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Abstract

Purpose This study reviews our experience with deep neck space infections (DNIs) requiring surgical intervention, including 

cervical necrotizing fasciitis. The aim of the study was to identify predisposing and aggravating factors of the disease and 

recognize the possible factors that can lead to life-threatening complications and slow down the healing process.

Methods We compare the results to previous data from 1985 to 2005 to find possible alterations and changing trends. The 

characteristics of four lethal cases are described. This retrospective analysis includes patient data from 2004 to 2015 in 

tertiary referral hospital and in total, 277 patients were found.

Results Surgical drainage through a neck opening ± intraoral incision was made in 215 (77.6%) patients, an intraoral inci-

sion was only made in 62 patients (22.4%). ICU care was needed in 66 (23.8%) cases. Odontogenic etiology (44.8%) was 

the most common origin. The most common comorbidity was a psychiatric disorder and/or dementia and occurred in 55 

(19.9%) patients. Patients with underlying illnesses were more likely to be admitted to the ICU (p = 0.020), required a longer 

ICU stay (p = 0.004) and repeated surgery (p = 0.009). Gas formation seemed to be predictive of a more severe course of 

infection. Early extraction of the odontogenic foci was related to a lower length of stay (LOS) (p = 0.039).

Conclusion The annual numbers have risen from 14 to 24 cases per year when compared to previous data. DNIs remain a 

cause of lethal complications; the mortality was 1.4% and overall complications occurred in 61 (22.0%) patients.

Keywords Deep neck space infections · Abscess · Complications · Hyperbaric oxygen therapy · Gas

Introduction

Deep neck space infections (DNIs) are a group of severe 

bacterial infections in potential spaces and fascial planes of 

the neck. Abscesses, cellulitis and phlegmons can spread 

along these fascial planes from the skull base to the medi-

astinum and cause serious and potentially life-threatening 

complications [1].

Some authors have stated that DNIs are currently less fre-

quent than in the past [2, 3]. Nevertheless, the DNIs remain 

a continuous challenge because of the significant morbidity 

and mortality rates [4–8]. From Finland there is evidence that 

DNIs have become more prevalent in recent decades [9]. The 

most common etiology is odontogenic (35–42%) and phar-

yngotonsillar infections. Other causes include salivary gland 

infections, penetrating or blunt trauma, a foreign body, iatro-

genic factors such as prior surgery and dental procedures, neo-

plasm, lymphadenitis and infected cysts. Unknown etiology 

varies in the literature and remains around 8–57% of cases [5, 

10–12]. DNIs require prompt and accurate management. This 
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includes managing the often-compromised airway, adequate 

antimicrobial therapy, surgical incision and drainage of the 

abscess, identifying and treating the possible cause (removal 

of the causal teeth or tonsils) and treatment of complications. 

Compromised airway, descending mediastinitis, thrombosis 

of the internal jugular vein, arterial erosion, pneumonia, men-

ingitis and intra-cranial extensions are the potentially lethal 

complications, especially to immunocompromised patients or 

patients with comorbidities [7, 11].

The aim of the study is to identify the causes and predis-

posing factors of DNIs and recognize the possible factors 

that can lead to severe complications and slow down the 

healing process. We also demonstrate the changing trends in 

morbidity, mortality and admissions for DNIs in our tertiary 

referral hospital compared to previously published data from 

1985–2005.

Materials and methods

This study is a retrospective analysis of clinical data 

collected from medical records between 1.1.2004 and 

30.11.2015 at Turku University Hospital. A wide range of 

ICD10 codes was used to distinguish all the patients with 

deep neck infection (including J39.0, L02.1, K11.3, J39.1, 

J39.0, J36, A48.0, M72.6, K12.2, K02.1, K04.1, K04.4, 

K04.5, K04.60–K04.63, K04.69, K04.7, K05.5, K05.22 

and K05.32). Of the 2588 patients identified 277 met the 

inclusion criteria, defined as a DNI requiring surgical treat-

ment, including intraoral or extraoral openings, and admis-

sion to a specialized ward or ICU. We excluded peritonsillar 

abscesses without any complications and the DNI patients, 

who were treated conservatively.

A review is presented of patient demographics, associated 

systemic diseases, airway status, treatment, operations, re-

operations, duration of hospitalization, intensive care unit 

(ICU) days, bacterial cultures, hyperbaric oxygen therapy 

(HBO), complications, and the outcomes for DNIs.

IBM SPSS Statistics version 24 was used to analyze data. 

A Pearson Chi-Square test was used to compare categori-

cal data between groups with an asymptotic 2-sided signifi-

cance p value below 0.05 being considered significant. A 

Mann–Whitney U test was utilized to compare continuous 

variables between the groups. A two-sided p value of less 

than 0.05 was considered statistically significant. One sam-

ple t test was used to compare means and a Fisher’s exact 

test when dealing with a group size under five.

Results

Demographic and clinical data

Turku University Hospital serves as a tertiary referral hos-

pital for Southwest Finland and Satakunta district, with a 

population of 870,000 people. Because Turku University 

Hospital is the national center for HBO treatment, some 

patients (n = 12) were also referred from other central hos-

pitals in Finland. In total n = 277 patients operated for DNIs 

were included in this study. There was a clear male pre-

dominance, 179 (64.6%) patients were male and 98 (35.4%) 

female. Age distribution was 0.5–92 years (mean 42.3; SD 

20.5) and there was no difference in age between males 

(42.0; SD 18.3) and females (42.9; SD 18.3). Male gender 

was associated with poor dental status which was noted in 

76 (75.2%) males versus 25 females (25.5%; p = 0.005) as 

well as the odontogenic etiology (49.7%; p = 0.016). Oral 

health evaluation was based on status findings and/or dental 

imaging noted in patient records.

Comorbidities

Associated systemic disorders are specified in Table 1. 

114 (41.2%) patients had some or several comorbidities. 

Comorbidities between genders were equally distributed 

(p = 0.996). Psychiatric disorders and/or dementia was found 

in 55 (19.9%). 31 (11.2%) were diabetic patients on medica-

tion of which 17 (6.1%) patients had insulin treatment. 23 

(8.3%) were classified as immunocompromised including 

patients receiving medications for autoimmune diseases or 

other known immunodeficiency. Alcohol abuse was men-

tioned in the patient history of 29 (10.5%) patients. Heart 

and vascular diseases were reported in 20 (7.2%) of patients. 

These included coronary artery disease or previous myocar-

dial infraction, congestive heart failure, previous stroke or 

Table 1  Comorbidities of patients with deep neck infections

Comorbidity No. patients 

(n = 277)

%

Psychiatric diagnosis or dementia 55 19.9

Diabetes 31 11.2

Alcohol abuse 29 10.5

Immunocompromised 23 8.3

Heart and vascular disease 20 7.2

Malignancy (inc. previous) 11 4.0

Liver disease 8 2.9

I.v. substance abuse 6 2.2

One or several comorbidity 114 41.2

Healthy 163 58.8
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transient ischemic attack (TIA), however, solitary hyperten-

sion was excluded. 11 (4.0%) had malignancy in their patient 

history. Eight (2.9%) had clinically important liver disease, 

including hepatitis and cirrhosis. Six (2.2%) patients had a 

history of intravenous substance abuse.

Poor dental status was noted in 101 (36%) of all patients 

based on status findings and/or dental imaging but was as 

high as 50.1% (n = 28) in the psychiatric/dementia group. 

The difference was significant (p = 0.013). Odontogenic 

etiology in the psychiatric/dementia group was increased 

(54.5%), however, it was statistically not significant 

(p = 0.091). As expected in the whole odontogenic subgroup 

poor dental status was noted in 73 (59%) cases (p = 0.000).

Etiology

An odontogenic origin was the most common reason for 

DNI accounting for 124 (44.8%) of the cases. Twenty (16.1% 

of the odontogenic) patients had dental surgery before 

admission to the hospital. The second common etiology was 

of a pharyngeal or tonsillar origin 104 (37.5%). The other 

sources were lymphadenitis in 12 (4.3%) and sialadenitis, 

neoplasm, infected cyst accounting for four cases (1.4%) 

each. Two (0.7%) penetrating trauma to the cervical region, 

an otogenic infection (0.4%), a foreign body (0.4%) and a 

post-operative infection (0.4%) were identified. The origin of 

the infection was not determined in 20 (7.2%) cases.

Diagnosis and treatment

Diagnosis of DNI was based upon a thorough otorhi-

nolaryngological examination usually together with fiber-

optic nasopharyngoscopy and imaging. In cases of an 

odontogenic foci, an oral and maxillofacial surgeon was 

consulted. Orthopantomography (OPG) was carried out on 

147 (53.1%) patients. For illustration, in Figs. 1 and 2 odon-

togenic foci and poor dental status of the DNI patient can 

be recognized. The most common imaging technique was 

a contrast-enhanced computer tomography (CECT) of the 

neck, which was conducted on 174 patients (62.8%). A typi-

cal ring-enhancing multilocular abscess of the same patient 

is demonstrated in Fig. 3. The initial CECT included the 

mediastinum when a descending infection was suspected. 

Magnetic resonance imaging was obtained from 37 (13.4%) 

patients and five patients underwent both imaging examina-

tions. Ultrasonography was used on 11 (4.0%) patients. 37 

(13.4%) patients were treated only with an OPG and seven 

patients (2.5%) were treated using no imaging examinations; 

in these cases, diagnosis of DNI was made by a clinical 

examination and a surgical exploration.

Airway management is crucial when treating deep neck 

space infections. 36 patients (13.0%) needed a tracheostomy. 

A wide spectrum of intravenous empirical antimicrobial 

Fig. 1  Orthopantomography showing dental foci and a wide radiolu-

cency around the unerupted D48 (arrow)

Fig. 2  Intraoperative picture of poor dental status

Fig. 3  Contrast-enhanced CT scan presenting a multilocular abscess 

of a middle-aged male patient who has a history of epilepsy and 

smoking, presented with a few days neck and cheek swelling, trismus 

and C-reactive-protein reported 305 mg/L at admission
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therapy was administered to all patients and it was later 

specified according to microbiological findings and drug 

sensitivity tests.

Cervical incision (Fig. 4) and surgical drainage ± intraoral 

incision and removal of necrotic tissue was made in 215 

(77.6%) patients and an intraoral incision in 62 (22.4%). 

Tonsillectomy was performed in 63 cases (22.7%). Dental 

extraction was made in 93 (33.6%) cases at the referral hos-

pital and overall to 113 (40.8%) of the patients and to 100 

patients (80.6%) (p < 0.000) in the odontogenic subgroup. 

It is notable that the length of stay (LOS) was significantly 

reduced from a median of 7 days to 5 days (p = 0.039) 

when extraction was made simultaneously (same day) with 

the incision and drainage compared to those with delayed 

extraction (range 1–9 days). However, the differences in 

complications (p = 0.153), the need for ICU (p = 0.105) or 

ICU stay days (p = 0.223) were not distinguished between 

early and late extraction.

47 patients (17.0%) had revision surgery through neck 

opening(s) and seven (2.5%) patients also needed mediasti-

nal canalization or thoracotomy. In the subgroup analysis, 

the odontogenic group was more likely to need repeated 

surgery (p = 0.022) as well as the patients with comorbid-

ity (p = 0.009). The mean overall LOS (n = 260) in our ter-

tiary referral center was 8.5 days, median 6.00 days (range 

2–114 days, SD 10.1). The data of 17 (6.1%) patients were 

missing because of their transfer to another hospital for 

follow-up treatment. 66 (23.8%) patients were treated in 

the intensive care unit. The ICU stay of four patients was 

unknown because of their transfer to another hospital. The 

mean ICU stay (n = 62) was 7.2 days, median 5 days (range 

1–36 days, SD 7.4). Patients with underlying illnesses were 

more likely to be admitted to the ICU (p = 0.020) and had a 

longer ICU stay, their median days being 2 vs. 7 (p = 0.004). 

Diabetic patients had an overall longer hospital stay with 

a median of eight days (range 2–48 days, SD 13.0) and a 

stay of over 6 days (all patients’ median) occurred more 

frequently. There was a significant difference between dia-

betic and non-diabetic patients (p = 0.040). Similarly, ICU 

treatment was needed more frequently for diabetic patients 

(n = 16; 51.6%; p < 0.000). HBO therapy was mainly used 

once a day (except twice for two patients) as an adjuvant 

therapy for 42 (15.2%) patients during the intensive care 

period with a median of 6 days (range 1–15 days). HBO 

treatment was begun immediately (at least within 24 h) after 

initial surgery in 23 (54.8%; range 0–12 days) of the cases.

Complications

Complications occurred in 61 (22.0%) patients and 

are specified in Table 2. 18 (6.5%) patients developed 

necrotizing fasciitis (NF) which is a rapidly progressing 

fulminant complication. NF was defined as a severe soft 

tissue infection (need for ICU treatment) with intense 

pain being mentioned or gas between the fascial layers; 

in all cases clinically confirmed necrotic tissue was found 

during surgery. Descending mediastinitis was diagnosed 

in 12 (4.3%) patients and 7 patients needed operations 

involving mediastinum. Two patients needed repeated 

thoracic surgery in addition to neck revisions to control 

the infection. However, all except one of the patients who 

arrived in an exceedingly advanced stage, suffering from 

mediastinitis, survived and were discharged from the 

Fig. 4  A neck incision and drainage was performed immediately on 

admission with a simultaneous extraction of the all remaining denta-

tion. After a 4-days course of intravenous antibiotics, the patient was 

released from the hospital to outpatient follow-up without complica-

tions

Table 2  Complications of deep neck space infections

a 18 (6.5%) patients had multiple complications

Complicationa No. patients 

(n = 277)

%

Necrotizing fasciitis 18 6.5

Pneumonia 16 5.8

Sepsis (blood culture positive) 13 4.7

Mediastinitis 12 4.3

Neural damage 12 4.3

Internal jugular vein thrombosis 6 2.2

Total airway obstruction 4 1.4

Death 4 1.4

Orocutaneus fistula 3 1.1

Disseminated intravascular coagulation 

(DIC)

2 0.7

Iatrogenic tracheal stenosis 2 0.7

Delirium 1 0.4

Pulmonary embolism 1 0.4
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hospital. HBO treatment was used in nine mediastinitis 

patients (75.0%). Of all the DNI patients, 18 (6.5%) had 

multiple complications, nevertheless most of the patients 

216 (78.0%) recovered without aggravating factors. The 

mortality rate was 1.4%. Comorbidities were associ-

ated with increased mortality (p = 0.015). There were 

four lethal outcomes, which are categorized in Table 3. 

In these cases, infection was primarily advanced and 

involved multiple spaces. Three of the cases were cat-

egorized as NF. Two were of odontogenic origin and two 

pharyngotonsillar.

The complication rate among diabetic patients was 

slightly augmented being 32.3% when compared to non-

diabetics (20.7%) but it was statistically insignificant 

(p = 0.144). Patients with a (former) malignancy had com-

plications more frequently (n = 8; 72.7%; p < 0.000). All 

patients having comorbidities seemed not to have asso-

ciations with complications (p = 0.131). However, tak-

ing merely the somatic underlying illnesses into account 

(excl. psychiatric and dementia subgroup), there was a 

significant connection to complications (p = 0.048).

Gas formation was noted in 41 (14.8%) patients in the 

radiological investigations. It was associated with higher 

a complication rate 46.3% (p < 0.000), increased mortality 

(p < 0.000), need for repeated surgery (p < 0.000), longer 

hospitalization (p < 0.000), ICU treatment (p < 0.000) and 

increased ICU days (p = 0.008). Not all gas producing 

infections were categorized as NF because they had a 

more benign course of infection or a lack of clinically 

confirmed necrosis. Nevertheless, this subgroup of non-

NF cases with gas formation (n = 26) had a higher com-

plication rate of 42.2% (p = 0.002), increased mortality 

(p = 0.003), longer hospitalization (p = 0.001), ICU treat-

ment (p = 0.014) and ICU days (p = 0.036) but the need 

for revisions did not differ significantly (p = 0.084).

Bacteriology

Bacterial samples from surgery were available for 226 

(81.6%) patients. 33 (14.6%) of the 226 had negative cul-

tures and 193 (85.4%) had positive culture results for one 

or several bacteria. The most frequent bacterial organ-

isms are presented in Table 4. Polymicrobial growth was 

present in 59.6% (n = 115) of the positive cultures. Most 

common pathogens to involve were Streptococcus spe-

cies n = 123 (63.7%). Prevotella species were found in 

70 (36.3%) of the positive cultures but interestingly only 

in one (0.5%) case was it the only pathogen identified. 

Streptococcus anginosus (n = 31) and an unspecified 

anginosus group streptococci (n = 7) accounted together 

for 19.7% of the bacteria, the Fusobacterium species 29 

(15.0%), Streptococcus constellatus 21 (10.9%) and the Ta
b
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other viridans group streptococci 25 (13.0%) were the 

most frequent findings. Streptococcus anginosus, constel-

latus and intermedius are part of the anginosus group 

streptocci (formerly known as the Streptococcus milleri 

group) and were involved altogether in 35.8% (n = 69) of 

the cases. Staphylococcus aureus was found in 22 (11.4%) 

of the cases.

Comparison to previously published data from our 
institute

In 2008, Aitasalo published a review of 293 patients of 

DNIs in Turku University Hospital between 1985 and 2005 

[13]. To conduct a relevant evaluation, we excluded the 

years 2004–2005 from our current data.

In total, 293 patients were analyzed in the former study. 

Comparison and characteristics are presented in Table 5. 

A 168 (57%) of the patients were male and 125 (43%) 

female. Age distribution was 4–91 years, mean 38.5 years. 

Patients were significantly older in the present study (mean 

43.3 years; p < 0.000). 61 (20%) were admitted to the ICU 

and 36 (12%) received HBO therapy and both of these 

values did not differ in comparison to the present study 

(p = 0.342; 0.112).

42 (14%) patients had complications. Specific numbers 

are unavailable but descending mediastinitis and necrotiz-

ing fasciitis were mentioned as being amongst the most 

common complications. A few other complications such 

as pleurisy, septic shock and aspiration causing pneumonia 

were considered rare. The overall complication rate was 

23.0% in our more recent data (p = 0.009). Neural damages 

and several other complications (Table 2) were not men-

tioned in this previous report. Mortality was increased 

from 0 to 1.7% because of four lethal cases occurring dur-

ing the later study period. Comorbidities were significantly 

increased in the recent data (p < 0.000). When analyzing 

only somatic disorders (omitting psychiatric and dementia 

diagnoses) we still found an increased rate of comorbidi-

ties 32.2% (n = 77; p < 0.000).

Odontogenic and pharyngotonsillar etiology were most 

common in both groups but the proportion had significantly 

increased in the recent group (p < 0.000). The unknown 

etiology category was lower (p < 0.000) in the latest data. 

Parapharyngeal, submandibular and retropharyngeal were 

the spaces most commonly involved in both groups. Only 

parapharyngeal infections were more frequent in the previ-

ous group (p < 0.000).

Table 4  Ten most common results in positive bacterial cultures

a Percentage of positive cultures (n = 193)
b Excluding Strep. constellatus and intermedius (listed separately)
c Including Strep. salivarius, gordonii, parasanguinis, mitis group, 

alfahaemolyticus

Bacterial cultures No. cases %a

Prevotella species 70 36.3

Streptococcus anginosus and unspecified 

anginosus  groupb
38 19.7

Fusobacterium species 29 15.0

Viridans group  streptococcic 25 13.0

Staphylococcus aureus 22 11.4

Streptococcus constellatus 21 10.9

Streptococcus pyogenes 15 7.8

Streptococcus betahaemolyticus non A 14 7.3

Sreptococcus intermedius 10 5.2

Propionibacterium acnes 8 4.1

Unspecified polymicrobial growth 29 15.0

Table 5  Characteristics of deep neck infections in two time periods

The significant p values are shown in bold
a Chi-square test
b One sample t test
c Fisher’s exact test

1985–2005 % 2006–2015 % p value

Patients (n) 293 239

 Male 168 57.3 152 63.6 0.142a

 Female 125 42.7 87 36.4 0.142a

Patients/year/mean 14 24 (15–32)

Age distribution 

(mean)

38.5 43.3 0.000b

Age distribution 

(range)

4.0–91 0.5–92

ICU treatment 61 20.8 58 24.3 0.342a

HBO treatment 36 12.3 41 17.2 0.112a

Complications 42 14.3 55 23.0 0.009a

Comorbidity 51 17.4 103 43.1 0.000a

Mortality 0 0.0 4 1.7 0.040c

Etiology

 Odontogenic 64 21.8 101 42.3 0.000a

 Prev. dental surgery 32 10.9 16 6.7 0.091a

 Pharyngotonsillar 69 23.5 92 38.5 0.000a

 Unknown 54 18.4 16 6.7 0.000a

Space infected

 Parapharyngeal 114 39 46 19.2 0.000a

 Submandibular 82 28 72 30.1 0.588a

 Retropharyngeal 32 11 30 12.6 0.560a

 Multilocular - 37 15.5
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Discussion

We found DNIs to be an increasing burden on the health care 

system. In this article, we presented an analysis of 277 DNI 

patients requiring surgical treatment. DNIs can be mostly 

well managed in adults with intravenous antimicrobial ther-

apy often combined with the timely incision and drainage 

[1, 6, 11]. A widespread progression can be prevented with 

an efficient treatment which also includes airway control. 

Due to the complex anatomy of the neck, surgical treatment 

tends to be challenging. Moreover, in present study, severe 

and lethal complications did occur and associated systemic 

disorders were shown to aggravate the disease.

The male predominance of DNI patients has been rec-

ognized in many studies but the underlying cause remains 

unclear [5, 7, 8, 11, 14]. The distribution of 64.6% males in 

this study was in concordance with these previous findings. 

The males in the study population were associated with both 

poor dental status and odontogenic etiology which in part 

could explain the increased morbidity.

The median hospitalization (LOS) was 6 days (mean 8.5). 

A comparable LOS, a median of 7 days was reported by 

Tapiovaara et al. 2017, in surgically treated DNIs [12]. A 

mean LOS of 9.5 days was reported by Parhiscar et al. 2001, 

13 days by Huang et al. 2004, and 13.1 days by Ridder et al. 

2005 [3, 5, 14]. Early extraction combined with incision 

and drainage accompanied by antibiotics can be considered 

as the mainstay of treatment when managing odontogenic 

infections [15, 16]. The presented results show that the over-

all hospital stay was significantly reduced when extraction 

was made immediately (same day) as the incision and drain-

age, compared to those with delayed extraction. Comparable 

results were reported recently by Heim et al. 2019, conclud-

ing that immediate removal of the focus tooth is the best 

approach to achieve the lowest LOS [17].

According to this study, a psychiatric disorder or demen-

tia (19.9%) can be observed as a significant comorbidity 

in patients suffering from DNIs. In 2009, Daramola et al. 

reported a 10.4% rate for psychiatric illnesses [18]. In this 

subgroup, the majority of infections (54.5%) were odon-

togenic. This might be due to poor commitment to dental 

hygiene. Kisely et al. 2016, demonstrated an association 

between poor oral health and psychiatric morbidity in a 

meta-analysis of 334,503 patients [19]. Similarly, dementia 

has been strongly linked to oral health problems [20]. Dia-

betes is a well described risk factor for DNIs [5, 11, 18]. In 

the present study, we confirmed that the median overall LOS 

(6 days) was more often exceeded by diabetic patients and 

significantly more ICU treatment was needed. These diabetic 

patients were more likely to need repeated surgery, although 

the complication rate was not substantially different. Fur-

thermore, all somatic comorbidities (excluding psychiatric 

and dementia) had an association with complications and the 

need for repeated surgery.

Gas formation has traditionally been a sign of fulminant 

and rapidly progressive infections such as necrotizing fascii-

tis, which is present in 56.39% of the cases of cervical NF in 

recent meta-analysis [21, 22]. Moreover, with odontogenic 

infections, crepitus was described as a sign of severity by 

Alotaibi et al. 2015 [23]. In our study, 15 (83.3%) of the NF 

cases presented gas formation as well as 10.2% (n = 26) of 

the DNIs others than NF. We confirmed that gas formation 

was linked to a more severe course with a higher complica-

tion rate, increased mortality, longer hospitalization and both 

increased ICU treatment and a longer ICU stay; this was also 

true for DNIs not diagnosed as NF. Lin et al. 2014, stated 

that gas formation detected on CT scans of DNIs was a sign 

of anaerobic pathogens and a higher complication rate [24]. 

Because of the retrospective nature of our study, it is pos-

sible that some cases of true NFs were miscategorized using 

a strict criteria of necrosis during surgery and although that 

might increase the difference, it is unlikely to change all the 

results indicating a more severe course.

DNIs continue to cause significant morbidity and mortality. 

We found 22% suffering complications and 1.4% mortality. 

Several other authors have reported similar statistics, such 

as 18% had complications and a mortality rate 0.3% by Bos-

colo-Rizzo 2012, 16.2% and 1.6% by Huang 2004, 27.5% and 

2.6% by Ridder 2005 [5, 11, 14]. Nevertheless, the differences 

in complications reported are present and should be noted. 

In this study, it is probable that excluding conservatively 

treated DNIs and including necrotizing fasciitis, we have cre-

ated a bias towards analyzing infections with a more severe 

course. The benefit of HBO treatment as an adjuvant in cer-

vical necrotizing infections is unsolved [25–29]. Descending 

mediastinitis can still be considered a highly life-threatening 

condition having a reported mortality rate varying from 0 to 

40%, being overall 17.5% in the latest systematic review of 84 

patients by Prado-Calleros 2016 [5, 22, 30–33]. In the present 

series 11 out of 12 mediastinitis patients survived, resulting 

in an 8.3% mortality rate. HBO therapy was utilized in nine 

cases (75%) and was started immediately (at least within 24 h) 

after surgery in most cases (n = 7/9). Shaw et al. 2014, con-

cluded that HBO treatment can be beneficial especially for 

those patients who were very ill with necrotizing soft tissue 

infections [29]. HBO treatment could be beneficial with the 

most severe cases of DNIs, such as mediastinitis, when con-

sidering our results of mediastinitis survival, although a need 

for a larger and case-controlled series is evident.

We found Streptococcus species in 63.7% of the cases 

and these have been widely reported in earlier studies [5, 

7, 8, 11, 14]. The Streptococcus anginosus group (35.8%) 

has been shown to be an important pathogen in the head 

and neck area causing locally extensive infections and a 

metastatic spread of infection [34]. Anaerobic Prevotella 
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species were involved in one third (36.3%) of all cases. In 

1994, Shinzato et al. showed in a mouse model that the 

Streptococcus anginosus (former milleri) group in synergy 

with Prevotella intermedia produced a more severe pneumo-

nia and increased mortality [35]. This synergy is possibly 

present in the pathogenesis of DNIs and should be further 

examined. Possible changes in the antibiotic susceptibility 

could contribute to more severe course of infection, although 

the specific analysis on sensitivities was lacking. In odon-

togenic infections, sensitivity rate for penicillin is reported 

high (87.1–100%) for these viridans streptococcal species 

[36, 37]. Nevertheless, bacteria presenting low susceptibility 

to one or more of the standard antibiotic therapy regimes, 

have been shown to cause spreading infections and increased 

need and longer stay for inpatient treatment [36–38].

According to the present evaluation the incidence of DNIs 

is not decreasing. The annual numbers have risen from 14 to 

24 cases per year. Odontogenic etiology was the predominant 

cause of these infections in this study and we demonstrated 

a clear increase compared to previous decades. Seppänen 

et al. 2010 found similar upwards trend in Helsinki, Finland, 

Thomas et al. 2008 in UK national data, and Bottin 2003 in 

Italy [9, 10, 39]. Patients were significantly older in the pre-

sent study which could be a result of the ageing population 

in general. Age has been shown to be a risk factor for DNIs 

[7, 40]. Moreover, considering the aging population, more 

patients are having full dentition until the last years of life. 

Fu et al. 2018 stated that admissions to ICU for DNIs were 

rising [41]. We found a rising tendency between two cohorts 

(20.8–24.3%) but the difference did not reach statistical sig-

nificance. Seppänen et al. 2010 stated odontogenic maxillofa-

cial infections had become more severe over a 10-year period 

and patients with underlying diseases had increased in their 

latest cohort [9]. Comorbidities were significantly increased 

in our recent data. The results could be due to differences 

in noted comorbidities but nevertheless patients were sig-

nificantly older and potentially more morbid. Furthermore, 

the complication rate was significantly higher in the present 

series. One reason for the higher percentage might be the 

wider scale of complications noted from the patient data. 

Mortality was increased from 0 to 1.7% because of four 

lethal cases occurring during the latest decade. Increasing 

incidence and intermittent probability might partially explain 

that rise, but finding the causes of growing mortality should 

trigger further studies. All these trends highlight the growing 

complexity of DNIs and should emphasize further develop-

ment of efficient management and treatment protocols.

The most common etiologies were odontogenic and 

pharyngotonsillar in the present and comparative cohorts 

although the proportion had significantly increased in the 

recent group. This finding is in concordance with earlier 

reports [5, 7, 10]. The unknown etiologies were reduced in 

the latest data and this might be due to the strict diagnostics 

or a more detailed data collection. An OPG was obtained 

(53.1%) to identify dental foci, which is more frequent com-

pared to previous reports from Staffieri 2014 (36.5%) and 

Bottin 2003 (43%) [10, 42]. In the odontogenic subgroup an 

OPG was available in 79.7% of the cases. In the remaining 

20.3%, dental imaging was possibly obtained from none-

lectric versions in earlier visits by or information from CT 

scans was used. As earlier reported by several writers para-

pharyngeal, submandibular and retropharyngeal spaces were 

those most commonly involved in both groups [5, 7, 10]. 

Although multilocular involvement was not mentioned in the 

previous data which can have affected the exact proportions.

The limitations of the present study are acknowledged 

and mostly due to the retrospective nature of the analysis. 

The lack of similar detailed data from previous decades 

weakened the analysis in this respect.

Conclusion

We found a clear upward trend in the annual numbers of 

DNIs. Oral health problems, and furthermore, odontogenic 

infections are a growing challenge. Along with prevention, 

the early removal of an affected tooth or teeth is essential 

to achieve the lowest hospital stay when managing these 

advanced infections. DNIs continue to cause lethal compli-

cations and aggravating comorbidities need to be taken into 

account. Gas formation is predictive of a more severe course 

of infection indicating an increasing mortality, a need for 

multidisciplinary treatment at the ICU and a longer hospital 

stay. HBO therapy as an adjuvant might be beneficial in most 

severe cases such as descending mediastinitis. Early recogni-

tion and prompt management are crucial to prevent sequelae.

Acknowledgements Open access funding provided by University of 

Turku (UTU) including Turku University Central Hospital.

Compliance with ethical standards 

Conflict of interest The authors declare that there are no potential con-

flicts of interests. No funding was received for this study.

Ethical approval All procedures performed in studies involving human 

participants were in accordance with the ethical standards of the insti-

tutional and national research committee and with the 1964 Helsinki 

Declaration and its later amendments or comparable ethical standards. 

This research involved only patient charts. An institutional permission 

(Turku Clinical Research Center: J13/15) was approved to the study at 

November 13, 2015.

Informed consent This retrospective chart review was conducted on 

already available data and no informed consent was necessary accord-

ing to Finnish legislation.



871European Archives of Oto-Rhino-Laryngology (2020) 277:863–872 

1 3

Open Access This article is distributed under the terms of the Crea-

tive Commons Attribution 4.0 International License (http://creat iveco 

mmons .org/licen ses/by/4.0/), which permits unrestricted use, distribu-

tion, and reproduction in any medium, provided you give appropriate 

credit to the original author(s) and the source, provide a link to the 

Creative Commons license, and indicate if changes were made.

References

 1. Osborn TM, Assael LA, Bell RB (2008) Deep space neck 

infection: principles of surgical management. Oral Maxillo-

fac Surg Clin North Am 20:353–365. https ://doi.org/10.1016/j.

coms.2008.04.002

 2. Celakovsky P, Kalfert D, Tucek L et al (2014) Deep neck infec-

tions: risk factors for mediastinal extension. Eur Arch Otorhi-

nolaryngol 271:1679–1683. https ://doi.org/10.1007/s0040 

5-013-2651-5

 3. Parhiscar A, Har-El G (2001) Deep neck abscess: a retrospective 

review of 210 cases. Ann Otolrhinollaryngol 110:1051–1054. 

https ://doi.org/10.1177/00034 89401 11001 111

 4. Boscolo-Rizzo P, Da Mosto MC (2009) Submandibular space 

infection: a potentially lethal infection. Int J Infect Dis 13:327–

333. https ://doi.org/10.1016/J.IJID.2008.07.007

 5. Huang T-T, Liu T-C, Chen P-R et al (2004) Deep neck infec-

tion: analysis of 185 cases. Head Neck 26:854–860. https ://doi.

org/10.1002/hed.20014 

 6. Reynolds SC, Chow AW (2007) Life-threatening infections of 

the peripharyngeal and deep fascial spaces of the head and neck. 

Infect Dis Clin North Am 21:557–576. https ://doi.org/10.1016/J.

IDC.2007.03.002

 7. Wang LF, Kuo WR, Tsai SM, Huang KJ (2003) Characterizations 

of life-threatening deep cervical space infections: a review of one 

hundred ninety-six cases. Am J Otolaryngol Head Neck Med Surg 

24:111–117. https ://doi.org/10.1053/ajot.2003.31

 8. Wang L-F, Tai C-F, Kuo W-R, Chien C-Y (2010) Predisposing 

factors of complicated deep neck infections: 12-year experience 

at a single institution. J Otolaryngol Head Neck Surg 39:335–341

 9. Seppänen L, Rautemaa R, Lindqvist C, Lauhio A (2010) Changing 

clinical features of odontogenic maxillofacial infections. Clin Oral 

Investig 14:459–465. https ://doi.org/10.1007/s0078 4-009-0281-5

 10. Bottin R, Marioni G, Rinaldi R et al (2003) Deep neck infection: 

a present-day complication. A retrospective review of 83 cases 

(1998–2001). Eur Arch Otorhinolaryngol 260:576–579. https ://

doi.org/10.1007/s0040 5-003-0634-7

 11. Boscolo-Rizzo P, Stellin M, Muzzi E et al (2012) Deep neck 

infections: a study of 365 cases highlighting recommendations 

for management and treatment. Eur Arch Otorhinolaryngol 

269:1241–1249. https ://doi.org/10.1007/s0040 5-011-1761-1

 12. Tapiovaara L, Bäck L, Aro K (2017) Comparison of intubation 

and tracheotomy in patients with deep neck infection. Eur Arch 

Otorhinolaryngol 274:3767–3772. https ://doi.org/10.1007/s0040 

5-017-4694-5

 13. Aitasalo K (2008) Syvät kaulainfektiot ja niiden hoito. Suom 

Lääkäril 63:1595–1599

 14. Ridder GJ, Technau-Ihling K, Sander A, Boedeker CC (2005) 

Spectrum and management of deep neck space infections: an 

8-year experience of 234 cases. Otolaryngol Neck Surg 133:709–

714. https ://doi.org/10.1016/j.otohn s.2005.07.001

 15. Wang J, Ahani A, Pogrel MA (2005) A five-year retrospective 

study of odontogenic maxillofacial infections in a large urban 

public hospital. Int J Oral Maxillofac Surg 34:646–649. https ://

doi.org/10.1016/j.ijom.2005.03.001

 16. Igoumenakis D, Giannakopoulos N-N, Parara E et  al (2015) 

Effect of causative tooth extraction on clinical and biological 

parameters of odontogenic infection: a prospective clinical trial. 

J Oral Maxillofac Surg 73:1254–1258. https ://doi.org/10.1016/J.

JOMS.2015.02.008

 17. Heim N, Warwas FB, Wiedemeyer V et al (2019) The role of 

immediate versus secondary removal of the odontogenic focus in 

treatment of deep head and neck space infections. A retrospective 

analysis of 248 patients. Clin Oral Investig 23:2921–2927. https 

://doi.org/10.1007/s0078 4-018-02796 -7

 18. Daramola OO, Flanagan CE, Maisel RH, Odland RM (2009) 

Diagnosis and treatment of deep neck space abscesses. Otolar-

yngol Neck Surg 141:123–130. https ://doi.org/10.1016/j.otohn 

s.2009.03.033

 19. Kisely S, Sawyer E, Siskind D, Lalloo R (2016) The oral health 

of people with anxiety and depressive disorders—a systematic 

review and meta-analysis. J Affect Disord 200:119–132. https ://

doi.org/10.1016/J.JAD.2016.04.040

 20. Delwel S, Binnekade TT, Perez RSGM et al (2017) Oral health 

and orofacial pain in older people with dementia: a systematic 

review with focus on dental hard tissues. Clin Oral Investig 21:17–

32. https ://doi.org/10.1007/s0078 4-016-1934-9

 21. Gunaratne DA, Tseros EA, Hasan Z et  al (2018) Cervical 

necrotizing fasciitis: systematic review and analysis of 1235 

reported cases from the literature. Head Neck 40:2094–2102. 

https ://doi.org/10.1002/hed.25184 

 22. Roccia F, Pecorari GC, Oliaro A et  al (2007) Ten years of 

descending necrotizing mediastinitis: management of 23 cases. 

J Oral Maxillofac Surg 65:1716–1724. https ://doi.org/10.1016/J.

JOMS.2006.10.060

 23. Alotaibi N, Cloutier L, Khaldoun E et al (2015) Criteria for 

admission of odontogenic infections at high risk of deep neck 

space infection. Eur Ann Otorhinolaryngol Head Neck Dis 

132:261–264. https ://doi.org/10.1016/J.ANORL .2015.08.007

 24. Lin R-H, Huang C-C, Tsou Y-A et  al (2014) Correlation 

between Imaging characteristics and microbiology in patients 

with deep neck infections: a retrospective review of one hundred 

sixty-one cases. Surg Infect (Larchmt) 15:794–799. https ://doi.

org/10.1089/sur.2013.205

 25. Flanagan CE, Daramola OO, Maisel RH et al (2009) Surgi-

cal debridement and adjunctive hyperbaric oxygen in cervical 

necrotizing fasciitis. Otolaryngol Neck Surg 140:730–734. https 

://doi.org/10.1016/j.otohn s.2009.01.014

 26. Faunø Thrane J, Pikelis A, Ovesen T (2017) Hyperbaric oxygen 

may only be optional in head and neck necrotizing fasciitis: a 

retrospective analysis of 43 cases and review of the literature. 

Infect Dis (Auckl) 49:792–798. https ://doi.org/10.1080/23744 

235.2017.13421 42

 27. Krenk L, Nielsen HU, Christensen ME (2007) Necrotizing fas-

ciitis in the head and neck region: an analysis of standard treat-

ment effectiveness. Eur Arch Otorhinolaryngol 264:917–922. 

https ://doi.org/10.1007/s0040 5-007-0275-3

 28. Levett D, Bennett MH, Millar I (2015) Adjunctive hyperbaric 

oxygen for necrotizing fasciitis. Cochrane Database Syst Rev 

15:CD007937. https ://doi.org/10.1002/14651 858.CD007 937.

pub2

 29. Shaw JJ, Psoinos C, Emhoff TA et al (2014) Not just full of hot air: 

hyperbaric oxygen therapy increases survival in cases of necrotiz-

ing soft tissue infections. Surg Infect (Larchmt) 15:328–335. https 

://doi.org/10.1089/sur.2012.135

 30. Misthos P, Katsaragakis S, Kakaris S et al (2007) Descending 

necrotizing anterior mediastinitis: analysis of survival and surgical 

treatment modalities. J Oral Maxillofac Surg 65:635–639. https ://

doi.org/10.1016/J.JOMS.2006.06.287

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.coms.2008.04.002
https://doi.org/10.1016/j.coms.2008.04.002
https://doi.org/10.1007/s00405-013-2651-5
https://doi.org/10.1007/s00405-013-2651-5
https://doi.org/10.1177/000348940111001111
https://doi.org/10.1016/J.IJID.2008.07.007
https://doi.org/10.1002/hed.20014
https://doi.org/10.1002/hed.20014
https://doi.org/10.1016/J.IDC.2007.03.002
https://doi.org/10.1016/J.IDC.2007.03.002
https://doi.org/10.1053/ajot.2003.31
https://doi.org/10.1007/s00784-009-0281-5
https://doi.org/10.1007/s00405-003-0634-7
https://doi.org/10.1007/s00405-003-0634-7
https://doi.org/10.1007/s00405-011-1761-1
https://doi.org/10.1007/s00405-017-4694-5
https://doi.org/10.1007/s00405-017-4694-5
https://doi.org/10.1016/j.otohns.2005.07.001
https://doi.org/10.1016/j.ijom.2005.03.001
https://doi.org/10.1016/j.ijom.2005.03.001
https://doi.org/10.1016/J.JOMS.2015.02.008
https://doi.org/10.1016/J.JOMS.2015.02.008
https://doi.org/10.1007/s00784-018-02796-7
https://doi.org/10.1007/s00784-018-02796-7
https://doi.org/10.1016/j.otohns.2009.03.033
https://doi.org/10.1016/j.otohns.2009.03.033
https://doi.org/10.1016/J.JAD.2016.04.040
https://doi.org/10.1016/J.JAD.2016.04.040
https://doi.org/10.1007/s00784-016-1934-9
https://doi.org/10.1002/hed.25184
https://doi.org/10.1016/J.JOMS.2006.10.060
https://doi.org/10.1016/J.JOMS.2006.10.060
https://doi.org/10.1016/J.ANORL.2015.08.007
https://doi.org/10.1089/sur.2013.205
https://doi.org/10.1089/sur.2013.205
https://doi.org/10.1016/j.otohns.2009.01.014
https://doi.org/10.1016/j.otohns.2009.01.014
https://doi.org/10.1080/23744235.2017.1342142
https://doi.org/10.1080/23744235.2017.1342142
https://doi.org/10.1007/s00405-007-0275-3
https://doi.org/10.1002/14651858.CD007937.pub2
https://doi.org/10.1002/14651858.CD007937.pub2
https://doi.org/10.1089/sur.2012.135
https://doi.org/10.1089/sur.2012.135
https://doi.org/10.1016/J.JOMS.2006.06.287
https://doi.org/10.1016/J.JOMS.2006.06.287


872 European Archives of Oto-Rhino-Laryngology (2020) 277:863–872

1 3

 31. Makeieff M, Gresillon N, Berthet JP et al (2004) Management of 

descending necrotizing mediastinitis. Laryngoscope 114:772–775. 

https ://doi.org/10.1097/00005 537-20040 4000-00035 

 32. Prado-Calleros HM, Jiménez-Fuentes E, Jiménez-Escobar I 

(2016) Descending necrotizing mediastinitis: systematic review 

on its treatment in the last 6 years, 75 years after its description. 

Head Neck 38:E2275–E2283. https ://doi.org/10.1002/HED

 33. Freeman RK, Vallières E, Verrier ED et al (2000) Descending 

necrotizing mediastinitis: An analysis of the effects of serial surgi-

cal debridement on patient mortality. J Thorac Cardiovasc Surg 

119:260–267. https ://doi.org/10.1016/S0022 -5223(00)70181 -4

 34. Han JK, Kerschner JE (2001) Streptococcus milleri: an organism 

for head and neck infections and abscess. Arch Otolaryngol Neck 

Surg 127:650–654. https ://doi.org/10.1001/archo tol.127.6.650

 35. Shinzato T, Saito A (1994) A mechanism of pathogenicity of 

“Streptococcus milleri group” in pulmonary infection: synergy 

with an anaerobe. J Med Microbiol 40:118–123

 36. Heim N, Faron A, Wiedemeyer V et al (2017) Microbiology and 

antibiotic sensitivity of head and neck space infections of odonto-

genic origin. Differences in inpatient and outpatient management. 

J Craniomaxillofac Surg 45:1731–1735. https ://doi.org/10.1016/j.

jcms.2017.07.013

 37. Rega AJ, Aziz SR, Ziccardi VB (2006) Microbiology and anti-

biotic sensitivities of head and neck space infections of odonto-

genic origin. J Oral Maxillofac Surg 64:1377–1380. https ://doi.

org/10.1016/j.joms.2006.05.023

 38. Liau I, Han J, Bayetto K et al (2018) Antibiotic resistance in 

severe odontogenic infections of the South Australian population: 

a 9-year retrospective audit. Aust Dent J 63:187–192. https ://doi.

org/10.1111/adj.12607 

 39. Thomas SJ, Atkinson C, Hughes C et al (2008) Is there an epi-

demic of admissions for surgical treatment of dental abscesses in 

the UK? BMJ 336:1219–1220. https ://doi.org/10.1136/bmj.39549 

.60560 2.BE

 40. Liu S-A, Liang M-T, Wang C-P et al (2009) Preoperative blood 

sugar and C-reactive protein associated with persistent dis-

charge after incision and drainage for patients with deep neck 

abscesses. Clin Otolaryngol 34:336–342. https ://doi.org/10.111

1/j.1749-4486.2009.01972 .x

 41. Fu B, McGowan K, Sun H, Batstone M (2018) increasing use of 

intensive care unit for odontogenic infection over one decade: 

incidence and predictors. J Oral Maxillofac Surg 76:2340–2347. 

https ://doi.org/10.1016/J.JOMS.2018.05.021

 42. Staffieri C, Fasanaro E, Favaretto N et al (2014) Multivariate 

approach to investigating prognostic factors in deep neck infec-

tions. Eur Arch Otorhinolaryngol 271:2061–2067. https ://doi.

org/10.1007/s0040 5-014-2926-5

Publisher’s Note Springer Nature remains neutral with regard to 

jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1097/00005537-200404000-00035
https://doi.org/10.1002/HED
https://doi.org/10.1016/S0022-5223(00)70181-4
https://doi.org/10.1001/archotol.127.6.650
https://doi.org/10.1016/j.jcms.2017.07.013
https://doi.org/10.1016/j.jcms.2017.07.013
https://doi.org/10.1016/j.joms.2006.05.023
https://doi.org/10.1016/j.joms.2006.05.023
https://doi.org/10.1111/adj.12607
https://doi.org/10.1111/adj.12607
https://doi.org/10.1136/bmj.39549.605602.BE
https://doi.org/10.1136/bmj.39549.605602.BE
https://doi.org/10.1111/j.1749-4486.2009.01972.x
https://doi.org/10.1111/j.1749-4486.2009.01972.x
https://doi.org/10.1016/J.JOMS.2018.05.021
https://doi.org/10.1007/s00405-014-2926-5
https://doi.org/10.1007/s00405-014-2926-5

	Deep neck space infections: an upward trend and changing characteristics
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	Results
	Demographic and clinical data
	Comorbidities
	Etiology
	Diagnosis and treatment
	Complications
	Bacteriology
	Comparison to previously published data from our institute

	Discussion
	Conclusion
	Acknowledgements 
	References


