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Abstract

Background: Cervicofacial vascular lesions are one of the most challenging diseases managed by intervention
radiologists and specialized surgeons. These lesions were diagnosed to be vascular in origin by other imaging
techniques such as Duplex and/or magnetic resonance imaging (MRI). All patients underwent computed
tomographic angiography (CTA) to confirm the diagnosis as well as to decide the most effective choice of
management based on multidisciplinary team (MDT). Then, Digital subtraction angiography (DSA) was done as it is
offering an accurate vascular map for the vascular lesions which is inevitable for successful super-selective
endovascular embolization which can be done at same sitting. Small cases of arteriovenous malformations (AVMs)
were sufficiently managed by only embolization, whereas cases of adequately embolized large AVMs as well as
juvenile nasopharyngeal angiofibroma (JNA) cases were followed by surgery with the advantage of less blood loss
and decreasing operation time as well as complications. This prospective study was done to highlight the role of
combined CTA and DSA in cervicofacial vascular lesion management.

Results: Twenty patients were included in our study: 16 patients were males, and 4 were females; 17 of them were
under 40 years, and three were above 40 years. Preoperative embolization was done in 12 patients, which were all
the cases of JNAs and large AVMs. Four patients were managed by only embolization as a definitive treatment.
Complete technical success rate was about 94%, while only 6% (single case) of the partial technical success rate
which was due to a very small accessory feeder that could not be catheterized even with repeated trials.

Conclusions: Combined CTA and DSA is the cornerstone for managing vascular lesions in the cervicofacial region,
which necessitates a MDT to decide the most beneficial and least complicated way for management.
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Background
Vascular lesions, especially in the cervicofacial region,
are rare, yet they are one of the most challenging dis-
eases treated by intervention radiologists and specialized
surgeons [1, 2].
The International Society for the Study of Vascular

Anomalies (ISSVA) classifies vascular lesions into main
two groups, vascular neoplasm (true proliferative
neoplasms) and vascular malformation (defects in mor-
phogenesis) [3].
Accurate diagnosis is depending on a combination of

clinical features with different imaging techniques, in-
cluding Duplex, computed tomographic angiography
(CTA), MRI and conventional angiography [4].
Recently, CTA was significantly improved by increas-

ing scan speed and decreasing section thickness. Ideal
image quality depends on two factors; CT angiography
technique and data visualization technique [5].
CTA main and great advantage is that it provides min-

imally invasive dynamic visualization of the whole head
and neck vascular circulation. The nearby bones as well
as any suspected communication with the intracranial
circulation are also easily evaluated [4].
CTA has become the main imaging tool for cervicofa-

cial vascular lesions evaluation (diagnosis), map (guid-
ance) before radiosurgery planning as well as a good
follow-up tool for the treated lesions despite of its disad-
vantage of radiation exposure [4, 5].
Vascular lesions management is extremely complex

and presence of a MDT is a must for optimal patient
outcomes. It includes endovascular procedures and
conventional surgery. A combination of embolization
and surgical resection has become recently the treatment
of choice. The main goal of both is the complete devas-
cularization of the vascular lesion [6].
The most commonly used endovascular procedure is

super-selective embolization, a technique in which an
embolic agent is delivered via a catheter to obstruct
blood flow within a target vessel [6].
Digital subtraction angiography (DSA) is a fluoro-

scopic technique commonly used in interventional
radiology (IR) for accurately delineating blood vessels by
removing radiopaque structures like bones [7].
The importance of DSA is to ensure the diagnosis of

the vascular lesion in all patients and provide an accur-
ate road map for them; also, treatment can be done in
the same sitting [8, 9].
Detailed full orientation of the carotid system vascular

anatomy is essential for adequate embolization proced-
ure. The external carotid artery (ECA) has multiple
branches as the internal maxillary, facial, and superficial
temporal arteries are the most important common
branches which most of endovascular embolization pro-
cedures are done through [8].

As the ECA is embryologically closely linked to the in-
ternal carotid artery (ICA), there are few common dan-
gerous anastomotic channels that must be checked
during the embolization procedures to avoid possible
major complications such as embolic stroke [10].
Embolic agents can be classified according to their

chemical ingredients into liquid such as histoacryl, and
particulates like polyvinyl alcohol (PVA), as well as coils.
Also, they can be classified into temporary and perman-
ent embolic agents according to their duration effect [6].
The aim of this prospective study is to highlight the

role of combined CTA and DSA in cervicofacial vascular
lesions management.

Methods
It was a prospective study (from July 2017 to September
2020), conducted on twenty patients referred to the
interventional radiology unit who were preliminary diag-
nosed with cervicofacial vascular lesions with intolerable
symptoms such as large cervicofacial swelling with dis-
figurement, nasal obstruction, and epistaxis (inclusion
criteria). Patients with critical medical conditions like
heart failure, as well as patients contraindicated for con-
trast material injection such as those with high renal
function tests and those with a given history of severe
reaction to previous contrast material injection, were
excluded.
The selected patients were evaluated for management

by a MDT of an interventional radiologist as well as spe-
cialized surgeons whether by endovascular procedures,
surgery, or both together.
All patients were subjected to full history taking, clin-

ical examination, and routine laboratory investigations
including complete blood picture, coagulation profile,
and renal function tests. CTA and DSA were done with
subsequent endovascular management of the selected
cases to be embolized according to their angiographic
data. Anti-coagulant drugs were stopped before any
interventions.
Ethical committee approval and detailed written con-

sent from the patients were obtained with explaining
risks and benefits.
CTA studies were done using Toshiba Aquilion-CX 64

and 128 slice, including arterial and venous phases.
Post-processing reconstruction techniques like three-
dimensional (3D), multi-planar reformation (MPR),
maximum intensity projection (MIP), as well as surface
and volume rendering were included. The resulted CTA
data were mainly used for confirmation of the diagnosis
of the lesion with accurate vascular mapping especially
the feeding arteries and if they were unilateral or bilat-
eral as well as draining veins. Another important advan-
tage was to detect any suspected abnormal dangerous
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anastomosis between the internal and external carotid
arteries.
Then DSA was done using Philips Allura Xper FD20

machine. DSA is beneficial as it provides more confirm-
ation of the CTA data; also, endovascular embolization
could be done at the same sitting.
Based on MDT decision, if the choice was endovascu-

lar treatment, subsequent endovascular embolization
was done at the angiography suite, under aseptic, non-
touch technique. Patients were positioned supine with a
headrest, and arms are placed beside the body in exten-
sion with support. The given instructions to patients
were to stay motionless, especially during image acquisi-
tion, and we told them about a potential sensation of
warmth within the head with each injection and to avoid
swallowing when imaging the neck vasculature, both
aimed to reduce motion-related artifacts.
The routine arterial access was the right common fem-

oral artery. A puncture was done under local anesthesia,
with/without ultrasound guidance, using standard 18G
access needles, and a J-wire (atraumatic curved tip) was
used. Then, a 5F arterial sheath is placed in situ with a
continuous heparinized saline sheath infusion to prevent
peri-sheath clotting.
We started by a cervical arch angiogram, especially if

there is suspicion of diseased arch vessel origins, then
catheterization of common, internal and external carotid
arteries bilaterally using 5F vertebral catheter (CORDIS)
as a macro-catheter with a hydrophilic 0.035-in wire
such as glidewire (Terumo).
Super-selective catheterization of the small arteries like

the internal maxillary artery (according the vascular le-
sion feeders) was followed, using a 2.7F micro-catheter
(Progreat®).
Initial angiograms by macro- and micro-catheters were

obtained using anteroposterior, lateral, and 45° oblique
projections to delineate the feeders’ pathway as well as
to exclude any abnormal ECA-ICA connections.
The used contrast material was OMNIPAQUETM 350

mg I/ml (Non-ionic contrast material). In CTA, its
amount was about 120–150 ml (1.5 ml/1 kg). In DSA
alone, it was about 20–30 ml and roughly about 100 ml
in case of subsequent embolization. CTA and DSA were
done with at least 3-day interval in-between to keep ad-
equate renal functions, which were monitored by renal
functioning tests before using the contrast material, with
good hydration before and after procedures. We did not
face significant contrast material reactions that needed
to be controlled.
We used two main different embolic materials, PVA

particles as Embosphere (300–500 μm) in cases of JNAs
and Histoacryl ® (B. Braun) in cases of AVMs as well as
cirsoid aneurysms with concentration of 4:1 or 3:1 (Lipio-
dol:Histoacryl) according to feeder and draining vein.

Post-embolization angiograms also were obtained to
confirm total occlusion of the embolized vascular lesion
without any residual active components.
Finally, good hemostasis of the femoral artery punc-

ture site was done using manual compression. Patient
neurological examination was a must to ensure a
complication-free procedure. Analgesics and antibiotics
with good hydration were prescribed to the patients.

Results
This study was conducted upon 20 patients of different
cervicofacial vascular lesions: 16 patients were males
(80%), and 4 patients were females (20%). Seventeen pa-
tients were above 40 years (85%), whereas 3 patients
were under 40 years (15%). Their ages ranged between
11 and 55 years with a mean age of 26.15 years ± 12.28
standard deviation (SD).
The most common type we faced was facial AVM

which included 10 patients, followed by JNA which in-
cluded 7 patients, then only 2 patients with cirsoid aneu-
rysms and a single patient with carotid body tumor.
The main complaint was localized swelling in cases of

AVMs, cirsoid aneurysms, and carotid body tumor while
epistaxis/nasal obstruction in JNAs.
Preoperative embolization was done in 12 patients

(60%) which were all cases of JNAs and large AVMs.
Four patients (20%) were managed by only embolization
as a definitive treatment as they were small AVMs. Four
patients only were managed by surgery from the start
upon CTA results (two cases of occipital AVMs which
are supplied by branches from vertebral artery which
was not safe for embolization, one case of post-ligated
ECA facial AVM as there were no accessible feeders for
embolization, while the last case was carotid body tumor
which was not so large and the surgeon was in no need
for embolization).
Thirteen cases (65%) had multiple feeders, while 7

cases (35%) had a single feeder. Seven cases had feeders
from both sides, while 13 cases had a unilateral feeder.
DSA had the same findings to CTA in 15 cases (75%),

while different only in 5 cases (25%) as DSA revealed
small feeders which were not depicted on CTA.
Regarding the embolic agents, PVA particles were used

effectively in 7 patients (44%) of JNAs and histoacryl in
9 patients (56%) of AVMs and cirsoid aneurysms (Figs.
1, 2, and 3).
Complete technical success rate was about 94% (15

case) while partial technical success rate was only 6%
(single case), which was due to a very small accessory
feeder that could not be catheterized even with repeated
trials (Table 1).
Only 2 cases (12%) came back with recurrent lesion

after a 3-year follow-up interval which were large (> 7 cm)
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and acquired few collaterals which were managed by re-
embolization.

Discussion
Cervicofacial vascular lesions are very challenging to
manage and require a MDT. Angiography is the gold
standard method of imaging as it offers a detailed assess-
ment of the vascular anatomy, and mostly, treatment
can be done at the same sitting. Till now, there is no

universally accepted choice of management as these le-
sions are difficult to treat and have high rates of morbid-
ity and recurrence. Interventional radiology can be used
effectively to control them through embolization. Most
of these vascular lesions require surgery after
embolization as JNAs and large AVMs, yet few lesions
are totally cured as in cases of small AVMs [11].
Thanks to the significant rapid change in the practice

of interventional radiology, in many cases, less invasive

Fig. 1 Male patient presented by a pulsating left-sided upper oral cavity lesion. a A real photo showing bulging bluish lesion in the left side of
the oral cavity. b Axial and sagittal (MIP image) sections of CTA revealing a left-sided buccal AVM. c DSA showing the palatine AVM using the
macro-catheter in lateral and AP projections. d DSA showing the palatine AVM using the micro-catheter in lateral and AP projections. e DSA
showing the glue material within the AVM which is apparently occluded at post-embolization angiogram super-selectively via the facial artery. f
Another DSA image showed a reisdual active small component (red arrow) nearby the occluded component (green arrow). g The last post-
embolization angiogram showing total obliteration of both components of the AVM after superselective catheterization of the feeding branch of
the facial artery. h Non-contrast CT axial and sagittal images showing the retained glue material within the nidus of the AVM after
successful embolization

Fig. 2 A 13-year-old male patient presented by epistaxis and nasal obstruction. a Axial and coronal sections of CTA revealing a large hyper-
vascular midline, more at the left side JNA. b DSA showing the aretrial blush of JNA using the macro- and micro-catheter at the left side. c Post-
embolization angiogram via PVA particles showing total disappearance of the blush of the JNA through the micro- and macro-catheters after
occlusion of the left internal maxillary artery (IMA). d DSA showing the arterial blush of the small right-sided component of the JNA using the
macro- and micro-catheter. e Another post-embolization angiogram revealed disappearance of the arterial blush of the small right-sided
component of the JNA after occlusion of the right IMA. f Post-embolization endoscopic image showing the excised relatively whitish large JNA
which is reflecting adequate devascularization
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techniques such as CTA have replaced DSA as the initial
tool in the diagnosis, management planning, and follow-
up of treated patients [12].
Mazora et al. [4] described AVM in two-dimensional

(2D) CTA as a brightly enhancing lesion. On 3D images,
it appears as a tangle of disorganized vessels rather than
the discrete mass appearance of the hemangiomas. Re-
lated feeding or draining vessels were abnormally disor-
ganized, prominent, and tortuous. Same findings were
described in this study at 2D and 3D images.
The sensitivity of CTA in the diagnosis of vascular dis-

ease was 98.4%, specificity was 99.4%, false positive was
1.1%, and false negative was 0.9%. Meifang et al. [13] re-
vealed that CTA examination showed high specificity
and sensitivity and low rate of misdiagnosis, with no sig-
nificant difference with DSA which was observed in
most of our cases offering the advantage of non-invasive
procedure.
Pedreira et al. [14] revealed no significant difference in

recurrence rates in patients receiving immediate (1 day)
or delayed (10.6 days) resection after embolization by a
5-year follow-up interval. In this study, surgical resection
was done during the first 72 h after embolization with a
12.5% recurrence rate only after a 3-year follow-up inter-
val, as it was the most acceptable time interval for sur-
geons for a less bloody operation.
Lesion size was a significant predictor for lesion recur-

rence, with all lesions > 6 cm in any dimension recurring
and none of the lesions < 6 cm recurring. This is

matching with the analysis from Kohout et al. [15] which
assumed that smaller lesions resected are most likely to
remain in remission while those that are symptomatic
and larger are difficult to treat and liable for recurrence.
This assumption is nearly matching with these study
results as large (> 7 cm) lesions were more liable to
recur after embolization in contrast to smaller (< 7 cm)
lesions.
With ethanol embolization alone, mostly for cervicofa-

cial AVMs, Do et al. [16] have reported a 68% success
rate (cure and improvement).
In the current study, we did not use the ethanol as an

embolic agent so we cannot judge its effectiveness.
Histoacryl (Glue) was the main embolizing agent in

this study in cases of AVM including cirsoid aneurysms
via trans-arterial approach as onyx was not easily avail-
able as well as its cost is high.
Amran et al. [17] demonstrated that the internal max-

illary artery (IMA), a branch of the external carotid ar-
tery, is the main feeding artery for the JNA.
Routine catheterization of common and external ca-

rotid arteries bilaterally was done as 80% of our cases
had bilateral feeders. The commonest feeders were the
IMA and ascending pharyngeal artery.
Li et al. [18] retrospectively reviewed 21 patients, 11

of whom received preoperative embolization, and
compared them with 10 patients who did not get
embolized. There was a significant difference in sur-
gical blood loss and need for blood transfusions,

Fig. 3 A 39-year-old male patient presented by a large right frontoparietal cirsoid aneuyrsm. a Coronal sections of CTA demonstrating a large
right frontoparietal cirsoid aneuyrsm with MIP and VR images showing the superficial temporal artery as the main feeder. b DSA showing the
cirsoid anueyrsm using the macro-catheter in AP and lateral projections. c DSA showing the cirsoid anueyrsm using the micro-catheter in AP and
lateral projections. d DSA showing glue within the cirsoid anueyrsm which is totally occluded at post-embolization angiogram super-selectively. e
Post-embolization angiogram via the macro- and micro-catheters revealed another active small component, which became more evident after
occlusion of the original large one. f Another DSA image showing the residual active small component (red arrow) in the AP projection. Note the
superiorly related totally occluded original large one (green arrow). g Post-embolization angiogram revealed total occlusion of the residual active
small component as well as the original large one
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favoring the embolization group, and there were no
complications from embolization.
Preoperative JNA embolization was very effective in

the cases of this study as their surgeons admitted signifi-
cant decrease in blood loss and operation time as well as
amount of packed RBCs needed for transfusion espe-
cially in large lesions.
Economopoulos et al. [19] successfully performed pre-

operative embolization via PVA particles (150–300 μm)
and gelfoam in 10 of 11 patients with large carotid body

tumors, achieving adequate tumor devascularization.
Medium-sized PVA particles (300–500 μm) was our ma-
terial of choice in JNA embolization (with/without gel-
foam) which achieved good vessel penetration reaching
the nidus with subsequent complete occlusion.
Alawneh et al. [20] mentioned the most frequent sites

of involvement in scalp AVMs were the frontal, tem-
poral, and parietal regions. The origin of the main feeder
is in the subcutaneous tissue of the scalp which origi-
nates from the ECA where the superficial temporal ar-
tery is most frequently involved one.
At this study, we faced two cases of scalp AVMs with

history of trauma (cirsoid aneurysms) which were at the
parietal and frontal regions. They were supplied by the
superficial temporal artery and effectively embolized by
histoacryl followed by resection.
There were few limitations at this study such as the

high cost of the used materials in embolization proce-
dures, refusal of few patients to embolization after
explaining the possible complications that could happen,
and finally the small number of patients diagnosed with
these lesions who were seeking for medical advice.

Conclusions
Combined CTA and DSA is the cornerstone for man-
aging vascular lesions in the cervicofacial region, which
necessitates a MDT to decide the most beneficial and
least complicated choice for treatment. Endovascular
embolization as a preoperative or a terminal procedure
is currently more feasible and very effective with minor
side effects with more progress in interventional radi-
ology procedures which can adequately solve very chal-
lenging cases.
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Type of the used embolic material

PVA 9 (56.25%)
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