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including the oral cavity, pharynx, larynx, paranasal 
sinuses, nasal cavity and salivary glands.

Previous studies have focused mainly on benign 
hypervascular tumours such as hemangioma and vas-
cular malformation2,3, but few have studied other soft 
tissue hypervascular tumours in the maxillofacial re-
gion. The physiological characteristics of malignant 
tumours such as oral squamous cell carcinoma (OSCC) 
and other benign tumours can match those of hyper-
vascular tumours4.

It is particularly important to evaluate the blood sup-
ply of a tumour accurately before an operation, choose 
the appropriate surgical path and reduce the chances 
of injury in patients. In addition, implementation of 
multidimensional visualisation of tumours can object-
ively and truly show the relationship between tumours, 
blood vessels, jaws, the degree of blood supply of the 
tumour and the normal anatomy and pathological 
changes of blood supplying arteries and surrounding 
blood vessels, providing more accurate auxiliary diag-
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Objective: To evaluate the diagnostic ability and clinical imaging features in maxillofacial 
soft tissue hypervascular tumours by 64-slice multidetector spiral computed tomography (64-
MDCT) contrast-enhanced scanning.  
Methods: In a retrospective study of 21 cases of hypervascular tumours, the degree of blood 
supply and indexes were assessed, and the pathological results were used as the diagnostic gold 
standard to evaluate the sensitivity and specificity of 64-MDCT plain scan and enhanced CT 
in the diagnosis of oral and maxillofacial soft tissue hypervascular tumours, using the receiver 
operating characteristic curve to analyse and evaluate the efficacy. 
Results: Among 21 patients, the diagnostic accuracy of 64-MDCT contrast-enhanced scan was 
90.48%, the area under the curve of venous phase CT value was 0.80, the sensitivity was 83.30% 
and the specificity was 72.73%.
Conclusion: 64-MDCT contrast-enhanced scan can be used to evaluate the blood supply of 
maxillofacial soft tissue hypervascular tumours before an operation. The CT value in the venous 
phase of tumours has the highest diagnostic effectiveness, which can reduce the risk of blood loss 
during surgery for maxillofacial hypervascular tumours. In addition, it has certain guiding 
significance for the formulation of clinical treatment plans. 
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More than 650,000 cases of maxillofacial and neck 
tumours are diagnosed worldwide every year, with a 
higher rate in Asia1. Maxillofacial soft tissue hyper-
vascular tumours are tumors with special physiologi-
cal characteristics affecting the head and neck, which 
increases the risk and difficulty of operation due to the 
complex anatomical structure and abundant blood sup-
ply, and they also involve multiple anatomical areas 
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nosis and treatment plans for stomatologists, which is 
also a pressing clinical issue to solve and address.

Studies have shown that computed tomography (CT) 
image features correlate with the histopathological 
grade, molecular biomarkers and prognosis for various 
tumours, such as oropharyngeal, oesophagal and breast 
cancer5. Using contrast-enhanced imaging, Yu et al6 
distinguished between human papillomavirus positive 
and negative oropharyngeal cancers.  

In the present study, we analysed CT-based radio-
logical features of maxillofacial soft tissue hypervas-
cular tumours based on the ability of these features 
to predict important clinical and histological factors 
across different tumour types. 

Materials and methods

Case selection

This retrospective study was conducted in accordance 
with the Declaration of Helsinki (as revised in 2013) and 
approved by the institutional review board of Nanjing 
University Medical College Affiliated Stomatology Hos-
pital (NJSH-2022NL-011). The case records were identi-
fied in our institution from June 2017 to October 2021. A 
total of 21 patients with a diagnosis of maxillofacial soft 
tissue hypervascular tumours (15 men and 6 women; 
mean age 47.57 ± 16.45 years) were enrolled in this study. 
The inclusion criteria were as follows: 
• patients with plain CT scan and multidetector spiral 

CT (64-MDCT) enhanced examination prior to sur-
gery;

• arterial phase net enhancement value exceeding flat 

scan, which could be diagnosed using imaging. 

The exclusion criteria were as follows: 
• patients with hyperthyroidism, asthma, liver, kidney 

or severe cardiopulmonary insufficiency, or who are 
not well and may be in danger during the image-tak-
ing process;

• patients with iodine contrast agent allergy, history of 
drug allergy and allergic constitution;

• female patients who were planning pregnancy within 
6 months or who were pregnant or lactating;

• patients who were unable to cooperate; 
• images including metal ornaments and foreign 

objects, as well as obvious motion artefacts.

Criteria for judging enhancement

If the lesion had vascular imaging or the difference 
between CT images before and after enhancement 
exceeded 40 Hu, it was defined as “enhanced”; if it did 
not have a vascular shadow or the difference between 
CT images before and after enhancement was between 
20~40 Hu, it was defined as “possible enhancement”; 
and if no vascular shadow was seen or the difference 
between CT images before and after enhancement was 
less than 20 Hu, it was considered “no enhancement”7.

CT image acquisition

CT examinations were performed on a 64-slice CT scan-
ner (SOMATOM Perspective Sensation 64, Siemens 
Healthineers, Erlangen, Germany). A CT scan of the 
head and neck was performed, followed by contrast-
enhanced 64-MDCT examination. The scanning range 
was from the aortic arches to the cranial top. Scan par-
ameters were set at 110 kV, and the pipe current was 
automatically adjusted by the CT machine based on 
the CARE Dose4D (Siemens) intelligent algorithm, 64 × 
0.625 mm detector collimation, gantry rotation time of 
0.48 seconds and slice thickness of 1 mm. CT scans of 
the head and neck were performed using intravenous 
nonionic iodinated contrast (350 mg/ml, Iohexol). The 
dosage of contrast agent was calculated according to 
patients' weight as 1.5 to 2.0 ml/kg to inject at 3.5 ml/sec-
ond. The follow-up scan was delayed by 10 seconds after 
the start of contrast injection. The tracking scan interval 
was 1 seconds. When the CT value of the aortic arch area 
reached 95 Hu, the arterial period scan was begun.

Image analysis

CT feature evaluation 
Two radiologists with 8 and 12 years of experience and 
who were blinded to the pathological diagnosis per-
formed CT analysis independently. The following CT 
features were evaluated qualitatively: 
• lesion size (expressed as the largest dimension); 
• tumour margin (clear or unclear); 
• area of the tumour; 
• necrosis (absent or present); 
• texture (uniform or non-uniform); 
• CT value and CT enhancement value of each phase (the 

diameter of the region of interest [ROI]) set at 1 cm. 
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The most obvious tumour enhancement area was select-
ed to avoid the volume effect and artefact area, and the 
mean value was measured.

Enhanced performance
Based on the combination of contrast enhancement 
observed at each stage of the study, a global dynamic 
pattern of enhancement was defined. Stable contrast 
enhancement referred to stable and persistent enhance-
ment in which all or part of the lesions in the arterial 
phase are higher than the surrounding soft tissue, and 
progressive contrast enhancement was where the lesion 
increases progressively over time, reaching maximal 
intensity in venous phases; these classifications were 
adopted from Iavarone et al8.

Statistical analysis

Statistical analysis was performed using SPSS (IBM, 
Armonk, NY, USA). Chi-square or Fisher exact tests and 
independent sample t tests were used for qualitative 
and quantitative data, respectively. Associated receiv-
er operating characteristic (ROC) curves were plotted 
using SPSS. Intragroup correlation coefficient (ICC) was 
used to evaluate the consistency of CT values measured 

by two doctors. P < 0.05 was considered statistically sig-
nificant.

Results

The CT data measured by two radiologists were demon-
strated to have a good agreement, with ICCs of 0.92. The 
characteristics of the patients are described in Table 1. 
There were significant differences in patient age 
between the two groups (P < 0.05). Patients with malig-
nant hypervascular tumours were older than their coun-
terparts with benign tumours. The lesion area showed 
significant differences between the group with plain 
CT scans and contrast-enhanced CT scans (P < 0.00), 
showing that the tumour boundary after enhancement 
is larger than that for the plain CT scan image. Compari-
sons of the two groups are presented in Table 2.

Contrast-enhanced CT provided the best accuracy 
in detecting benign and malignant maxillofacial soft 
tissue hypervascular tumours (90.48%), and it was 
superior to plain scans (14.29%). The exact values are 
shown in Table 3.

With a threshold of 0.73, the sensitivity of the venous 
phase CT value and the venous phase net enhancement 
value was 83.30% and 100.00%, respectively, and the 
specificity was 72.73%. The area under the curve (AUC) 

Clinical factors and image feature Malignant [cases (%)] Benign [cases (%)] P value

Group Area (mm ) P value
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for ROC analysis was 0.80 and 0.76. Sensitivity and 
specificity are presented in Table 4 and Fig 1.

Discussion

Hypervascular tumours

A soft tissue hypervascular tumour is a type of tumour 
or tumour-like lesion with a net enhancement degree of 
arterial and venous phase equal to or greater than that 
of a plain CT scan, as well as increased intensity after 
enhanced CT9. Blood-rich tumours of the head and neck 
include hemangioendothelioma, neuro genic tumours 

(e.g., schwannoma), paragangliomas (e.g., carotid body 
tumours), nasopharyngeal angiofibromas, heman-
giomas and other malignant tumours10. The present 
study involved nine cases of soft tissue benign tumours, 
including spindle cell tumor (one case), basal cell 
adenoma (one case), adenolymphoma (one case) and 
inflammatory mass (one case). There were five cases 
of vasogenic tumours, including vascular malformation 
(four cases) and carotid body tumour (one case). Twelve 
cases of malignant blood-rich tumours included squa-
mous cell carcinoma (nine cases), mucoepidermoid 
carcinoma (one case), acinar cell carcinoma (one case) 
and malignant lymphadenoma (one case). In the diag-
nosis of hypervascular diseases such as affecting the 
liver and kidney, enhanced 64-MDCT plays an important 
role in the preoperative examination, showing uniform 
or inhomogeneous and marginal enhancement in each 

“pupil” sign (the centre of the lesion is low density, the 
edge is high density due to enhancement, and the den-
sity of the outermost layer of the lesion is lower than that 
of normal tissue) when the lesion is necrotic11.

With regard to tumours with a rich blood supply in 
the maxillofacial soft tissue, on the plain CT scan, most 
soft tissue masses had a uniform density and unclear 
boundary and showed round, quasi-round or irregu-
lar soft tissue mass after enhancement. In this study, 
most of the benign tumours were vascular lesions (5 
seconds, 9%). The boundary was clear after enhance-
ment and the lesions were significantly enhanced in 
uniform mass and patch shape. The interior and edges 
were characterised by clusters of enhanced blood ves-

Group Diagnosis result Diagnosis rate (%)
+
3

2
X2

P

Variable AUC P value SE 95% CI Sensitivity (%) Specificity (%) Youden index
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sels and vascular penetration of varying thickness. On 
the other hand, benign tumours of the parotid gland, 
such as basal cell adenoma, show severe enhancement 
in the venous phase, which is generally weakened 
further in the delayed phase, and cystic changes are 
easy to observe. This may be related to the vascular 
structure of the tumour; the cystic area contains many 
endothelial-lined vascular channels, as well as capillar-
ies and venules12. The enhancement of inflammatory 
components in this group of tumours shows solid tis-
sue with an irregular shape. Pathology suggests that 
chronic inflammation with necrosis may be caused by 
infection, and a large amount of neovascularisation 
is formed during the repair process of inflammation 
and necrosis13. The majority of malignant or meta-
static tumours showed inhomogeneous rosette-like 
and patchy severe enhancement, which was further 
enhanced in the venous phase; additionally, these 
tumours were different to malignant hypervascular 
tumours of the liver, which often show “fast-in and 
fast-exit” patterns. The solid components of malignant 
hypervascular tumours in the maxillofacial region 
were significantly enhanced and mixed with uneven 
enhancement areas, which represented the vascular 
nutrient area, tumour cell aggregation area and nec-
rotic area within the tumour. In addition, delayed 
enhancement is related to the content and composition 
of collagen fibres in the tumour14. 

According to the results of the ROC curve analysis, 
enhanced 64-MDCT is a more effective and sensitive 
method for screening and predicting hypervascular 
tumours in the maxillofacial region because it gives the 

largest AUC of venous phase CT scans, which is useful 
in determining the degree and characteristics of the 

it can be considered to have a rich blood supply. The 
results also suggest that when the tumour displays pro-
gressive enhancement and the venous phase CT value 
reaches 112~131 Hu, it can be regarded as a malignant 
hypervascular tumour.

In this study, the diagnostic accuracy of enhanced 
64-MDCT is much higher than that of a plain scan with 
enhanced CT, indicating that contrast-enhanced CT 
can dynamically distinguish between blood vessels and 
lymph nodes, clearly display the location, size, bound-
ary, blood supply and surrounding tissue infiltration of 
the mass, and provide more vascular anatomical infor-
mation and a stereoscopic view combined with image 
post-processing15.

The present authors found that the size of the lesion 
measured by the plain scan of a maxillofacial soft tissue 
tumour with a rich blood supply was smaller than its 
numerical boundary measured after enhancement and 
that this was likely due to marginal infiltration of the 
tumour, which included increased neovascularisation 
and blood flow at the margins. The surface permeability 
is high, which increases expression in the marginal tis-
sue of the tumour16. The case is shown in Figs 2 and 3.

Treatment

Surgery and/or intervention forms the basis for the 
treatment of soft tissue hypervascular tumours17, and 

 (a) 

 (b) 
 (c) 

 (d) Vol

 (e) 
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requires accurate information about the location, size 
and extent of the lesions, as well as blood supply and 
drainage vessels. Thus, the analysis and prediction of 
preoperative noninvasive imaging examination are very 
important for treatment planning. Enhanced 64-MDCT 
can predict the degree of the tumour blood supply in 
relation to the rich blood supply to the soft tissue, as 
well as the relationship between the tumour, blood ves-
sel and maxillofacial bone18, which is used by clinicians 
to design operating plans and assess operational risks. 
The radiation dose and iodine contrast agent used in 
enhanced 64-MDCT are lower than in catheter angiogra-
phy. Additionally, it has the advantages of no anaesthe-
sia intubation, no obvious trauma19 and higher sensitiv-
ity and visibility than ultrasound and other noninvasive 
imaging20.

Application value

64-MDCT contrast-enhanced technology also has high 
application value for tumours adjacent to or invading the 
internal carotid artery. Contrast-enhanced CT can show 
the relationship between tumours and carotid artery 
through 64-MDCT contrast-enhanced technol ogy, clarify 
the situation of wrapping, passing, erosion and the intrac-
ranial circle of Willis, and provide a basis for surgical plan 
design. If the internal carotid artery is only moved but 
not eroded, the internal carotid artery can be preserved. 
If the internal carotid artery is extensively eroded, the 
preoperative plan should be designed carefully to make 
preparations and plans in advance for the sacrifice of the 
internal carotid artery, which can avoid the serious con-

sequences of intracranial ischemia caused by temporary 
ligation or sacrifice of the internal carotid artery during 
the operation. Some cervical hemangiomas located in the 
skull base, penetrating through the skull or rich in blood 
supply, including carotid body tumours, nasopharyngeal 
hemangioma and mild hemangiopericytoma, are diffi-
cult to operate, which can be done with 64-MDCT con-
trast-enhanced scans aided by preoperative embolisation 
therapy to reduce intraoperative bleeding and increase 
the success rate of surgery for patients. For large-scale 
aneurysmal bone cysts, cementum-ossifying fibroma, 
malignant tumours of the inferior temporal fossa and 
metastatic tumours, preoperative 64-MDCT contrast-
enhanced scan evaluation can also be performed. If the 
risk of intraoperative bleeding is high and the lesion can-
not be completely resected, preoperative embolisation 
can be performed.

Conclusion

In this study, 64-slice spiral CT plain scan and contrast-
enhanced CT were used to evaluate the blood supply of 
oral and maxillofacial soft tissue tumours. The results 
showed high sensitivity and good repeatability of the 
noninvasive imaging evaluation. The present study 
provides the theoretical basis and a certain clinical sig-
nificance and reference value for preventing tumour 
recurrences. In addition, we also used 3D reconstruc-
tion technology to more intuitively and clearly show the 
relationship between tumour and surrounding blood 
vessels, bone and other anatomical structures to pro-
vide guidance for clinical analysis. 

 (a) 

 (b) 
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