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Introduction

The incidence of deep neck abscess has declined in 
recent decades owing to the widespread use of 
antibiotics. However, these infections are not un-
common and still cause significant morbidity and 
mortality because of potentially life-threatening 
complications that include sepsis, airway obstruc-
tion, descending mediastinitis, and carotid pseudo-
aneurysm.1,2 Deep neck abscesses therefore require 
prompt surgical drainage and antibiotics, and the 
immediate recognition of serious complications. 
Contrast-enhanced computed tomography (CT) has 
been a widely used and critical diagnostic tool for 
the evaluation of deep neck abscesses.3 CT has the 
advantage that it delineates the extent of the infec-
tion accurately, which is crucial for planning the 
surgical approach. The radiological criterion for the 
diagnosis of abscess is hypodense fluid collection 
in a deep neck space that is not stained by contrast 
enhancement administration.3 However, there are 
some limitations affecting the differentiation of 

abscesses and cellulitis.3-5 In our experience, it is 
also sometimes difficult to distinguish between 
abscesses and the cystic degeneration of malignant 
cervical metastases. Contrast-enhanced CT has sig-
nificant false-positive rates, as reported elsewhere.3-7 
This may lead to unnecessary surgery in patients 
with only cellulitis, which can be successfully 
treated with antibiotics alone. Moreover, surgical 
drainage performed on a metastatic lymph node 
which is misdiagnosed as an abscess pre-opera
tively may result in cancer cells spreading. The 
purpose of this study is to determine the positive 
predictive values (PPV) for CT scanning for the 
identification of abscess formation and the analysis 
of the false-positive results.

Materials and methods

We reviewed the charts of patients who had been 
hospitalised pursuant to a clinical suspicion of deep 
neck abscess at the Department of Otorhinolaryn-
gology, Head and Neck Surgery at Changhua 
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aetiologies of the abscesses, surgical findings, bac-
teriology and complications were extracted from 
the charts and analysed.

Results

From January 2004 to December 2010, 162 patients 
(103 males and 59 females) were admitted to the 
current study. All of these patients presented with 
deep neck hypodense lesions on contrast-enhanced 
CT interpreted by a head and neck radiologist, and 
they underwent surgical drainage. Their ages 
ranged from 14 months to 93 years (mean age: 
49.7 ± 20.5 years; median age: 53 years). The most 
common presenting symptoms and signs included 
neck swelling in 114 cases, odynophagia in  
97 cases, neck pain in 92 cases, and fever (body 
temperature >38.0ºC) in 78 cases (Table 1). The 
white blood cell counts were above or below the 
normal value in 110 patients (reference range, 4500 
to 11000 cells/mm3). Of these 110 patients, 106 had 
leukocytosis and 4 had leukopenia.

The characteristics of the hypodense lesions on 
CT image were summarised (Table 2). Sixty-six 
percent of the patients presented with peripheral 
rim enhancement around the hypodensity core, 
25.9% presented with gas within the hypodense 
lesion and 21.6% presented with both. The para-
pharyngeal space was the most common space to be 
involved, followed by the submandibular space, 
parotid space, submental space and retropharyngeal 
space. The hypodense lesions involved more than 
one space in 23 patients. The mean largest diameter 
of the hypodense lesions on axial CT scan was 
3.25 cm (range: 0.9 cm to 10.8 cm). 

Christian Hospital between January 2004 and 
December 2010. All of these patients were treated 
with broad-spectrum intravenous antibiotics upon 
admission and received contrast-enhanced CT to 
identify the locations of the infection and differen-
tiate cellulitis from abscesses within 6 hours after 
admission (GE LightSpeed 16 slice CT, obtained 
from skull base to upper mediastinum with a slice 
thickness of 3.75 mm). Contrast medium was intra-
venously injected with 100 ml iohexol (Omni
paque-300; GE Health Care, Ireland) in adults at a 
rate of 2 ml/sec. In children, the contrast volumes 
were adapted to body weight (1.5 ml/kg) and in-
jected at a rate of 1.5 ml/sec. The scanning began 
one minute after starting the injection. The CT 
findings were interpreted by our attending head and 
neck radiologist, who was blinded to the clinical 
status and surgical findings. The radiological crite-
rion for the diagnosis of abscess was non-enhancing 
hypodense fluid collections in the deep cervical 
fascia planes. The attenuation of fluid collection is 
about 0-+50 HU (Hounsfield unit) and gas is –900 
to –1000 HU. We included the patients with a 
diagnosis of deep neck abscess based on CT scan 
findings. The anatomic locations (parapharyngeal 
space, submandibular space, submental space, 
retropharyngeal space, parotid space, prevertebral 
space, masticatory space, visceral vascular space 
and posterior neck space) and largest diameters 
(measured on axial CT image) of the hypodense 
lesions as well as the presence or absence of rim 
enhancement around it and gas within it on the 
basis of CT findings were documented.

We excluded the patients with superficial infec-
tions, limited peritonsillar abscesses and intra-oral 
abscesses, as well as patients with trauma-related 
neck infections. Patients who did not receive surgi-
cal drainage were also excluded from this study 
because the gold standard for the final diagnosis 
was based on surgical findings. On the basis of the 
operative findings, we divided the patients into two 
groups: a true-positive group (presence of pus) and 
a false-positive group (absence of pus). Student’s 
t-tests and chi-square tests were then used to iden-
tify any statistical differences between the two 
groups.

Anaerobic, aerobic, mycobacteria and fungus 
cultures were obtained if purulent fluid was found 
during surgical drainage. Biopsy specimens were 
also taken in 124 patients. Patients’ demographic 
data, as well as presenting symptoms and signs, 

Table 1
Patient symptoms and signs on presentation

Symptoms and signs No. %
Neck swelling
Odynophagia
Neck pain
Fever
Facial swelling
Limited motion of neck
Dysphagia
Upper airway obstruction
Headache
Trismus
Otalgia
Chills
Dysphonia
Chest tightness

114
97
92
78
30
26
26
23
18
13
8
7
5
4

70.4
59.9
56.8
48.1
18.5
16.0
16.0
14.2
11.1
8.0
4.9
4.3
3.1
2.5
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cystic degeneration of cervical metastases and non-
infected branchial cleft cyst.

Purulent fluid cultures were obtained intra-
operatively from 129 patients. One hundred and 
thirteen cultures had bacterial or fungal growth, and 
72 (63.7%) cultures showed polymicrobial growth 
(2 to 6). Sixty-eight (60.2%) cultures had anaerobic 
bacterial growth. The most commonly cultured 
organisms were Streptococcus viridans followed 

One hundred and fifty-six patients underwent 
surgical drainage within 48 hours after admission 
and the other six patients received surgical drainage 
due to no clinical improvement after conservative 
intravenous antibiotics treatment for more than 
48 hours. Twenty-three patients had dyspnoea and 
received tracheotomy. Five patients required the 
removal of foreign bodies, which resulted in four 
oesophageal perforations and one laryngeal perfo-
ration. Four patients developed a complication – 
descending mediastinitis – and also underwent tho-
racotomy from a chest surgeon. There were three 
deaths in our study (mortality rate: 1.9%). All of 
them died of septic shock.

On the basis of the surgical findings, the PPV 
with contrast-enhanced CT for the prediction of 
drainable abscesses was calculated (Table 2). The 
overall PPV was 79.6%. However, the PPV was 
91.3% when the abscess involved two or more 
spaces while the PPV was only 50.0% when the 
fluid collection was confined to the retropharyngeal 
space (Table 2). Figure 1 shows hypodense fluid 
collection in the retropharyngeal space, but pus was 
not found during surgical drainage.

Table 3 shows the correlation between the largest 
diameters of the hypodense lesions on axial con-
trast-enhanced CT and the PPVs. Almost all of the 
hypodense lesions with a largest diameter > 4 cm 
had drainable abscesses.

The final diagnosis determined by intra-opera-
tive findings or pathological examinations of the 
false-positive group are summarised in Table 4. 
Cellulitis is the most common cause, followed by 

Figure 1
Axial contrast-enhanced CT shows a low-attenuation fluid col-
lection in the retropharyngeal space. No pus was found during 
surgical drainage.

Table 2
The characteristics of the hypodense lesion on contrast-enhanced CT scan

Anatomic site No. Age(yr)
(average ± SD)

LD (cm)
(average ± SD)

RE
(No./%)

Air
(No./%)

No. of true
positive

PPV
(%)

Parapharyngeal space
Submandibular space
Extended space*
Parotid space
Submental space
Retropharyngeal space
Masticatory space
Posterior cervical space†
Visceral vascular space†
Level II†

49
30
23
17
16
14
7
2
1
1

47.6 ± 20.9
52.5 ± 19.2
52.8 ± 19.3
39.4 ± 20.6
52.9 ± 19.2
49.1 ± 22.8
59.7 ± 23.5
28.0 ± 4.2
80
67

2.73 ± 1.16
3.18 ± 1.30
4.31 ± 2.00
3.19 ± 1.29
3.61 ± 1.27
2.94 ± 0.89
2.77 ± 1.32
4.65 ± 2.33
5.6
3.1

36/73.5
19/63.3
16/69.6
11/64.7
12/75.0
3/21.4
4/57.1
1/50.0
1
1

10/20.4
10/33.3
9/39.1
4/23.5
4/25.0
5/35.7
2/58.6
0
1
0

39 
26
21
13
12
7
6
2
1
0

79.6
86.7
91.3
76.5
75.0
50.0 
85.7
100.0
100.0
0

Total 162 49.7 ± 20.5 3.25 ± 1.44 107/66.0 42/25.9 129 79.6

LD: largest diameter; RE: rim enhancement; PPV: positive predictive value.
*: Extended space means that the hypodense lesion on CT involves more than one space.
†: The PPVs in the three groups are not significant due to the small number of cases.
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Figure 2 shows an axial CT scan of a patient in-
cluded in our study with an abscess-encased left 
carotid artery. However, we did not perform carotid 
doppler ultrasound or carotid occlusion test pre-
operatively in this patient since we failed to recog-
nise the pseudo-aneurysm formation near the left 
carotid bifurcation on CT scan. Surgical drainage 
of the abscess and tracheostomy were successfully 
performed four hours after admission. However, 
swelling on the left-hand side of the neck and active 
bleeding from the neck wound was found nine days 
after surgical drainage. A rupture in the pseudo-
aneurysm was found during emergent neck explo-
ration, and the left common carotid artery was 
ligated because of uncontrolled massive bleeding. 
Brain MRI performed 6 days after the ligation of 
left common carotid artery showed infarction due 
to hypoperfusion over the left centrum semiovale 
and parieto-occipital junction which resulted in 
weakness in the right-hand limbs.

Discussion

Deep neck abscesses still represent diagnostic 
and treatment challenges. Although successful con-
servative treatment of small abscesses (< 3 cm) has 
been reported in an earlier study, fewer than half 
(47.5%) of the patients were treated with antibiotic 
therapy alone with complete remission in that 
study.8 The mainstay of treatment for deep neck 
abscesses remains surgical drainage. In our study, 
we found a significant statistical difference between 
the true-positive and the false-positive groups by 
comparing the largest diameters of the hypodense 
lesions on the CT images (Table 7). We also found 
a strong correlation between the largest diameters 
and the PPVs for abscesses (Table 3). We con
cluded that surgical drainage should always be per-
formed if the largest diameter of the hypodense 

by Klebsiella pneumoniae, Prevotella intermedia 
and Peptostreptococcus micros (Table 5). 

Five of the 124 biopsy specimens taken intra-
operatively revealed malignancy, and all of these 
patients presented with cystic degeneration of cer-
vical metastases. Only one presented with both cen-
tral necrotic lymph node and drainable pus during 
surgical drainage. Three patients had a history of 
hand and neck cancer and the other two patients 
had no previous history of malignancy. The charac-
teristics of these patients have been summarised in 
Table 6.

Table 3
The correlation between the largest diameter of the suspected abscesses on contrast-
enhanced CT image and the positive predictive values (PPV) for abscess formation

Largest diameter (cm) Number of true 
positives

Number of false 
positives

PPV (%)

0.9 - 1.5
1.6 - 3.0
3.1 - 4.0
4.1 - 5.0
≥ 5.1

10
48
32
21
18

5
17
10
1
0

66.7
73.8
76.2
95.4
100.0

Total 129 33 79.6

Table 4
Final diagnoses in the false-positive group

Final diagnosis No. %
Cellulitis
Neck metastasis
Branchial cleft cyst

27
4
2

81.8
12.2
6.1

Table 5
Most frequently cultured pathogens from 129 patients with 

deep neck abscesses
Organism No. %
Streptococcus viridians
Klebsiella pneumoniae
Prevotella intermedia
Peptostreptococcus micros
Peptostreptococcus sp
Non-ABD group β hemolytic streptococci
Prevotella sp
Propionibacterium acnes
Fusobacterium nucleatum
Prevotella buccae
Veillonella sp
Prevotella melaninogenica
Streptococcus aureus
Coagulase negative staphylococcus
Neisseria sp
Corynebacterium sp
No Growth

50
29
21
18
16
14
11
10
8
8
6
5
4
4
4
4
16

38.8
22.5
16.3
14.0
12.4
10.9
8.5
7.8
6.2
6.2
4.7
3.9
3.1
3.1
3.1
3.1
12.4
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gas at the centre of the abscess, peripheral rim 
enhancement of the abscess wall, and anatomic 
boundaries that fit fascial spaces. However, there 
are still some limitations affecting the differentia-
tion of abscesses and cellulitis by CT scan. The 
false-positive rate was found to be 0 to 40% for the 
prediction of abscess by CT scan.3-5,8 In our study, 
the overall PPV was 79.6%. The PPV reached 
87.9% if rim enhancement was also included in the 
diagnostic criteria. The true-positive group tends to 
have peripheral rim enhancement or air collections 
(Table 7). However, 27.1% of the true-positive 
group had no rim enhancement and 39.4% of the 
false-positive group presented with rim enhance-
ment. Miller et al. also reported that 9/20 (45%) 
patients with a drainable collection in their study 
did not have rim enhancement on CT image. Elden 
et al.6 stated that rim enhancement was presented in 
both abscesses and cellulitis and, more rarely, was 
absent in some abscesses. The presence of rim 
enhancement depends on the evolution of the ab-
scess. We conclude that rim enhancement is not a 
good single predictor for the presence of abscess.

Abscesses with gas collections on CT image tend 
to have anaerobic infections (p < 0001, chi-square 
test). Abnormal gas collections in the abscesses 
may be due to anaerobic infection. However, in our 
study, air collections were also seen in some non-
infected central necrotic metastatic lymph nodes.

The PPV was much lower in the retropharyngeal 
space than other spaces (Table 2). The high false-
positive rate in the prediction of retropharyngeal 
abscesses has also been reported in previous studies. 
Boucher et al.7 reported on a study performed with 
37 patients with suspected retropharyngeal abscess. 
The false-positive rate with contrast-enhanced CT 
scans in their study reached 60%. In another study, 
by Glasier et al.,9 contrast-enhanced CT scan or 
MRI showed findings that suggested a retropharyn-

lesion exceeds 3cm. As for the patients with small 
hypodense lesions (< 3 cm), we also recommend 
early (< 48 hours) surgical drainage rather than 
antibiotic treatment alone, except for isolated retro-
pharyngeal space lesions. This is because, even 
in  the smallest group (largest diameter, 0.9 cm-
1.5 cm), drainable pus still can be found in 66.7% 
(10/15) of the patients. 

A clear differentiation between abscesses and 
cellulitis is important for an appropriate treatment 
plan. Contrast-enhanced CT scan has become the 
preferred diagnostic method.3-8 Holt et al.2 defined 
the hallmarks of the diagnosis of an abscess as cys-
tic appearance, low-density CT number, fluid or 

Table 6
Characteristics of the patients in whom the biopsy specimen revealed malignancy

Primary site Age
(yr)

WBC
(103/mm3)

Fever Pus
(cm)

LD RE Gas

Tongue base
Nasopharynx†

Nasopharynx†

Hypopharynx†

Unknown

67
29
67
50
71

17.3
25.7
8.7
14.8
13.8

+
–
+
+
–

–
–
–
+
–

3.1 
4.6
3.6
3.8
2.4

+
+
+
–
+

–
–
+
+
–

WBC: white blood cell count; LD: largest diameter; RE: rim enhancement.
†: Neck recurrence.

Figure 2
An axial contrast-enhanced CT image shows an internal carotid 
pseudo-aneurysm (black arrowhead) near left carotid bifurca-
tion (white arrow: external carotid artery; black arrow: internal 
carotid artery) in the parapharyngeal abscess.
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drainage. However, ultrasound is an operator-
dependent technique and cannot provide the ana-
tomic information necessary for surgical drainage. 
Ultrasound may be used as an adjunct to CT, not a 
replacement.

Of the five patients with pathological reports 
of  malignancy, four presented with non-infected 
cystic degeneration of neck metastases (Table 6). 
The clinical pictures of these patients mimicked 
simple pyogenic deep neck abscesses.10,11 In our ex-
perience, it is also difficult to differentiate between 
a central necrotic lymph node and an abscess on CT 
scan. Figure 3 shows an axial contrast-enhanced 
CT scan of a patient in the current study who 
presented with right neck swelling and low grade 
fever. However, necrotic tissue instead of pus was 
found intra-operatively. The pathological report 
revealed squamous cell carcinoma. After compre-
hensive ENT examination, the final diagnosis was 
tongue base cancer, T1N2aM0, Stage IVA. 

Deep neck abscesses or abscess-like central 
necrotic lymph nodes presenting as the first mani-
festation of head and neck cancer are uncommon.10,11 

A systemic and detailed history review and a com-
prehensive ENT examination help to make an early 
diagnosis in these patients. Routine pathological 
examinations of the tissue taken from the abscess 
wall during surgical drainage should always be 
performed to exclude hidden malignancies. Free 
cancer cells may be spilled out from a ruptured 
capsule, and may have a negative impact on the 
prognosis. So when necrotic tissue rather than pus 
is found during surgical drainage, a biopsy speci-
men for frozen section should always be taken  
intra-operatively. If malignancy is proved intra-
operatively, total excision of the ruptured cervical 
metastatic lymph node followed by an adequate 
irrigation over the surgical field is critical to pre-
vent cancer cells seeding. Furthermore, endoscopic 

geal abscess in eleven cases. All eleven patients 
underwent surgical drainage, but only three had 
drainable abscesses. The researchers concluded that 
CT numbers in inflammatory masses did not dis
tinguish adenitis from abscess. Surprisingly, with 
ultrasound, they were able to correctly diagnose 
abscess or adenitis in each case in their study. 
We  suggest that unnecessary surgical drainage in 
patients with suspected retropharyngeal abscesses 
can be avoided by the pre-operative use of ultra-
sound, which can help to distinguish adenitis from 
abscess and help intra-operative aspiration and 

Table 7
Comparison of true-positive and false-positive groups

WBC (103 /mm3)
(average ± SD)

LD (cm)
(average ± SD)

RE
(No./%)

Gas
(No./%)

True positive
False positive
p values

13.86 ± 5.98
12.10 ± 4.80
.1200†

3.44 ± 1.50
2.40 ± 0.85
< 0001†

94/72.9
13/39.4
< 05‡

39/30.2
3/9.1
< 05‡

WBC: white blood cell count; LD: largest diameter; 
RE: rim enhancement.
†: Student’s t-test
‡: Chi-square test.

Figure 3
Axial contrast-enhanced CT image shows a well-defined, 
rim-enhanced, hypodense fluid collection on the right side of 
the neck. No pus was found during surgical drainage. Patho-
logical examination of the capsule revealed squamous cell 
carcinoma.
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neck abscess to exclude occult malignancy. Carotid 
pseudo-aneurysms are a rare complication, which 
means that they are difficult to recognise, and early 
recognition of this serious complication may 
prevent massive haemorrhage and neurological 
sequelae.
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Infected pseudo-aneurysms of the carotid artery 
are an uncommon but potentially life-threatening 
complication of deep neck abscesses. Because of 
the widespread use of antibiotics, the incidence of 
carotid pseudo-aneurysm is much lower than it 
once was, making recognition more challenging.14 
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and found that the internal carotid artery was the 
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Conclusion

Although contrast-enhanced CT scan is currently 
the diagnostic modality of choice, it has some limi-
tations affecting the differentiation of abscesses 
from cellulitis, particularly in the retropharyngeal 
space. In rare cases, the cystic degeneration of cer-
vical metastases may mimic deep neck abscesses 
on CT image. We suggest routine biopsy of the tis-
sue when performing surgical drainage of deep 
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