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Purpose: Surgical drainage is an essential part of treatment for deep neck infections (DNIs)
or deep neck multiple-space infections (DNMIs). With the emergence and application of new
technologies and new materials, vacuum-assisted closure (VAC) in the treatment of DNMIs
has been reported. However, reports on the timing of VAC placement are limited. Herein, we
compared simultaneous versus staged VAC placement in the treatment of DNMIs.
Patients and Methods: Medical data from 24 patients with DNMIs who had received VAC
treatment in the last five years were analyzed. The patients were classified into a simultaneous
VAC placement group (11 patients) and a staged VAC placement group (13 patients) according to
the timing of VAC placement when incision and drainage were performed.

Results: No differences in baseline characteristics were found between the two groups.
All patients in the two groups survived and recovered. The hospitalization duration
(days), time to wound healing (days), number of debridement procedures, and disease
course (days) in the simultaneous VAC placement group and staged VAC placement
group were 10 (4-18) and 22 (8-35), 21 (4-39) and 50 (9-86), one (1-2) and two (1-4),
and 31.5 (11-49) and 56 (19-98), respectively. The results in the simultaneous VAC
placement group were better than those in the staged VAC placement group (P = 0.001,
0.016, 0.045, and 0.016, respectively). The numbers of VAC sponge changes in the
simultaneous VAC placement group and staged VAC placement group were two (1-2)
and two (1-4), respectively, with no statistically significant difference (P = 0.336).
Conclusion: Simultaneous VAC placement during incision and drainage may shorten the
wound healing time, hospitalization duration, and disease course and may reduce the number
of debridement procedures.

Keywords: deep neck multiple-space infections, DNMIs, necrotizing fasciitis, surgical
treatment, negative pressure wound therapy

Introduction

Deep neck infections (DNIs) are a group of serious bacterial infections occurring in the
potential spaces and fascia of the neck.! The incidence of DNIs is not clear. Although
many studies have shown that the incidence of DNIs has decreased due to the use of
antibiotics and improvements in sanitary conditions,” * reports also indicate an increased
incidence of DNIs in the last 10 years.>® Deep neck multiple-space infections (DNMIs)
are the most serious among all types of DNIs and often spread further to cause mediastinal
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infections, invade the carotid sheath, and possibly compromise
the airway, resulting in life-threatening conditions.”**

Treatments for DNMIs include life-supporting mea-
sures, surgical drainage, and appropriate use of antibiotics.
Among these treatments, surgical drainage is key.”
Although traditional extensive surgical drainage is effec-
tive for treating DNMIs, some limitations remain for this
approach, ie, drainage depends on gravity, the locations for
the drainage tube and incision are limited, dressing
changes and wound irrigation more than once a day may
increase patient suffering, and secondary wound infection
may occur.'™'" In recent years, vacuum-assisted closure
(VAC) in the treatment of DNIs or DNMIs has been
reported'” "> and has shown positive efficacy, but no
reports on the timing of VAC placement are available.

This study aimed to compare the effects of simulta-
neous VAC placement and staged VAC placement by
retrospectively analyzing the medical data of DNMI
patients who had received VAC treatment within the last
five years.

Patients and Methods

Patients

This study was approved by the ethics committee of
Peking Union Medical College Hospital (ethics approval
No. JS2084). All patients included in the study signed an
informed consent form before surgery. The medical data of
patients with DNMIs who received VAC treatment at our
hospital between January 2015 and December 2019 were
collected, and medical records, imaging data, and bacter-
iological results were reviewed. Patients with DNMIs
caused by tumors and trauma were excluded from the
study. A total of 24 patients were included.

Surgical Procedures

Simultaneous VAC placement: All patients underwent
general anesthesia following endotracheal intubation or
tracheostomy for airway protection before neck incision
and drainage. The appropriate incision was made accord-
ing to the different sites of infection to ensure adequate
exposure of the infected area and smooth drainage. The
pus was collected during the surgery for bacterial culture
and susceptibility testing. After the abscess cavity was
exposed, blunt dissection of the infected spaces by fingers
was performed for smooth drainage, and the necrotic tis-
sues were removed (Figure 1A). Blunt dissection by fin-
gers is a key step. On the one hand, separating tissues by

fingers is safe and has little impact on the complex nerves
and vascular tissues of the neck, which is increasingly
important when facing unclear anatomical signs in deep
neck multiple-space infections. On the other hand, this
method is also very effective in opening every potential
pus cavity, which promotes the treatment effect. After
repeated rinsing of the surgical cavity and verifying that
the cervical sheath was free from infections, foam material
of appropriate size was placed according to the infected
area, and transparent film completely covered the wound
to ensure sealing. Then, the VAC device (V.A.C. ®, Kinetic
Concepts Inc, San Antonio Texas, USA) was connected
(Figure 1B).

Staged VAC placement: All patients in the staged VAC
placement group had received conventional incision and
drainage, and the VAC was placed in the same way as that
in the simultaneous VAC placement group during repeated
debridement (Figure 1C and D).

Evaluation Indicators

First incision time: the time from DNI onset to the first
incision and drainage procedure (the time of puncture was
not considered the incision time); hospitalization duration:
the time from patient referral to our hospital to patient
discharge from our hospital; wound healing time: the time
from incision to reaching all four endpoints (self-healing,
stitch removal, drainage tube removal, and tracheostomy
cannula removal); disease course: the time from DNI onset
to complete healing; number of debridement procedures:
the number of debridement procedures performed in the
operating room (bedside debridement was not included);
and number of VAC changes: the number of VAC sponge
changes.

Results

General Information

All 24 patients who underwent VAC placement were
referred to our hospital (a central and tertiary hospital in
Northern China) from other hospitals. The results for the
simultaneous VAC placement group (11 patients) and
staged VAC placement group (13 patients) were as fol-
lows: age of the patients: 58 (47-65) and 57 (41-79) years;
sex ratio: 9:2 and 11:2; body mass index (BMI): 25.38
(22.09-31.63) and 24.76 (17.99-35.16) kg/m?; the propor-
tion of patients with concomitant diabetes: 5/11 (54.5%)
and 7/13 (53.8%); the time from onset to incision: seven
(5-15) and 10 (4-21) days; and the proportion of patients
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Figure | Vacuum-assisted closure (VAC) in the treatment of deep neck infection. Simultaneous VAC: (A) The abscess cavity was exposed, and necrotic tissues were
removed. (B) The foam material was then placed into the infected area, and the transparent film completely covered the wound to ensure sealing. In addition, the VAC
device was connected. Staged VAC: (C) Infection wound failed to heal after conventional drainage and repeated debridement. (D) The VAC device was then placed into the
infected area to facilitate wound healing. White arrows in (B and D) indicate the foam material and the transparent film, respectively.

undergoing tracheotomy: 5/11 (45.5%) and 8/13 (61.5%),
respectively. All the differences between the two groups
were not statistically significant (P=0.586, 0.648, 0.902,
0.528, 0.301, and 0.268, respectively) (Table 1).

The ratios of patients with odontogenic infection
(patients with a history of toothache and tooth extraction
before onset) to patients with nonodontogenic infection in
the simultaneous VAC placement group and staged VAC
placement group were 6:5 and 6:7, respectively. The ima-
ging and surgery results demonstrated that all the patients
had DNMIs. In the simultaneous VAC placement group and
the staged VAC placement group, involvement of the sub-
mental and submandibular spaces was observed in 9 and 12
patients, parapharyngeal space involvement was observed in

Table | General Information

11 and 13 patients, retropharyngeal space involvement was
observed in four and eight patients, prevertebral space invol-
vement was observed in one and two patients, and mediast-
inal infection was observed in four and five patients,
respectively. Multiple bacterial infections detected in the
initial culture of secretions were found in two patients in
the simultaneous VAC placement group and in four patients
in the staged VAC placement group (Table 2). The results of
initial bacterial culture of secretions from the 24 patients
were as follows: Streptococcus anginosus (eight patients),
Streptococcus constellatus (five patients), Acinetobacter
baumannii (two patients), viridans group streptococci,
Staphylococcus epidermidis, Streptococcus parasanguis,
coagulase-negative Staphylococcus, and Stenotrophomonas

Patient Demographics Simultaneous Placement (n=11) | Asynchronous Placement (n=13) | P value
Age (year) 58 (47-65) 57 (41-79) 0.586
Male/Female 9/2 172 0.648
BMI (kg/m?) 25.38 (22.09-31.63) 24.76 (17.99-35.16) 0.902
Diabetic ratio 6/11 (54.5%) 7/13 (53.8%) 0.528
Incision time after onset (days) | 8 (5-16) 10 (4-21) 0.301
Tracheotomy 5/11 (45.5%) 8/13 (61.5%) 0.268
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Table 2 Characteristics of Infection

Simultaneous Placement (n=11) | Asynchronous Placement (n=13) | P value
Odontogenic/Non-odontogenic | 6/5 6/7 0.608
Involved Region
Submental and submandibular | 9 12 0.619
Parapharyngeal I 13 -
Retropharyngeal 4 8 0.472
Prevertebral | 2 0.684
Mediastinal infection 4 5 0.443
Multiple bacterial infections 2 4 0.344
Negative of bacterial culture 3 2 0.262

maltophilia (one patient each). No pathogenic bacteria were
found in the secretion cultures of eight patients.

Clinical Outcomes

The treatment for all 24 patients was successful, and no
deaths occurred. The hospitalization duration (days),
wound healing time (days), number of debridement proce-
dures, and disease course (days) in the simultaneous VAC
placement group and staged VAC placement group were
10 (4-18) and 22 (8-35), 21 (4-39) and 50 (9-86), one (1—
2) and two (1-4), and 31.5 (11-49) and 56 (19-98),
respectively. All the results in the simultaneous VAC pla-
cement group were better than those in the staged VAC
placement group (P=0.001, 0.016, 0.045, and 0.016,
respectively). The numbers of VAC sponge changes in
the simultaneous VAC placement group and the staged
VAC placement group were two (1-2) and two (1-4),
respectively, and the difference between the two groups
was not statistically significant (P=0.336) (Table 3).

Discussion

Sufficient surgical drainage and clearance of necrotic tis-
sues are particularly important in the treatment of DNIs or
DNMIs.” An extensive incision is necessary for the

Table 3 Evaluation of Efficacy

traditional approach, which depends on gravity for drai-
nage and requires repeated dressing changes and debride-
ment. The traditional approach is effective, but patients
suffer from repeated dressing changes and debridement,
infections require a long time for resolution, and the like-
lihood of nosocomial infection increases.'®

Kostiuchenok (1986) first reported the use of VAC in the
treatment of 116 patients with pyogenic infections in Russia
and found that wound healing was promoted.'” Since then,
VAC treatment has become popular for use in wound heal-
ing. Schuster et al'* and Gallo et al'® first reported the use of
VAC in the treatment of facial infections and DNIs or
DNMIs, and good efficacy was achieved in both studies.
VAC is widely believed to promote wound healing and
reduce infections by producing local negative pressure to
absorb wound secretions and blood, thus promoting repara-
tive granulation tissue formation.'>*° Balci et al*' and Chen

etal'?

reported 11 and seven cases of VAC in the treatment
of necrotizing fasciitis of the head and neck, respectively.
Cao et al'' reported seven cases of VAC in the treatment of
serious deep neck and face infections. These three studies
concluded that VAC had positive efficacy in the treatment
of DNIs or DNMIs according to the descriptive analysis of

the included cases. Unfortunately, these articles did not

Simultaneous Placement (n=11) Asynchronous Placement (n=13) P value
Hospital stays length (days) 10 (4-18) 22 (8-35) 0.001**
Healing length (days) 21 (4-39) 50 (9-86) 0.016*
Number of debridement I (1-2) 2 (1-4) 0.045*
Number of replacement 2(1-2) 2 (14 0.336
Disease course (days) 31.5 (11-49) 56 (19-98) 0.016*

Notes: *Statistical significance; **Significant statistical significance.
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report whether differences in the timing of VAC placement
cause differences in efficacy.

This study reported the use of VAC in the treatment of
24 patients with DNMIs, representing the largest number
of enrolled patients undergoing VAC placement for DNI
or DNMI treatment among currently available articles.
This retrospective analysis showed that baseline disease
characteristics between the two groups were comparable.
The findings of this study demonstrated that the hospita-
lization duration, wound healing time, number of debri-
dement procedures, and disease course in the
simultaneous VAC placement group were significantly
better than those in the staged VAC placement group.
However, previous studies did not report the impact of
VAC placement timing on efficacy. The meta-analyses
performed by Sahebally et al** Hyldig et al** Wu et al**
and Gabriel et al*> were reviewed, and the results showed
that simultaneous VAC placement during wound closure
reduced the likelihood of surgical site infections, includ-
ing those resulting from abdominal surgery, thoracic sur-
gery, and breast surgery. A meta-analysis by Liu et al*
showed that in patients with infectious wounds such as
diabetic foot ulcers, VAC can increase the proportion of
diabetes patients with postoperative healing of foot
wounds and foot ulcers and shorten the healing time
compared with a traditional nonnegative pressure wound
therapy dressing. These findings indicate that early VAC
placement can reduce the incidence of wound (a clean
wound or a contaminated wound) infection and promote
wound healing. In theory, the mechanism of VAC in
reducing infections and promoting wound healing
involves improving the blood flow around wounds, redu-
cing tissue edema, and stimulating the formation of
reparative granulation tissue.'”***” However, whether
VAC can reduce bacterial loads remains debatable.?’ 2’
These findings can explain why DNMI patients who
received simultaneous VAC placement had shorter heal-
ing times.

This study has the following limitations: this was
a retrospective nonrandomized controlled study, and the
sample size was not sufficiently large. Furthermore, in all
patients who underwent VAC placement, the carotid
sheath was found to be intact and free from infection
during surgery; concomitant carotid sheath infection is
one cause of fatal DNIs. Finally, the patients included in
this study does not represent all patients with DNIs, espe-

cially those with fatal massive bleeding.

Conclusion

Although our study has some limitations, the findings
demonstrate that simultaneous VAC placement may
shorten the wound healing time, hospitalization dura-
tion, and disease course and may reduce the number of
debridement procedures compared with staged VAC
placement.
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