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Abstract
Background: Odontogenic deep fascial space infection in the head and neck is a common clinical
problem which requires emergency surgery. Traditional drainage method is considered laborious and
gravity-dependent. We aimed in this study to promote a modi�ed multifunctional irrigation-assisted
vacuum drainage (MIVD) and evaluate the clinical effect of it in the treatment of odontogenic deep
fascial infection.

Methods: Patients diagnosed with odontogenic deep fascial space infection in the Second A�liated
Hospital, Zhejiang University School of Medicine, China between March 2018 and March 2021 were
studied. We divided the patients into two groups based on the drainage method they received: patients
with the MIVD device were included in the MIVD group, patients with traditional drainage were included in
the traditional group. Data was collected retrospectively including baseline characteristics and treatment
outcome variables. Pearson Chi-square test and the Student t-test were used in statistical analyses.
Statistical difference was considered signi�cant when p<0.05.

Results: A total of 65 patients were included. All the patients were eventually cured. There were no
signi�cant differences in age, gender, systemic diseases, history of diabetes, tobacco use, number of the
infected spaces, preoperative white blood cell count and C-reactive protein between the two groups
(p>0.05). The number and frequency of manual irrigation by clinicians (MIC), time required for white
blood cell count to return to normal levels (TWBC), time required for C-reactive protein to return to normal
levels (TCRP), the length of hospitalization and the length and total cost of antibiotics use were
signi�cantly less in the MIVD group than those in the traditional group (p<0.05). There was no signi�cant
difference in the cost of hospitalization between the 2 groups (p>0.05).

Conclusions: The MIVD device signi�cantly reduced the number and frequency of MIC, TWBC, TCRP, the
length of hospitalization and the length and total cost of antibiotics use in comparison with the
traditional drainage method. It provided a favorable treatment method for patients with odontogenic deep
fascial space infection in the head and neck.

1 Background
Deep fascial space infection in the head and neck is a common problem encountered in clinics that
usually requires emergency surgery. These infections mostly arise from odontogenic infections [1].
Without prompt and proper management, odontogenic deep fascial space infections may result in
serious consequences such as mediastinitis, necrotizing fasciitis, sepsis and osteomyelitis [2-8]. Among
the infections of all potential spaces, those located in the lower head and upper cervical region can be
particularly dangerous for their close anatomy location to the trachea. As the infection progresses, the
trachea can be oppressed. Airway obstruction is inclined to happen under this circumstance, thus putting
the patient's life at risk [9]. 



Page 4/17

Effective treatment usually includes an incision adequate for thorough exploration of the involved spaces
and a drain placement to the abscess cavity. Traditional drainage method is merely gravity-dependent.
Regular irrigations are often required at least once a day to guarantee effective drainage and abscess
elimination [10]. The most common shortcomings we �nd in clinical practice of the traditional method are:
(1) the workload of clinicians is relatively heavy; (2) gravity-dependent drainage with regular irrigations
cannot achieve the effect of continuous purulence removal. 

Recently, negative pressure irrigation has been applied to the treatment of abdominal infection, and
excellent clinical effect has been received [11, 12]. Based on this idea, we proposed a modi�ed drainage
device that combined continuous vacuum drainage with internal irrigation for odontogenic deep fascial
space infections three years ago. In this study, we describe the structure of this multifunctional irrigation-
assisted vacuum drainage (MIVD) device and evaluate the clinical effect of it by comparing it with the
traditional treatment of odontogenic deep fascial space infections in the head and neck. 

2 Methods

2.1 Subjects
This was a retrospective cohort study. We included 65 patients (38 males and 27 females) admitted into
the Department of Oral and Maxillofacial Surgery, the Second A�liated Hospital, Zhejiang University
School of Medicine, China, from March 2018 to March 2021. Inclusion criteria were as follows: (1)
patients with a con�rm diagnosis of deep fascial space infection; (2) patients whose infection was
odontogenic; (3) patients who received surgical operation. Patients were excluded if (1) their infections
were con�ned to temporal space and infraorbital space; (2) their clinical data was not complete; (3) they
did not receive the surgical treatment due to nonmedical reasons. Involved spaces were buccal space,
pterygomandibular space, masseteric space, sublingual space, parapharyngeal space, submandibular
space and submental space. For patients with infraorbital space infection, intraoral incision and Penrose
drains are generally chosen [10]. Tubular drainage device is also inapplicable for patients with temporal
space infection, considering the dense anatomical structure of the temporal space [13, 14]. Therefore,
suborbital space infection and temporal space infection were not included in this study. According to the
drainage method, the patients were divided into 2 groups: 33 patients with MIVD device were included in
the MIVD group, 32 patients with traditional drainage were included in the traditional group. 

2.2 Device structure
The MIVD device consisted of three parts: a drainage tube, an external irrigation tube and an internal
irrigation tube. The drainage tube was a disposable silicone catheter with the diameter of 7.33mm,
manufactured by Suzhou McLean medical equipment co., Ltd., Jiangsu, China. Scale lines could be seen
on the tube wall near the end which would later be placed into the abscess cavity (the free end), and the
other end would be connected with a negative pressure device. Several side holes were arranged on the
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tube wall near the free end, each with a diameter of 4-6mm. Two small holes, both with the diameter of
about 3mm, were set symmetrically on the drainage tube wall, 15-20cm away from the free end. They
worked as the entrances for the irrigation tubes to extend themselves into the drainage tube. Both
irrigation tubes were disposable PVC plastic catheters with a closing cap (F6, type one) manufactured by
Suzhou Jingle polymer medical apparatus co., Ltd., Jiangsu, China. The end of the internal irrigation tube
remained inside the drainage tube, while the external irrigation tube stretched out from either the free end
of the drainage tube or one of the side holes on the drainage tube wall, according to the different
locations of the abscess cavity (Fig. 1). The number of side holes, the length of the side-hole area, and
the distance from the entrance holes to drainage tube’s free end depended on the size and depth of the
abscess cavity.

2.3 Treatment methods
Before the surgery, all patients underwent contrast-enhanced CT scan to identify the location and range
of the infected abscess cavity. Incisions were designed based on the abscess cavity’s location and range.
A submandibular incision was mostly used, referring to the extraoral incision 2cm below and parallel to
the lower edge of the mandibular body. The platysma muscle and the super�cial layer of the deep fascia
were incised successively, followed by a blunt separation into the abscess cavity to provide access for
purulence removal. Proper amount of purulence was extracted and sent for bacterial culture and drug
sensitivity testing. After thoroughly removing the purulence, we irrigated the abscess cavity with 1%
hydrogen peroxide, normal saline and 0.5% iodophor. Drainage was established afterwards. Surgical
procedures are shown in Fig. 2.

In the MIVD group, we achieved drainage by the MIVD device described above. After the device was
assembled and successfully put into the patient's body (Fig. 3), we sutured the incision closely.
Postoperative continuous vacuum drainage and internal irrigation were established as described in
below: (1) the drainage tube was connected with a negative pressure device (maintained at the pressure
of 150-200 kPa) to provide a vacuum drainage environment; (2) large amounts of normal saline was
infused into the abscess cavity constantly (3000ml a day, 125ml an hour) through the external irrigation
tube’s closing cap, allowing for continuous irrigation; (3) by manually infusing 100ml normal saline once
2-3 days through the internal irrigation tube’s closing cap, the drainage tube was internally irrigated and
prevented from blockage by purulence and debris; (4) irrigation and drainage volume was checked every
12 hours to keep the irrigation-drainage balanced. 

In the traditional group, drainage was established by a semi rubber tube and the incision was
intermittently sutured. The drainage was gravity-dependent. Manual irrigation of normal saline by
clinicians was required daily, usually 1-2 times a day, according to the amount and characteristics of the
drainage �uid. Indications of drainage removal for both groups included: (1) no purulence was observed
in the drainage �uid; (2) the patient’s postoperative white blood cell count and C-reactive protein had
approached normal levels.
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2.4 Variables
We recorded and collected the demographic data and treatment outcome variables from all the patients
involved. Baseline characteristics included age, gender, systemic diseases, history of diabetes, tobacco
use, number of the infected spaces, and preoperative white blood cell count and C-reactive
protein. Treatment outcome variables included number and frequency of manual irrigation by clinicians
(MIC), time required for white blood cell count to return to normal levels (TWBC), time required for C-
reactive protein to return to normal levels (TCRP) and length and total cost of hospitalization and
antibiotics use.

2.5 Statistical analysis
Numerical variables were presented as mean ± standard deviation, while categorical variables were
expressed in absolute numbers. After checking the normal distribution and the homogeneity of the
variance, statistical comparisons between the MIVD group and the traditional group were carried out via
the Pearson Chi-square test and the Student t-test. Statistical differences were considered signi�cant
when p<0.05. All the data was analyzed by software SPSS 21.0 (IBM Analytics, Armonk, NY). 

3 Results
The baseline characteristics of patients in the MIVD group and traditional group are shown in Table 1.
There were no signi�cant differences in age, gender, systemic diseases, history of diabetes, tobacco use,
number of the infected spaces, preoperative white blood cell count and C-reactive protein between the two
groups (p>0.05). Patients in both groups were eventually cured.

The results of the treatment outcome variables are presented in Fig. 4. We assessed the clinician’s
workload by the number and frequency of MIC. As is shown in the Fig. 4A and Fig. 4B, the number and
frequency of MIC in the MIVD group (4.97±1.90 times, 0.37±0.12 times a day) were signi�cantly lower
than those in the traditional group (23.31±9.78 times, 1.76±0.78 times a day). The differences between
the two groups were statistically signi�cant (p<0.05).

TWBC and TCRP of the MIVD group were 6.06±2.33 days and 8.48±2.81 days, while those of the
traditional group were 8.31±3.08 days and 11.06±3.58 days, as are described in Fig. 4C and Fig. 4D. The
results showed that TWBC and TCRP of the MIVD group were signi�cantly shorter than those of the
traditional group (p<0.05).

Antibiotics use was less in the patient of the MIVD group than the traditional group (Fig. 4E and Fig. 4G).
The length and total cost of antibiotics use in MIVD group were 11.45±2.62 days and 3418.85±1776.23 ,
signi�cantly less in comparison with 13.18±3.01 days and 4433.53±1936.88 in the traditional group
(p<0.05).
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The length of hospitalization of the MIVD group was 11.97±2.66 days, shorter than 13.72±2.30 days of
the traditional group (p<0.05) (Fig. 4F). However, there was no signi�cant difference in the cost of
hospitalization between the 2 groups (27807.17±13532.01  versus 32094.57±19307.15 , p>0.05) (Fig.
4H).

4 Discussion
Deep fascial space infection in the head and neck is a common clinical problem which may lead to fatal
outcomes. The majority of deep fascial space infections in the head and neck can be originated from
odontogenic infections [15, 16]. However, patients are easily inclined to overlook the importance of seeking
medical help during the early stages, resulting in severe consequences [2-8]. In scenarios where the
infections are located in the lower head and upper cervical region, the patient’s life could be threatened
within minutes by airway obstruction [9]. Therefore, once the pus cavity is formed, prompt surgical
drainage establishment is imperative to remove purulence and provide a healing environment.

Current traditional drainage method is passive and gravity-dependent. Penrose drain and its alternatives
are some of the most frequently used forms of traditional drains [10, 17]. This method requires heavy
workload of clinicians and lacks the ability to provide continuous purulence removal. The patient often
needs relatively large amount of antibiotics and long length of hospitalization. Compared with the
traditional method, our modi�ed MIVD device provides better drainage and irrigation after surgical
treatment for patients suffer from odontogenic deep fascial space infection, especially for those whose
infections are located in the lower head and upper cervical region. 

Negative pressure therapy has been proven to effectively remove necrotic debris and avoid
reaccumulating of purulence in the wound bed [18]. Researches have also shown that negative pressure
drainage can avoid contamination and cross-infection by closely suturing the incision as well as improve
granulation tissue coverage and promote epithelial regeneration [19, 20]. Meanwhile, continuous irrigation
of normal saline can provide a gentle way of infection cleansing and promote better wound healing[21-23].
By combining negative pressure drainage with continuous irrigation, our modi�ed MIVD device received
better clinical outcome than the traditional drainage method. Firstly, clinicians’ workload was effectively
reduced. Instead of manual irrigation 1-2 times a day, the MIVD device allowed for automatic continuous
irrigation. Clinicians only needed to irrigate the internal irrigation tube once every 2-3 days to prevent
potential tube blockage, depending on the characteristics of the drainage �uid. Furthermore, infection
was better controlled. As are shown in the results, time required for in�ammation-related indicators (white
blood cell count and C-reactive protein) to return to normal levels was shortened. The features of patients
with deep fascial space infection in the head and neck usually include swelling or asymmetry of the
infected region. After being treated with the MIVD device, the swelling of the infected area was notably
improved in all patients. A typical case is shown in Fig. 5. Postoperative contrast-enhanced CT scan also
displayed shrinkage of the abscess cavity. Meanwhile, drainage samples were collected and sent for
bacterial culture and drug sensitivity testing every 2-3 days. Negative results were obtained. All of the
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outcomes above indicated that the MIVD device was effective in infection elimination. Moreover, the
length of antibiotics use and total hospitalization were both shortened. This reduced the possibility of
bacterial resistance, on the other hand, accelerated the healing process. The cost of antibiotics use was
therefore reduced. However, despite the fact that the average cost of hospitalization in the MIVD group
was less than that in the traditional group, there was no signi�cant difference between them. We believed
this was because the total cost of hospitalization could be affected by many factors, such as the
patient's age and systemic diseases.

Previously, negative pressure drainage with irrigation device has been applied for maxillofacial space
infections by some scholars [24] and favorable effect has been achieved. However, the drainage tube and
irrigation tube of their device were separated. This required more surgical incisions, thus increasing the
patient's operational trauma and complexity of the surgery.  As for our MIVD device, the irrigation tubes
are nested within the drainage tube, requiring only one incision for each device. Due to its integrative and
concise structure, the MIVD device can be used �exibly both individually or in combinations according to
the number of the abscess cavity. Postoperative contrast-enhanced CT scan showed that the MIVD
device extended well in abscess cavities, even in those with complex anatomical structures, for example,
areas beneath the skull base (Fig. 6). Furthermore, negative pressure drainage system is prone to tube
blockage. Qiu et.al [25] mentioned in their study that there was a 12.7% incidence rate of clogging about
the negative pressure drainage technique. In the light of this problem, we equipped the MIVD device with
an internal irrigation tube, which successfully protected the drainage tube from blockage by purulence or
necrotic debris.

The main shortcoming of our device was the patient’s postoperative activity limitation, for the drainage
tube was connected to a negative pressure device (usually a central negative pressure system). The
patient’s activity limitation may increase the risk of thrombus of lower extremity veins. In order to prevent
thrombus, we have taken active VTE (Venous Thromboembolism) preventive measures, including
application of the gradient pressure band, pneumatic compression therapy and requiring the patient to do
10 minutes of moderate bedside exercise three times a day. 

5 Conclusions
Compared with the traditional drainage method, the MIVD device signi�cantly reduced the number and
frequency of MIC, TWBC, TCRP, the length of hospitalization and the length and total cost antibiotics use.
Thus, it is a promising treatment method for patients with odontogenic deep fascial space infections in
the head and neck.

List Of Abbreviations
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MIVD: Multifunctional irrigation-assisted vacuum drainage; MIC: Manual irrigation by clinicians; TWBC:
Time required for white blood cell count to return to normal levels; TCRP: Time required for C-reactive
protein to return to normal levels; VTE: Venous Thromboembolism
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Tables
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Figure 1

The structure of the MIVD device (red arrows, the external irrigation tube; blue arrows, the internal
irrigation tube; yellow arrows, the drainage tube; black arrows, external irrigation �uid �ow; dotted black
arrows, internal irrigation �uid �ow). A The external irrigation tube stretched out from one of the side
holes on the drainage tube wall. B The external irrigation tube stretched out from the free end of the
drainage tube
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Figure 2

Surgical procedures of a patient treated with the MIVD device. A A submandibular incision was design. B
The platysma muscle and the super�cial layer of the deep fascia were incised successively. C A blunt
separation was made into the abscess cavity to thoroughly remove purulence. D The incision was
sutured closely after the MIVD device being put into the patient's body
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Figure 3

An example of the MIVD device in the patient’s body. A Contrast-enhanced CT scan showed the location
of the MIVD device in the patient body (anterior coronal position) (A, the white arrow). B Corresponding
3D reconstruction image of the patient with the MIVD device (posterior coronal position) (B, the white
arrow). C An illustration of the MIVD device in the abscess cavity

Figure 4

Comparative results of the treatment outcome variables between the 2 groups. TWBC, time required for
white blood cell count to return to normal levels; TCRP, time required for C-reactive protein to return to
normal levels; MIC, manual irrigation by clinicians
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Figure 5

The swelling of the infected area was notably improved after the patient being treated with the MIVD
device. A The preoperative picture of the patient. Asymmetry in the head and neck area was obvious (A,
the black arrow). B The picture of the patient on the �fth day after the surgery. The swelling subsided
effectively (B, the black arrow). C The picture of the patient on the seventh day after the surgery. The
patient’s facial appearance returned to normal (C, the black arrow). D The preoperative contrast-enhanced
CT scan showed swelling of the infected area. Abscess cavities were found (D, the white arrow) E
Contrast-enhanced CT scan on the �fth day after the surgery. The swelling markedly subsided and
abscess cavities were controlled (E, the white arrow)
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Figure 6

Contrast-enhanced CT scan of a patient treated with the MIVD device. A Preoperative contrast-enhanced
CT scan of the patient. Abscess cavities can be seen (A, the white arrow). B The contrast-enhanced CT
scan on the seventh day after the surgery. Abscess cavities were effectively eliminated. The MIVD device
extended well in the abscess cavity beneath the skull base (B, the white arrow)


