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45 Key Concepts
55 Nomenclature and classification are 

critical in understanding the different 
pathologies and communicating with 
colleagues.

55 The pathogenesis of the majority of 
the vascular tumours and malforma-
tions is poorly understood.

55 As a result of the poor understanding 
of the basic pathogenesis of these 
conditions, the management of the 
majority of these lesions is relatively 
crude with non-specific endovascular 
procedures (embolization, sclerother-
apy) or surgical (excision, debulking) 
forming the mainstay of management 
options.

45.1	 �Introduction

When considering the pathogenesis, presentation, 
investigation and management of vascular 
tumours and anomalies, the use of accurate termi-
nology and of a classification system is critical. 
Any classification system should be continually 
reviewed and renewed to ensure that it remains 
appropriate and fit for purpose. An ideal classifica-
tion takes into account the pathogenesis and clini-
cal presentation and then acts as a guide to the 
clinical management of conditions. Historically 
the classification and nomenclature used for these 
conditions have caused significant confusion, with 
different specialists using different names for the 
same condition and conversely the same name for 
different conditions [1]. This proliferation of 
names also gives the erroneous impression that 
the conditions they describe are fully understood 
and that there is a vast knowledge base underpin-
ning the nomenclature. In 1998 a more rational 
and clinical approach was taken by the 
International Society for the Study of Vascular 
Anomalies [2]. This classification system divides 
vascular malformations into tumours and vascu-
lar malformations  – the key pathophysiological 
feature differentiation between the two categories 
being that the tumours have abnormal endothelial 
cell turnover and the malformations have normal 
rates of cell turnover (in the undisturbed state).

The most common vascular tumour is the 
infantile haemangioma – in fact it is the commonest 

tumour of childhood. All other vascular tumours 
are rare by comparison.

Vascular malformations are subclassified by 
their primary tissue of origin (capillary, venous, 
arterial, lymphatic or mixed) and by the rate of 
blood flow through the lesion into low flow or 
high flow [3].

45.2	 �Infantile Haemangiomas

Infantile haemangiomas are the most common 
childhood tumours with an incidence reported to 
range from 1% to 10% [4–6]. There is an association 
between low birth weight and haemangioma [5].

Most studies show that head and neck lesions 
predominate; however an excellent well-powered 
study of a Dutch population suggests that truncal 
lesions are more common [6].

45.2.1	 �Natural History

Whilst the majority of tumours are cutaneous 
(.  Fig. 45.1), they can occur at any site or depth of 
tissue. The deeply placed lesions may remain 
occult or only be discovered incidentally but may 
present (particularly if they are large) with com-
plications associated with or caused by the tumour 
[7]. It is unusual for an infant to present with vis-
ceral lesions in the absence of cutaneous lesions, 
and likewise the presence of five or more cutane-
ous lesions should prompt examination and 
investigation for deep lesions [8].

With regard to cutaneous infantile haemangi-
omas, around 30–40% are obvious at birth [9]. A 
small herald lesion – a blanched area – or other 
precursor lesions may be apparent at birth or 
soon after, and the majority become apparent by 
the 3rd and 4th week [6]. After its initial appear-
ance, the lesion enters a proliferative phase of 
rapid neonatal growth reaching 80% of its maxi-
mum size by 5 months with growth levelling off 
between 10 and 12 months [10].

It is during the proliferative phase that most 
complications occur. Depending on size and site, 
ulceration, bleeding, obstruction (airway, eye, ear 
canal), skeletal disproportion and high-output 
cardiac failure can all occur. Once the prolifera-
tive phase has reached its maximum, the lesion 
enters a second, slower, involuting phase. Whilst 
they are considered as two distinct phases, there 
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is, in actuality, a gradual change from one to the 
other with a degree of overlap. This second phase 
lasts, on average, until around the age of 7 years 
with 70% having completely resolved by this point 
[11]. There is no correlation between the size of 
the original lesion or the age of onset and the 
degree of resolution [10]. Classification: The 
straightforward infantile haemangiomas are 
probably best classified as solitary (focal), multi-
ple (multifocal) or territorial (regional).

Management: Diagnosis is usually made on 
clinical grounds, but if there is doubt, biopsy can 
be useful (though excessive bleeding is a risk). 
Histopathologically, infantile haemangiomas are 
characterised during the proliferative and invo-
luting phases by the presence of the GLUT1 
marker (erythrocyte-type glucose transporter 
enzyme 1) [12].

Active intervention is rarely indicated but may 
be required in cases presenting with (1) high-
output cardiac failure; (2) airway obstruction in 
cases of tracheal, laryngeal tongue base, oral or 
nasal tumours and obstruction of vision (to pre-
vent the development of amblyopia); and (3) 
ulcerated, painful and bleeding lesions and in 
some cases for cosmetic reasons [13].

Interestingly, it has been found that haeman-
giomas produce an enzyme (3 iodothyronine 
deiodinase) that breaks down normal thyroxine 
and can therefore lead to hypothyroidism. This is 
only reaches significance in large lesions, and for 
this reason routine measurement of TSH and thy-
roxine levels is suggested for patients with large 
lesions [13].

If active treatment is indicated, primarily for 
functional problems, there are a number of sys-
temic and local interventions that are helpful. 
Systemic treatments with corticosteroids, beta 
blockers, interferon or vincristine have been used. 
Generally different centres will use either steroids 
or propranolol (with propranolol being most effi-
cacious if administered in the 1st year of life) as a 
first-line treatment reserving interferon and 
interferon for nonresponders [14].

Local interventions include topical beta block-
ers (Timolol) and high-dose topical corticoste-
roids; intralesional treatments include steroids 
and bleomycin.

In refractory cases with limited response, 
embolisation and surgery may be considered [15].

Subtypes: There are two forms of congenital 
haemangioma – rapidly involuting congenital hae-
mangioma (RICH) and non-involuting congenital 
haemangioma (NICH). There are also additional 
rarer lesions that form part of a syndrome [3].

45.3	 �Vascular Tumours

Other than infantile haemangiomas, vascular 
tumours are rare, may be benign or malignant and 
may also have systemic effects such as a consump-
tive coagulopathy (Kasabach-Merritt phenomenon 
[16]). Examples include pyogenic granuloma, 
Kaposiform haemangioendothelioma, Tufted angi-
oma and angiosarcoma. Management: Pyogenic 
granulomas can usually be treated with limited  
surgical intervention with either shaving or local 

.      . Fig. 45.1  Typical 
haemangioma just 
beginning to involute with 
grey flecks visible in the 
centre of lesion
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excision although satellite lesions may form follow-
ing excision (rarely). The more aggressive tumours 
are usually treated with a combination of surgery 
and chemotherapy.

45.4	 �Vascular Malformations

45.4.1	 �Capillary Malformations (and 
Other Superficial Lesions)

This collection of conditions, variously known 
previously as port wine stains, capillary haeman-
giomas and/or naevus flammeus, are relatively 
common. For practical purposes they can be 
divided into:
	1.	 Common (cutaneous) types, Sturge-Weber 

syndrome, megalencephaly-capillary malfor-
mation

	2.	 Hyperkeratotic lesions (e.g. verrucous 
haemangioma, angiokeratoma)

	3.	 Telangiectasias (spider angioma, Campbell 
De Morgan spots, hereditary haemorrhagic 
telangiectasia (HHT)) [3]

45.4.1.1  �Epidemiology
The published incidence rates for common cuta-
neous capillary malformations vary from 0.1% to 
2% of newborns. Sex distribution is equal [17].

45.4.1.2  �Natural History
The common cutaneous lesions are usually 
seen at birth though they may be less obvious 
because of anaemia or skin pallor. Whilst some 
lightening may occur during the 1st year of life, 
the majority do not significantly change in 
colour with development. In adulthood they 
often darken, and the overlying skin may 
thicken and take on a cobblestone appearance. 
This can lead to significant progressive disfig-
urement [17].

45.4.1.3  �Classification
The common cutaneous lesions can occur at any 
site. When they occur in the head and neck, they 
may follow one or more of the dermatomes sup-
plied by the three sensory divisions of the trigem-
inal nerve and can be associated with overgrowth 
of the underlying skeleton and soft tissues [18].

Sturge-Weber syndrome is probably the best 
known syndromic form of a capillary malforma-
tion. This is a triad of a capillary malformation 
affecting the upper face (usually unilateral), vascu-
lar anomalies of the meninges and ocular choroid. 
Two of these features are necessary to make the 
diagnosis. As the lesions progress with age, bony 
overgrowth, coupled with the darkening and 
thickening of the cutaneous lesions, can result in 
significant facial disfigurement. The meningeal 
vessels are enlarged and tortious, whilst the corti-
cal vessels are hypoplastic. This leads to cerebral 
atrophy with subcortical calcifications. The cal-
varium can become thickened as part of the overall 
overgrowth phenomenon. Seizure activity is com-
mon, and whilst neurological impairment is not an 
inevitable result of the syndrome, where seizures 
are severe or intractable, impairment can occur 
[19]. The ocular lesions include ectatic vessels in 
the sclera, conjunctiva, retina or choroid, and 
glaucoma can ensue in around 60% of cases [20].

Megalencephaly-capillary malformation is a 
condition with capillary malformations typically 
affecting the midline of the face (forehead or 
upper lip) in association with megalencephaly. 
Hemihypertrophy may also occur and there is an 
associated increase in risk of Wilms tumour [21].

A proportion of capillary lesions are thickened 
and are thought to be of a different subtype – this 
subtype has not been fully studied or classified, 
and they can be termed verrucous haemangio-
mas. They often start as dark capillary stains but 
begin to thicken and roughen in early childhood 
with a well demarcated but irregular margin [22].

Telangiectasias are common lesions of the 
mucous membranes or skin. They are linear, 
punctate or stellate dilated small vessels.

Spider Telangiectasias: Characterised by a 
central arteriole with radiating small vessel in a 
starburst akin to the legs of a spider (hence spider 
naevus). These lesions usually appear in infants 
and the majority disappear after puberty. 
Acquired lesions are seen in pregnancy and 
hepatic failure. This points to the role of oestro-
gen in the genesis of these lesions – liver failure 
leads to the reduced breakdown of oestrogen and 
thus its increase in the systemic circulation as 
happens naturally in pregnancy. Diagnosis can be 
confirmed by central compression and then 
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release – this leads to initial blanching followed 
by radial blushing [23].

Campbell De Morgan spots are common lesions 
seen in the ageing population and are thought to be 
harmless. Whilst there are reports of their associa-
tion with systemic disease, there is no convincing 
supporting evidence for this. The lesions themselves 
are 2–5 mm in diameter, smooth and elevated from 
the underlying skin, and they may become pedun-
culated. They are non-pulsatile and there is typically 
a surrounding halo of pallor [23].

Hereditary haemorrhagic telangiectasia (HHT) 
is a more serious condition with the potential for 
significant, life-threatening bleeding. It is inherited 
in an autosomal dominant pattern and a number of 
mutations have been identified. The telangiectasia 
may occur at any site; commonly in the mucous 
membranes, GI tract, cutaneous, visceral or cere-
brally. The lesions are arteriovenous malformations, 
and the condition is also known as Rendu-Osler-
Weber syndrome. The presentation and symptom-
atology are highly variable, and the diagnosis is 
confirmed clinically with three out of four fea-
tures – multiple telangiectasias, spontaneous recur-
rent epistaxis, visceral lesions and an affected 
first-degree relative [24].

45.4.1.4  �Management
The management of this diverse group of con-
ditions is highly dependent on the condition, 
and its effects and an accurate diagnosis are 
necessary to minimise the adverse effects of the 
condition.

Simple, non-syndromic capillary malforma-
tions are managed to minimise the resultant 
deformity. The available treatment options include 
laser treatment and/or surgery. Surgical excision 
is reserved for small lesions where primary clo-
sure would be achievable or in more severe cases 
where there is a necessity the lesion can be excised 
and the skin resurfaced utilising skin grafts or free 
tissue transfer techniques [25]. Laser treatment is 
the most common form of treatment, and a pulsed 
dye laser is the first-line choice of device. The 
principle of treatment is to cause photocoagula-
tion whilst minimising surrounding tissue dam-
age and hence reducing scarring. Laser treatment 
necessitates a trial patch to evaluate the response; 
multiple treatments are usually necessary, and 

whilst lightening of the lesion is common, com-
plete elimination is not the norm, and other types 
of laser are often tried to improve the result [26]. 
Where overgrowth occurs, particularly of the 
facial skeleton, corrective orthognathic surgery 
can be performed in a conventional way; however, 
if the cutaneous lesion remains, it is probable that 
the skeletal overgrowth will recur, even in adult-
hood after the completion of normal growth [27].

45.4.2	 �Lymphatic Malformations

The commonest form of lymphatic malformation is 
a disorder of lymphatic vessels or nodes leading to 
the accumulation of extravascular (extralymphatic) 
fluid known as lymphoedema. Abnormalities of the 
central lymphatic system (primarily the thoracic 
duct and its tributaries) are rare but can occur [28]. 
The formation of mass lesions of lymphatic vessels 
coalescing into larger fluid-filled cavities (macro-
cysts) or smaller microcysts leads to the lesions vari-
ously known as lymphatic malformations, 
lymphangioma and cystic hygroma (seen in the 
neck). The most apt term for these lesions is lym-
phatic malformation with division into macrocystic, 
microcystic or mixed, where both microcysts and 
macrocysts can occur together. The division between 
the two types is rather arbitrary, but cysts that can be 
aspirated are termed macrocystic – those too small 
for this are termed microcystic [3]. This pragmatic 
approach is useful as the macrocystic lesions are 
more amenable to treatment with sclerotherapy.

Lymphatic malformations can occur any-
where with the exception of the central nervous 
system where there is no lymphatic tissue. They 
occur most commonly in the neck and other sites 
where there are major lymphatic vessels such as 
the groin and retroperitoneal region.

Epidemiology: The exact incidence of lym-
phatic malformations is not known, but the litera-
ture estimates it to be around 1–5/10,000 live 
births [29].

45.4.2.1  �Natural History
Larger lesions are often diagnosed antenatally; 
however others may not manifest until later on 
in life. Rarely the lesions are so large as to pres-
ent airway or other obstructive symptoms, but 
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the majority are asymptomatic [30]. Gradual 
growth in step with the child’s growth is the 
norm; however superimposed on this are rela-
tively rapid fluctuations in size that can be 
caused by posture, constriction and concomi-
tant infections.

45.4.2.2  �Management
Lymphatic malformations causing airway embar-
rassment need early intervention, and emergency 
tracheostomy may be necessary (for instance, in 
large cervical lesions). Once the diagnosis has 
been made, usually on MRI scanning [31], the 
options are for surgical debulking and/or sclero-
therapy. The macrocystic lesions respond better to 
sclerotherapy than the microcystic lesions, but 
sclerotherapy can be tried for both types. 
Sclerotherapy involves the direct puncture of the 
lesion, aspiration of the lymphatic fluid and then 
instillation of the sclerosant agent usually under 
ultrasound or x-ray control. The sclerosant agent 
then causes an inflammatory response leading to 
fibrosis and scarring, hence reducing the size of 
the lesion. Surgery is reserved for debulking large 
lesions or those causing other adverse effects [28]. 
The timing of surgery is determined by the prob-
lems that the lesion is causing and the risks of 
intervention must be balanced against the poten-
tial benefits. The use of surgical coblation tech-
niques is useful in reducing the complications of 
surgery [32].

In later life as the child grows, lymphatic mal-
formations often become swollen and tense with 
concomitant infections, and this enlargement 
may lead to complications; these acute inflamma-
tory episodes may require urgent treatment that 
can include respiratory support, antibiotics and/
or steroids. In the longer term, it is thought that 
these infective episodes create an inflammatory 
response and can act as a form of sclerotherapy, 
shrinking the lesion [33].

In the vast majority of cases, cure is not pos-
sible and would only be accomplished with a 
complete surgical resection which often necessi-
tates extensive damage to surrounding tissues. 
This collateral damage, particularly in the head 
and neck, would be debilitating or disfiguring. 
Furthermore, the margins between normal and 
affected tissues are not clearly defined increasing 
the risk of incomplete excision [34].

For these reasons the management of all but 
the smallest lymphatic malformations is in the 
main, supportive with active interventions tar-
geted at specific symptoms with clear and well-
defined objectives. A staging system proposed by 
de Serres et al. suggests a guide to when interven-
tion is indicated [30]. Sclerotherapy with bleomy-
cin, sodium tetradecyl sulphate or OK432 
(Picibanil, lyophilized mixture of Group A strep-
tococcus pyogenes) as well as other agents have 
been utilised [28].

45.4.3	 �Venous Malformations

Classification: Venous malformations may be 
either (i) anomalous anatomic veins or (ii) venous 
anomalies that are separate from named venous 
branches [3]. This chapter will only discuss the 
second category.

45.4.3.1  �Epidemiology
These lesions are relatively common with 1–4% 
of the population. There is equal sex distribu-
tion [29].

45.4.3.2  �Natural History
Slow-flow venous malformations are present at 
birth, but not all of them are clinically apparent. 
They tend to grow in proportion as the child 
grows; however they can respond to hormonal 
changes such as puberty or pregnancy, and growth 
may be accelerated during these periods [35]. In 
addition the lesions expand when venous pres-
sure is increased such as during a Valsalva 
manoeuvre or when the lesion is dependent. 
Recurrent episodes of increased venous pressure 
can lead to stretching of the walls of the venous 
cavities, and this can also result in enlargement 
[36]. Calcification of stagnant blood within the 
venous cavities results in the formation of phlebo-
liths; these can vary in size and are often palpable 
and visible on radiological investigations [37].

Symptoms can vary – most are painless – but 
some discomfort or pain can occur particularly 
after interventions that may cause a consumptive 
coagulopathy. If pain is a significant symptom, 
low-dose aspirin may be of use [38]. Troublesome 
bleeding is not usually an issue; even after signifi-
cant traumatic injuries, haemorrhage can be  
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controlled easily with pressure, reflecting the 
slow-flow nature of the lesions. The lesions can 
occur in any organ or location, but cutaneous 
sites are the most common (.  Figs.  45.1 and 
45.2). These lesions, similar to capillary malfor-
mations, can cause overgrowth of the underlying 
tissues, including the bone. This can result in 
limb and extremity size discrepancies as well as 
skeletal and occlusal abnormalities in the head 
and neck region [39].

Central nervous system lesions can also occur, 
and their effect at these critical sites can range 
from being entirely asymptomatic to devastating 
should haemorrhage occur [40].

45.4.3.3  �Management
The management of each particular lesion 
depends on its site and effects, but in general if 
the lesion is small and accessible, complete 
excision will result in cure. This approach is 

rarely possible as most lesions are too large, 
with indistinct margins to allow for reliable 
excision without extensive disfigurement or 
debilitating damage to surrounding structures. 
The main objectives in treatment are to miti-
gate the effects of the lesion and achieve this 
with as little collateral damage as possible. The 
mainstay of treatment is sclerotherapy with one 
or more of a variety of different agents includ-
ing bleomycin, sodium tetradecyl sulphate and 
absolute alcohol. These interventional radiol-
ogy techniques may be augmented with surgi-
cal manoeuvres to maximise the effect of the 
irritant agent by compressing or compartmen-
talising the lesion; this also has the effect of 
minimising the rapid systemic distribution of 
the sclerosant agent [41]. Surgical resection of 
anatomically amenable lesions has a role; how-
ever these procedures often are debulking pro-
cedures rather than truly curative resections. 
Nonetheless, debulking can often lead to  
significant improvement in symptoms, defor-
mity and quality of life and should not be dis-
counted completely.

45.4.4	 �Arterial Malformations

In these lesions an abnormal communication 
forms between arteries and veins. These may be 
congenital or acquired, either in accidental 
trauma or intentionally as a surgical procedure 
(for venous access in dialysis patients). In 
congenital lesions, there are often multiple 
connections between the arterial and venous sys-
tem. Whatever the cause of the abnormal 
connection(s), the effects are similar. The flow 
through the arteriovenous malformation (AVM) 
increases. This shunting from high pressure to 
low pressure has several effects – the blood flow 
distant to the lesion reduces as more blood is 
diverted to the low resistance system, a proximal 
collateral arterial supply develops, and then this 
can lead to reverse flow in the artery immediately 
distant to the AVM. This in turn reduces the flow 
to the distal portion and can lead to ischaemia. 
The veins are thus subjected to abnormal high 
pressures and respond by becoming thickened 
and “arterialised”. The abnormal flow results in 

.      . Fig. 45.2  Large multiple venous slow-flow vascular 
malformations affecting the tongue, lips and right orbit
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high turbulence, and hence a bruit is often heard 
and thrill palpated [42]. In very large AVMs, the 
increased blood flow can result in high-output 
cardiac failure [43].

45.4.4.1  �Natural History
The AVMs usually inextricably enlarge with time, 
and many seem very sensitive to hormonal 
changes. Schobinger has staged the progression of 
AVMs (though it was Mulliken who published 
this classification): Stage I, Stage II, Stage III and 
Stage IV.

Stage I: Quiescent – cutaneous warmth and 
blush, Stage II: Expansion – bruit, pain, Stage III: 
Destruction  – ulceration, bleeding, infection, 
Stage IV: Decompensation – hight output cardiac 
failure [43].

Bleeding from AVMs due to ulceration, infec-
tion or trauma can be torrential and life threaten-
ing. As the lesions enlarge, the recruitment of 
additional feeding vessels and draining veins 
increases the local damage they incur, and their 
adverse systemic effects progress [43].

45.4.4.2  �Epidemiology
There is very little reliable data on the incidence 
or prevalence of extracranial AVMs. But in case 
series of all vascular malformations, they repre-
sent a small proportion (approximately 5%) of 
cases seen [44].

45.4.4.3  �Classification
AVMs may be solitary, multiple and/or part of a 
syndrome. Intracranial AVMs are discussed 
below.

45.4.4.4  �Management
As a result of the potentially serious consequences 
of progressive growth and worsening of AVMs, 
active intervention is recommended for virtually 
all lesions. The most successful treatments usually 
follow complete resection of the lesion; this is 
often difficult without the use of preoperative 
embolization techniques and intraoperative 
bleeding and in their absence can often be cata-
strophic. Embolisation techniques can be utilised 
in isolation, but this approach, without excision of 
the nidus, risks the development of additional 
supplying arteries that may not be amenable to 
further embolisation [45]. Some lesions because 
of their location or size are not resectable, and 
treatment with repeated embolisation procedures 
may be necessary to palliate the effects of inoper-
able lesions (.  Fig. 45.3). In terms of surgery, it is 
often helpful to consider their resection akin to 
the resection of a malignant tumour. In many 
cases resection leads to both functional and  
cosmetic deformities that present significant 
ongoing challenges.

Embolisation can be achieved with a variety of 
intravascular techniques and materials. These 

.      . Fig. 45.3  Angiogram showing extensive fast-flow arteriovenous malformation in the left neck and upper thorax 
primarily supplied by left external carotid artery and left subclavian arteries
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techniques include intravascular access either to 
the arterial or venous side of the lesion (or both) 
and or direct puncture of the lesion. The materials 
used for embolization can be aimed at occluding 
the vessel by causing the blood to clot or by 
mechanically obstructing the vessel, and the effect 
may be temporary (used pre-surgically) or per-
manent. Alternatives include absorbable materi-
als such as Gelfoam, nonabsorbable materials 
such as gelatin-acrylic spheres, liquid agents that 
solidify such as cyanoacrylate (Superglue), Onyx 
(ethylene vinyl copolymer dissolved in dimethyl 
sulfoxide) and PHIL (precipitating hydrophobic 
injectable liquid). A variety of mechanical devices 
are also used, coils, detachable balloons and 
coated metal coils (to induce thrombosis), and the 
use of combinations of devices and agents is com-
mon [46]. Ethanol can also be used to act as a 
sclerosant in AVMs.

45.5	 �Intracranial Vascular 
Malformations

Vascular malformations of the central nervous 
system are a heterogenous group of disorders and 
occur from morphogenetic areas affecting arteries 
veins or a combination of vessels. There may be 
classified histopathologically into arteriovenous 
malformations venous angioma, capillary telangi-
ectasia and cavernous malformation. They may 
also be classified functionally into those with AV 
shunting (AVM, dural AV fistula and vein of 
Galen VOG malformation) and those without AV 
shunting (venous angioma, capillary telangiecta-
sia, cavernous malformation and sinus pericra-
nii). They may occur in isolation or be associated 
with syndromes.

45.5.1	 �Arteriovenous Malformation

Most arteriovenous malformations are parenchy-
mal lesions (pial AVM); they are usually congenital 
and supratentorial in 85%. It is unusual for them to 
be multiple (<2%), but this may be the case when 
they are associated with syndromes such as HHT, 
Sturge-Weber or Woburn-Mason [47, 48].

Pathologically the surrounding brain paren-
chyma shows signs of haemorrhage with gliosis 

and ischaemic changes. Typically they present in 
the second to fourth decade of life and may pres-
ent with haemorrhage, seizures or focal neuro-
logical deficit due to steal from adjacent areas or 
mass affect. They are associated with a cumulative 
lifelong risk of haemorrhage of 2–4% every year. 
Spontaneous regression of these lesions does 
occur but is exceptionally rare [49]. As in the 
management of cutaneous avms in order to effect 
a cure, complete obliteration of the nidus is 
required. Treatment options include endovascu-
lar embolisation followed by surgery or stereotac-
tic radiosurgery. All but the smallest AVMs 
require multiple modality treatment, and the 
more complex may be incurable [50, 51].

45.5.2	 �Dural AV Fistula

Thought to occur after sinus thrombosis due to 
increased angiogenesis, dAVFs may vary vastly 
in size although multiple lesions are uncommon. 
They mostly affect adults (4060), and their pre-
senting complaint depends on the sinus affected, 
e.g. transverse sinus/sigmoid sinus will result in 
a bruit and tinnitus and cavernous sinus (carotid 
cavernous fistula) results in pulsatile proptosis, 
chemosis and orbital pain. Lesions which have 
cortical venous drainage result in seizures 
dementia and progressive neurological deficit. 
The majority (>90%) follow a benign course; 
however malignant dAVFs have an aggressive 
clinical course with haemorrhage and neuro-
logical deficit as do multiple dAVFs. If the 
patient is not at risk of immediate haemorrhage, 
treatment may be conservative with observation 
with or without carotid compression. If they are 
at risk of haemorrhage, treatment is with emboli-
sation of the arterial components or surgical 
resection of the involved dural venous sinus. In 
addition stereotactic radiosurgery can be used 
for these lesions [52].

45.5.3	 �Vein of Galen Aneurysmal 
Malformation

The embryonic precursor of the vein of Galen is a 
single transient midline vein known as the median 
prosencephalic vein and if this persists can result 
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in a direct AV fistula between the deep choroidal 
arteries and its remnant. It is rare in adults; how-
ever in symptomatic children, it may present in 
the neonatal period with high-output cardiac fail-
ure and a cranial bruit. In older children with 
macrocrania, hydrocephalus, developmental 
delay and seizures to headaches. If untreated, it 
may result in progressive brain damage, intracta-
ble cardiac failure and death. Treatment is aimed 
at control of the lesion in order to allow normal 
brain development; this is achieved with staged 
arterial embolisation at 4–5 months [53].

45.5.4	 �Cavernous Malformation

These lesions may be inherited or acquired and are 
formed of angiogenically immature blood-filled 
locules called caverns. They do not contain brain 
parenchyma; the adjacent parenchyma shows 
reactive changes. 2/3 are solitary, and they typi-
cally present at 40–60 years with seizure headache 
and focal neurological deficit. They have a haem-
orrhage risk of around 0.5% per year. If symptom-
atic, they may be resected microsurgically or 
steriotactically if surgically inaccessible [54].

45.5.5	 �Capillary Telangiectasia

These lesions are usually asymptomatic and  
discovered incidentally on brain imaging. They 
represent a collection of engorged thin-walled 
vessels surrounded by normal brain parenchyma; 
they are most likely congenital and do not gener-
ally require treatment [55].

45.5.6	 �Sinus Pericranii

Transcalvarial communication between the intra 
and extracranial venous drainage systems is mostly 
congenital. These are rare and typically present in 
children and young adults with a non-tender,  

non-pulsatile, blue, compressible scalp mass which 
increases in size on Valsalva manoeuvre and 
reduce in size on standing up. The extracranial 
component may be removed for cosmesis [56].

45.6	 �Genetics of Vascular 
Malformations

As the understanding of genetics increases, the 
number of vascular lesions that have their genetic 
causes grows. When considering Mendelian 
inheritance, there are examples of each type  – 
sporadic, X-linked, autosomal dominant, reces-
sive  – and as the relevant molecular pathway is 
identified, the opportunity for targeted therapeu-
tic interventions becomes possible. This would 
allow a move away from mechanical and surgical 
interventions to targeted drug therapies. Taking 
hereditary haemorrhagic telangiectasia (HTT) as 
an example, this is an autosomal dominant condi-
tion, the locus of the mutation is 9q33–34, and the 
transforming growth factor β (TGFβ) receptor is 
the abnormal protein. This opens up the possibil-
ity of understanding the abnormality and testing 
candidate therapeutic interventions in an animal 
model [57].

�Conclusions and Clinical Perspectives
Vascular tumours and malformations are a diverse 
and complex group of conditions that can have 
major life limiting or altering effects on a wide 
group of patients and their families. These 
patients present to specialists of many disciplines 
and management often involves multidisciplinary 
care. At present surgery still has a significant role 
in the treatment, but its role is diminishing, and 
interventional radiology techniques and novel 
pharmacological interventions are increasing in 
importance. .  Table  45.1 outlines some of the 
more recent developments in the understanding 
of the biochemical basis of many of the condi-
tions, their significance and potential therapeutic 
interventions.
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