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Objective: To determine the effectiveness of pyogenic cavity aerobic therapy with negative 
pressure drainage in the treatment of deep neck space infections (DNSI).
Methods: The study was a prospective, observational analysis of 36 cases of DNSI at 
a tertiary care center. The patients were divided into two groups according to the treatment 
method. Group A was treated with pyogenic cavity aerobic therapy with negative pressure 
drainage and included 13 patients (6 males and 7 females), while group B was treated with 
traditional incision debridement drainage and included 23 patients (12 males and 11 
females). The average hospitalization days and doctors’ workload (ie, average days of 
postoperative dressing changes) were analyzed and compared between the two groups.
Results: The mean hospitalization days in the traditional dressing group were 26.74 ± 3.39 
days, while the average days of postoperative dressing change were 25.91 ± 3.43 days. In 
contrast, the averages for hospitalization days and days of postoperative dressing changes in 
the pyogenic cavity aerobic therapy plus negative pressure drainage were 11.08 ± 2.11 and 
3.69 ± 0.21 days, respectively. All 36 patients were cured. Compared with the group B, group 
A had a shorter hospital stays and lower doctor workloads (P < 0.001).
Conclusion: Pyogenic cavity aerobic therapy is an effective and simple method for chan-
ging dressings after DNSI. This therapy, when combined with negative pressure drainage, 
shortens hospitalization days and days that require a dressing change. This has reduced the 
workload of clinical doctors and pain experienced by patients. This therapy also has a high 
degree of safety and a very satisfactory curative effect.
Keywords: deep neck infections, neck abscess, therapy, drainage

Introduction
Many fascial spaces with loose tissue structure in the maxillofacial and neck regions 
are continuous with each other, which potentially facilitates the spread of infections.1 

Deep neck space infections (DNSI) are infections of the deep neck space and fascia 
plane, which can induce cellulitis and even formation of an abscess. DNSI are 
a common emergency in otorhinolaryngology and head and neck surgical depart-
ments. If not given effective and timely treatment, a multi-space fusion infection may 
develop rapidly and induce complications such as dyspnea, carotid sheath infection, 
laryngeal edema, mediastinitis, mediastinal abscess and intracranial infection.2,3 In 
severe cases, these infections are life-threatening.4,5

The standard treatment of deep fascial space infections includes medical support 
for patients, surgical drainage of the infection and correct use of antibiotics.4 With 
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early administration of antibiotics, there has been a decline 
in the incidence of this type of disease in recent years. 
Surgical incision combined with debridement and drainage 
has been the preferred treatment option for neck multiple 
space infections that are difficult to control with antibiotics.6

However, clinicians must address several persistent 
problems, such as long-term hospital stays and antibiotic 
use and burdensome dressing changes. Pyogenic cavity 
aerobic therapy with negative pressure drainage is a new 
technique for treating DNSI. To the best of our knowledge, 
the use of this technology for treating DNSI has not been 
reported although we have anecdotal evidence from clin-
ical studies of its therapeutic effect.

Materials and Methods
Study Design and Setting
This study collected hospital records of 36 subjects with 
DNSI who were admitted to the Department of 
Otolaryngology – Head and neck surgery of the First 
Affiliated Hospital of Anhui Medical University from 
November 2017 to October 2019 (Table 1). We have 
read the Helsinki Declaration and the study was carried 
out in accordance with the Declaration of Helsinki. The 
patient data were anonymized and maintained with con-
fidentiality. The patients were divided into two groups 
based on the treatment methods they received. The 
patients in Group A (13 patients, 6 males and 7 females, 
mean age 56.77±12.74 yr) were treated with pyogenic 
cavity aerobic therapy with negative pressure drainage, 
while those in group B (23 patients, 12 males and 11 
females, average age 55.09±14.11 yr) were treated with 
traditional incision debridement drainage. There was no 
significant difference in gender, age, or disease condition 
between the two groups (P > 0.05), indicating comparabil-
ity. There were 21 cases (58.3%) of type 2 diabetes melli-
tus, 2 cases of hypertension, 1 case with a hematological 
disease, and 1 case with panniculitis. Twenty-eight cases 
underwent a tracheotomy.

All the cases underwent emergency surgery within 24 
hours after admission. The maximum diameter of the 
abscess on computed tomography (CT) exceeded 2.5 cm. 
All patients included in the study provided informed con-
sent and agreed to the use of their medical history infor-
mation. The study was approved by the local ethics 
committee. Exclusion criteria included a peritonsillar 
abscess, a pharyngeal leakage or esophageal fistula, 
a post traumatic infected wound, or an infection secondary 
to a malignant tumor.

Surgical Procedures
All patients underwent laboratory tests, an electrocardio-
gram, and CT imaging of the neck (Figure 1A and B). 
According to the general physical condition and clinical 
manifestations and signs of the patient, supported by the 
CT image of the neck, emergency surgery was carried out 
to incise and discharge the abscess (Figure 1C). All the 
patients were treated initially with amoxicillin/clavulanic 
acid and metronidazole, with treatment adjusted according 
to subsequent culture and sensitivity reports. Vascular for-
ceps were used for blunt separation and wide opening of 
the dangerous abscess cavity that was then explored using 
the fingers to ensure the pus had been drained and necrotic 
tissues removed as much as possible (Figure 1D). The 
abscess cavity was washed repeatedly with hydrogen per-
oxide, diluted complex iodine, and normal saline.

Patients in group A group were treated by oxygen 
therapy of the pus cavity. On the first day after the opera-
tion, an oxygen tube was placed in the pus cavity with 
several side holes opened in the front of the oxygen tube 
(Figure 2A). The oxygen flow rate was maintained at 1–4 
L/min for 8–12 h/day. When there was no obvious puru-
lent secretion, the incision was sutured and negative pres-
sure drainage started (Figure 2B). The color of the 
drainage fluid was observed every day. When the color 
of the fluid was clear and its volume <10 mL, a further CT 
of the neck was performed to confirm that the abscess 

Table 1 Distribution of the Types of Deep Neck Infections

Diagnosis Total n (%) (N= 36) Group A n (%) (N= 13) Group B n (%) (N= 23)

Parapharyngeal space infection 20 (55.6) 8 (61.5) 12 (52.3)

Submandibular space infection 7 (19.4) 3 (23.1) 4 (17.4)

Multi-space infection 6 (16.7) 1 (7.7) 5 (21.7)
Necrotizing myofasciitis 2 (5.6) 1 (7.7) 1 (4.3)

Retropharyngeal space infection 1 (2.8) 0 1 (4.3)
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cavity had disappeared. The negative pressure drainage 
tube was then removed (Figure 2C). The patient was 
cured and discharged (Figure 2D).

In group B, the dressing was changed daily to wash the 
pus cavity and place the drainage gauze in position. The 
dressing was changed twice a day if too much pus was in 

the cavity, with the frequency of dressing changes reduced 
according to the clinical situation. The incision was 
sutured when the wound had developed fresh granulation 
tissue with no obvious purulent exudate. If a refractory 
skin defect was present, a flap transfer was sometimes 
required to repair the defect.

Figure 1 CT images of the neck showing low density shadowing and a gas shadow in the cervical subcutaneous, parapharyngeal, retropharyngeal, prevertebral, carotid, and 
upper mediastinum spaces (A and B). Necrotic fascia of the sternocleidomastoid muscle (C). Removal of necrotic tissue followed by flushing of the pus cavity (D).

Figure 2 An oxygen tube placed in the pus cavity (A). The pus cavity was sutured and a negative pressure drainage placed in position (B). A re-examination CT image of the 
neck showing that the pus cavity had disappeared and the swelling of soft tissue had subsided (C). Following removal of the drainage tube the incision healed well (D).
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All patients had a pus culture and antimicrobial sus-
ceptibility test carried out during the course of treatment.

Results
The statistical analyses were performed using GraphPad 
Prism 6 (GraphPad Prism 6 Software, San Diego, CA, 
USA). A comparison of the average hospitalization days 
and average days of postoperative dressing changes 
between the two groups was performed using Student’s 
t-test. The two indices were lower in group A than in 
group B. P values <0.05 were considered statistically sig-
nificant (Table 2). All 36 patients were cured following 
treatment.

In group B, 7 of the 23 patients (30.4%) had early skin 
defects, 5 of which healed spontaneously, while 2 cases 
were healed by a transfer skin flap. No skin defect 
occurred in group A.

All 36 patients had a pus culture, with 3 cases of 
Staphylococcus aureus, 1 case of Streptococcus pyogenes, 
1 case of Klebsiella pneumoniae, and 32 cases of 
a negative culture result.

Discussion
DNSI are defined by the presence of inflammation with or 
without pus in the deep spaces and fasciae of the head and 
neck.7 A DNSI is often secondary to an infection of the 
tonsils, teeth, and upper respiratory tract or may develop 
following deep neck surgery.8 If the infection cannot be 
controlled in time it can spread to other deep neck spaces, 
even up to the skull base or down to the mediastinum, or 
alternatively cause other abscesses and even systemic 
symptoms. A DNSI may also lead to upper respiratory 
tract obstruction, eventually causing serious consequences 
or even death.9 Therefore, early incision and drainage 
should be performed if the diameter of an abscess is 
confirmed by imaging to be >2.5 cm.10 Cramer et al4 

reported that delay in surgical drainage of deep neck 
abscess was associated with increased abscess-specific 
morbidity and mortality in their study.

The most common site of infection in our study was 
the parapharyngeal space (55.6%), a finding consistent 
with the results of Huang et al.11 This occurs because the 
parapharyngeal space is often involved with the periton-
sillar, submandibular, masticatory, and parotid space.2 

A DNSI can be a single or mixed infection of a variety 
of microorganisms with Streptococcus sp., digestive strep-
tococcus, Staphylococcus aureus, and anaerobes being the 
most common bacteria cultured from DNSI.12 Bacterial 
cultures of pus are often negative as a result of early 
application of antibiotics or improper sampling of materi-
als and other factors and are therefore used only as 
a reference for antibiotic therapy. A study by Walia et al6 

reported that 10 anaerobic microorganisms (25%) were 
isolated in 40 cultures. However, because we did not per-
form anaerobic cultures we have no data on the possible 
existence of anaerobes in the pus samples. Heim et al 
showed that about 42% of patients had at least one bacter-
ial strain that showed antibiotic resistance,13 and proposed 
that immediate surgical treatment involving incision and 
drainage formed the basis for treatment of an abscess, with 
antibiotics acting as adjunct therapy.

A large amount of pus may be produced every day 
after the abscess cavity is opened in DNSI patients. In 
patients with necrotizing myofasciitis, the initial opening 
of the infected cavity results in very little pus, although 
exposure of the infected cavity to air can subsequently 
produce a large amount of pus. Cao et al reported that 
the median volume of drainage fluid within 3 days after 
surgery was 420 mL, ranging between 280 and 760 mL.14

In view of this situation, we used the pyogenic cavity 
aerobic therapy which involved passing an oxygen tube 
into the operation cavity and adjusting the oxygen flow to 
1–3 L/min. After the first use of this therapy, the exudation 
of pus was reduced to about 10–15 mL the following day, 
and according to the amount of exudation in the operation 
cavity the oxygen flow was then gradually reduced until 
all the pus had been removed. During this period, we 
observed that if the oxygen flow rate was adjusted to 
more than 4 L/min, the operation cavity became too dry 

Table 2 Comparison of Treatment Effects Between the Two Treatment Groups (X±s)

Group n Average Hospitalization Days (d) Average Days of Postoperative Dressing Change (d)

Group A 13 11.08±2.11 3.69±0.21
Group B 23 26.74±3.39 25.91±3.43

P 0.0025 <0.0001
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causing the gauze to adhere to the deep neck tissue making 
it difficult to separate. This situation was not conducive to 
the growth of granulation tissue and wound healing. 
Secondly, during the period of aerobic treatment, the 
neck bandage should be loose in order to facilitate the 
outflow of oxygen and prevent the infection from spread-
ing to the surrounding spaces due to excessive air pressure. 
The oxygen flow tube should also not be plugged into the 
dead cavity in order to avoid serious consequences. When 
the drainage fluid is clear or its volume reduced to 
<10 mL, the fluid should be removed using negative 
pressure drainage, followed by suturing of the operation 
cavity. If the pus cavity is connected with the gas incision 
stoma, the cavity needs to be closed by a suture 
(Figure 2B, shown by the yellow arrow) to avoid sputum 
draining into the infection cavity during negative pressure 
drainage.

Previous treatment methods in patients with a DNSI 
mainly involved incision and drainage of pus and changes 
of dressings up to two times a day until the pus has 
disappeared or granulation tissue has filled the operation 
cavity. The incision is then sutured or the dressing changed 
until the incision has healed which often takes about half 
a month to a few months. The majority of first-line clinical 
doctors still use this traditional flushing and dressing 
change treatment. By using the pyogenic cavity aerobic 
therapy with negative pressure drainage approach, the 
volume and characteristics of the drainage fluid only 
need to be observed daily, considerably reducing the psy-
chological and physical trauma of patients and workload 
of clinicians.

It is important that patients pay close attention to their 
general health status, especially blood glucose and blood 
pressure levels. Without good blood glucose control, 
ketoacidosis, the hypertonic syndrome, lactic acidosis or 
hypoglycemia may occur, conditions which are not con-
ducive to follow-up treatment. In the current study, 21 
cases (58.3%) had type 2 diabetes with the majority having 
large fluctuations in blood glucose levels with poor con-
trol. After admission, it is necessary to actively contact an 
endocrinologist for consultation and adjust the dosages of 
hypoglycemic drugs especially in patients with oral feed-
ing difficulties who require nasal feeding nutrition. We 
chose insulin to control blood glucose levels as much as 
possible. Based on the results of blood glucose monitoring 
the type and dosage of insulin should be adjusted in 
a timely manner.

Nutritional support is very important in patients with 
a DNSI. Because the lesions are located in the neck and 
oropharynx, many patients have oral feeding difficulties. 
In this regard, an indwelling gastric tube for nasal feeding 
nutrition can be used to provide enteral nutrition fluids of 
between 500–1500mL every day. Family members of 
patients should also be provided with guidance on nasal 
feeding. During this period, routine blood and biochemical 
indexes should be reexamined daily or every other day to 
monitor the infection index, electrolyte status, and the 
nutritional status of patients. Patients with poor general 
health, especially those with poor cardiopulmonary func-
tion, may need to be transferred to the intensive care 
department for further treatment.

It has been reported that a drainage tube placed in the 
pus cavity can be used to treat infections of the deep neck 
space due to their good efficacy and cosmetic effects.15,16 

This technique is therefore an appropriate treatment strat-
egy for a small single abscess. Reports have shown that 
vacuum sealing drainage (VSD) or a method similar to 
VSD can markedly improve the therapeutic effect of 
deep neck multiple space infections.9,14 Cortese et al5 

reported that the use of a suctioning resection technique 
associated with hyperbaric oxygen therapy achieved 
good results in the treatment of odontogenic necrotizing 
fasciitis. They considered that sucking and removing 
dead tissue controlled the spread of inflammation into 
deeper areas.5 Crew et al17 reported that negative pres-
sure wound therapy combined with irrigation of a pure 
hypochlorous acid solution 0.01% achieved good results 
in the treatment of acute necrotizing fasciitis, as this 
combination therapy killed bacteria quickly and simulta-
neously inactivated toxins and superantigens.17 We con-
sider that when an abscess in the deep neck spaces has 
formed in a large area, incision and drainage should be 
carried out as early as possible, especially for a multiple 
lacunar abscess. During the operation, all the septa 
should be separated as far as possible without leaving 
a dead space and the necrotic tissue removed completely 
whilst preserving important nerves and blood vessels. 
Pyogenic cavity aerobic therapy with negative pressure 
drainage is more straightforward and effective and easy 
to operate compared to the approaches reported in other 
studies.

CT scanning is the most widely used procedure for 
diagnosing a DSNI because it is cheap, easily available, 
and can locate head and neck abscesses and other struc-
tural abnormalities. CT combines fast image acquisition 
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and precise anatomical information without field-of-view 
limitations. Nurminen et al18 reported that magnetic reso-
nance imaging (MRI) had very high diagnostic accuracy 
and predictive value for both infections and abscesses, 
whereas MRI was more complex and time-consuming to 
read than CT. For these reasons, CT is the first imaging 
examination of choice in emergency situations, especially 
in cases of shortness of breath. If an abscess has not yet 
formed or the scope is small, the patients can be followed- 
up by CT examination or color Doppler ultrasound exam-
ination according to the general clinical situation.

Once a diagnosis of DNSI is made, it is necessary to 
first closely monitor the patient’s respiratory status and if 
dyspnea occurs evaluate whether a tracheotomy is neces-
sary. Local anesthesia is recommended with the help of an 
anesthesiologist because the patient may have airway dis-
tortion, tissue stiffness, and limited mouth opening.3 

Laryngoscope tracheal intubation should not be used 
because intubation may further damage the airway.12 

However, if airway conditions and anesthesia conditions 
permit, intubation can also be attempted. If intubation 
fails, a tracheotomy should be performed urgently to 
ensure the safety of patients.

Compared with the traditional treatment of daily irriga-
tion and dressing changes, the abscess cavity aerobic treat-
ment provides high concentrations of oxygen to the local 
infected necrotic tissue, which not only promotes healing 
of the tissue, but also effectively inhibits the growth of 
anaerobic bacteria. The continuous circulation of the 
abscess cavity also effectively evaporates the fluid secreted 
by the abscess cavity and keeps the wound clean. When 
the pus decreases or disappears, the combination of suture 
incision and continuous negative pressure drainage can 
effectively avoid the occurrence of skin defects and 
achieve better cosmetic results.

Conclusions
The pyogenic cavity aerobic therapy and incision and drai-
nage of pus described in this paper involves a simple opera-
tion process and has proved to be a good treatment method 
for patients with DNSI. Combined with negative pressure 
drainage, this therapy shortens the average hospitalization 
days and reduces the physical and psychological pain of 
patients. The method not only reduces the workload of 
clinical doctors but also avoids the occurrence of skin 
defects, reduces the risk of rupturing large blood vessels 
and damaging important nerve structures during changes of 
dressings. The materials used in the treatment process are 

also common clinical materials. We therefore consider that 
this method is worthy of clinical promotion in some cases.
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