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Biphasic CT imaging of deep neck
infections (DNIs): how does dual injection
mode helps in differentiation between
types of collections?
Lamya Eissa1 and Ahmed Mohamed Mehanna2*

Abstract

Background: Deep neck infections are showing resurgence in the current era and still pose threatening diagnosis.
CT is the gold standard imaging modality; still, the reported low sensitivity and specificity was suggested in view of
monophasic injection technique.
The purpose of the study was to discuss the diagnostic accuracy of CT with biphasic mode of injection using and a
single scanning phase. The first 50–60 cc of IV contrast are injected at a slow rate of 1 cc/s to (tissue impregnation
phase). The other 50–60 cc was injected at a high rate of 2 cc/sec, approximately 1 min after the first injection. The
single phase of scanning is made followed by multi-planar image analysis of collection. Discrimination of abscess
versus phlegmon is made according to described criteria.

Results: Radiological diagnosis was made of 64/66 cases of abscess and two cases only had phlegmon. The 64
cases of abscess underwent drainage by ENT surgeon showing correctly diagnosed drainable abscess in 59 out of
64 cases and 5 falsely diagnosed as abscess proved to be non-drainable phlegmon. The two patients with
radiological diagnosis of non-drainable phlegmons were correctly diagnosed.

Conclusion: The study achieved a high accuracy of 92%. This is likely attributed to dual-phase technique that
allows enhancement of the core of a phlegmon by slow interstitial phase, while combined dual injections allow
enhancing the “rim enhancement sign” of abscess.
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Background
Deep neck space infection (DNI) means infection in the
potential spaces and fascial planes of the neck, either
with abscess formation, phlegmon or cellulitis, or a
combination of any of them [1]. Despite the improved
diagnostic techniques and widespread availability of
anti-microbial therapies, these infections are still serious
and potentially life-threatening today as in the past with
high morbidities and mortalities reported. The

underlying foci of DNIs are several in the head and neck,
including teeth, adenoids, and salivary glands [1–3]. The
commonest origin of DNI is yet different in many publi-
cations; in the pre-antibiotic era, most DNIs arose from
tonsillo-pharyngitis, while today, dental infections are
the most common cause [4–6]. These odontogenic
(dental/peri-dental) infections are one of the most com-
mon causes especially in developing countries [2, 3]. The
odontogenic infections like peri-apical lesions with pulp
necrosis and bacterial invasion into peri-apical tissues
associated with periodontal pockets cause DNIs [4].
Although acute neck infections are easily diagnosed by

clinical examination, correct localization may be
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challenging and maybe even impossible without cross-
sectional imaging in many cases. The extent of deep
space involvement is particularly difficult to be accur-
ately made by clinical evaluation, with accurate
localization of infection could be made in only 42.9% of
cases in one series and in another series, the extent of
deep neck space infection was under-estimated in up to
70% of cases [7, 8]. The radiologists must be familiar
with the anatomy of the deep cervical fascia and the
spaces bounded by these fascial planes; this is because
the layers of the deep cervical fascial are not readily well
seen on contrast-enhanced CT [9].
Computed tomography (CT) scans of the head and

neck is a critical component in the evaluation of the ex-
tent of deep neck infection because physical examination
alone can misidentify the involved space and the number
of involved spaces in 70% of cases. CT scans with intra-
venous contrast provide good visualization of most bony
and soft tissue structures and fascial spaces of the head
and neck. The intravenous contrast allows visualization
of the great neck vessels and enhancement of areas of
inflammation and allows identification of collections and
evaluation of suspect complications [10].
CT is also helpful in the identification of underlying

causes in most of the cases allowing for adequate evalu-
ation of the oral cavity infections and suspected dental
or peri-dental infections. Enhanced CT can detect rim-
like enhancement of fluid collections and associated cel-
lulitis and myositis, as well as the dental disease itself.
Careful evaluation of CT images obtained with bone
window settings may reveal the causative caries as defect
of the white dense dentin, with depiction of peri-apical
lucencies and mandibular cortical dehiscences, as well as
signs of osteomyelitis or periosteal reaction [10, 11].
Acute tonsillitis can be radiologically characterized by

increased size of the tonsils and increased density/en-
hancement as seen on a contrast-enhanced CT. The
increased density reflects contrast enhancement of
tonsillar septa (“Tigroid tonsils”), with a tiny area of fluid
liquefaction detected in early infections in the absence of
walls [12, 13].
A drawback of CT in DNI imaging is that it cannot

reliably differentiate between the non-drainable phleg-
mon/cellulites and drainable abscesses in some cases
because both entities commonly appear as hypo-dense
collections with peripheral enhancement; specificity
measured in literature can be only 70–80% although the
overall sensitivity for DNI detection is up to 80–90%
[13–16]. A positive correlation between CECT and
surgery or surgical drainage has been reported to be ap-
proximately 75% in adult and pediatric patients [15–17].
The specificity of CT can be improved to 82% with
lesions larger than 3.5 cm in some cases. Also, it can be
increased by a delayed post-contrast CT image taken

after several minutes depicting subtle central enhance-
ment in a poorly liquefied lesion, thus avoiding unneces-
sary surgery and still caries the dis-advantage of
excessive exposure. The presence of intra-lesional air
indicated abscesses in all cases with no attempted drain-
age [15, 17–20].
The distinction between tonsillar cellulitis and tonsillar

abscess is important because the treatment is quite
different in both. When the imaging features of a fluid
attenuation collection with an enhancing wall are
applied, the accuracy for the detection of a drainable ab-
scess ranges from 63 to 77% in both pediatric and adult
patient populations. If combined with an additional im-
aging criterion of an irregular or scalloped abscess wall,
it increases specificity but decreases sensitivity in diag-
nosis [18–20].
CT can also be helpful to detect a list of expected

complications. Mediastinitis with or without collections
results from downward extension of an infection that in-
volves the spaces that extend the length of the neck (e.g.,
retropharyngeal) or the anterior visceral space [21]. The
so-called Lemierre syndrome, or suppurative thrombo-
phlebitis of the internal jugular vein, results from the ex-
tension of the infection into the carotid space, showing
pathognomonic findings of neck swelling and IJV
thrombus (by imaging), and evidence of pulmonary em-
boli. Carotid artery pseudoaneurysm (mycotic aneurysm)
or rupture may present with a pulsatile cervical mass
and often diagnosed by imaging CT angiographic tech-
niques [22].
Ultrasound though supposed to be more accurate than

CECT in differentiating a drainable abscess from
cellulitis and additionally is portable, inexpensive, and
available at most institutions, it is difficult to interpret,
subject to the skill level of the operator, cannot visualize
deeper fascial lesions, and does not provide the anatomic
delineation necessary for planning the surgical approach
to a DNI. MRI provides better soft tissue definition than
CECT, with added privilege of avoiding exposure to ra-
diation and allergenic CT contrast material. Moreover,
magnetic resonance angiography (MRA) is especially
useful in evaluating vascular complications, such as IJVT
and carotid artery aneurysm ± rupture. Unfortunately,
MRI is expensive and requires a lengthy scan time in
comparison with CECT, which is much more helpful in
emergency settings [21].
The aim of this study is to examine the accuracy

(sensitivity and specificity) of the bi-phasic CT in the dif-
ferentiation of collections. The term biphasic means
double mode of injection with single scanning; this
encompasses two modes of injection: The first is slow
(interstitial) and it is expected to allow for more
adequate interstitial concentration of injected contrast
inside the soft tissues; thus, this phase of injection is
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called impregnation. This is supposed to enhance the
center of phlegmon so it would not appear hypo-dense
as abscess core. The second phase is rapid (vascular
phase) which is made to enhance vascular and other soft
tissue structures. The application of two phases of
contrast injection is suggested to allow for the abscess
wall of different maturations to accumulate contrast so
that enhancing rom sign should appear in images of
abscesses.

Methods
Patients of all ages and sex with clinically suspect
diagnosis of deep neck infection by ENT at ENT or
emergency departments are either suspected to involve
superficial or deep fascial plane.
Exclusion criteria included the following:

1) Known contraindications to CT, e.g., pregnancy
2) Known contraindications to IV contrast, e.g., renal

insufficiency (creatinine clearance is calculated
according to the Cockcroft equation: ((140 − age)
wt × 0.85)

3) Patients who received specific treatment (antibiotics
or attempted drainage) prior to the examination

4) Known post-operative infections,
5) Peri-vertebral/para-spinal abscesses; these are

mostly related to spinal infections
6) Known or highly suggested specific infections as

tuberculosis and others
7) Infections superadded on cystic lesions (branchial

or thyro-glossal cysts)
8) Inflammatory non-infectious cases/mimics as

calcific tendinitis
9) The emergency pediatric visceral space infections

(as epiglottitis), where pre-operative quick
radiographs are only made.

All the studied patients are subjected to the following:
(1) full history taking and thorough clinical examination;
(2) the medical ethics were considered: the patient
should be aware of the examination, patient consent is
obtained, the economic status of the patient is consid-
ered, and the patient has to get benefit from the examin-
ation; (3) written consent was taken by co-operative
patients and verbally by non-cooperative patients, (4)
multi-detector row CT with biphasic/dual intravenous
contrast administration, and (5) drainage of collections
by ENT specialist after identification of the site of collec-
tions by imaging.

Imaging technique
CT technique
CT assessment is performed following intravenous
administration of contrast media (300mg iodine/ml) in

a biphasic manner as follows: The first 50–60 cc of
contrast medium are injected at a slow rate of 1 cc/s to
impregnate the interstitial compartment. This is called
slow/interstitial/impregnation phase. The second 50–60
cc of contrast medium are injected at a higher rate of 2
cc/s, starting approximately 1 min after the first injec-
tion; this is called vascular phase. This protocol usually
provides an adequate opacification of the different neck
structures, soft tissue, and vascular structure, thereby
allowing and precise determination of vascular invasion
and accurate interpretation of head and neck CT images.
In pediatric population, the biphasic mode of injection is
made using half the volume of contrast used for adults,
with single scanning using half exposure dose.

Scan parameters
The examinations were done on Toshiba (Aquillion)
128-Multi-section scanner and scanning parameters
were slice thickness 1 mm, Gantry rotation time 0.6–0.9
s (0.75/s), detector collimation 2 mm, helical mode, field
of view (FOV) for small, medium, and large patients,
kVp and mA per slice 120 kV p and approximately ≤
240 mA. Scans were performed to cover from the skull
base to the aortic root.

Reconstruction methods
The thin slices were sent to the workstation (Toshiba
and Vitrea Workstation), as well Osirix software on
iMac computer. The data was available to view the data
in axial, sagittal, and coronal planes. Thin slice acquisi-
tion and multiplanar capability allowed the precise loca-
tion of the lymph nodes and its characters.

Image analysis

A) Making diagnosis of DNI and differentiation from
other non-inflammatory pathologies: thick stranded
platysma sign and fascial veiling/stranding are very
helpful to differentiate DNI from other minims.

B) Comment is made on the spaces involved:
masticator, submandibular space-SMS, sublingual
abscess-SLS, para-pharyngeal-PPS,
Retropharyngeal-RPS, etc. Laterally is reported, as
well as midline crossing. Communication or non-
communication of the collection is reported.

C) The collections are differentiated as follows:
A) Abscess is documented by the following features

(solely or in combination): a very hypo-dense center
reaching near fluid attenuation (10–30 HU) in any
small ROI within the center, peripheral rim irregu-
lar or regular enhancement (the rim can be thin or
thick with high center to rim ratio), and internal air
foci are highly suggestive of abscess.
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B) A phlegmon is differentiated by these imaging
features: (1) soft tissue enhancing tumefaction; (2) a
central hypo-density may be seen, still above the
range of fluid attenuation more than 30 HU; (3)
central foci of fluid can suggest internal micro-
abscesses; and (4) thick irregular enhancing margin
with a low center to rim ratio.

C) Cellulitis is diagnosed as purely veiling and reticular
thickening of facial plane girth minimal to mild
non-loculated fluid.

D) Retro-pharyngeal inflammations/infections are
differentiated as follows: (A) the retropharyngeal
effusion is diagnosed as simple clear fluid filling the
RPS from side to side, rectangular or slightly ovoid.
No mass effect; minimal distension of
retropharyngeal space. No enhancing wall detected
for effusion. (2) Retropharyngeal abscess is
diagnosed as fluid filling the RPS form side to side,
showing rounded or ovoid configuration; with
moderate-to-marked mass effect, and enhancing
wall. (3) Suppurative adenitis is unilateral to either
side of RPS, showing rounded or ovoid configur-
ation; mass effect varies according to nodal size. It
can have enhancing wall, which can be thick repre-
senting the nodal remnant.

E) In cases of Tonsillo-pharyngitis: (1) Simple tonsil-
litis is diagnosed as “Tigroid” = Striated pattern of
enhancing palatine tonsils. (2) Intra-tonsillar abscess
is diagnosed by criteria similar to abscess in any
other neck space. Simple tiny loculi with no walls
are not considered abscesses. (3) Peri-tonsillar loca-
tion is diagnosed as peripheral collection lateral to
palatine tonsil pushing the tonsil medially.

F) Dental disease (caries) is reported by finding of
defect of dense dental lamina overlying the tooth.
Peri-dental disease is diagnosed by finding a lucency
surrounding the apex of the unhealthy tooth. Man-
dibular changes are reported including: (i) a defect
of buccal or lingual cortex, (ii) bony changes of me-
dulla including erosions (permeative versus moth-
eaten versus sclerosis), (iii) periosteal reaction is
also reported ± sub-periosteal abscess.

Results
There were 44 (66.7%) male and 22 (33.3%) female pa-
tients, with a female-to-male ratio of 2/1. The mean age
was 26 (Table 1). Considering radiological evidence of
underlying cause, the causes of deep neck infections
were identified in 64 patients. The most common cause
of deep neck infection was odontogenic (34 cases =
(51.5%). Odontogenic causes were diagnosed through
high-resolution bone CT. The dental disease ranged
from isolated dental caries to more complicated dental
and peri-dental inflammation. Mandibular changes were

noted in only 7 patients; those included mandibular
bone marrow or cortical sclerosis, erosions, or mixed,
while periosteal reaction was noted in only two cases
and none of the patients had a sub-periosteal collection.
The second most common cause of deep neck infec-

tion was tonsillo-pharyngitis in 17 cases (25.8%). The
third commonest cause was suppurative adenitis en-
countered in 10 (15.2%). Only two cases had trauma by
ingestion of fish bone with posterior pharyngeal wall
penetration into retropharyngeal abscess (3% of cases).
A single case had calcular submandibular sialadenitis
with obstructive stone and ruptured ductal sialocele with
abscess formation.
Only a small number of patients had radiological evi-

dence of complications: 9 cases (13.6%), as compared to
none in 57 (86.4%). Three patients had evidence of me-
diastinal extension; 2 of which are along the retrophar-
yngeal pathway. A third one, a 5-year-old child, had this
mediastinal extension along carotid space/Lincoln’s
highway into the middle mediastinum. One patient had
Necrotizing fasciitis with gas formation and suspected
underlying minimal disease that is disproportionate to
the extent of inflammation. A young 23-year-old female
patient had IJV thrombo-phlebitis with secondary simple
RP effusion and a skin fistula.
Complications were seen in younger age groups: Bilat-

eral thrombosed mycotic aneurysms were encountered
in a 4-year-old child, being misdiagnosed as retrophar-
yngeal abscess, and with diagnosis made following a
complete MRI study and catheter occlusion of the
aneurysm was made. Airway obstruction by kissing
tonsils was seen in a 4-year-old boy while airway ob-
struction by extrinsic collections was seen in one patient.
A 21-year-old patient had mediastinal spread along ca-
rotid space seen as longitudinal abscess, easily differenti-
ated from thrombosed IJV by CT; this is called the
Lincoln’s highway (Fig. 1)

Table 1 Distribution of the studied cases according to
demographic data (n = 66): age and sex

No. (%)

Sex

Male 44 (66.7%)

Female 22 (33.3%)

Age (years)

< 10 2 (3%)

10–20 12 (18.2%)

21–30 23 (34.8%)

> 30 29 (43.9%)

Median (Min.–Max.) 26 (4–60)

Mean ± SD 29.8 ± 12.9
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The spaces involved are detailed in Table 2, described
as overlapping in the 66 patients. Nearly 15 patients
showed multiple spaces involvement, and this is ac-
cepted for the nature of easily dissected fascial planes by
dissecting fluids. Nine patients had isolated involvement
of retropharyngeal space (two with fish bones, two with
suppurative adenitis); 11 patients had isolated involve-
ment of tonsils/tonsillar spaces. A single patient had
isolated involvement of the right anterior cervical space,
related to trickling inflammatory exudate from dental
infection and mandibular osteomyelitis defect. The
remaining 5 cases of anterior cervical space involvement
were seen in combination with other spaces involvement
b direct spread from contiguous spread. The remaining
cases had a combination of two spaces involvement.
Table 3 shows the distribution of the studied cases

according to different parameters: type of collection,
laterality, underlying cause, and complications.

Fig. 1 A 21-year-old male shows a longitudinal collection of carotid space showing fluid attenuation and thin abscess rim wall. It is interposed
between the IJV and CCA as depicted in axial and sagittal images (a and b), respectively, easily differentiated from thrombosed IJV and represent
dangerous Lincoln’s highway abscess. c Middle mediastinal extension

Table 2 Distribution of the studied cases according to spaces
(n = 66)

Spaces No. (%)

SMS 13 (19.7%)

SLS 13 (19.7)

VS 3 (4.5%)

RPS 12 (18.2%)

Buccal 4 (6.1%)

MS 15 (22.7%)

ACS 6 (9.1%)

CS 2 (3%)

PPS 7 (10.6%)

Tonsillar 15 (22.7%)

Peritonsillar 2 (3%)

Parotid 2 (3%)

Table 3 Distribution of the studied cases according to different
parameters: type of collection, laterality, underlying cause, and
complications

No. (%)

Radiological diagnosis of collections

No abscess 2 (3%)

Abscess 57 (86.4%)

Phlegmon and abscess 7 (10.6%)

Side

Left 26 (39.4%)

Right 20 (30.3%)

Midline 6 (9.1%)

Bilateral 14 (21.2%)

Cause

Unknown 2 (3%)

Dental 34 (51.5%)

Others 30 (45.5%)

Suppurative adenitis 10 (15.2%)

Calcular sialadenitis 1 (1.5%)

Tonsillitis 17 (25.8%)

Trauma by fish bone 2 (3%)

Complications

None 57 (86.4%)

Positive 9 (13.6%)

Mediastinal extension 3 (4.5%)

Necrotizing fasciitis-air 1 (1.5%)

Linear abscess Lincoln’s pathway to the mediastinum 1 (1.5%)

IJV thrombo-phlebitis-RP effusion-skin fistula 1 (1.5%)

Bilateral thrombosed mycotic aneurysms 1 (1.5%)

Way obstruction by kissing tonsils 1 (1.5%)

Airway obstruction 1 (1.5%)
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The most common space involved by collections was
the masticator involved in 15 cases. Out of the 15 cases
of masticator space involvement, 7 had involvement of
the medial pterygoid muscle, three had involvement of
lateral pterygoid, while one case had masseteric muscle
involvement; the remaining 4 cases had a combination
of lateral and medial pterygoid involvement, thus medial
pterygoid had greater involvement (Fig. 2)
The second most common space involved by collections

was the SLS; out of these, six are occurring together with

the involvement of the submandibular space, and four are
showing horseshoe configuration abscesses crossing the
midline to contralateral sublingual space. Apart from 6
cases with combined SLS-SMS involvement, two cases
had involvement of SMS and masticator spaces, and one
shows involvement of the visceral space in combination
with SMS. The para-pharyngeal key space always showed
signs of inflammation like veiling and stranding and still
was not the epicenter of inflammation or showed the main
burden of collection.

Fig. 2 A 45-year-old male with odontogenic masticator abscess. Images reveal dental and peri-dental mandibular molar disease is seen in a and
left masticator abscess is seen within medial pterygoid muscle showing just fluid attenuation and ill-defined rim sign in b. The lateral pterygoid
muscle shows mild diffuse enlargement and hypo-enhancement (myositis)

Fig. 3 A case of necrotizing fasciitis in a 55-year-old male. a–c Characteristic features of marked edema of submandibular fascial planes, both
superficial and deep planes. Markedly thickened enhanced superficial layer of deep fascia is seen with areas of interrupted enhancement
(necrotized fascia), with multiple fluid collections seen at anterior deep cervical space and intramuscular within strap muscle son both sides. Axial
high-resolution bone window image (d) shows bilateral multifocal dental/peri-dental disease (underlying cause)
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A single case had definite radiological and clinical
evidence of necrotizing fasciitis (Fig. 3). The CT revealed
interrupted enhancement of thick enhancing platysma
(superficial cervical fascial enhancement), suggestive of
necrotized fascia, with extensive loculated submandibu-
lar and sublingual abscess, crossing the midline and
dissecting down into the anterior cervical fascial space.
Minimal dental disease at mandible could be the under-
lying disease, though very disproportionate to the bur-
den of inflammatory exudates (Fig. 4).
Using the high-lightened imaging criteria mentioned

in methodology, CT suggested a diagnosis of abscess for-
mation in 64 patients; four out of them had signs of
underlying phlegmon and proven to be non-drainable
phlegmon that showed thick rim enhancement with dif-
ferent internal heterogeneities, sometimes engulfing cer-
vical fat inside the peripheral granulation tissue. The
fifth case (Fig. 5) was a young woman with confluent
suppurative adenitis at the deep cervical nodes that had
broken nodes and confluent broken-down walls and
questionably internal intra-nodal abscess, shown to be
non-drainable later.
The CT exam successfully excluded clinically suspect

tonsillar abscess and a second case of cellulitis of buccal
tissues, both responded only to medial treatment. The

abscess-free tonsil revealed the striated “Tigroid- tonsil”
appearance, which reflect enhancing tonsillar septa, al-
ternating with submucosal edema. A single case of the
whole 17 cases of tonsillo-pharyngitis showed small
peri-tonsillar abscess easily differentiated by CT; the case
deserved double catheterization (Fig. 6).
All patients with proven abscesses had peripheral

“Rim” enhancement in different regularities and thick-
nesses; none of them failed to shows the rim sign
and none showed diffuse enhancement. Agreement
statistics between final surgical outcome, following
drainage made by the ENT surgeon, revealed that
correct diagnoses of the drainable abscess were made
in 59 patients out of 64 patients with radiological
diagnosis of abscess versus 5 patients falsely diag-
nosed to have abscesses who turned out to have non-
drainable phlegmons (Table 4).

Discussion
Deep neck abscesses still impose diagnostic and treat-
ment challenges. Although successful conservative non-
surgical treatment of small abscesses (< 3 cm) has been
reported in earlier studies, fewer than half (47.5%) of the
patients were treated with antibiotic therapy alone with
complete remission in that study. Still, the mainstay of

Fig. 4 A 30-year-old male with odontogenic masticator abscess. Axial images in a and b show well-defined rim sign provided by good biphasic
technique. Also noted fluid collection (10–20 HU) and air foci within abscess collection and masseteric and pterygoid muscular compartments.
Coronal image (c) shows communication below the mandible. Sagittal image (d) reveals residual peri-dental disease following extraction of
unhealthy dental disease
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treatment for deep neck abscesses remains surgical
drainage. Review of literature shows many similarities
and few differences. Our series showed the DNI was
twice more common in males as many authors have re-
ported [23, 24].
Tung et al. [25] and Gerd et al. [26] have reported in

their study on DNSI that the most common site of infec-
tion was the parapharyngeal space and was seen in 71
(38.4%) and 138 (59%) cases, respectively. In our pa-
tients, sublingual space showed the highest involvement
(15 cases), followed by SLS and SMS occurring in the
same proportion (13 = 19.7%). On the other hand, Sta-
flors et al. [27] in their study concurred with Tung
et al.’s study reporting that the parapharyngeal space in-
volvement was more common. Still, Kumar et al. [28]
and Meher et al. [29] showed that the submandibular
space was the most common site encountered. A cutoff
differentiation between abscesses and cellulitis is import-
ant for an appropriate treatment plan. Contrast-
enhanced CT scanning has become the preferred diag-
nostic method. Holt et al. [30] defined and delineated
the hallmarks of the diagnosis of an abscess as cystic ap-
pearance, low-density CT number, fluid or gas within
the center of the abscess, and peripheral rim enhance-
ment of the abscess wall.
However, there are still some limitations affecting

the differentiation of abscesses and cellulitis or

phlegmons by CT scan. The false-positive rate was
found to be 30 to 40% for the prediction of abscess
by CT scans based on imaging criteria of hypo-dense
core or fluid collections. A study by Chuang et al. re-
vealed that the PPV could reach 87.9% if rim en-
hancement was also included in the diagnostic
criteria. They showed that the true-positive group
tends to have peripheral rim enhancement or air col-
lections [31]. However, 27.1% of their true-positive
group had no rim enhancement and 39.4% of the
false-positive group presented with rim enhancement.
Elden et al. [32] stated that rim enhancement was
presented in both abscesses and cellulitis and, more
rarely, was absent in some abscesses. However, Miller
et al. [33] also reported that 9/20 (45%) patients with
a drainable collection in their study did not have rim
enhancement on CT images. The presence of rim en-
hancement depends on the evolution of the abscess.
They conclude that rim enhancement is not a good
single predictor for the presence of an abscess.
Miller et al. [33] made a blinded comparison to iden-

tify the accuracy of CT. Before CECT, a surgeon
recorded clinical data and predicted the extent of infec-
tion. A head and neck neuro-radiologist, blinded to the
clinical evaluation, predicted the extent of infection
based on CECT. The final outcome (the presence of a
purulent collection) was determined at surgery or in

Fig. 5 A 32-year-old female with left-sided suppurative adenitis. a Intra-nodal abscess, shown as thick rim sign and complex fluid of 30–35 HU,
which is slightly higher than usual fluid attenuation still considered fluid in our study. Lower axial scans in b show small reactive nodes
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long-term follow-up. The clinical and CECT findings
were compared with the final outcome to determine the
sensitivity, specificity, and accuracy of each modality. Re-
sults: Twenty patients had purulent drainable collec-
tions. The accuracy of clinical examination alone in
identifying a drainable collection was 63%, the sensitivity
was 55%, and the specificity was 73%. The accuracy of
CECT alone was 77%, the sensitivity was 95%, and the
specificity 53%. When CECT and clinical examination
were combined, the accuracy in identifying a drainable
collection was 89%, the sensitivity was 95%, and the spe-
cificity 80%. If fluid collections with volumes of 2 mL or
greater on CECT were considered, the accuracy of

CECT would have been 85%, the sensitivity 89%, and the
specificity 80% [34].
As regards the retropharyngeal collection, Hoang et al.

[35] studied a four-step approach to differentiate the
three entities of retropharyngeal edema, forming retro-
pharyngeal abscess, and the third is retropharyngeal sup-
purative adenitis. Their four-step approach was adopted
in our study. They found that four-step imaging assess-
ment with multi-planar imaging will help to recognize
key imaging findings of the three entities [36]. Also, the
multiplanar and contrast-enhanced ability of CT also
allowed for good assessment of mediastinal extension by
another pathway along the carotid sheath which serves

Fig. 6 Axial images of a 17-year-old male patient. Axial images at different levels (a and b) reveal left-sided suppurative retropharyngeal node
showing unilateral location, rounded configuration, and rim sign of intra-nodal abscess. This is easily differentiated from midline minimal
retropharyngeal edema (not abscess) showing clear fluid attenuation and absence of rim sign

Table 4 Agreement (sensitivity, specificity, and accuracy) for CT as compared to surgical diagnosis by drainage (n = 66)

Surgical Sensitivity Specificity PPV NPV Accuracy

Not Abscess

CT

Not abscess 2 0 100.0 28.57 92.19 100.0 92.42

Abscess 5 59

PPV positive predictive value, NPV negative predictive value
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as a direct pathway of spread, called Lincoln’s highway.
This is different from the intravascular spread through
IJV thrombo-phlebitis ± Lemierre syndrome [37, 38].
In our study, all patients with final radiological and

surgical diagnoses of abscesses had peripheral rim en-
hancement of variable thickness. Owing to the high dose
of injected contrast and double technique of rapid and
slow impregnation methods of injections, the wall of the
abscess should enhance regardless to the degree of evo-
lution or maturation. An abscess with non-enhancing
rim is remotely possible with the use of such biphasic
CT technique. The phlegmons on the other hand had a
variable enhancement pattern. The peripheral rim pat-
tern was thicker than that for abscesses and less defined
as well as less degree of enhancement. Others showed
diffuse hypo- or slight hyper-enhancement in abscess of
definite hypo-dense cores. Owing to the impregnation
technique, the center of the phlegmon was given time to
enhance slowly respective to the hypo-vascular density
of its core, as compared to liquefied necrotic of the ab-
scess which should not enhance at all and would give
near fluid attenuation. The biphasic injection method is
a very good technique to enhance tissue and vessel at-
tenuation and is recommended to be included in routine
imaging of the neck [39–45].

Conclusion
The use of biphasic CT (biphasic implies two phases and
single scanning phase) allowed more accurate discrimin-
ation of abscess from the phlegmon by using certain im-
aging criteria. This is attributable to the impregnation
technique (slower first phase) allowing enhancement of
the hypo-dense center of phlegmon and appearing differ-
ently from an abscess. While dual injection allowed the
enhancement of “Rim-enhancing pattern” in abscesses
with immature walls, all abscess expressed “rim sign.”
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