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Abstract

This study aimed to evaluate the clinical significance of Vacuum Sealing Drainage (VSD) therapy in oral
and maxillofacial surgery patients with serious maxillofacial abscesses, trauma wounds, or flap necrosis,
and to summarize the advantages of VSD. We retrospectively analysed 28 patients who received VSD
therapy in our ward since 2013, including 13 patients with trauma wounds, 8 patients with abscesses,
and 7 patients suffering from postoperative flap necrosis. We then compared their treatment time and
pain scores with those of 22 patients who received traditional therapy. All the data were statistically
analysed using SPSS software. The VSD device was safe, and the 28 serious wounds were effectively
resolved after VSD therapy. The use of VSD significantly shortened the time required for healing by
54.5% (P<0.01) and reduced the pain scores by 48.8% (P<0.01) as compared to traditional treatment.
VSD has more advantages than traditional therapy in the treatment of various serious maxillofacial
wounds, and leads to greater patient satisfaction. VSD has many useful applications in oral and
maxillofacial clinical practice.
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Introduction
Previously, treatment of some types of wounds, including
traumatic wounds involving soft tissue defects, skin flap
necrosis after reconstructive surgery, and serious abscesses,
pose very challenging situations for oral and maxillofacial
surgeons. The treatment protocol for these wounds involves
meticulous surgical debridement and early definitive
reconstruction, as necessary [1]. The importance of sufficient
debridement and treatment protocols have been documented
previously [2,3]. In our experience, the patient’s suffering is
increased when aggressive surgical debridement is required.
Thus, surgeons face the dilemma of achieving a balance
between effective wound treatments and reducing patient pain.

The understanding of wound healing has advanced in the past
20 years, with the development of new techniques to
manipulate the wound healing process and to improve healing
rates, but many of these are costly and are not likely to be
available for clinical use [4]. Here, we introduce a type of
technology that may be able to solve this problem. Vacuum
Sealing Drainage (VSD) is a type of negative-pressure wound
therapy that treats the wound and removes excessive exudate.
VSD was first described by Fleischmann et al. [1] in Germany
in 1992, when it was applied to the treatment of soft tissue
infections of the extremities, and was later introduced to China
by Qiu and Song [2] in1994. Currently, VSD is widely used by

orthopedic trauma surgeons for controlling wound infection,
stimulating the granulation process, promoting wound healing,
decreasing complications, and accelerating functional recovery.
Concurrently, VSD is thought to reduce the pain and lead to
greater patient satisfaction. It is worth mentioning that VSD
played an important role after the Sichuan earthquake in 2008,
when more than 150 severely injured patients were treated
using this approach, with good results [3]. Although VSD has
been widely used for complicated wounds, its application in
oral and maxillofacial surgery has rarely been described [4].
Wound healing is particularly challenging after high-energy
trauma to maxillofacial soft tissue, serious maxillofacial
abscesses, and reconstructive flap necrosis. Here, we describe
our clinical experience and success with using VSD in 28
patients with complicated maxillofacial wounds and infections.

Materials and Methods

General information
We have treated 3 groups of patients (18 males and 10 females,
aged from 34 to75 y) with complicated wounds with VSD in
the oral and maxillofacial ward of the First Affiliated Hospital
of the College of Medicine, Zhejiang University, China, from
2013. VSD devices were supplied by Wuhan VSD Medical
Science and Technology Co. Ltd, Wuhan, China (Figure 1).
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These devices consisted of a polyvinyl formaldehyde foam
dressing, a T-coupling, and a plastic tube. The semipermeable
membrane was supplied by UK Smith and Nephew Medical
Ltd, London, UK. One end of the tube was connected to the
foam and the other was connected to the central
subatmospheric control unit. This study was conducted in
accordance with the declaration of Helsinki. This study was
conducted with approval from the Ethics Committee of
Zhejiang University. Written informed consent was obtained
from all participants.

Figure 1. VSD device consisted of a polyvinyl formaldehyde foam
dressing, a T-coupling, and a plastic tube.

Treatment process
A total of thirteen traumatic patients, 3 patients injured by
falling, 9 patients by crashing and 1 patient by blasting, had
severe wound contamination and damage to facial soft tissue
defects. Seven patients had combined open fractures. We first
dealt with life-threatening injuries; we then performed surgery
on the open fractures and thorough debridement to remove
contaminants and dead tissues. The wounds were covered with
VSD and closed with the semipermeable membrane. During
the suctioning period, which was maintained for 3-7 d, no
dressing changes were needed. After the VSD was removed,
we repaired soft tissue defects with skin grafts or skin flap
transplantations.

8 patients, with severe maxillofacial abscesses, underwent
incision and drainage under local anesthesia, followed by
placement of the foam into the abscess. 7 of them were
odontogenic infections, and simultaneously had diabetes and
poor glycemic control. Only one patient was infected with
closed trauma of soft tissue. Finally, the wound was sealed
with the semipermeable membrane. Negative pressure was
controlled at 125 mmHg, continuously. The VSD was removed
or replaced after 8-19 d, or when the drainage fluid was scant
and clear.

Reconstructed was performed immediately after maxillofacial
malignant tumor resection, using skin flap for repair, in 7
patients, but the 7 flaps were partially or totally necrosis
because of 3 patients of infection and 4 patients of vascular
crisis. Finally, 7 patients had complicated wounds with partial
or total loss of the flap. Additionally, we used the VSD system

after surgical debridement, and complete wound healing was
achieved in all 7 patients.

We retrospectively analysed all 28 patients treated using the
VSD treatment in our ward and compared their pain scores and
treatment time with those of 22 patients who received
traditional therapy. We used SPSS software to compare the
datasets.

Results
There were statistically significant differences in treatment
time and pain scores between the two groups (P<0.01). The
average duration of VSD was 12.25 d. Traumatic wound
treatment time was the shortest (7 to 9 d), while abscesses
required the longest treatment time (8 to 19 d). However, the
traditional treatment group required an average of 27.25 d.
VSD also markedly reduced the pain scores during the
patients’ hospitalization. Follow-up ranged from 3 to 6 months,
and the final results demonstrated complete healing in all 28
patients studied. After using VSD for 1 w, in the 8 cases with
abscesses, swelling was significantly decreased, without any
allergic reactions. Using Computed Tomography (CT)
examination, we found that effective control was gained over
the severe abscesses and the dead cavity was reduced. In the 13
cases with extensive soft-tissue defects, fresh granulation tissue
grew well, which provided an excellent soft-tissue bed for flap
transplantation. In the 7 cases with flap necrosis, granulation
was flat and fresh. Below we demonstrate the different groups
by means of typical cases.

Patient presentation
Patient 1: This case was a 53 y old patient who had zygomatic
bone and nasal bone fractures with peri-orbit soft tissue defect
(Figure 2A), because of a traffic accident 6 days previously.
The wound showed more inflammatory granulation tissue and
exudate; we therefore performed debridement and placed the
VSD. After 7 d, we removed the VSD (Figure 2B) and
completed the skin graft simultaneously (Figure 2C).

Figure 2. A: Patient with peri-orbit soft tissue defect; B: The wound
has fresh granulation after VSD treatment; C: After removing VSD,
patient with skin graft surgery immediately.

Patient 2: This patient was a 66 y old diabetic male who
suffered a carcinoma of the root of the tongue carcinoma. We
performed a neck dissection and used a forearm flap for
reconstruction, but unfortunately, the patient developed severe
infection and flap necrosis (Figure 3A). After using VSD
treatment for 12 d, the infection was controlled effectively
(Figure 3B).
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Figure 3. A: Serious infection and flap necrosis; B: The infection was
controlled after 12 d of VSD and there was a plenty of fresh
granulation tissue.

Patient 3: This patient was a 42 y old male that presented with
a serious maxillofacial abscess after 9 d of toothache (Figure
4A). Traditional drainage and anti-inflammatory therapy did
not have a good result; we switched to VSD, which was placed
into the pus cavity. After 6 d of VSD drainage, we observed a
change in the abscess through CT examination. The pus cavity
was markedly reduced (Figure 4B).

Figure 4. A: CT scan shows the serious abscess; B: 6 d after VSD
treatment, CT scan shows the abscess becoming visibly smaller (The
arrow points to the abscess cavity).

Discussion
VSD has been in use since the 1990s. It is a type of Negative
Pressure Wound Therapy (NPWT) and is commonly referred to
as Vacuum-Assisted Closure (VAC) in North America.
Numerous basic research and clinical studies have verified that
VSD not only results in complete drainage, but also eliminates
dead space and stimulates the growth of healthy granulation
tissue [5]. In the field of oral and maxillofacial surgery, VSD
has not been widely applied, and is rarely used in the treatment
of postoperative fistulas and exposed wounds resulting from
head and neck reconstructive surgery [6]. We therefore studied
the scope of application of VSD in clinical practice.

Wound healing is particularly challenging after high-energy
trauma to the maxillofacial soft tissue. Maxillofacial surgeons
need to close the wound and restore the patient’s appearance
and function as soon as possible. A free-flap is the optimal
treatment approach for repairing soft tissue defects after
debridement. The basic surgical principle used in the

management of traumatic wounds is debridement. Incomplete
debridement is detrimental to tissue healing [7]. Necrosis or
pollution of severe wounds with soft tissue defects would lead
to further infection and difficulty in immediate repair of a
defect. Trials in animals demonstrated that VSD could improve
bacterial clearance [5]. Additionally, a prospective clinical
study has demonstrated that VSD can accelerate drainage and
decrease the rate of infection, as compared with a pressure
dressing [8]. Therefore, the application of VSD can shorten the
waiting time for a second operation and can improve the
survival rate of a skin flap.

Severe maxillofacial abscesses represent a potentially life-
threatening clinical condition, of which the most serious
complications are respiratory obstruction and septic shock. The
mortality is very high, reaching 40%-50%, if the infection
spreads from the deep neck region to the mediastinum [9]. The
main types of severe maxillofacial abscesses are postoperative,
odontogenic, and traumatic. In patients with large maxillofacial
abscesses, traditional therapy consists of incision and drainage,
followed by twice-daily dressing and debridement. The
treatment cycle in traditional therapy is long and the drainage
effect is not exact. In contrast, the removal of exudates from
abscesses by NPWT has been well described in the literature
[10]. Moreover, in clinical practice, the tissue granulation
promoted by VAC allows improved closure of the
subcutaneous layers as compared to when using a conventional
method [11]. In our 8 cases with severe abscesses, we show
that VSD can markedly accelerate the decrease in the pus
cavity by promoting thorough drainage.

Common incisional closure complications in oral and
maxillofacial surgery include postoperative wound infection,
dehiscence, formation of hematomas, and skin flap necrosis, all
of which lead to delayed healing of the incision. Among them,
the treatment of skin flap necrosis is the most difficult, and a
second skin flap surgery may be required. Additionally,
wounds that fail to heal may cause considerable distress to
patients and impact negatively on their physical, emotional,
and economic states. Kakarala used a VAC dressing that could
be placed directly over the free muscle flap to assist in the in
the closure of cutaneous defects [12]. In our case, we applied
the VSD directly to the exposed cutaneous defect to create a
uniform bed of granulation tissue within 8 to 12 d and to
decrease the reconstruction rate in the oral and maxillofacial
region further.

For maxillofacial surgeons and patients with complex wounds,
decreasing the pain and shortening the treatment course are
significant issues. In the past, physicians have treated these
patients with debridement and dressing changes, which were
painful and achieved slow healing. Furthermore, traditional
therapy has the potential of injuring nerves, joints, and arteries
[13]. Other scholars have also confirmed that application of
VSD results in faster wound healing, decreased hospitalization
time, improved patient comfort, and decreased workload for
the medical team, as compared to traditional therapy [14,15].
In our study, we compared 28 patients treated with VSD with
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22 patients who received traditional therapy for severe
infections, and the benefit of VSD was marked (Table 1).

Table 1. Comparison of pain score and treatment time between the
two groups.

 Case
s

Average days of
treatment

Average pain
score (NRS)

Wound care
labor time

Groups 28 12.25 ± 2.91 2.25 ± 0.98 Once 7-10 d

VSD 22 27.27 ± 9.01 4.45 ± 1.14 2-3 times daily

Tradition
al

 P<0.01 P<0.01  

Note: NRS: Numerical Rating Scale, 0-10 represents different degrees of pain.
This is the most commonly used method of pain scoring.

In 2010, Borgquist et al. compared the effect of negative
pressures, ranging from 10 to 175 mmHg, on microvascular
blood flow [16]. They found that the optimal negative pressure
for wound healing was 80 or 125 mmHg. Another review by
Moues et al. [17] found that negative pressure of 125 mmHg
seemed to be optimal, increasing the blood flow four-fold.
These reports all considered that excessive negative pressure
could adversely affect wound healing by creating ischemic
changes. However, some of the literature reviewed defined
negative pressure as 150 or 175 mmHg. Thus, there may be
some discrepancy in the definition of optimal negative
pressure. In our study, we set negative pressure to 125 mmHg
and universally achieved favorable patient outcomes.

VSD devices are changed every 7-10 d, as compared with 2 or
3 times daily for traditional dressings. Although the VSD
devices are more expensive than traditional dressings, cost
savings are achieved by decreased wound care labor, the need
for shorter courses of antibiotics, and shorter hospitalization
times. It should be noted that patients are routinely treated with
prophylactic antibiotics for a 3 or 5 d course after
implementing VSD. It is important to maintain VSD for a
week or more in order to treat infection [18]. Traditional
treatments required longer courses of antibiotics, contributing
to a higher cost of treatment.

It is important that negative suction be maintained with an
airtight seal. In order to accomplish this, before the wound is
sealed by the semipermeable membrane, any facial hair must
be clipped and the skin must be cleaned. If the patient has a
fistula on the oral mucosal surface, it should be sutured or
plugged.

Conclusion
In conclusion, VSD can accelerate the growth of granulation
tissue and reduce both patient discomfort and physician
workload. Based on our study and review of the literature,
VSD is an effective new treatment for serious maxillofacial
infections and abscesses and should be widely utilized.
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