
Abstract

Vascular anomalies are classified into 
vascular tumors (infantile hemangi-
oma) and vascular malformations. 
Vascular malformations are divided 
into slow flow and high flow subtypes. 
Magnetic resonance imaging (MRI) 
and contrast-enhanced dynamic mag-
netic resonance angiography (MRA) 
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both help in classification and the 
assessment of extent and distribu-
tion. Nevertheless, digital subtraction 
angiography (DSA) remains the gold 
standard and is pivotal in the assess-
ment of fine vascular details and 
treatment planning.

Introduction

Most patients with vascular anomalies 
are asymptomatic and do not require 
therapy. Nevertheless, a significant 
number do suffer from pain, swelling, 
functional impairment, or cosmetically 
severe deformity reducing quality 
of life.
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14-year-old male 
with arteriovenous 
malformation in the 
plantar soft tissues 
of the left lateral 
forefoot. Coronal 
STIR (1A) and 
T1-weighted (1B) 
images demonstrate 
a large number of 
prominent arteries 
and arterioles in the 
subcutaneous layer 
with fat interspersed 
within the lesion. 
Dynamic time-
resolved MR angiog-
raphy provides 
excellent depiction 
of hemodynamics of 
this vascular malfor-
mation (1C, D). Note 
the early enhancing 
pattern as well as 
presence of dilated 
or early draining 
veins (as a conse-
quence of arterio-
venous shunting) on 
time-resolved MR 
angiography.
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Vascular anomalies can present as 
a tiny lesion involving only the skin or 
the subcutaneous layer, or as a large 
lesion that involves deeper layers, 
including muscles, bones and even 
multiple other organs. Over the past 
decades, nomenclatures for vascular 
anomalies continued to cause confu-
sion and create obstacles between 
the various medical subspecialities 
involved in the management of these 
patients (pediatricians, dermatolo-
gists, surgeons, interventional radiolo-
gists, angiologists, pathologists, etc.) 
potentially leading to an inaccurate 
diagnosis and mismanagement.

The understanding of vascular malfor-
mations was revolutionized in 1982, 
when Mulliken and Glowacki intro-
duced a classification system for vas-
cular malformations based on the 
 biologic and pathologic features [2]. 
In 1996, the International Society for 
the Study of Vascular Anomalies (ISSVA) 
anticipated a classification that would 
encompass the clinical, histological 
and pathophysiological characteristics 
of vascular anomalies: Hemangiomas 
and vascular malformations. Hemangi-
omas are benign vascular tumors of 
infancy and childhood characterized 
by an initial rapid growth of endothelial 
cells and subsequent slow involution. 
By contrast, vascular malformations 
(VMs) delineate congenital lesions 
formed of dysplastic vascular channels 
without any endothelial proliferation 
or spontaneous regression. VMs are 
usually caused by an arrest of normal 
vascular development and failure of 
resorption of the embryologic primi-
tive vascular elements. 

Compared to hemangiomas, VMs 
 present with a lower overall prevalence 
of 1.5% in the general population [1]. 
They can occur in every part of the 
body, but the most common anatomic 
locations – beside the craniofacial 
manifestations, where 60% of the 
lesions are found – are the pelvis and 
the extremities (flexor muscle of the 
forearm and the quadriceps muscle). 
VMs are already present at birth and 
usually grow proportionally to the child. 
They were further subdivided either 
within their origin (consisting of capil-
lary, venous, arterial, lymphatic and 
fistulous networks) or within their  
flow patterns. In general, capillary, 

lymphatic and venous malformations 
or mixed lesions are classified as  
low-flow malformations, whereas 
any malformation with arterial com-
ponent is classified as high-flow  
malformation, including congenital 
arteriovenous malformations (AVMs), 
arteriovenous fistula (AVF) and 
acquired vascular lesions [2]. Several 
genetic defects responsible for the 
inherited forms of vascular anomalies 
and associated syndromes have been 
identified over the last decade [3].

An accurate classification of the vas-
cular anomalies and the evaluation 
of the full anatomical extent are criti-
cal since the treatment options and 
morbidity are significantly different 
for the various groups of vascular 
malformations.

Diagnosis

MRI and ultrasonography (US) are 
the non-invasive techniques of choice 
for the evaluation of vascular anoma-
lies. US, including Doppler Imaging, 
is primarily used as the initial diag-
nostic tool. It identifies the flow pat-
tern of these vascular anomalies and 
divides them into slow- or high-flow 
lesions. US does not require any seda-
tion of the patient. Because of the 
lack of radiation, high soft-tissue con-
trast, and the capability of dynamic 
contrast-enhanced images to reflect 
the hemodynamic of the anomalies, 
MRI and dynamic contrast-enhanced 
MR-Angiography (MRA) are, along 
with the clinical history and a physical 
examination, decisive in the evalua-
tion of vascular anomalies, especially 
in children. Dynamic MRA enables 
the identification of the extent of 
involvement and provides a pre-pro-
cedural road map. Recent advances 
such as phased-array coils and paral-
lel imaging techniques have made 
faster scanning with high temporal 
resolution possible. T1-weighted turbo 
spin echo (TSE) sequences define 
anatomic location, T2-weighted TSE 
sequences show the flow voids and 
vascular structures, and short tau 
inversion recovery (STIR) sequences 
are very useful in detecting the extent 
of the lesion over a dark background 
of surrounding structures. Further-
more, MRI can be used to distinguish 
vascular tumors from cystic lesions.

In general, evaluation of vascular 
anomalies requires delineation of its 
components: 
(1) Localization, size and tissue 
involvement; 
(2) Origin, orientation and course 
of feeding arteries; and 
(3) Origin, size and course of 
 draining veins.

Within the last few years continuous 
improvement in hard- and software, 
particularly time-resolved MRA, has 
led to increased acceptance as a prac-
tical alternative to DSA for the diag-
nosis and determination of appropriate 
treatment of vascular anomalies. 
Time-resolved MRA can be used accu-
rately to distinguish between the dif-
ferent types of vascular anomalies [4].

MR imaging

Patients with suspected or known 
vascular anomalies were studied using 
a 3D time-resolved MRA, incorporat-
ing Generalized Autocalibrating Par-
tially Parallel Acquisitions (GRAPPA) 
and echo sharing schemes, Time 
Resolved Imaging with Stochastic 
 Trajectories (TWIST). Examinations 
were performed on a 1.5T MR imag-
ing system (MAGNETOM Avanto, 
 Siemens Healthcare, Erlangen, Ger-
many). For signal reception we used 
either a multi-channel phased-array 
surface coil or dedicated flex extrem-
ity coils.

For morphological imaging, all scans 
consisted of T1-weighted as well as 
fat-suppressed T2-weighted images. 
Axial images were obtained by using 
3–6 mm section thickness, 1–2 mm 
intersection spacing, and variable 
fields-of-view depending on the 
region-of-interest. After intravenous 
administration of single dose Gado-
butrol (Gadovist®, Bayer HealthCare, 
Germany), post-contrast images were 
performed in axial and sagittal and/or 
coronal plane. 

Time-resolved MRA 
using TWIST

The TWIST sequence divides the 
k-space into two regions. The central 
region A (low frequencies) defines 
the contrast in the image and the 
peripheral region B (high frequen-
cies) adds detail information in the 
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9-year-old girl with 
recurred clinical 
symptoms caused by 
a hemangioma of the 
left proximal thigh. 
She underwent prior 
sclerotherapy several 
years before. She 
currently suffers from 
local pain and limited 
exercise tolerance. On 
MR images there is no 
involvement of the 
skin or subcutaneous 
tissues. Coronal and 
axial T1-weighted 
(2A, C) and 
T2-weighted STIR 
(2B, D) images show 
a well-defined 
lobulated mass within 
the quadratus femoris 
as well as the gluteus 
maximus muscle. No 
perilesional edema is 
identified. On time-
resolved MR angio-
graphy (2E, F) neither 
early enhancement 
nor arteriovenous 
shunting can be seen.
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images. While region A is completely 
sampled in every measurement itera-
tion, region B is undersampled by a fac-
tor of n (which can be varied by the 
operator). Due to a larger under-sam-
pling factor the time difference for two 
subsequent acquisitions of the central 
region become smaller, which results 
in a higher temporal resolution in A. 
The k-space trajectory within region B 
 follows a spiral pattern in the ky-kz 
plain with every trajectory in B slightly 
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different, depending on the under-
sampling factor n. During reconstruc-
tion, the missing data points in 
region B for a particular time frame 
ti will be copied from the correspond-
ing k-space trajectories in other time 
frames. The following sequence 
parameters were used: repetition 
time (TR) 2.3–3.5 ms, echo-time (TE) 
0.8–1.3 ms (depending on patient 
adjustment), flip angle (FA) 25°, in-
plane resolution 1.1 × 0.8 mm2, slice 

thickness 1–3 mm. In our study we 
used a value of 15% for size A, and 
an under-sampling factor of 25% for 
region B. 

Recently, time-resolved MRA has been 
observed to perform better than con-
ventional MRA in classifying VMs and 
visualization of arterial feeders and 
draining veins [5]. Time-resolved MRA 
may potentially be employed as an 
 initial diagnostic modality for these 

3-year-old boy with macrocystic lymphatic malformation in the right head and neck area. Images show well-defined, multilobu-
lated and septated lesion predominantly involving the subcutaneous tissue. The increased signal intensity in T1-weighted images 
is most likely related to high proteinaceous component. The lesion is highly hyperintense on STIR images; internal fluid-fluid 
levels due to hemorrhage in some of the cysts can be found. Contrast-enhanced images reveal rim and septal enhancement and 
lack of filling of lymph-filled spaces. There was no enhancement on arterial or early venous contrast-enhanced MR angiography 
(not shown).
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Diffuse arteriovenous malformation 
of the right hand soft tissue in a 
9-year-old girl. Clinical photograph 
shows a mass with the cutaneous 
aspect of a vascular anomaly (4A). 
Coronal T2 STIR, T1-weighted as 
well as contrast-enhanced 
T1-weighted images with fat 
suppression (4B) show septated 
mass involving the subcutaneous 
tissue, the muscles and bones of the 
right thumb as well as forefinger. 
Early and late arterial phases during 
dynamic time-resolved MR angiog-
raphy (4C: temp. resolution 2 sec) 
show multiple small prominent 
arteries with a few arterial 
aneurysms.

4

4A

4B

4C



   References
 1 Legiehn GM, Heran MK (2008) Venous 

malformations: classification, devel-
opment, diagnosis and interventional 
radiologic management. Radiol Clin 
North AM 46: 545-597.

 2 Mulliken JB, Glowacki J. (1982) Heman-
giomas and vascular malformations in 
infants and children: a classification based 
on endothelial characteristics. Plast 
Reconstr Surg 69: 412-422.

 3 Duffy K (2010) Genetics and syndroms 
associated with vascular malformations. 
Pediatr Clin North Am 57:1111-1120.

 4 Rinker b. Karp NS, Margiotta M et al 
(2003) The role of magnetic resonance 
imaging in the management of vascular 
malformations of the trunk and the 
extremities. Plast Reconstr Surg 112: 
504-510.

 5 Kramer U, Ernemann U, Fenchel M et al 
(2011) Pretreatment evaluation of 
peripheral vascular malformations using 
low-dose contrast-enhanced time-resolved 
3D MR angiography: initial results in  
22 patients. AJR 196: 702-711.

 6 Lee BB, Laredo J, Lee SJ et al (2007) 
Congenital vascular malformation: 
general diagnostic principle. Phlebology 
22: 253-257.

Contact

Ulrich Kramer, M.D.
University Hospital Tübingen
Department of Diagnostic and  
Interventional Radiology
Hoppe-Seyler-Str. 3
72076 Tübingen
Germany
ulrich.kramer@med.uni-tuebingen.de

MAGNETOM Flash | 2/2014 | www.siemens.com/magnetom-world 65

Vascular Imaging Clinical

lesions. It also appears to be helpful  
in guiding treatment of these lesions  
by determining their extent. The  
drawback of time-resolved MRA is an  
under-estimation of shunt volumes  
in vascular malformations, which can 
be confidently evaluated on DSA.

Discussion

The TWIST technique provides infor-
mation on the hemodynamics of vas-
cular malformations, demonstrating the 
early filling of the lesion during the 
arterial phase of the acquisition as well 
as – if existing – the feeding artery. 
The use of parallel imaging techniques 
in association to the variable rate 
k-space sampling allows a reduction 
of acquisition time, improving the 
temporal resolution while maintaining 
and even improving the spatial resolu-
tion. In our study protocol the tempo-
ral resolution varied from 1.4 to 
4.8 sec/frame and the spatial resolu-
tion ranged from 1.1 × 0.8 × 1.0 mm 
to 1.1 × 1.1 × 3.0 mm.

We used a high acceleration factor of 
3 for parallel imaging in most applica-
tions. Thus, we have been able to 
achieve detailed anatomical and hemo-
dynamic information similar not only 
to conventional high-spatial resolution 
MRA but also to that achieved with DSA, 
but without the risks associated with 
ionizing radiation exposure, iodizing 
contrast agents, or catheterization itself.

Clinical implication

Historically, diagnosis, treatment plan-
ning and follow up of VMs were based 
on ultrasound examination and inva-
sive DSA for confirmation and inter-
ventional guidance. In the last decade 
MRI has become the modality of choice 

for the assessment and precise  
classification [6]. Time-resolved MRA 
allows characterization between VMs 
and their subtypes as well as extent 
of the lesion, tissue involvement and 
flow characteristics.

Conclusion

Vascular anomalies can show a vari-
ety of clinical manifestations. There-
fore it is very important to categorize 
these lesions and to determine their 
extent. MRI and DSA are pivotal in 
the imaging of vascular anomalies. 
The primary role of MRI is to assess the 
extent, distribution and subtype, 
whereas DSA shows promise in delin-
eating the vascular details of com-
plex lesions and in decision-making 
regarding feasibility of sclerotherapy 
or embolization therapy. The under-
standing of clinical behavior and imag-
ing features of vascular anomalies is 
essential in their accurate distinction, 
which might have a direct impact on 
their clinical management. In our 
experience, MR imaging and espe-
cially time-resolved MRA is a highly 
accurate tool for the evaluation of 
vascular anomalies prior to therapy 
decisions and a reasonable alterna-
tive to more invasive DSA.




