p value

Age (years ± SD) 4.9 ± 2.3 5.0 ± 2.5 0.15
Gender

Male 10 (58.8%) 3 (60.0%) 0.96
Female 6 (35.3%) 2 (40.0%) 0.96

Type of burn
Scald 14 (82.3%) 2 (40.0%) 0.023
Flame 2 (12.5%) 3 (50.0%) 0.07

Thickness
Partial 13 (76.5%) 3 (60.0%) 0.32
Full 3 (17.6%) 3 (40.0%) 0.32

BSA involved (% ± SD) 7.6 ± 5.5 8.7 ± 4.5 0.64
Negative pressure days (days ± SD) 7.5 ± 2.4 6.2 ± 3.3 0.46
Number of dressing changes (number ± SD) 4.2 ± 1.3 3.2 ± 1.0 0.09
Length of stay (days ± SD) 15.8 ± 4.3 7.7 ± 3.3 0.0002
Doses of narcotics (doses ± SD) 14.5 ± 22.2 7.7 ± 8.6 0.29
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patients. NPDs can be another tool in the arsenal to treat pediatric
burn patients. Based on our experience, NPDs are extremely useful in
patients with burn wounds associated with high volume drainage,
who are highly active where dressing adherence and security is an
issue, and who are post skin grafting as a method to promote
adherence of the graft.
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