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Both the introduction of antibiotics and improvements in
oral hygiene have made deep neck infections occur less fre-
quently today than in the past. Nevertheless, the complica-
tions from these infections are often life-threatening. The
purpose of this article was to review the clinical findings of
deep neck infections and identify the predisposing factors of
these complications. The present study reviewed 158 cases of
deep neck infections between the years of 1995 to 2004, 23
of which had life-threatening complications. Cases were ex-
cluded if they had peritonsillar abscesses, supetficial infec-
tions, infections related to external neck wounds, or head and
neck tumors. The authors used multiple linear regression and
the logistic regression analysis in order to determine the clini-
cal parameters that are associated with longer hospitalizations
and complicated deep neck infections, respectively. The mul-
tiple linear regression showed that patients with a large num-
ber of involved spaces, diabetes mellitus, and complications
required longer hospitalizations (p < 0.05). The logistic
regression showed that patients with more than two involved
spaces were more likely to have complicated deep neck infec-
tions (p < 0.05). Patients with odontogenic causes had nega-
tive correlation (p < 0.05). We recommend that high-risk
groups, such as diabetic patients andfor patients with more
than two involved spaces, should be more closely monitored
throughout their hospitalization.
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INTRODUCTION

Deep neck infection is an infection in the poten-
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tial spaces and fascial planes of the neck, either
with abscess formation or cellulitis. Although
infections were encountered more frequently in
the pre-antibiotic era and were associated with
poor oral hygiene, they can still cause significant
morbidity and mortality, despite the present ad-
ministration of antibiotics and the improvements
of modern dental care. Life-threatening complica-
tions include: descending mediastinitis, septic
shock, upper airway obstruction, jugular vein
thrombosis, venous septic embolus, carotid artery
pseudoaneurysm or rupture, pleural empyema,
pericarditis, pericardial effusion, aortopulmonary
fistula, adult respiratory distress syndrome, acute
renal failure, epidural abscess, and disseminated
intravascular coagulopathy."” If any of these con-
ditions occur, the results are ominous. The mor-
tality rate can reach 40% to 50% in cases with
mediastinitis.*’

The clinical course and complications of deep
neck infections have been well described in the
previous literature, including a few recent large
population studies.”” However, these studies were
limited by the inclusion of peritonsillar abscesses,
a small number of total and complicated cases,
and small proportions of mediastinal complica-
tions. If the predisposing factors of complicated
deep neck infections are identified with large
population studies, appropriate treatment can be
provided as soon as possible in order to reduce
the mortality and morbidity rates of these cases.
The purpose of this study is to identify the pre-
disposing factors for longer hospitalizations and
life-threatening complications in deep neck
infections.
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MATERIALS AND METHODS

The authors reviewed the medical records of
158 patients who were diagnosed with having
deep neck infections, of which 23 patients had
life-threatening complications. All patients were
treated at the Department of Otolaryngology and
Head and Neck Surgery in the Chonnam National
University Hospital between the years of 1995 to
2004. Cases were excluded if they had periton-
sillar abscesses, superficial infections, infections
related to external neck wounds (traumatic or
surgical), or head and neck tumors.

A computed tomography (CT) with contrast
enhancement was performed on all of the
patients in order to identify the extent of the
infections and to differentiate cellulitis from
abscesses. The authors performed surgery as the
primary type of therapy in cases with abscesses
over 2000 mm° in size, and medical treatment in
cases with cellulitis or small abscesses (< 2000
mm’)."" The volumes of the abscesses were
estimated in mm’ (length x width x height). Em-
pirical intravenous antibiotics (beta-lactamase-
resistant beta-lactam antibiotics, aminoglycosides,
and metronidazole) were administered before the
culture results were available, and the antibiotics
regimen was modified based on the culture and
sensitivity results. The involved spaces were
divided based on previously published descrip-
tions."* The authors classified Ludwig’s angina
with the group in the submental space. Unclas-
sified abscesses were categorized according to
the sites.

The authors used multiple linear regression
with SPSS 12.0 as the statistical method to deter-
mine which variables contribute to longer hospi-
talizations. In addition to the variables of Wang
et al's study, more candidate variables were
added for analysis.” The dependent variable was
the duration of the hospital admission, and
independent variables included age, sex, loca-
tions of involved spaces, numbers of involved
spaces, a fever> 38, chills, neck swelling, neck
pain, trismus, dysphagia, dyspnea, duration of
symptoms, WBCs > 15,000 cells/ mm°, diabetes
mellitus, causative bacteria (Klebsiella pneumoniae,
Streptococcus viridans, and Methicillin-sensitive
Staphylococcus aureus), etiologies (pharyngotonsillitis,
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odontogenic causes, congenital neck cysts, and
foreign bodies), treatment methods (medical
treatments, external drainage, and intraoral
drainage and/or aspirations), and complications
(mediastinitis, sepsis, and airway distress). The
causes of infection were diagnosed based upon
physical examination findings, patient history,
and radiologic findings. Odontogenic causes
were diagnosed through dental consultations.

In addition, logistic regression with SPSS 12.0
was used to determine the variables that con-
tribute to complicated deep neck infections. In
addition to the variables in the Wang et al’s
study,” more candidate variables were added for
analysis. The dependent variable was the specific
complication; and the independent variables
included age, sex, locations of involved spaces
(submandibular, parapharyngeal, retropharyn-
geal, and submental), fever > 38C, chills, neck
swelling, neck pain, trismus, dysphagia, dyspnea,
duration of symptoms, WBCs > 15,000 cells/
mm’, number of involved spaces (one or two
spaces vs. more than two), diabetes mellitus, caus-
ative bacteria (Klebsiella pneumoniae, Streptococcus
viridans, and Methicillin-sensitive Staphylococcus
aureus), and etiologies (pharyngotonsillitis,
odontogenic causes, congenital neck cysts, and
foreign bodies).

RESULTS
Demographics and clinical findings

There were 89 men and 69 women, with a male
to female ratio of 1.29:1. Patient ages ranged from
1 to 89 years old, with a mean of 35.4 years. The
most common symptom was neck swelling
(74.7%), followed by neck pain (41.1%), fever
(14.6%), chills (10.1%), dyspnea (10.1%), dysphagia
(6.3%), and trismus (1.9%).

Etiology

The most common cause of deep neck infections
was odontogenic (19 cases, 12.0%), followed by
pre-existing congenital neck cysts (10 cases, 6.3%)
(Table 1).
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Table 1. Etiology of Deep Neck Infections

Etiology No. of patients (%)
Pharyngotonsillitis 6 (3.8)
Odontogenic 19 (12.0)
Congenital neck cyst 10 (6.3)
Foreign body 6 (3.8)
Parotitis 1 (6.3)
Unknown 116 (73.4)
Total 158 (100)

Bacteriology and underlying diseases

The results of bacterial cultures were positive in
73 (46.2%) patients. Klebsiella pneumoniae (10 cases
of 73 culture positive cases, 13.7%) was the most
common pathogen among the positive cultures,
followed by Streptococcus viridans (9 cases,
12.3%), Methicillin-sensitive Streptococcus aureus
(MS5A) (8 cases, 11.0%), and a-hemolytic Streptococcus
(6 cases, 8.2%). Mixed infection reached 9.6% (7
cases). There were 9 species of anaerobes cultured:
Bacteroides fragilis (1 case), Peptostreptococcus
anaerobius (2 cases), Pasteurella haemolytica (1 case),
Prevotella intermedia (1 case), Gemella morbillorum (3
cases), Enterobacter cloacae (1 case), Actinomyces
meyeri (1 case), Clostridium ftetani (1 case), and
Corynebacterium species (2 cases).

There were 27 patients with diabetes mellitus
(DM), 5 patients with chronic liver disease, and 9
patients with malignancies. Of the 10 patients who
had Klebsiella pneumonia as a pathogen, 7 of the
patients (70%) had DM.

Involved spaces of deep neck infections

The involved spaces overlapped, and the most
common site was the parapharyngeal space (89
cases, 56.3%), followed by the submandibular
space (56 cases, 35.4%), the retropharyngeal space
(33 cases, 20.9%), and the submental space (24
cases, 15.2%) (Table 2). Of the 158 patients, 110
(69.6%) had one involved space, 37 (23.4%)
patients had two, and 11 (7.0%) patients had more
than two (7 patients had three involved spaces, 3
patients had four, and 1 patient had five).

Table 2. Distribution of Overlapped Involved Spaces
and Sites

Space No. of patients (%)
Parapharyngeal 89 (56.3)
Submandibular 56 (35.4)
Retropharyngeal 33 (20.9)
Submental 24 (15.2)
Pretracheal 6 (3.8)
Parotid 5 (3.2
Epiglottic 3 (1.9
Tongue base 2 (1.3)
Paraesophageal 2 (1.3)
Thyroid 1 (0.6)
Treatment

Surgery was performed in 121 (76.6%) cases,
including catheter drainage in 11 cases, intraoral
drainage in 17 cases, transcervical drainage in 90
cases, and combined transcervical and thoraco-
tomy drainage in 3 cases.

Complications and durations of hospital stays:
statistical analysis

There were 23 patients who developed life-
threatening complications: descending media-
stinitis (14 cases), sepsis (6 cases), and airway
distress (9 cases) (Table 3). The crude mortality
rate was 1.9% (3 cases) and septic shock was the
cause of death in all cases. The duration of
admission ranged from 3 to 70 days with an
average of 14.1 days.

In multiple linear regression, patients with a
large number of involved spaces (p =0.027), DM
(p =0.048), and complications (p =0.001) required
longer hospitalizations. The remaining variables
were not statistically significant (Table 4). In
logistic regression, patients with more than two
involved spaces (p =0.010), were more likely to
have complicated deep neck infections. Patients
with odontogenic causes (p=0.037) were less
likely to have complicated deep neck infections.
The remaining variables were not statistically
significant (Table 5).
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Table 3. Summary of Patients with Life-Threatening Complications

Case /ASgee N Space invollx\/l gc'l Z;aces Urécilse;}sf?g Pathogen Complications Operation Outcome
1 68/F P-e, P-p 2 F-b None None A-d 1&D Good
2 1/F R 1 Cyst None P-a A-d 1&D Good
3 41/F P-t, P-p, R-p, S-m 4 None DM None M-s 1&D Good
4 52/F S-m, P-p, R-p, S-mt 4 None DM None M-s, Sepsis 1&D Expired
5 60/F P-t, P-p, R-p, S-m 4 Ph-t DM A-s M-s, Sepsis 1&D Expired
6 75/M R-p, P-p 2 F-b DM a-S M-s, Sepsis 1&D Expired
7 23/M R-p, P-p 2 None None None M-s 1&D Good
8 65/M P-p, R-p 2 F-b None S-v M-s I&D, Tt Good
9 49/M P-t, Rp 2 None None A-b, Mb-s M-s, Sepsis 1&D, T-t Good
10 34/F R-p, P-p, Sm 3 None None a-S M-s 1&D Good
11 77/F  Smt, R-p 2 None None None M-s 1&D Good
12 18/M S-mt, R-p 2 None None Sn, a-S M-s 1&D Good
13 75/F R-p, Pp 2 None DM None M-s 1&D Good
14 56/M P-p 1 None DM None A-d 1&D Good
15 65/F P-p 1 None DM S-s, Sc-mt A-d 1&D Good
16 65/M P-p, R-p, Sm 3 Od None None Sepsis, A-d 1&D Good
17 69/F P-p 1 None DM K-p A-d 1&D Good
18 17/F S-m 1 None  None Sc-ml M-s 1&D Good
19 25/M T-b 1 Od None B-f A-d 1&D Good
20 55/M R-p 1 None M-n None A-d, M-s I&D, Tt Good
21 5/F R-p Pp 2 None  None None Sepsis 1&D Good
22 59/M P-p 1 None DM, M-n None A-d 1&D Good
23 40/F P+t 1 None  None B-c M-s 1&D Good

P-e, Paraesophageal; P-p, Parapharyngeal; R-p, Retropharyngeal; P-t, Pretracheal; S-m, Submandibular; S-mt, Submental; T-b, tongue base;
F-b, foreign body; cyst, congenital neck cyst; Ph-t, Pharyngotonsillitis; Od, Odontogenic; M-n, Malignancy; P-a, Pseudomonas aeruginosa;
A-s, Acinetobacter species; u-S, a-hemolytic Streptococcus; S-v, Streptococcus viridans; A-b, Acinetobacter baumannii; Mb-s, Mycobacterium species;
S-n, Streptococcus not A, B, C, D, F, G; S-s, Streptococcus salivarius; Sc-mt, Streptococcus mitis; K-p, Klebsiella pneumoniae; Sc-ml, Streptococcus
milleri; B-f, Bacteroides fragilis; B-c, Burkholderia cepacia; A-d, Airway distress; M-s, Mediastinitis; 1&D, Incision and drainage; T-t,

Thoracotomy.

DISCUSSION

Deep neck infections can arise from various
head and neck regions, including the teeth,
salivary glands, nasal cavity, paranasal sinuses,
pharynx, and adenotonsillar tissues. In the pre-
antibiotic era, studies demonstrated that most (70-
80%) deep neck infections resulted from compli-
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cated pharyngeal infections.” A decreased in-
cidence (9-16%) of pharyngotonsillar sites of
origin has been recently described.”*"” In this
study, only 3.8% of the patients presented with
pharyngotonsillar sites of origin. Some reports
indicated a significant prevalence (22.7-43%) of
deep neck infections that were caused by dental
infections.”” Similarly, the current study found the
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Table 4. Results of Multiple Linear Regression of Variables Causing Longer Hospitalizations

Parameters Standardized coefficients (Beta) t-score p value
Age -0.129 -1.729 0.086
Sex - 0.044 - 0.681 0.497
Involved Space 0.008 0.131 0.89
Fever > 38T 0.089 0.818 0.415
Chills 0.052 0.464 0.644
Swelling - 0.056 - 0.699 0.486
Pain -0.042 -0.610 0.543
Trismus -0.046 -0.703 0.483
Dysphagia - 0.081 -1.132 0.259
Dyspnea 0.107 1.564 0.120
Duration of symptoms 0.030 0.468 0.640
WBCs > 15,000 cells/ mm” 0.046 0.661 0.510
Number of involved spaces 0.150 2.230 0.027*
DM 0.139 1.999 0.048*%
Bacteriology 0.042 0.664 0.508
Etiology 0.076 1.227 0.222
Treatment method 0.043 0.665 0.507
Complication 0.540 7.248 0.001*
R =0.449.

*p < 0.05, reached statistical significance.

most common cause to be dental infections (12%).
This may be due to the delay of treatment caused
by the relatively high cost of dental care and
public indifference to dental health compared
with pharyngotonsillitis. There were some reports
that indicated complicated or serious deep neck
infections, such as descending necrotizing media-
stinitis or cervical necrotizing fasciitis, secondary
to odontogenic infections.*™ However, in this
study, logistic regression revealed that odonto-
genic causes were negatively correlated with
complicated deep neck infections (p =0.037). The
19 patients in our study that had relatively mild
odontogenic infections responded well to treat-
ment. Thirteen of the 19 (68.4%) had only one
involved space. The submandibular space was
most commonly involved (10 cases, 52.6%) and
was easily managed. There were only two patients

with complicated infections with odontogenic
causes. Both completely recovered with properly
managed treatment.

In this study, 10 cases (6.3%) had deep neck
abscesses that resulted from acute suppurative
infections of pre-existing congenital neck cysts.
Prompt surgical treatment is recommended for
congenital neck cysts after the control of the
infection is established. In over half of the cases,
the causes of infection remain unknown. The rea-
son may be that an inciting infection can precede
the deep neck infection by weeks, and it is often
difficult to discern the primary source of infection,
as indicated in previous reports.”” %

The present study demonstrated that Klebsiella
pneumoniae (10 cases, 13.7%) accounted for the
most common pathogen among the positive
cultures, followed by Streptococcus viridans (9

Yonsei Med J Vol. 48 No. 1, 2007
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Table 5. Results of Logistic Regression of Variables Causing Complications

Parameters p value Adjusted odds ratio 95% confidence interval
Age 0.320 1.024 0.977 -1.073
Sex 0.900 0.905 0.191 - 4.286
Submandibular space 0.177 0.149 0.009 - 2.369
Parapharyngeal space 0.976 0.958 0.058 - 15.880
Retropharyngeal space 0.853 0.771 0.049 -12.021
Submental space 0.187 6.211 0.411 - 93.781
Fever > 38T 0.165 4.150 0.556 - 30.970
Chills 0.554 0.251 0.003 - 24.586
Swelling 0.771 1.311 0.212 - 8.118
Pain 0.110 3.742 0.742 - 18.878
Trismus 0.890 0.010 0.000 - 2.237
Dysphagia 0.107 8.976 0.620-129.839
Dyspnea 0.440 2.275 0.282-18.346
Duration of symptom 0.178 0.861 0.693 - 1.070
WBCs > 15,000 cells/mm” 0.117 4.623 0.683 - 31.287
One or two involved spaces 0.062 6.854 0.910 - 51.646
More than two involved spaces 0.010% 19.660 2.065 - 188.096
DM 0.054 6.429 0.967 - 42.740
Klebsiella pneumoniae 0.065 1.040 0.998 - 1.084
Streptococcus viridans 0.357 0.153 0.003 - 8.316
MSSA 0.699 0.624 0.057 - 6.830
Pharyngotonsillar cause 0.170 0.045 0.001 - 3.768
Odontogenic cause 0.037% 0.040 0.002 - 0.827
Congenital cystic cause 0.262 16.384 0.124 - 2161.494
Foreign body cause 0.634 0.556 0.050 - 6.218

*p < 0.05, reached statistical significance.
MSSA, Methicillin-sensitive Staphylococcus aureus.

cases, 12.3%). This differed from other reports in
which Streptococcus viridans was the most common
pathogen.””* Wang et al recently reported that
Klebsiella pneumoniae was the most common
pathogen.® MSSA was found in only 8 (11.0%)
positive cultures. This result was lower than those
of other reports.'”” These findings reflected the
declining incidence of pharyngotonsillitis, and the
increasing incidence of dental infections and
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immunocompromise as causes of deep neck
infections.’

The most common associated systemic disease
was diabetes mellitus (DM). Of the 10 patients
who had Klebsiella pneumonige as a pathogen, 7
(70%) patients also had DM. This was most likely
because the virulence of Klebsiells was deter-
mined by the hosts’ macrophage function,” and
the macrophage function was impaired in the
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hyperglycemic state.”® For those patients with DM,
control of blood sugar plays an important role in
the treatment strategy. In the present study,
patients with DM stayed significantly longer in
the hospital than non-diabetic patients (p =0.020,
student t-test). Although DM was not a significant
predisposing factor of complicated deep neck
infections (p = 0.054), diabetic patients should be
considered high-risk patients when treating these
types of infections.

One hundred ten (69.6%) cases of the 158
patients had one involved space, 37 (23.4%)
patients had two involved spaces, and 11 (7.0%)
patients had more than two involved spaces. In
this study, having more than two involved spaces
was found to be a significant predictor of com-
plicated deep neck infections (p = 0.010).

No clinical symptoms and signs correlated with
longer hospitalizations or complicated deep neck
infections. However, Wang et al reported that in
female patients, neck swelling and respiratory
difficulty were high risk factors of deep neck
infections.” This discrepancy might have occurred
because peritonsillar abscesses were excluded
from our study, in contrast to Wang’s study that
included 61 peritonsillar abscesses in 196
patients.” Chen et al reported that patients with an
underlying disease, neck swelling, and delayed
time had a positive correlation with complicated
deep neck infections, in which 18 cases resulted in
lethal complications among the 214 deep neck
infection patients.”’

In this study, the longest duration of hospi-
talization was 70 days. A 1-year old female patient
was brought to the hospital with dyspnea from
acute suppurative infection of the pre-existing 3rd
or 4th branchial cleft cyst. An emergency
tracheotomy and an incision and drainage were
performed. There was a recurrence of the infection
three times throughout the hospitalization.
However, the patient was discharged after the
infection was controlled. In the present study, the
duration of hospitalization appeared to be longer
than is usually the case. This was most likely
because, in general, the authors only discharged
patients after the infections were completely
controlled.

The most dangerous complications included
descending mediastinitis, airway obstruction, and

vascular rupture. In this study, 14 cases had
descending mediastinitis. Most of these patients
were older and had mixed space infections. Four
cases with mediastinitis also had sepsis. Three of
them died of multi-organ failure related to septic
shock and had concurrent DM as a systemic
disease. The remaining 11 patients with mediasti-
nitis recovered with close observation and effec-
tive intravenous antibiotics after surgical drain-
age. The causative organism of the mediastinitis
varied depending on the origin, but in the
majority cases, the flora were a mix of both
aerobic and anaerobic bacteria.™* B-Hemolytic
Streptococcus was the most commonly found
pathogen because of the high incidence of odonto-
genic infections.” In this study, a-hemolytic
Streptococcus was the most commonly found
bacteria in patients with mediastinitis (33.3%, 3 of
9 positive cultures). Upper airway obstruction was
noted in 9 cases, and an emergent tracheotomy
was performed in 6 (66.7%) of them. Endotracheal
intubation is not recommended because it may
further jeopardize the already compromised air-
way. There were 6 patients with sepsis. Three of
them recovered following a high-dose of intra-
venous antibiotics and surgical drainage, and the
remaining 3 patients died of septic shock (all of
them had DM as was mentioned previously). The
mortality rate in our study was 1.9%, which was
similar to that of some previous reports.”*”* This
suggests that most patients will have a good
prognosis if they are managed properly.

Complications of deep neck infections are still
potentially fatal, and that is why we recommend
that high-risk groups, such as diabetic patients
and/or patients with more than two involved
spaces, should be more closely monitored
throughout their hospitalization.
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