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Objectives: In this preliminary report, we describe our experience with time-resolved
imaging of contrast kinetics–MR angiography (TRICKS-MRA) in the assessment of
head–neck vascular anomalies (HNVAs).
Methods: We prospectively studied six consecutive patients with clinically suspected or
diagnosed HNVAs. All of them underwent TRICKS-MRA of the head and neck as part of
the routine for treatment planning. A digital subtraction angiography (DSA) was also
performed.
Results: TRICKS-MRA could be achieved in all cases. Three subjects were treated based on
TRICKS-MRA imaging findings and subsequent DSA examination. In all of them, DSA
confirmed the vascular architecture of HNVAs shown by TRICKS-MRA. In the other three
patients, a close follow up to assess the evolution of the suspected haemangioma was
preferred.
Conclusions: TRICKS sequences add important diagnostic information in cases of HNVAs,
helpful for therapeutic decisions and post-treatment follow up. We recommend TRICKS-
MRA use (if technically possible) as part of routine MRI protocol for HNVAs, representing
a possible alternative imaging tool to conventional DSA.
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Introduction

Head–neck vascular anomalies (HNVAs) are congenital
aberrancies of vascular development; their clinical ap-
pearance depends on their depth and phase of growth.1

The diagnosis of haemangiomas or vascular malfor-
mations is most often a clinical one; imaging plays

a pivotal role in the diagnosis of more challenging cases
and in planning the therapeutic approach that may
consist of pharmacological embolization, sclerotherapy
or surgery.2

Doppler ultrasonography is the first imaging modal-
ity used to characterize maxillofacial superficial lesions
and their haemodynamic conditions; despite this,
Doppler ultrasonography is not able to depict the real
extension and, most importantly, the vascular anatomy
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of complex HNVAs.3 CT may provide further in-
formation by identifying calcifications and in demon-
strating involvement of major vessels after contrast
injection.4 Dynamic CT acquisition during contrast in-
jection might also be acquired, but they use consider-
able X-ray dosages (avoidable especially in young
patients).
MRI and MR angiography (MRA) represent the best

diagnostic tools to demonstrate, respectively, soft-tissue
components and relationships with nearby structures
and to provide useful information on HNVA feeding
vessels.5 Conventional non-contrast MRA techniques,
such as time-of-flight and phase-contrast MRA, as well
as contrast-enhanced MRA, may allow identification of
lesions but they produce static images and cannot detect
smallest vessels.5,6
Time-resolved imaging of contrast kinetics (TRICKS)

is a recently introduced keyhole technique that improves
temporal resolution with respect to contrast-enhanced
MRA technique; by this, one can obtain dynamic
images during the arterial, capillary and venous phases.5–7

Using this sequence, it is possible to acquire three-
dimensional volumes during the passage of gadolinium
(GD), to detect the vascularization of the region of
interest over time, similar to digital subtraction angi-
ography (DSA).8 Previous investigations have dem-
onstrated the advantages of applying this sequence
to visualize vascular lesions, such as peripheral, in-
tracranial, extracranial or head and neck arterovenous
malformations.5–10 All authors have stressed the clinical
importance of TRICKS to verify the haemodynamic
characteristics of lesions, its rapid acquisition and its role
in their therapeutic management. Other studies assessed
an excellent interobserver agreement when comparing
TRICKS to DSA, evaluating extracranial arterovenous
malformations or arteriovenous malformations of head
and neck, their feeding arteries, drainage veins and the
extent of nidus.6,7 DSA is an invasive, relatively ex-
pensive, time consuming technique, with risk of vascu-
lar injury and exposure to ionization.6,7

In this preliminary report, we describe our experience
with TRICKS-MRA to verify its impact on diagnosis
and perioperative management in the primary assess-
ment of HNVAs.

Methods and materials

We prospectively evaluated by means of MRI six con-
secutive patients with clinically suspected or diagnosed
HNVAs. All of them underwent TRICKS-MRA of the
head and neck as part of the routine work for treatment
planning. The institutional ethics committee of Sant’
Andrea Hospital of Rome, Rome, Italy, approved this
work, and informed consent was obtained from the
patients.
Conventional MR examinations were performed by

using a 1.5-T magnet (Signa Excite HD; GE Health-
care, Milwaukee, WI) equipped with surface coil (eight-

channel head array). The following sequences were
acquired: axial fat saturation T1 and T2 weighted
images and coronal T2 weighted images. Standard
contrast medium-based intravenous agents were used
(Gadovist®; Bayer Healthcare Pharmaceuticals, Leverku-
sen, Germany), and axial, sagittal and coronal fat satu-
ration T1 weighted images post-GD were acquired.

The three-dimensional TRICKS parameters were as
follows: repetition time/echo time, 5.4/1.8 ms; flip angle,
45°; field of view (FOV), 28 cm; matrix, 3203 192
pixels; slice thickness, 1.2mm; and bandwidth, 41.67MHz.
A slab of 36–42 partitions was oriented on the sagittal
plane to cover the entire lesion. The temporal resolution
was 3–4 s for each phase (depending on the number of
partitions), and a total of 15 phases were acquired within
2min.

A first phase of three-dimensional data were obtained
prior to injecting the contrast agent and then the scan-
ning of subsequent phases began simultaneously with
the initiation of contrast injection (bolus of GD at a rate
of 3 ml s21 followed by a saline flush of at least 15 ml on
a power injector). Complex subtraction of the pre-
contrast phase (mask) was performed automatically to
maximally suppress signal from background tissues.
Feeding arteries as well as the type of enhancement
(either arterial or venous) were evaluated.

DSA was performed in all patients. To compare DSA
to TRICKS-MRA, both feeding arteries and the type of
enhancement were evaluated.

Results

All patients presented occasional swelling of the cheek,
symptoms increased with Valsalva manoeuvre in Pa-
tient 3 and during mastication in Patient 5. MRI,
TRICKS-MRA and DSA examinations were obtained
in all patients. The site and the type of vascular com-
ponent of HNVAs are reported in Table 1.

In Patient 1 (Figure 1), a deep haemangioma located
between the temporal and masseter muscles on the right
side was suspected; TRICKS and DSA examinations
documented an early arterial enhancement of a small tis-
sue component, while most of the lesion was characterized
by a slower venous enhancement. Only DSA, in a selective
study of maxillary artery, showed a small feeding artery
that reached the vascular lesion. Embolization treatment
was preferred; after 6 months, poor volumetric cyto-
reduction was appreciable. Sclerotherapy was planned.

In Patient 4 (Figure 2), MRI examination revealed
a venous malformation involving the right platysma, close
to the jaw border. After GD, only the deep portion of the
lesion showed enhancement, whereas TRICKS docu-
mented a little area of late enhancement after contrast
medium injection inside the lesion, it was absent in the
early phase of DSA. For this reason, sclerotherapy was
performed; after 10 months, a subtotal regression of lesion
was obtained (confirmed by TRICKS).
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In Patient 5 (Figure 3), MRI documented a suspected
haemangioma with diffuse enhancement post-GD into the
left masseter muscle. TRICKS images demonstrated an
early arterial enhancement in the upper portion of the

lesion, while most of the vascular mass was characterized
by a slow venous enhancement. DSA investigation dem-
onstrated similar results, with a vascular enhancement
located close to the facial artery. The patient underwent

Table 1 The location, vascular enhancement characteristics, treatment (only in three patients) and follow-up conditions of head–neck vascular
anomalies in this study

Patients Location TRICKS Treatment Follow-up
1 Close to the anterior border of the

right masseter
Small component with early arterial
enhancement

Embolization Unchanged

2 Close to the inferior border of the
right masseter

Small component with early arterial
enhancement

– Unchanged

3 Right masseter Late venous enhancement – Unchanged
4 Right platysma close to the border

of the jaw
Late venous enhancement Sclerotherapy No recurrence

after treatment
5 Left masseter Small component with early arterial

enhancement
Embolization1 surgery No recurrence

after treatment
6 Right masseter Small component with early arterial

enhancement
– Unchanged

TRICKS, time-resolved imaging of contrast kinetics.

Figure 1 A 15-year-old girl (Patient 1) with tenderness and occasional swelling of the right cheek of about 1 month duration. MRI examination
shows a mass lesion close to the anterior margin of the right masseter muscle (a–c). Time-resolved imaging of contrast kinetics (TRICKS) images
(d) document a small tissue component with an early arterial enhancement, while the majority of the lesion is characterized by a slow venous
enhancement (arrows). Digital subtraction radiography confirms these findings [selected angiogram of internal maxillary artery, (e)]. In TRICKS
images after embolization (f), the residual component of haemangioma is evident (arrows).
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embolization, but an aesthetic problem was still evident after
embolization, and surgery was performed. Conventional
MRI and TRICKS confirmed total removal of the lesion.
In the other three patients (Patients 2, 3 and 6),

TRICKS showed only delayed, venous enhancement
inside the lesions, all located close to the masseter
muscles. DSA confirmed these data showing very small
feeding arteries with delayed venous enhancement.
Because of these results, a close follow-up to assess the
evolution of the vascular malformations was preferred.

Discussion

In this preliminary report, we demonstrated that
TRICKS-MRA can provide useful information in the
management of patients with HNVAs. The identification
of the vascular pattern by TRICKS-MRA was used,
according to DSA, to plan treatment, considering both
the haemodynamic and the feeding arteries of lesions.

TRICKS-MRA uses an algorithm that improves
temporal resolution, although spatial resolution is

Figure 2 A 44-year-old female (Patient 4) with a right cheek swelling that grew slowly. MRI examination reveals a mass that involves right
platysma, close to the jaw border (a–c, thin arrows). After gadolinium, the mass lesion shows enhancement only in its deepest portion (c, thin
arrow). Time-resolved imaging of contrast kinetics documents a little area of late enhancement after contrast medium injection inside the lesion
(d, thick arrows), absent in early phase of digital subtraction radiography (e). After sclerotherapy, a subtotal regression of lesion is appreciable (f–i).
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decreased. The improvement of temporal resolution
enables clear separation of arterial inflow from venous
drainage, allowing the possibility of acquiring information
concerning contrast material arrival time and flow di-
rection.6 This was confirmed in our study because arterial
or venous phase of enhancement as assessed by TRICKS-
MRA was in agreement with DSA.

Despite this, there is no evidence that TRICKS can
replace DSA. DSA is still indicated for large lesions,
such as arteriovenous malformations, as DSA is able to
identify the arterial pedicles feeding the lesion for
pre-operative embolization, which reduces the risk of per-
ioperative bleeding.11 This information is clearly under-
estimated by TRICKS-MRA.

Not surprisingly, previous investigations assessed
a good interobserver agreement when comparing
TRICKS to DSA.6,7 Higashihara et al7 reported com-
parable findings between TRICKS and DSA examina-
tions in extracranial arteriovenous malformations;

similar results were obtained by Razek et al6 in a recent
study about arteriovenous malformations of head and
neck. The authors assessed that TRICKS-MRA may
reduce the need for routine catheter angiography of
diagnostic purpose especially in children and young
adults.

Recently, some authors demonstrated the possibility
of differentiating HNVAs by maximizing the temporal
enhancement pattern of vessels that TRICKS imaging
so nicely demonstrates.2 The same authors constructed
a “TRICKS enhancement pattern” useful to differenti-
ate HNVAs. As reported, haemangiomas, different
from venous malformations with late enhancement,
showed early arterial enhancement without the evidence
of a dilated draining vein.2

In our experience, a similar behaviour was apprecia-
ble in HNVAs studied with TRICKS and DSA ex-
aminations. The low spatial resolution of TRICKS did
not allow demonstration of small feeding arteries, as

Figure 3 A 28-year-old girl (Patient 5) with painful mastication in the presence of a tumefaction on the left cheek. MRI shows an oval lesion with
diffuse enhancement post-gadolinium (a–c). (I–III) Time-resolved imaging of contrast kinetics (TRICKS) images demonstrate an early arterial
enhancement (thick arrows), while the majority of the lesion is characterized by a slow venous enhancement (thin arrows). These findings are
confirmed by digital subtraction radiography (*). Post-operative imaging (d, e) shows total removal of the vascular lesion, confirmed by TRICKS
images (IV–VI).
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reported in Patient 1. Despite this, TRICKS was able to
describe the different vascular enhancements in all
cases; thus providing pivotal information for the treat-
ment planning. In those cases in which follow up was
preferred, DSA and TRICKS results were comparable,
showing a similar pattern of enhancement. The same
was true also in Patients 4 and 5. Based on these results,
one could argue that DSA could be avoided when
TRICKS shows slow filling of HNVA.
Many treatments of the HNVAs (cryotherapy, radia-

tion therapy, sclerotizing agents, blood vessel ligation,
embolization and surgical removal) should be individual-
ized based on tumour location, size, depth of tissue inva-
sion, accessibility, patient age and cosmetic appearance.11

Although rarely performed, surgery may be necessary
for patients with large HNVAs. Possible bleeding,
neural injury or post-operative facial nerve dysfunction
are factors limiting surgical approaches.12 In cases of
large lesions, surgical excision is usually performed after
pre-operative embolization using an intraoral approach
(if possible);13,14 administration of sclerotizing agents

alone can be used in cases of small lesions and can be
eventually followed by surgery in lesions that do not
show complete resolution.15 In these cases, the use of
more invasive imaging modalities, such as DSA,
could be avoided.

Another potential diagnostic contribution provided
by TRICKS could be the follow-up evaluation of
lesions after treatment. Although this was demonstrated
only in three cases, and not being the aim of our study,
it is likely that TRICKS could evaluate HNVAs after
treatment better than post-GD images.

The small number of cases is the main limitation of
our work. We hope that further studies could confirm
our result, narrowing the indication of the more costly
and invasive DSA to selected cases.

In conclusion, TRICKS-MRA adds important di-
agnostic information in cases of maxillofacial hae-
mangiomas, helpful for therapeutic decisions and follow
up. We think that TRICKS-MRA should be part of
routine MRI protocol for HNVAs, before DSA acqui-
sition, with the hope to avoid DSA when possible.
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