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Abstract

Introduction: Early detection of dysphagia risk, initiating
rehabilitation, and resumption of appropriate diet based on
swallowing function is important during deep neck infection
(DNI) control. This study aimed to evaluate the extent of
cervical abscess development, particularly in the deep neck
space, and its relationship to postoperative swallowing
function. Methods: A retrospective chart review was per-
formed for all DNI cases treated between April 2015 and
April 2021. Deep neck spaces were divided into categories
based on computed tomography findings. Functional Oral
Intake Scale (FOIS) scores of 4 or higher was defined as
normal or slight swallowing disorder and 3 or lower as
dysphagia. Results: Seventeen cases were included in the
analysis. Based on FOIS, 14 cases were classified into the
dysphagia group at 2 weeks after surgery, 11 cases at 4
weeks, and 8 cases at 8 weeks. There was no significant
difference between the location of the abscess and dys-
phagia at 2 weeks after surgery. Patients with anterior
cervical space abscess significantly increased dysphagia
4 weeks (p = 0.018) and 8 weeks (p = 0.036) after surgery.
Conclusion: Abscess formation in the anterior cervical space

may be associated with prolonged dysphagia after treat-
ment due to inflammation and scarring of the muscles

associated with swallowing. © 2023 The Author(s).
Published by S. Karger AG, Basel

Introduction

Deep neck infection (DNI) occurs in the potential
spaces in the cervical fascial planes of head and neck
lesions [1, 2]. Since these infections are potentially fatal
due to loss of airway patency, spread of infection, de-
velopment of necrotizing fasciitis, and sepsis, it is es-
sential to detect and treat them promptly [3, 4]. The
proper diagnosis of DNIs first depends on identifying the
correct anatomical location. This will provide clues to the
disease origin, determine which structures are at risk, and
guide treatment. By understanding which deep neck
spaces are involved and how they interact, a more ac-
curate assessment of potential etiology, clinical risk, and
appropriate treatment can be formulated [5]. DNI
treatment includes life-supporting measures, surgical
drainage, and appropriate use of antibiotics. It is also
known that prolonged delays in resuming oral intake can
cause progressive fibrosis of swallowing-related muscles
and result in impair swallowing function [6]. Therefore,
early detection of dysphagia risk, combined with proper
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swallowing function, rehabilitation training is important
to recovery during infection treatment. For that purpose,
the index to predict dysphagia before surgery or in the
early postoperative period is necessary. However, there
have been no reports on the detailed relationship between
the extent of DNI and dysphagia. This study will focus on
the extent of cervical abscess development, particularly in
the deep neck space, and its relationship to postoperative
swallowing function.

Materials and Methods

Patient Selection

A retrospective case series was conducted in accordance with
the Helsinki Declaration and was approved by the Tohoku Uni-
versity Hospital Institutional Review Board (IRB) (Reference
number: 2014-1-274). A retrospective chart review was performed
for all DNI cases treated between April 2015 and April 2021.
Inclusion criteria would be a person that could be followed, at least,
for 8 weeks in review chart. Exclusion criteria would be a person
that be diagnosed at our hospital but were treated at other facilities.
Seventeen patients (12 males and 5 female subjects, median age 69
[62-80] years old) were included our study. Diagnosis of DNI is
based on clinical and radiological findings. Surgery was indicated
after failure of clinical treatment (antibiotic therapy only) and
airway impairment caused by infection.

Assessment of Swallowing Function

We used the Functional Oral Intake Scale (FOIS) to assess oral
intake status. Since the timing of the videofluorographic swal-
lowing study (VFSS) and the flexible endoscopic evaluation of
swallowing were different for each case, it was not possible to
compare the results at the same time. The FOIS scores were
generated for patients with available data at 1, 2, 4, and 8 weeks
after surgery. The FOIS was initially developed and validated to
estimate and document changes in the functional eating abilities of
stroke patients over time [7]. However, the FOIS has been pub-
lished in various research settings for other patients with head and
neck lesion disease-experiencing dysphagia [8]. The FOIS is a
seven-point scale of oral dietary tolerance, which categorizes
patients into 7 levels: (1) no oral intake, (2) tube-dependent with
minimal oral intake, (3) oral intake with tube supplementation, (4)
total oral intake with only 1 consistency of food, (5) total oral
intake with multiple consistencies but with special preparation, (6)
total oral intake with avoidance of specific foods or drinks, (7) total
oral intake with no restrictions [7]. In this study, the patients were
divided into two groups: those on tube feeding and those on oral
intake only. In other words, an FOIS score of 4 or higher was
defined as normal or slight swallowing disorder and 3 or lower as
having dysphagia.

The VESS were performed as follows. Three and five milliliters
of diluted barium were given to the patients to swallow. The same
tests were then conducted using standardized rice, yogurt, pud-
dings, rice porridge, and other items with standardized viscosity
and quality. The entire investigation was documented using AVI
files (30 frames per second).

Swallowing Function with Deep Neck
Infection

Deep Neck Spaces

Figure 1 shows deep neck spaces were divided into the fol-
lowing categories based on computed tomography (CT) findings
and previous literature [5, 9]: masticator space, parotid space,
submandibular space, sublingual space, parapharyngeal space,
anterior cervical space, visceral space, carotid space, retro-
pharyngeal space, prevertebral space, and mediastinal space. In the
subject patients, the extent of deep fascial neck spaces affected by
infection was defined by CT and surgical findings (the presence of
pus at the surgery). Two physiatrists analyzed the CT images.
Conclusions were drawn by consensus.

Statistical Analysis

Fisher’s exact test and Mann-Whitney’s U test were performed
using the statistical software SPSS version 27 (IBM, Chicago, IL,
USA). Differences with a corrected p value of less than 0.05 were
considered significant.

Results

Patients’ Characteristics

Table 1 shows the patients’ characteristics. The median
age was 69 (62-80) years old. There were 12 (70.6%)
males and 5 (29.4%) females. Eight patients (47.1%) had
diabetes. The average number of operations was 1.4, and
15 patients (88.2%) underwent tracheostomy. All case
was performed cervicectomy drainage. Of the 8 patients
with mediastinal abscesses, 4 cases underwent thoraco-
scopic drainage and the remaining 4 cases underwent
thoracotomy drainage. Retropharyngeal abscess (4 cases)
and decay (3 cases) were major sources of infection. The
source of infection could not be identified in 4 cases. The
intensive care after surgery and the extent of abscess
development in the CT images of each patient are shown
in Table 1.

FOIS Score after DNI Surgery

Chronological changes of FOIS scores of all patients
are described in Table 2. Table 3 shows the patients’
characteristics between the normal or slight swallowing
disorder and dysphagia group at 8 weeks after surgery.
The dysphagia group had more cases of abscesses
spreading to the anterior cervical space (p = 0.036). The
median time of stay in the intensive care unit was
13.5 days in the dysphagia group and 0 days in the
normal or slight swallowing disorder group and was
significantly longer in the dysphagia group (p = 0.02).
The mean time to resumption of oral intake was sig-
nificantly longer in the dysphagia group, 74 days in the
dysphagia group and 28 days in the normal or slight
swallowing disorder group (p = 0.001). Compared to
the normal or slight swallowing disorder group,
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Fig. 1. Deep neck spaces in the CT image:
masticator space, parotid space, subman-
dibular space, sublingual space, para-
pharyngeal space, anterior cervical space,
visceral space, carotid space, retro-
pharyngeal space, prevertebral space, and
mediastinal space.

hospital stay was significantly longer in the dysphagia
group (p = 0.02). More patients were transferred to the
hospital (p = 0.043), and conversely, fewer patients
were discharged home in the dysphagia group (p =
0.043).

Videofluorographic Swallowing Study Analysis

The VFSS were performed in 8 patients with abscesses
developing in the anterior cervical region. Six of the eight
patients had poor laryngeal elevation (see online sup-
plementary video at https://doi.org/10.1159/000533526).

Discussion

This study revealed that abscess formation in the
anterior cervical space of the larynx might lead to pro-
longed postoperative dysphagia. The deep cervical fascia
consists of the superficial, middle, and deep layers. The
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anterior cervical space lies between the superficial layer
and the middle layer. It is surrounded by strap muscles,
sternocleidomastoid muscle, visceral space, and carotid
sheath [10]. The anterior cervical space is anatomically
continuous and inferior to the anterior compartment of
the mediastinum.

Adovica et al. [11] reviewed 263 cases of DNIs. The
submandibular space was the most common space for ab-
scess formation (36.3%), followed by the pterygomandibular
space (included in the masticatory muscle space in our
study) (14.1%), the parapharyngeal space (6.49%), and
the postpharyngeal space (4.2%). However, since dental
infections accounted for 70.6% of deep cervical infec-
tions in their study, many cases likely resulted in abscess
formation in the mandibular space adjacent to the teeth.
The mean age of the patients was 44 years, which is
younger than that of patients in our study. As phar-
yngitis and tonsillitis are more common causes of ab-
scess formation in the elderly as described by Adovica
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Table 1. Characteristics of study patients with DNI

Median (interquartile range) Cases, n (%)

Cases, n

Age, years

Sex
Male
Female

Etiology of neck infection
Retropharyngeal abscess
Decay
Peritonsillar abscess
Acute epiglottitis
Mandibular osteomyelitis
Foreign body
Unclear

Diabetes

Number of operations

Tracheostomy

Cervicectomy drainage

Thoracoscopic mediastinal drainage

Thoracotomy drainage
Intensive care, days
Vasoactive drugs
Ventilation supportive care, days
Rehabilitation
Extent of abscess development
Masticator space
Parotid space
Submandibular space
Sublingual space
Parapharyngeal space
Anterior cervical space
Visceral space
Carotid space
Retropharyngeal space
Prevertebral space
Mediastinal space
Number of deep neck spaces
FOIS
2W
4 W
8w
Outcomes
Time to oral intake, days
Mortality
Hospital stay, days
The other hospital
Home

17
69 (62-80)

12 (70.6)
5 (29.4)

Oh == NNWDI
TRGEITCSO
Lo NWw
TTexon

N
N w
=

1(1-2)
15 (88.2)
17 (100)
4 (23.5)
4 (23.5)
5(0-17)
4 (23.5)
2 (0-5)
13 (76.5)

5 (29.4)
5 (29.4)
9 (52.9)
0 (0.0)

9 (52.9)
10 (58.8)
10 (58.8)
8 (47.1)
12 (70.6)
2 (11.8)
8 (47.1)

4 (4-7)

(1-2)
(1-6)
(1-7)

35 (35-50)

UGN =

0 (0)

53 (40-110)
6 (35.3)
11 (64.7)

etal. [11], it would explain the high incidence of abscess
formation in the parapharyngeal and retropharyngeal
spaces in our study.

Most mediastinum abscesses progress from the an-
terior cervical space and is therefore important in me-
diastinal extension of pharyngeal abscesses [12]. The
extent of the infections as the number of spaces is also

Swallowing Function with Deep Neck
Infection

considered as importance for swallowing function. In this
study, no meaningful results such as FOIS and outcomes
were found for the number of deep neck spaces.
Tracheostomy can affect aspiration pneumonia and
mortality in patients with dysphagia [13, 14]. There was no
significant difference between patients with and those
without tracheostomy in our study. DNI is a severe disease
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Table 2. Time course in FOIS score

Patient No. 1TW 2 W
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W, week(s).

that can lead to airway obstruction. Tracheostomy is rec-
ommended for older patients (>65 years old), when mul-
tiple spaces are involved (>3 spaces), or when mediastinitis
is present [15]. Most of the cases met these conditions, and
tracheostomy was performed in 15 of 17 cases. Because of
the small number of cases in which a tracheostomy was not
performed, it was not possible to evaluate the effect of
tracheostomy in this study. Our group has previously re-
ported that descending necrotizing mediastinitis and/or
DNI patients’ extension of infections below the hyoid
bone and tracheostomy were significantly associated with
delayed oral dietary intake [16].

Laryngeal movement during swallowing is caused by the
action of the suprahyoid and extrinsic laryngeal muscles. The
geniohyoid and thyrohyoid muscles play a predominant role
[17]. In our study, most of the patients with abscesses de-
veloping in the anterior cervical region had poor laryngeal
elevation. It is presumed that the anterior cervical space
abscess causes inflammation that spreads to the muscles
around the hyoid bone, centering on the thyrohyoid muscle,
and suppressing muscle activity and laryngeal elevation.
Yamano et al. [17] reported three cases of dysphagia after
treating a DNI. All 3 patients showed evidence of a laryngeal
disorder in videofluorography swallowing study due to scar
contracture [17]. The delay in anterior laryngeal movements
causes a delay in the pressure fall at the upper esophageal
sphincter (UES) and resistance to bolus entry into the UES
[18]. Aging prolonged the onset of laryngeal elevation. In this
study, delayed laryngeal elevation may lead to difficult
transport the bolus to the esophagus, resulting in dysphagia.
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Although it has been reported that resumption of oral
intake is delayed in patients with descending necrotizing
mediastinitis, there was no significant difference in FOIS
for each period between patients with and those without
mediastinal abscess in this study [13]. Thoracoscopic or
thoracotomy drainage also did not affect FOIS in our
study. The number of cases in this study was small, and
this may have prevented a significant difference between
the two groups.

There are a few case reports of dysphagia in cervical
abscesses. A patient who suffered perilaryngeal and
mediastinal abscess involving the anterior neck space
required 6 months of a comprehensive rehabilitation to
improve swallowing function [15]. The CT revealed that
the abscess had spread to the submandibular, submental,
parapharyngeal, paratracheal, and mediastinum spaces.
The patient continued to have dysphagia after completion
of treatment, and VFSS showed impairment in the
pharyngeal phase. In addition, there was a similar case
report in which swallowing function did not be improved
with rehabilitation, and laryngeal elevation and crico-
pharyngeal myotomy were performed, resulting in im-
provement of the pharyngeal swallowing stage [18]. The
CT showed abscess formation, including emphysema in
the retropharyngeal, paratracheal, paraesophageal, per-
ilaryngeal, submandibular, both carotid spaces, and the
upper mediastinum. Two surgeries were performed, and
the tracheal cannula and drains were removed 24 days
after surgery, but VESS revealed poor laryngeal elevation,
inadequate UES opening, residue in the pharyngeal
cavity, aspiration, and poor pharyngeal constrictor
function. These case reports seemed to support the
findings of this study that abscess formation in the an-
terior laryngeal space may lead to prolonged dysphagia.

In laryngeal elevation surgery, a hole is drilled in the
thyroid cartilage and mandible, and a thread or tape is
passed through the hole to raise the larynx forward and
upward. It can strengthen the laryngeal closure and open
the esophageal entrance. The cricopharyngeal myotomy
relaxes the esophageal inlet and reduces the resistance to
esophageal inflow. These techniques improve the pha-
ryngeal phase of swallowing and are particularly useful in
cases of deep cervical abscess with inadequate opening of
the esophageal inlet due to inflammatory scarring.

Limitations
The number of cases in this study was small, and it is

necessary to examine more cases in the future. In ad-
dition, for the 10 patients with abscess formation in the
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Table 3. Patient characteristics between the normal (FOIS >4) and dysphagia (FOIS <3) group at 2, 4, and

8 weeks postoperatively

FOIS <3 FOIS >4
Cases, n 8 9
Age, years 73.5 (64.3-83.3) 69 (56-71) 0.321
Sex, n (%)
Male 5 (62.5) 7 (66.7) 0.437
Female 3 (37.5) 2 (33.3)
Diabetes, n (%) 3 (37.5) 5 (55.6) 0.399
Number of operations 2 (1-2) 1(1-1) 0.074
Tracheostomy, n (%) 8 (100) 7 (77.8) 0.265
Thoracoscopic mediastinal drainage, n (%) 3 (37.5) 1(11.1) 0.24
Thoracotomy drainage, n (%) 2 (25) 2 (22.2) 0.90
Rehabilitation, n (%) 7 (87.5) 6 (66.7) 0.335
Extent of abscess development, n (%)
Masticator space 3 (37.5) 2 (22.2) 0.437
Parotid space 4 (50.0) 1(11.1) 0.111
Submandibular space 5 (62.5) 4 (44.4) 0.399
Sublingual space 0 (0.0) 0 (0.0)
Parapharyngeal space 5 (62.5) 4 (44.4) 0.399
Anterior cervical space 7 (87.5) 3 (333) 0.036*
Visceral space 6 (75.0) 4 (44.4) 0.218
Carotid space 5 (62.5) 3 (33.3) 0.238
Retropharyngeal space 5 (62.5) 7 (77.8) 0.437
Prevertebral space 2 (25.0) 0 (0) 0.206
Mediastinal space 5 (62.5) 3 (33.3) 0.238
Number of deep neck spaces 5.5 (3.5-9) 2 (1-6) 0.114
FOIS
2W 1(1-1) 2 (1-4) 0.021*
4 W 1(1-1) 6 (3-7) 0.002*
8w 1(1-2.3) 7 (6-7) <0.001*
Intensive care, days 8 (4.5-21.5) 0 (0-7) 0.15
Vasoactive drugs, n (%) 3 (37.5) 1(11.1) 0.24
Ventilation supportive care, days 2 (1.75-9.75) 0 (0-3) 0.19
Outcomes
Time to oral intake 74 (52-78) 28 (17-32) 0.001*
Mortality, n (%) 0 (0.0) 0 (0.0)
Hospital stays, days 112.5 (94.5-196) 40 (22-48) 0.02*
The other hospital, n (%) 5 (62.5) 1(11.1) 0.043*
Home, n (%) 3 (37.5) 8 (88.9) 0.043*
FOIS, Functional Oral Intake Scale. *p < 0.05.
anterior cervical space, 2 patients developed cerebral Conclusion

infarction during the study, which may have influenced
the analysis results.

In this study, the timing and number of videofluorographic
swallowing study and flexible endoscopic evaluation of
swallowing performed on each patient were not uniform, and
the main assessment of swallowing function was dependent
on FOIS. It would be desirable to perform swallowing
function tests at predetermined times for further study.

Swallowing Function with Deep Neck
Infection

It was suggested that abscess formation in the anterior
cervical space might lead to prolonged dysphagia after
treatment due to inflammation and scarring of the
muscles associated with swallowing. Early assessment of
swallowing function and initiation of rehabilitation may
be desirable in patients with anticipated prolonged
dysphagia.
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