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Abstract
Purpose The purpose of this retrospective study was to evaluate perioperative risk factors concerning difficult airway manage-
ment, primary tracheostomy, and need for intensive care unit (ICU) admission in severe odontogenic space infections.
Methods Perioperative risk factors were retrospectively analyzed in 499 cases. Fisher’s exact test and analysis of variance were
performed to analyze associations between categorical and continuous variables. Univariate regression analysis was used for
estimating predictors for ICU admission. A risk model for ICU admission was performed using multivariate regression analysis.
Area-under-the-curve (AUC) was calculated by receiver-operating-characteristic (ROC) curve.
Results Airway securing in patients with restricted mouth opening led to significant use of the video laryngoscope (p < 0.001) or
fiberoptic bronchoscope (p < 0.001). The use of fiberoptic bronchoscopy was significantly increased in patients with dysphagia
(p = 0.005) and dyspnea (p = 0.04). Four patients (0.8%) needed primary tracheostomy. ICU admission was significantly asso-
ciated with higher levels of C-reactive protein (CRP, p = 2.78 × 10−5), white blood cell count (WBC, p = 0.003), dyspnea (p =
9.95 × 10−6), and higher body mass index (BMI, p = 0.0003). American Society of Anesthesiologists physical status (ASA PS)
class III patients (p = 0.04) and the need for the use of a video laryngoscopy (p = 0.003) or fiberoptic bronchoscopy (p = 6.58 ×
10−5) resulted in a more frequent ICU admission. The AUC of the model was 0.897.
Conclusion Difficult airway management was mainly dependent on limited mouth opening and elevated CRP. Elevated CRP,
BMI, ASA PS III, and dyspnea were important risk factors for ICU admission. These predictors should be considered preoper-
atively for proper planning and preparation.
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Introduction

Deep neck space infections are mainly associated with an
odontogenic origin and represent a therapeutic challenge due
to the complex anatomy and the possible spread along adja-
cent neck spaces [1]. Despite early surgical intervention and
calculated antibiotic therapy, life-threatening complications
such as mediastinitis, airway obstruction, vascular ruptures,
and septic shock occur repeatedly and can lead to fatal

outcome of the disease [2]. The symptoms are often charac-
terized by fever, dysphagia, and trismus. C-reactive protein
(CRP) and white blood cell (WBC) count are regularly elevat-
ed [3, 4]. Airway securing can be challenging in patients suf-
fering from odontogenic space infection due to upper airway
obstruction, edema, and restricted mouth opening. Airway
restriction is often attended by dyspnea, which requires ade-
quate airway management in addition to prompt surgical in-
tervention [5]. Reasons for difficult airways are a dynamic
progress of the disease accompanied by limited mouth open-
ing, edema, distorted anatomy and tissue immobility [6].
Beside direct laryngoscopy, management of difficult airways
can be performed using video laryngoscopy, blind nasal intu-
bation, fiberoptic bronchoscopy as well as tracheotomy on
awake patients under local anesthesia [7].

The aim of this retrospective study was to evaluate patient’s
characteristics and perioperative risks concerning difficult air-
way management, primary tracheostomy, and need for ICU
admission in severe odontogenic space infections.
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Materials and methods

Patients

This retrospective study was conducted in accordance with the
ethical principles of the declaration of Helsinki. Five hundred
fifty-seven patients with severe odontogenic infections re-
ceived medical attention between 2010 and 2017 in the
Department of Oral Maxillofacial Plastic Surgery and the
Department of Anesthesiology and Intensive Care Medicine
of the University Hospital of Cologne. Severe odontogenic
infections were defined as infection of odontogenic origin
requiring hospitalization, extraoral incision under general an-
esthesia, and antibiotic therapy [8]. All patients showed signs
of systemic inflammation and received extraoral incision and
drainage of all affected anatomic deep fascial spaces as soon
as possible [3]. All cases were identified in the electronic
hospital database. Duplicate records (n = 30) or incomplete
records (n = 2), patients who did not receive extraoral incision
or general anesthesia (n = 18), and patients suffering from sol-
id cancer in the head-neck area (n = 4) were excluded. Records
of 499 patients were analyzed in detail.

Treatment

All patients underwent extraoral incision and drainage under
general anesthesia with oral- or nasal-tracheal intubation. The
method for successful airway management and need for a
procedural change in difficult upper airway conditions were
recorded. Airway management was divided into four groups
depending on the final method for airway securing: direct
Macintosh laryngoscope (HEINE Optotechnik®,
Herrsching, Germany); video laryngoscope (GlideScope,
VERATHON®, Bothell, USA), fiberoptic bronchoscope
(Ambu® aScope™ Slim 3.8/1.2 or Regular 5.0/2.2, Ambu
GmbH, Bad Nauheim, Germany), or direct tracheostomy.
The choice of the primary airway management method was
determined by the attending anesthesiologist considering
physical examination, mouth opening, trismus, and respirato-
ry symptoms. Patient’s data were analyzed regarding sex, age,
American Society of Anesthesiologists physical status (ASA
PS) classification, body mass index (BMI), presence of diabe-
tes, preoperative use of antibiotics, palpability of the lower
jaw edge, restricted mouth opening, dysphagia, dyspnea,
CRP levels, WBC count, involved fascial spaces, intraopera-
tive tooth extraction, dental focus, and need for ICU admis-
sion. The involved fascial spaces were categorized in accor-
dance with the Topazian classification [9] (Table 1).

Statistical analysis

Statistical analysis was performed using SPSS (IBM SPSS
25.0, IBM Corp.; New York, USA). The Fisher’s exact test

was performed to evaluate the significance of differences be-
tween categorical variables. Continuous variables were ana-
lyzed using the Mann-Whitney U test or the Kruskal-Wallis
one-way analysis of variance. Univariate regression analysis
was performed for estimating predictors for ICU admission.
p values less than 0.05 were considered statistically signifi-
cant. Statistically significant clinical parameters were selected
for a multivariate regression model for ICU admission. Based
onmultivariate analysis, area-under-the-curve (AUC) was cal-
culated by receiver-operating-characteristic (ROC) curve.

Results

Patient characteristics

In this study, 491 patients were included. Eight patients
underwent two independent surgical treatments of severe
odontogenic infections in different hospital stays. Patients’
characteristics are summarized in Table 1. Mean duration of
hospitalization was 7.39 ± 4.21 days. Mean duration before
general anesthesia and start of the surgical procedure was
9.20 ± 12.88 h. The final procedure of airway management
is summarized in Table 2. Only 31 cases (6.3%) required an
admission on the intensive care unit (ICU). Procedure of air-
way management in this subgroup is demonstrated in Table 2.
Causes for ICU admissionwere edematous airway in 26 cases,
respiratory insufficiency in 2 cases, aspiration, prolonged drug
effect, and independent accompanying diseases in one case,
respectively. Twenty-seven patients were transferred mechan-
ically ventilated to the ICU.

Airway management

Airway securing in patients with restricted mouth opening led
to significant use of the video laryngoscope (p < 0.001) or
fiberoptic bronchoscope (p < 0.001). Acute dyspnea was doc-
umented in 26 patients. Subgroup analysis showed that pa-
tients with acute dyspnea were significantly more frequently
intubated using fiberoptic bronchoscopy than direct laryngos-
copy (p = 0.04). No significant differences were found be-
tween direct laryngoscopy and video laryngoscopy (p =
0.73). However, three of the four patients with primary trache-
ostomy suffered from dyspnea, whereas only 4.1% in the
group of direct laryngoscopy (p < 0.001) complained acute
dyspnea. In patients with dysphagia, the necessity for
fiberoptic bronchoscopy was significantly increased (p =
0.005). No differences were seen concerning video laryngos-
copy (p = 0.11) or tracheotomy (p = 0.58). Male patients were
intubated more often using the video laryngoscope (p =
0.002). Advanced airway management was associated with
higher CRP levels (p < 0.001). Highest CRP levels were mea-
sured in cases with primary tracheostomy (details see Fig. 1).
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The need for a procedural change in airway management
was significantly increased in patients with restricted mouth
opening (p < 0.001) and elevated CRP values (p = 0.03). A
significant correlation was seen between gender and need for
a procedural change in airway securing (male 20%, female
10.5%, p = 0.004). Airway management method (p = 0.71)
or the need for a procedural change (p = 0.54) was not affected
by the ASA PS classification.

ICU admission

ICU admission was significantly associated with higher levels
of CRP (p = 2.78 × 10−5), WBC count (p = 0.003), and dys-
pnea (p = 9.95 × 10−6). Mean CRP levels in patients with ICU
admission were 179.4 (± 122.9) mg/l and 103.5 (± 84.6) mg/l
in patients without ICU admission. Higher body mass index
(BMI) led to a significantly more frequent ICU admission
(p = 0.0003) whereas BMI showed no differences in the

airway management method (p = 0.20) or need for a procedur-
al change in airway securing (p = 0.41). Mean BMI without
ICU admission was 26.39 (± 5.79) with respect to a mean
BMI of 30.84 (± 7.01) in patients needed further treatment
on the ICU. Age or diabetes mellitus (DM) were not signifi-
cant correlated with ICU admission, airway management
method (age p = 0.18; DM p = 0.85), or need for a procedural
change in airway securing (age p = 0.54, DM p = 1.00).
Subgroup analysis showed a significant correlation for ASA
PS class III patients needed ICU admission (p = 0.04). Using
advanced airway management such as video laryngoscopy
(p = 0.003) or fiberoptic bronchoscopy (p = 6.58 × 10−5) led
to more frequent ICU admission. The need for a procedural
change in airway management was significantly associated
with the ICU admission (p = 0.004). Length of preoperative
hospital stay was not associated with more frequent ICU ad-
mission. Detailed results for ICU admission are summarized
in Table 3.

Table 1 Baseline characteristics
Patient characteristics (n = 499)

Sex (male/female) 290 (58.1%) / 209 (41.9%)

Age (years) 45.36 (± 17.95)

Body mass index 26.66 (± 5.96)

ASA PS classification (I/II/III) 196 (39.3%) / 205 (41.1%) / 98 (19.6%)

Diabetes Yes 48 (9.6%) / no 448 (89.8%) / unknown 3 (0.6%)

Lower jaw edge palpable Yes 76 (15.2%) / no 296 (59.3%) / unknown 127 (25.5%)

Restricted mouth opening Yes 374 (74.9%) / no 101 (20.2%) / unknown 24 (4.8%)

Dysphagia Yes 323 (64.7%) / no 98 (19.6%) / unknown 78 (15.6%)

Dyspnea Yes 26 (5.2%) / no 400 (80.2%) / unknown 73 (14.6%)

Odontogenic focus Yes 472 (94.6%) / no 20 (4.0%) / unknown 7 (1.4%)

Tooth extraction Yes 324 (64.9%) / no 175 (35.1%)

CRP (mg/l) 108.5 (89.6)

WBC count (109/l) 13.36 (4.97)

Involved fascial spaces

Submandibular/sublingual 444 (89.0%)

Submental 18 (3.6%)

Lateral pharyngeal 11 (2.2%)

Pterygomandibular 9 (1.8%)

Buccal 3 (0.6%)

Unknown 14 (2.8%)

ASA PS classification, American Society of Anesthesiologists Physical Status Classification System; CRP, C-
reactive protein; WBC, white blood cell

Table 2 Airway management
and ICU admission Direct

laryngoscope
Video
laryngoscope

Fiberoptic
bronchoscope

Tracheostomy

Airway
management

339 (67.9%) 79 (15.8%) 77 (15.4%) 4 (0.8%)

ICU admission 8 (25.8%) 8 (25.8%) 11 (35.5%) 4 (12.9%)
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Statistically significant variables of univariate regression
analyses for ICU admission with p values ≤ 0.05 (Table 3)
were used for a multivariate regression model (Table 4).
Receiver-operation-characteristic (ROC) curve showed an ar-
ea under the curve (AUC) of 0.897.

Discussion

We present a retrospective study of 491 adult patients
with deep space neck infections. All patients were ex-
posed to a severe health risk leading to a potentially
life-threatening situation requiring hospitalization [10,
11]. Airway securing can be challenging in patients suf-
fering from odontogenic space infection due to upper
airway obstruction, edema, and restricted mouth opening
[5, 12]. Critically ill patients requiring intensive care
monitoring after surgery were associated with higher
complications rates, increased mortality, and a greater
organizational effort [13, 14]. Therefore, we evaluated
patient’s characteristics and perioperative procedures to
identify risk factors for difficult airways and need for
ICU admission.

Airway management

Common symptoms, revealed in our study, were restricted
mouth opening, elevated CRP and WBC count, and dyspha-
gia. Beside limited neck mobility and edema, these are the
most common factors that contribute to a difficult airwayman-
agement situation in these patients [12, 15]. We identified a
significant relationship between restricted mouth opening and
difficult airway. A restricted mouth opening led to more fre-
quent use of advanced airway management methods after fail-
ure of the primary procedure. Therefore, preoperative restrict-
ed mouth opening is an important indicator for difficult air-
way, as stated before [7, 16].

Compared to direct laryngoscopy, patients suffering from
dysphagia were intubated more frequently using a fiberoptic

Table 3 Univariate regression analysis for ICU admission

p levels OR 95% CI

Sex p = 0.07 2.16 0.95–4.94

Age p = 0.37 1.01 0.99–1.03

BMI p = 0.0003* 1.12 1.05–1.18

ASA PS classification p = 0.08

ASA PS II p = 0.72 1.18 0.48–2.91

ASA PS III p = 0.04* 2.63 1.05–6.57

Diabetes p = 0.22 1.89 0.69–5.17

Involved fascial spaces p = 0.68 0.91 0.60–1.40

Preoperative use of antibiotics p = 0.69 0.85 0.39–1.86

Lower jaw edge Palpable p = 0.96 1.03 0.37–2.84

Restricted mouth opening p = 0.47 1.43 0.54–3.84

Dysphagia p = 0.05 4.20 0.98–18.03

Dyspnea p = 9.95 × 10−6* 8.44 3.28–21.76

CRP p = 2.78 × 10−5* 1.01 1.00–1.01

WBC count p = 0.003* 1.10 1.04–1.17

Odontogenic focus p = 0.83 1.24 0.16–9.62

Tooth extraction p = 0.66 0.85 0.40–1.79

airway management p = 0.001*

Video laryngoscope p = 0.003* 4.66 1.69–12.84

Fiberoptic bronchoscope p = 6.58 × 10−5* 6.90 2.67–17.80

Tracheostomy n.a. n.a. n.a.

Alternating anesthesia procedure p = 0.004* 3.18 1.46–6.93

BMI, body mass index; ASA PS, American Society of Anesthesiologists
Physical Status Classification System; CRP, C-reactive protein; WBC,
white blood cell

*Used for multivariate regression model

Table 4 Multivariate regression model for ICU admission

p levels OR 95% CI

ASA 0.52

ASA II 0.54 0.68 0.20–2.32

ASA III 0.60 1.43 0.38–5.34

BMI 0.0004 1.18 1.08–1.29

Dyspnea 0.01 6.98 1.50–32.44

CRP 0.08 1.01 1.00–1.01

WBC count 0.36 1.04 0.95–1.14

Airway management 0.04

Video laryngoscope 0.04 5.14 1.09–24.20

Fiber optic bronchoscope 0.008 5.63 1.58–20.09

Tracheostomy n.a. n.a. n.a.

Alternating anesthesia procedure 0.58 1.52 0.34–6.82

ASA PS, American Society of Anesthesiologists Physical Status
Classification System; BMI: body mass index; CRP, C-reactive protein;
WBC, white blood cell

Fig. 1 Median levels of C-reactive protein in different airway manage-
ment methods
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bronchoscope. Concerning the video laryngoscopy, no signif-
icant difference could be seen. However, dysphagia had no
influence on the frequency of a change of the anesthesia pro-
cedure. In summary, dysphagia appears to be an important
factor for the airwaymanagement. Restrictively, this symptom
was present in a large number of patients; therefore, the prob-
ability for a difficult airway remains inconsistent.

Patients presenting with acute dyspnea were more
frequently intubated using fiberoptic bronchoscopy.
However, a change in the anesthesia procedure was
not seen more frequently. All patients with dyspnea ex-
cept of one individual also showed limited mouth open-
ing. These critically ill patients have probably been
intubated more frequently using fiberoptic bronchoscopy
primarily resulting in less frequent changes in airway
securing.

All patients undergoing primary tracheostomy showed a
reduced mouth opening and reported dysphagia.
Additionally, 75% showed symptoms of acute dyspnea.
Number of patients with primary tracheostomy was small
but these three factors seem to increase the risk of
tracheostomy.

Systemic inflammation evidenced by higher CRP levels
were associated with advanced airway management and led
to a more frequent procedural change. In male patients, the use
of advanced airway management was increased and the intu-
bation procedure had to be changed more frequently. Reasons
could be found in the unequal gender distribution with male
dominance or a later presentation in hospital. In contrast to the
necessity of ICU admission, the need for advanced airway
management was not increased in obese patients. There were
no significant differences with respect to the airway manage-
ment or need for a procedural change.

In our study, we could identify limited mouth opening and
elevated CRP values as risk factors for difficult airways.
Elevated CRP, predicting disease severity, must be considered
as an indirect prognostic factor for difficult airways. Results
for acute dyspnea and dysphagia remain inconsistent but
fiberoptic bronchoscopy was more frequently needed.

ICU admission

We have identified several risk factors leading to a more fre-
quent ICU admission. Edematous swelling of the respiratory
tract was a main cause for ICU admission with an overall need
for postoperative mechanical ventilation. Higher CRP levels
seem to be associated with severity of deep space infections of
odontogenic origin. Stathopoulos et al. showed that the con-
centration of CRP was a significant predictor of hospital stay
[17]. Sharma et al. confirmed that CRP was an effective mark-
er for determining severity of infection in fascial space infec-
tions of odontogenic origin [18]. In addition, we found higher

CRP and WBC levels associated with a more frequent ICU
admission.

Besides systemic inflammation, acute dyspnea was often
associated with the necessity of ICU admission. Due to im-
proved medical care and early antibiotic therapy, only 26 pa-
tients suffered from acute dyspnea. Interestingly, nearly one
third of this subgroup had to be admitted to ICU. Therefore,
CRP, WBC levels, and dyspnea are indicators of a severe
health risk and as such, important factors regarding the risk
of ICU admission and further complications.

The ASA PS classification assigns different risk groups to
patients based on systemic diseases. A higher ASA PS class is
associated with a greater likelihood of unplanned ICU admis-
sion following surgery [19]. Concerning ICU admission, we
found a uniform distribution of ASA PS class I and class II
patients whereas ASA PS class III patients were admitted
significantly more frequent to the ICU.

In our study population, obesity led to a more frequent ICU
admission. Our results show that the ASA PS classification
and the BMI should be taken into account in the risk stratifi-
cation of these patients.

Advanced airway management increases the likelihood of
ICU admission. The same applies to the need for a procedural
change in airway management. Advanced airway manage-
ment as well as the procedural change could be an expression
of disease severity. However, edematous upper airway swell-
ing with consecutive postoperative mechanical ventilation can
be aggravated by multiple manipulation attempts.

Further investigations showed an increased incidence of
diabetes in individuals with deep space infections associated
with an extended hospital stay [20]. In contrast, in our study,
no increased ICU admission was detected in patients suffering
from diabetes.

Systemic inflammation recognized by elevated CRP and
WBC levels, BMI, ASA PS III, dyspnea, the necessity for
advanced airway management, and the need for a procedural
change in airway securing were important risk factors for ICU
admission.

Our study has several strengths: we could evaluate a high
number of possibly relevant factors in a large and consistent
cohort. Anesthesia and surgical procedures were performed in
one clinic with identical standards. Limitations are the retro-
spective design with missing information in some cases.

In summary, we could identify important risk factors
for difficult airway and ICU admission in patients suffer-
ing from severe odontogenic infections. Difficult airway
management was mainly dependent on limited mouth
opening and elevated CRP. Edematous swelling of the
respiratory tract followed by postoperative mechanical
ventilation is the main cause for ICU admission. As fur-
ther risk factors, we could identify elevated CRP, BMI,
ASA PS III, and preoperative dyspnea. The participating
physicians should consider these predictors in their
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planning and preparation. Further prospective studies
should be performed to verify our findings.
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