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If you’re reading this, chances are good that you’re knowledgeable on vascu-
lar lesions and their different forms. Maybe this is because you’re a surgeon, 
or studying to be a surgeon, or maybe just because you’re highly interested in 
or invested in the subject. Whatever the reason is, I’m going to assume that 
your knowledge on the subject is already superior to mine, so I’m not going 
to attempt to use medical jargon or to pretend that my understanding of vas-
cular lesions is greater than it actually is. Instead, I’m going to give you 
something that I’m more familiar with, the perspective of a patient.

Let me introduce myself. My name is Marissa, I’m 23 years old, and I’ve 
been a patient of the vascular lesions medical field more times than I can 
count on my two hands. I was diagnosed with microcystic lymphangioma of 
the tongue when I was about 2 years old. Since then I’ve undergone sclero-
therapy, multiple reduction surgeries, laser ablations, and bleomycin injec-
tions. These procedures have taken place in the United States spanning from 
West Coast to East Coast, providing me the good fortune to meet and be 
helped by a collection of surgeons and their staff. I was asked to write this 
foreword to help elucidate the thoughts of a patient by taking into account my 
myriad interactions with doctors. As a patient, I’ve had good doctors and I’ve 
had great doctors, the following discussion outlines some actions that I 
believe sets the two apart.

Be Personable It’s a common stereotype that doctors are too impersonal, 
too clinical. With the sheer number of patients a doctor sees in a day it seems 
like this would be an easy persona to adopt, but for a patient that one interac-
tion with the doctor is likely all that they have. An introduction, asking the 
patient their name, and offering a handshake all go a long way in the initial 
establishment of the doctor–patient relationship. Because, as patients we 
want to be helped by our doctor, but on a more basic human level we also 
want a relationship with our doctor. We want to trust our doctor, to feel that 
they care about us not only as a patient but also as a regular person. The initial 
meeting between doctor and patient is important, but the continuation and 
development of that relationship is what really builds the connection. Some 
key elements of this include remembering the patient’s preferred name, ask-
ing about their life outside the medical sphere, and checking-in at the patient’s 
bedside after a procedure.

Patient’s Testimony
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Engage with the Patient This is a clear derivative of being personable, but 
I believe it is important enough to warrant its own explanation. Doctors inter-
act with patients every day, providing vital input and information to their 
patients. Just like any human interaction, there are more effective and less 
effective ways of interacting and communicating with patients. The more 
effective methods serve to strengthen the doctor–patient relationship through 
increased trust and sense of connection on the patient’s side, which can be 
gained multiple ways.

Provide the Patient with Undivided Attention No interruptions from phones, 
no typing on the computer, just listening to the patient’s questions, concerns, 
and thoughts on their medical situation. Facing the patient, making eye con-
tact, and giving non-verbal listening cues, like a nod of the head, are great 
indicators to a patient that they’re being listened to and that is what they’re 
saying matters.

Have a Clear, Open Dialogue Rather than talking at a patient, talk with 
them. Give them explanations and answers that are as easy as possible to 
understand, pose questions to them and ask for questions in return. As a 
former patient, I know that the easiest, most comfortable interactions with 
doctors are the ones that feel like a conversation, not a lecture or an 
interrogation.

Dont Rush Out of The door As patients, we realize that doctors are incred-
ibly busy, but it feels quite impersonal to have a few hurried minutes of a 
doctor’s time before they rush off to the next patient. It will most often have 
the effect of making a patient feel frustrated and insignificant. So, please, let 
the conversation and questions take place at a reasonable pace before exiting 
stage left.

Although these actions I discussed may seem basic, I know from personal 
experience that they make a world of difference in the dynamics of the doc-
tor–patient relationship. All the doctors that have helped me were respectable 
and skilled in their own right, but not all of them displayed these actions. The 
one doctor who displayed these actions, who remembered my name, who 
asked about my daily life and family, who made themselves unfailingly avail-
able and open for questions and concerns, that doctor is the one who stands 
head and shoulders above the rest. From a doctor’s perspective, it must be 
easy to recognize that patients need medical counsel, they need prescriptions, 
and they need procedures, but I believe that it’s the great doctors who also 
recognize that patients want to be cared for by someone who cares.

—C. Marissa Shields

Patient’s Testimony
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As the science of vascular anomalies evolves, it is for us, clinicians to pro-
pose management with the understanding that no science is perfect. We have 
seen the dilemma that exists between the two, it needs a good clinician and a 
compliant patient to go ahead with treatment of an anomaly that one has no 
control over. It is not life-threatening, not cancer but is disfiguring. So, we try 
to present an effort at some unique surgical techniques and the science for 
better therapies for vascular lesions.

Our efforts are to ameliorate the suffering.
We would acknowledge the contribution of our colleagues in this effort
Dr Praveen Kumar Pampapati Choudri, MBBS, MDRD, DNBRD
Dr. Advaith Nair MBBS
Dr. Robert Woodwards MD FDS FRCS
Dr. Kishore Nayak FDSRCS FDSRCI
Dr. Basavaraj Ghodke MD
Dr. Rui Fernandes MD DMD FRCS
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History, Terminology, and 
Classifications of Vascular 
Anomalies

Srinivasa R. Chandra and Sanjiv C. Nair

1.1  Introduction

The objective of this chapter is to present a ready 
reckoner for the understanding of the history, inci-
dence and a review of all noted classifications. 
This may provide a comprehensive understanding 
of this group of vascular-related entities.

Majority of the vascular anomalies are seen in 
the head and neck region. Even though the inci-
dence of this anomaly could be construed as a 
rare disease entity, with only 5% of overall afflic-
tion, the lack of knowledgeable management has 
disfigured many. A comprehensive understanding 
of this benign yet complex life-changing entity is 
essential. A historical perspective, pathophysio-
logical evolution, and the current knowledge of 
management modalities are essential for render-
ing clinical care in this subspecialty care.

The core points to consider in vascular 
lesions management -

 1. Majority are benign entities and not “can-
cers.” The high-flow vascular malformations 
can be treated effectively too.

 2. Lesion eradication should not be a piecemeal 
methodology.

 3. There is no one treatment modality that 
would fit every vascular anomaly.

 4. Biopsy of the lesions may not be necessary; 
malformations are more common. Biopsy 
only if you understand the malignant 
behavior.

 5. Vascular anomalies have a” dynamic 
lifecycle.”

 6. Between vascular tumors and malforma-
tions- tumors are more common, but you 
may encounter “malformation” more often 
as they persist and need varied care.

 7. Vascular anomalies are a “group” of differ-
ent entities of varied etiopathological 
which may not share the same treatment 
approaches. The grouping is for logistical 
convenience.

 8. Airway has to be a consideration in manag-
ing head and neck anomalies, especially 
with syndromes and segmental presenta-
tions.

 9. No single susceptible population group has 
been identified.

 10. Patients usually present with multiple earlier 
investigations and interventions.

 11. That is a great potential for molecular and 
genetic research in this field-so consented 
patients could save tissue samples for labora-
tories discovering targeted therapies.
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1.2  History

The first scientifically documented “surgery 
under an ether anesthetic agent” by Morton in 
1846 done in Boston, Massachusetts USA, was 
for excision of a “low flow” vascular malforma-
tion. Rudolph Virchow, in 1863 first categorized 
vascular anomalies by microscopic architectural 
patterns. From earlier use words “Port wine 
stain,” “Angiomas,” etc. Virchow’s attempted an 
acceptable Cellular classification as angioma 
simplex, angioma cavernosum and angioma rac-
emosum. His trainee Wagner further studied lym-
phatic malformations and contributed to the 
understanding of their challenging clinical man-
agement. The further biological classification 
was proposed in 1982 by Mulliken and Glowacki 
[1]. The international collaborative group ISSVA- 
International Society for the Study of Vascular 
Anomalies is a way forward to advance constant 
review of the current and updated science in this 
field. In this rapidly changing understanding of 
the molecular basis of disease, we may need a 
constant redefinition of our comprehension and 
learning.

Classifications for vascular lesions are complex. 
It serves as a means of communication between the 
clinicians. Today, the ISSVA is an umbrella asso-
ciation for the classification of vascular lesions. At 
the broadest level, the ISSVA classifies vascular 
lesions as Vascular Tumors and Vascular 
Malformations (Table 1.1) [2]. Vascular malforma-
tions are structural abnormality that is always pres-
ent at birth but may not become apparent until later 
in life [3]. They include capillary (arteriole and 
venule), venous, arteriovenous, lymphatic, and a 
combination of these vessels. Vascular tumors have 
increased mitotic activity and will appear soon 
after birth, with approximately 30% already appar-
ent at the time of birth [1, 3]. Vascular tumors are 
divided by the ISSVA as benign, locally aggressive 
or borderline, and malignant. Benign tumors 
include hemangiomas. Locally aggressive or bor-
derline tumors include Kaposi Sarcoma and 
hemangioendothelioma. Malignant tumors include 
angiosarcomas and epithelioid hemangioendothe-
lioma. Intraosseous vascular lesions have not been 
classified by the ISSVA. Table 1.1 is a summary of 
individual authors who proposed vascular anomaly 

Year Author Basis of classification
1863 Virchow RLK Microscopic channel 

architecture
1877 Wegener Histomorphic subclassification 

of Virchow’s classification
1973 Degni and coworkers Site of origin of the detect
1974 Malan Embryologic site of origin of 

the defect
1982 Mulliken JB and Glowacki J Endothelial characters
1983 Burrows and colleagues Angiographic flow patterns
1988 International Society for the 

Study of Vascular Anomalies 
(ISSVA), Hamburg

Anatomopathologic 
classification of vascular 
defects (Hamburg 
classification)

1989 Belov Etiologic and pathophysiologic 
classification system

1992 ISSVA, Colorado Cellular features, vascular flow 
characteristics, and clinical 
behavior

1993 Jackson and associates Flow rate
1996 ISSVA, Rome Modified ISSVA classification
2011 S C Nair Anatomical presentation
2014 ISSVA, Melbourne Modified ISSVA classification

Table 1.1 Various classifica-
tions of vascular anomalies

S. R. Chandra and S. C. Nair
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classification and the basis of their effort to differ-
entiate various presentations.

Head and Neck Vascular anomalies can cause 
significant morbidity. There are various misguided 
attempts to treat with the “one size fits all” 
approaches. Chemotherapy, Interferons, chemical 
agents with no long-term outcome reviews have 
disfigured many an individual seeking care.

We have attempted to give you a list of clas-
sifications more for a perspective and the efforts 
which have gone to well-intentioned methods to 
care in Table 1.1 above.

The international Society proposed its fast 
classification in 1988  in Hamburg. In multiple 
meetings have happened in Hamburg, Germany, 
Colorado, USA, and Rome, Italy etc. an ongoing. 
Occasionally the names of the meetings have 
been associated with the classifications (Hamburg 
classification). Multiple societies like the oculo-
plastic association have its own classification of 
vascular anomalies of the orbit.

1.3  Incidence

The overall incidence of vascular lesions is 
around 5% [4]. Among tumors, infantile heman-
giomas have the same percentage of incidence. 
Among vascular lesions, venous malformations 
are commonly similar to lymphatic malforma-
tions with an incidence of 1: 5000 to 1:10000. 
More than 50% of them are present in the head 
and neck anatomical area.

1.4  Terminology 
and Classifications

Terminology of Vascular lesions evolved from 
descriptive to the more scientific basis for nomen-
clature, the former possibly arising from mater-
nal explanations of the lesions. It posted 1982 
after Mulliken and Glowacki et al. [1] attributed 
biologic differences within the lesion that they 
were described as separate entities. A neoplastic 
Hemangioma was found to be distinctly different 
from the developmental VM.

1.4.1  Historical Terminology 
on Appearances

Descriptive terms and historical nosology of vas-
cular anomalies offers an array of overlapping 
descriptive and histopathologic terms (Figs. 1.1, 
1.2, and 1.3)

Fig. 1.1 Superficial vascular lesion was seen on the neck 
of infant. Historically was also referred to as “stork bite”

Fig. 1.2 Capillary malformation of lower lip, chin, and 
right cheek

1 History, Terminology, and Classifications of Vascular Anomalies
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• Port wine, as illustrated below it can be used 
for “capillary hemangiomas” historically. It 
can be as small and superficial.

1.4.2  Histopathologic Terms Used 
Historically

• Capillary
• Cavernous
• Arterial
• Mixed

Biologic behaviour-based terminology [1]—This is the 
current ISSVA terminology simplified and widely 
accepted. The classification is elaborated below.
   Vascular Tumors
   Vascular malformations

1.5  Mulliken and Glowacki’s 
Biological Classification 
(1982)

The ISSVA classification has been modified and 
based on the biologic classification by Mulliken 
and Glowacki [1] and further with the mutational 
knowledge.

Hemangiomas
• Proliferating phase.
• Involuting phase.

Malformations
• Capillary
• Venous
• Arterial
• Lymphatic
• Fistulas

• Hemangioma (Fig. 1.4)

1.6  Vascular Malformations 
(Figs. 1.5 and 1.6)

1.6.1  Classifications

Here we have listed all relevant classifications 
espoused by various groups. Each has their mer-
its. The current International Society for the 
study of Vascular Anomalies classification sys-
tem. There have been various editions over the 
years.

Here is a link to the entire extensive 
classification

• https://www.issva.org/classification
• https://www.issva.org/UserFiles/file/ISSVA- 

Classification- 2018.pdf

International Society for the study of Vascular 
Anomalies classification system (ISSVA, last revision 
May 2018)
Vascular tumors
Benign
Locally aggressive or borderline
Malignant
Vascular malformations
Simple
    Capillary malformations
    Lymphatic malformations
    Venous malformations
    Arteriovenous malformations
    Arteriovenous fistula
Combined (2 or more VMs in one lesion)
     CVM, CLM, LVM, CLVM, CAVM, CLAVM, 

others

Fig. 1.3 Strawberry lesion or a “capillary-cavernous 
hemangioma” was commonly used for lesions like present 
on the tongue as illustrated in Fig. 1.3. Such terminology 
added to the confusion as shown in the tongue vascular 
lesion, which is a low flow vascular lesion, with sequela of 
trauma

S. R. Chandra and S. C. Nair
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     (C-capillary, V-venous, L-lymphatic, 
AV-arteriovenous)

Anomalies of major named vessels
Vascular malformations associated with other 
anomalies

Based on the anatomic location, Hemangio-
mas were described by Waner and Suen [3] as:

Classification by Waner and Suen:
   • Superficial hemangioma
   • Deep hemangioma
   • Combined hemangioma

M.Ethunandan et  al., [5] bjoms 44(2006) 
described a flow chart that correlated the vari-
ous clinical signs, which helped differentiate a 
Vascular malformation from a Hemangioma.

present
at birth

rapid increase
in size

Involution

yes: H

yes: VM

yes: VEN, LM

yes: VEN

fluctuate in size
with infections

increase in size with
high venous pressure
decrease with compression

soft and
compressible

no: VM no: VM

no: AM, AVM, AV

no: H yes: H

yes: LM

 

H hemangioma; VM vascular malforma-
tion; VEN venous malformation; LM lym-
phatic malformation; AM arterial mal-  
formation; AVM arteriovenous malformation; 
AV AV-fistula.

Further advances in the understanding of the 
vascular dynamics allowed changes in the classi-
fication, and this was first proposed by Ian Jackson 
et al., allowing major breakthroughs in treatment 
planning and management of vascular lesions.

1 History, Terminology, and Classifications of Vascular Anomalies
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Box 1 Classification of vascular anomalies by vascular 
dynamics according to Jackson

I. Hemangiomas
II. Vascular malformations
   (a) Low-flow (VM)
   (b) High-flow (AVM)
III. LMs

From Jackson IT, Carreno R, Potparic Z, et al. 
Hemangiomas, vascular malformations, and lympho-
venous malformations: classification and methods of 

treatment. Plast Reconstr Surg 1993;91:1217

1.7  CNS and Non-CNS List 
of Vascular Lesions

Central nervous system vascular malformations 
are rare abnormalities of blood vessels in your 
brain or spinal cord and their membranes. They 
distinctly differ in their appearance and man-
agement. A classification differentiating the 
CNS VM from its non-CNS variant is 
presented.

Table I Classification of CNS vascular malformations

Arteriovenous shunts
 Classical AV Malformations
 Pial AV fistulas
 Dural AV shunts
 Galenic shunts
Cavernous malformations
Capillary telangiectasias
Venous malformations
 Developmental venous
 Anomalies
Mixed malformations

Table II Classification of non-CNS vascular 
malformations

Haemangiomas (proliferative lesions or tumours)

Vascular malformations (non-proliferative)

 High flow

 • Arteriovenous malformations

 Low flow:

 • Capillary malformations

 • Venous malformations

 • Lymphatic malformations

 • Mixed malformations

S. R. Chandra and S. C. Nair
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The severity of Artery venous malformation 
was scored by Schobinger into four stages based 
on their clinical appearance and behavior. From 
lesions exhibiting minimal symptoms to the 
severe malformations that resulted in hi-output 
cardiac failure consequent to the decompensatory 
phenomenon. Priority in therapeutic manage-
ment decisions evolved.

1.8  Schobinger Classification

Schobinger clinical staging system of arteriovenous 
malformations

Stage I Quiescence Cutaneous blush, 
skin warmth, 
arteriovenous shunt 
on Doppler 
ultrasound

Stage II Expansion Darkening blush, 
lesion shows 
pulsation, thrill and 
bruit

Stage III Destruction Steal, distal 
ischemia, pain, 
dystrophic skin 
changes, ulceration, 
necrosis, soft tissue 
and bony changes

Stage IV Decompensation High-output cardiac 
failure

Based on Eighth Meeting of the International Workshop 

on Vascular Malformations. Amsterdam, Netherlands, 
1990
Adapted from Kohout MP, Hansen M, Pribaz JJ, et al. 
Arteriovenous malformations of the head and neck: natu-
ral history and management. Plast Reconstr Surg 

1998;102:643–54

1.8.1  Jackson’s Classification

IAN JACKSON IN 1992 further expanded on the 
earlier classification. Based on this, Hemangiomas 
were described on their location and VM on the 
dynamics of blood flow.

Hemangiomas
    Superficial (capillary hemangioma) (Fig. 1.2)
    Deep (cavernous hemangioma)
    Compound (capillary-cavernous hemangioma)
Vascular malformations
Simple lesions
    Low flow lesions
      Capillary malformations (capillary 

hemangioma, port wine stain)
     Venous malformation (cavernous hemangioma)
      Lymphatic malformation (lymphangioma, 

cystic hygroma)
    High-flow lesions
    Arterial malformation
Combined lesions
    Arteriovenous malformations
    Lymph venous malformations (Fig. 1.6)
    Other combinations

a b c

Fig. 1.4 Non-involuting congenital Hemangioma (NICH) of the left cheek ((a) initial therapy with propranolol 10 days 
post-birth, (b) 6 months following propranolol therapy, (c) excision of lesion at 2 years age)

1 History, Terminology, and Classifications of Vascular Anomalies
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a

b

c

Fig. 1.5 Left facial low flow lymphovenous malforma-
tion of an intraosseous type of the left lower facial skele-
ton. (a) Noted left lower facial asymmetry with no 
superficial vessels. (b) Mucosal area of the intraoral pic-
ture with tissue expansion and no surface ulceration or 
superficial vessels. (c) Left mandibular and condylar 
hypertrophy of the skeleton involved. Courtesy: O Ross 
Bernie DDS PhD

1.8.2  Surgical Management Based 
Classification for Head 
and Neck Lesions

More recently Sanjiv Nair et  al. [4] classified 
both Hemangiomas and VM based on their ana-
tomic location. This helped understand the depth 
of the lesion and allowed a surgical treatment 
plan .The classification has been effectively used 
in the surgical ablation of the lesions, as will be 
described in Chap. 7.

Type I Mucosal/cutaneous
Type II Subcutaneous/juxta muscular
Type III Glandular
Type IV Skeletal (intra bony)
Type V Deep visceral (temporal, infra temporal, 

parapharyngeal)

S. R. Chandra and S. C. Nair
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a b

Fig. 1.6 The appearance is easy to be remarked as 
“berry” or “purple” which caused the historic confusion in 
nomenclature (a) Notice extensive dark purple lesions of 

right buccal mucosa extending to tongue and floor of the 
mouth. (b) Shows extensive growth and discoloration of 
anterior ventral tongue

1.9  Conclusion

The evolution of various classification has been 
based on the increased understanding of both 
clinical and biologic behavior of VA.  Earlier 
confusion in terminology has been largely dis-
pelled with a better understanding of the clinical 
features aided by advances in imaging 
techniques.

Vascular lesions have a varied clinical and 
radiographical presentations. A surgical plan and 
approach based on Nair’s Clinical Classifications 
and imaging data can minimize complications. 
The radiologist, pathologist, and surgeon must 
consider clinical, radiographic, and histological 
data. A classification system for intraosseous vas-
cular lesions needs to be established and is a 
work in progress.
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Key Points
• Genomic research, Next-generation 

sequencing, and disease-specific thera-
peutic options to treat vascular lesions 
are the future due to genetic testing. 
Exploring genetic mutations of inher-
ited or somatic types has opened up an 
understanding of the underlying molec-
ular mechanisms.

• RAS/MAPK/ERK altered signaling due 
to mutations in GNAQ and GNA11  in 
congenital hemangiomas and capillary 
malformation (CM), in GNAQ, KRAS 
and BRAF in pyogenic granuloma (PG), 
in RASA1 in CM-AVM1, in EPHB4 in 
CM-AVM2, in KRIT1 in HCCVM, and 
MAP3K3  in verrucous venous malfor-
mations have established for the 
therapeutics.

• PI3K/AKT/mTOR pathway regulation 
alterations in hereditary hemorrhagic 
telangiectasia (HHT) are noted with 
mutations in BMP9/10, ALK1, and 
endoglin, in sporadic venous malforma-
tions (VM and MVM). Blue rubber bleb 
nevus syndrome (BRBN), inherited 
cutaneous-mucosal venous malforma-
tions (VMCM), all with mutations in 
TIE2, and in sporadic VM and lym-
phatic malformations (LM) with muta-
tions in PIK3CA.

• Glomuvenous malformations (GVM)- 
have mutations in glomulin with a 
hyperactive hepatocyte growth factor/c- 
Met and TGF-ß is signaling.

• Infantile hemangioma (IH)- VEGFR1 
expression is downregulated; VEGF-A/
VEGFR2 signaling is upregulated, with 
mutations in TEM8 and VEGFR2.

• Acquired vascular lesions—paragangli-
oma of neural crest origin—APUD—
DNES cells—cells—located in 
extra-adrenal locations like the carotid, 
vagus, orbit, tympanic, larynx, jugular, 
thyroid, nasal cavity, aortic arch, intra-
cranial, etc. that are mostly benign.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-15-2321-2_2&domain=pdf
https://doi.org/10.1007/978-981-15-2321-2_2
mailto:chandrsr@ohsu.edu
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2.1  Introduction

Vascular lesions have been better understood 
recently with pathogenesis, mutational, and 
immune-expression with advances in 
immunohistology- chemical staining as well as 
genetics and mutational defects.

2.2  Pathogenesis

Blood vessels form consolidated aberrations in 
limited anatomic sites of the human body. They 
result in sporadic anomalies or hereditary occur-
rences. The classification helps differentiate the 
anomalies based on their morphology, histology, 
and dynamics of blood flow. The primary differ-
entiating features divide these lesions into 
Vascular neoplasms and vascular malformations.

Histologically the vascular lumen is lined with 
young endothelial cells (Fig.  2.1). These are 
underlined by smooth muscle cells and pericytes 
that are more seen in a vascular network than 
lymphatic channels [1].

The formation of the blood vessel network 
begins with vasculogenesis. Hemangioblasts are 
the precursor cells forming an island of endothe-

lial cells. The peripheral cells in the island dif-
ferentiate into primordial endothelium and core 
cells as precursors of blood cells [2].

The primary capillaries are formed from tubu-
lar structures made of differentiated endothelial 
cells.

Arteries, veins, and capillaries are developed 
from the maturation and remodeling of the pri-
mary capillary plexus. This phenomenon is 
referred to as Angiogenesis. This represents the 
sprouting of newer capillaries, formation of 
transcapillary connections, and maturation of the 
vascular network [4].

Non-perfused blood vessels disappear, and the 
rest further modify and strengthen to form the 
mature vascular network.

Lymphangiogenesis follows angiogenesis and 
arises from endothelial cells. Theory that lymph 
vessels derive from lymphangioblasts and not 
vascular endothelial cells do exist. Various angio-
genic and anti-angiogenic factors influence the 
formation of both vascular and lymphatic net-
works. Therefore, the occurrence of vascular 
anomalies may be consequent to their disharmo-
nious behavior.

Hemangiomas are vascular neoplasms that 
have different phases of development. They go 

Pathogenesis

EC to SMC signalling
SMC

Angiopoeitin/TIE/
PI3K pathway
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(
(
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) - Down regulated

Endothelial cell lumps
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Gaps in smooth muscle
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CCN2
PAI-1
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FOXO1
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TGF-β
MAPK

Microparticles
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Fig. 2.1 Normal vascular lumen lined with endothelial 
cells with normal radiation, surrounding fibrosis extracel-
lular matrix, and spindle-shaped smooth muscle cell layer. 
SMC Smooth muscle cell, EC Endothelial cell, ECM 
Extracellular matrix; Somatic mutations causing ‘gain of 
function’ in the tyrosine kinase receptor of -ANG 
(Angiopoietin) type, TIE and PIK3CA encoding genes 
activated cell signaling pathway leading to vascular mal-

formations. In experimental mouse models of angiogene-
sis ANG/TIE/PIK3CA cause cell signaling and 
perivascular extracellular matrix remodeling, degradation, 
etc. Adapted from Kangas J, Nätynki M, Eklund 
L.  Development of Molecular Therapies for Venous 
Malformations. Basic Clin Pharmacol Toxicol. 2018 
Sep;123 Suppl 5:6–19. https://doi.org/10.1111/
bcpt.13027. Epub 2018 May 29. PMID: 29668117

S. R. Chandra et al.
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through the proliferative phase, quiescent phase, 
and finally involutory phase. Histologically they 
are characterized by the proliferation of plump 
endothelial cells with mast cell infiltration [5, 6]. 
The latter phases show flattened endothelial cells. 
Infantile hemangiomas show increased expres-
sion of glucose transporter-1 (GLUT-1).

Typically, most hemangiomas may not be vis-
ible at birth but present with telltale signs such as 
a pigmentation, a macule, or papular eruption. 
They attain prominence in the first month or two. 
Proliferation then occurs with a rapid enhance-
ment of its clinical appearance. The phases to fol-
low are quiescence and involution. The cellular 
activity during involution shows the reduction in 
angiogenesis with apoptosis of endothelial cells. 
The vascular channels now are replaced with 
fibrofatty tissue. Congenital hemangiomas in 
contrast are fully mature at birth and do not show 
a proliferative phase.

Pathogenesis is a complex interaction of 
genetic and environmental factors. The role of 
HPV-8 infection, chronic villus sampling, and 
hormonal, especially estrogen disturbances with 
possible hypoxia causing endothelial cell prolif-
eration is another theory [4–6]. Multiple angio-
genic factors play a role in proliferating 
hemangiomas in contrast with VEGFR1 being 
down regulated [8]. The role and efficacy of beta 
2 blockers in the management of proliferating 
hemangiomas are documented [9–11]. Its effect 
on the VEGF, fibroblast growth factor, and matrix 
metalloproteinase are thought to be the method 
of action. Vasoconstriction and apoptosis of the 
capillary endothelial cells occur consequently.

Vascular Malformations are the result of errors 
in angiogenesis. The commonest among them is 
venous malformation. Depending on the involved 
vascular subunit, they may be capillary, arterial, 
venous, lymphatic, or a combination of these 
resulting in artery venous malformation or 
lympho- venous malformation. The differentia-
tion can be picked up with an ultrasound doppler 
augmented with an MRA.

Venous malformations are thin-walled, and 
dilated channels with normal endothelial cell lin-
ing occurring on the skin or subcutaneous (Type 
1/Type 2) (refer authors classification [11]). The 

VM vary in their clinical presentation. From 
small blush discolored, soft compressible swell-
ings in the head and neck region to large vascular 
spaces invading deeper anatomic spaces in the 
head and neck region. They gradually expand 
over a period with enhancement associated with 
hormonal changes or trauma. Mostly isolated in 
appearance and rarely multiple manifestations 
occur. The lesions enhance with dependent posi-
tions like lying down or Valsalva maneuver. The 
increasingly static nature of flow causes the for-
mation of phleboliths which are easily palpable 
as hard masses and result in pain. The plane 
radiographs or an US easily demonstrate the 
phlebolith. Local intravascular coagulation (LIC) 
shows a rise in D-dimer level in the presence of 
normal fibrinogen. The VM is often present uni-
lateral and result in pressure on the surrounding 
structures. Skeletal deformity or hypo-plastic 
muscular tissue may be seen. Those within the 
orbital cavity cause exophthalmos globe as well 
as orbital dystopia. Intraorally large VMs of the 
tongue and floor of the mouth deform mandible 
or maxilla resulting in malocclusion of the teeth 
(see clinical figures in Chaps. 1, 3 & 5). Speech 
impairment and impairment of functions such as 
swallowing, respiration may be compromised. 
Histologically the venous channels are dilated 
with a lack of smooth muscle cells around the 
endothelial cells which can be demonstrated with 
IHC markers (Fig. 2.1). Thus, defective recruit-
ment of SMC with lack of proliferation of EC 
probably result in dilation of the venous spaces. 
The molecular basis of the development of the 
anomaly is discussed later in this chapter.

Capillary Malformations because of their 
appearance are referred to as port-wine stains. 
They occur in 0.3 of newborns as flat, reddish, or 
deep red patches in the head and neck [1–9]. The 
histological picture is that of a dilated capillary 
network which is more in number. The primitive 
capillary plexus fails to mature or modify result-
ing in normally appearing endothelial cells on the 
vessel wall.

The significant reduction in innervation may 
be the cause of capillary vessel wall dilatation 
and resultant abnormal blood flow pattern. VEGF 
secreted by the cutaneous nerves reduces, leading 

2 Pathogenesis, Genetics, and Molecular Developments in Vascular Lesion Therapy and Diagnosis
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to an abnormality in the capillary network. CM 
occurs on the face distributed along the 
Trigeminal nerve dermatomes [12–14]. The pres-
ence of Sturge Weber syndrome must be ruled 
out. The maxilla, or mandible and the skin or gin-
giva may overgrow and appear deep red or purple 
in appearance as age advances.

Arterial Malformations and Arteriovenous 
Malformations are anomalies with absent or 
imperfect capillary intermediaries between arter-
ies and veins. The presence of a ‘nidus’ which is 
a dilated vascular sac replaces the capillary net-
work of vessels. This dilated sac acts as a pres-
sure break between the arterial and venous 
systems and is comparable to a cardiac chamber. 
Transmitted pulsations from the arterial system 
is palpable over the nidus. Local warmth and 
increased coloration over the swelling are other 
features. Large AVMs show the phenomenon of 
vascular steal resulting in high output cardiac 
failure. Schobinnger [18] in 1990 has staged the 
AVMs clinically into [Ref. 18]:

Stage I (quiescence): Discolored skin with 
arteriovenous shunting demonstrated with an US 
doppler.
Stage II (expansion): Like stage I with pulsatile 
enlargement.
Stage III: Stage II with ulceration, necrosis, bleeding, 
and pain of overlying skin.
Stage IV: Presence of cardiac failure.

Histologically the endothelial cells are prolif-
erated in the absence of sensitivity to inhibitory 
cytokines (IL-1 B, TNF- alpha, TGF- Beta, and 
interferon- Gama [4, 5, 7]. Their sporadic 
appearance, therefore, contradicts any genetic 
influence.

Lymphatic malformations are also common 
in the head and neck and extremities. Their devel-
opment is unknown. Clinically they appear as 
venous malformations without the discolouration 
[19]. The spaces within the lesion differentiate 
them into macrocystic, microcystic, or combined. 
Preoperative imaging help differentiate the types 
of lymphatic lesions [7, 9, 11]. Cystic Hygroma 

is a variant of a macro cystic LM.  The surface 
lesions appear as minute blisters that appear dark 
red because of intra-vesicular bleeding.

Like VM the LM shows pressure effects on 
the skeletal structure causing deformity [20]. 
Large lesions in the tongue and floor of the mouth 
result in the anterior open bite as well as macro-
glossia. Functional impairment and airway dis-
tress may necessitate even tracheostomy.

2.3  Genetic Basis of Vascular 
Lesions with Mutation 
and Inheritance

2.3.1  Mutations (Table 2.1, See Also 
Fig. 2.6 Consolidated Review)

The majority of Vascular anomalies are of a 
sporadic type. There are a few rare reported types 
of familial inheritance (germline type) [15–17].

2.3.2  Cancer and Vascular Lesions

Mutations causing Malignancies and vascular 
lesions share similar pathways (Figs.  2.2, 2.3, 
2.4, 2.6). However, surprisingly causation and 
phenotype are poorly understood between onco-
genesis and vasculogenesis [18–23, 34]. The 
Growth and differentiation of vascular lesion and 
endothelium are driven by two major pathways- 
RAS/RAF and PIK3CA (Fig. 2.1 of RAF/RAS).

Table 2.1 Germline versus Somatic Mutation differ-
ences [24–31]

Germline mutation in 
vascular lesions

Somatic mutation in 
vascular lesions

Inherited Nonheritable
Syndromes & malignancy 
association

Sporadic

Mutations present in egg/
sperm

Non-germline tissue

All the offspring affected Most vascular lesions

S. R. Chandra et al.
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Fig. 2.2 Transmembrane tyrosine kinase receptors like 
ANG (angiopoietin) homologs TIE1 & TIE 2 (tyrosine 
kinase with immunoglobulin and epithelial growth factor 
(EGF) homology domain) are present on vascular endo-
thelial cells. The activation of the Ras-Raf-MEK-ERK 

pathway leads to angiogenesis and cell growth and prolif-
eration. Various growth factor receptor mutations in 
downstream have been identified in vascular and lym-
phatic endothelial cells leading to vascular malformation
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Vascular structure
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Fig. 2.3 Tyrosine kinase receptors picture. Receptor 
Tyrosine Kinases (R TKs): Cell surface expresses two 
peptide amino acid tyrosine class receptors of growth fac-
tors like EGFR: Endothelial growth factor receptor family 
(Receptor, TK class I), PDGFR: Platelet-derived growth 
factor receptor (receptor tyrosine kinase class III), 
VEGFR: Vascular endothelial growth factor receptor 
(Receptor, TK class IV), FGFR: Fibroblast growth factor 
receptor (Receptor tyrosine kinase class V). These poly-
peptide, cell surface, transmembrane, high-affinity recep-
tors for cytokine, growth factors and hormones are 
responsible for angiogenesis and growth. This growth, 

proliferation, DNA synthesis by Ras–Raf–MEK–ERK 
pathway downstream is similar in vascular lesions as well 
as oncogenesis. The vascular endothelial cells proliferate 
once the surface RKTs get activated and can cause hepatic 
cell proliferation or endothelial cell migration and adhe-
sion. In vascular lesions, the adhesion is defective leading 
to dilated and tortuous pools. The defect can extend to the 
smooth muscle cell layer. EGF Endothelial growth factor, 
VEGF Vascular growth factor, GLUT-1 Glucose trans-
porter 1, FGF Fibroblast growth factor, PDGF Platelet-
derived growth factor
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2.4  VEGF and PDGF, Growth 
factors of Raf, Ras in Tyrosine 
class receptors

Ras and Raf are downstream from the two- 
peptide amino acid class tyrosine kinase, which 
is the first step receptor in cancer and vascular 
cell upregulation.

Upregulation of the receptor or function of the 
tyrosine kinase (TIE or TK) group of receptors is 
known to cause cell division and proliferation. 
Cascade activation of TK to the cell nucleus leads 
to Growth, virus-directed replication, sepsis, 
inflammation, oncogenesis, etc.

Vascular endothelial growth factor (VEGF), 
Platelet-derived endothelial growth factor 
(PDGF), Epidermal growth factor (EGF), EGFR, 

PDGF, V EGF, etc. are all tyrosine kinase recep-
tors. There is an extracellular receptor binding 
site. This sequential protein to protein communi-
cation of a phosphorylated cascade is known as 
RAS–RAF–MEK–ERK/or MAPK/ERK 
(mitogen- activated protein kinase/extracellular 
signaled regulated kinase).

RAS is activated by the phosphorylation of the 
tyrosine kinase class receptor in the cell wall. 
Activated Ras then activates Raf kinase (both 
GTPases). Activated Raf downstream phosphory-
lates MEK the next step of the chain (MEK 1 and 
2). Phosphorylated MEK activates the ERK path-
way. ERK and MAPK (mitogen-activated protein 
kinase), well known as RAS–RAF–MEK–ERK 
cell signaling cascade from the cell surface to the 
nucleus for growth and proliferation.

‘ANG’ & ‘TIE’ Receptors in Mice Endothelial Cell in Veins & Lymphatic Vessels

Vascular structure

Endothelial cell

‘TIE RECEPTOR’
- A tyrosine kinase receptor

- Gain of function
  mutation activates
  pathway.

TIE2

VASCULAR MALFORMATIONS
- Gain of function
- Sporadic lesions had more ‘TIE2 & PIK3CA’

Plasma membrane

TIE2 intracellular
kinase domains

P

P PIK3CA

Alpelisib (BYL719)

P
AKT

P85

P110αPI3KTrametinib
Corimetinib

Dactolisib

mTORC 2
mTORC 1

Multiprotein complex signalling
growth, nutrition & metabolism Sirolimus (Rapamycin)

Ser473

MAPK P

P
- Gain of function mutation
  channels down stream
  activity.

- Seen in deep non dermal
  VM lesions.

- Mutation seen In VMS
  attached to skin and
  mucosa.

* All Rights Reserved Brishank Pratop © 2021

Fig. 2.4 Angiopoietin (ANG) based on two transmem-
brane tyrosine kinase receptors-TIE1 and TIE 2 (tyrosine 
kinase with immunoglobulin and epithelial growth factor 
(EGF) homology domain) homologous receptors have 
been identified in vascular and lymphatic endothelial cells 
leading to vascular malformations. This picture illustra-
tion represents the identified pathway and the potential 

therapeutic molecular therapies. Adapted from Kangas J, 
Nätynki M, Eklund L.  Development of Molecular 
Therapies for Venous Malformations. Basic Clin 
Pharmacol Toxicol. 2018 Sep;123 Suppl 5:6–19. https://
doi.org/10.1111/bcpt.13027. Epub 2018 May 29. PMID: 
29668117

S. R. Chandra et al.
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2.5  G Protein-related Spectrum

There are multiple G protein receptors related 
mutations on genes of GNA Q/GNA 11/GNA 14 
[30, 31]. This G protein-related spectrum is GNA-
vascular anomaly (GNAVA). A few instances of 
this GNA VA spectrum anomalies are congenital 
hemangioma, capillary hemangioma, kaposiform 
hemangioendothelioma. So evidently, these G 
protein-related receptor mutations can manifest in 
both tumors and malformations [30].

2.6  PIK3CA-related Overgrowth 
Spectrum (PROS) [31–36]

Vascular anomalies caused by PIK3CA related 
mutations are known as PIK3CA-related over-
growth spectrum (PROS). As previously classi-
fied independently currently grouped as PROS 
spectrum. There is a potential targeted therapy 
for these receptor-related malignant tumors—
many PROS-related anomalies present as malfor-
mations of a similar kind.

Multiple mutations can give rise to various 
manifestations in different stages of cell prolif-
eration. Some mutations can give rise to both 
tumors and malformations. Mutations of a single 
gene can manifest varying phenotypic character-
istics clinically. The mutated gene can express 
varied manifestations depending on the up- 
regulation or down-regulation of proliferating, 
differentiation, and maturation stage affect.

The majority of the known vascular anomalies’ 
mutations are associated with the tyrosine kinase 
receptor-associated signaling pathway of RAS & 
PIK3CA [30, 31, 40]. Various somatic mutations 
affecting the MAP2K1 pathway can present as 
cutaneous malformations of several types of malig-
nancies not related to vascular tissue but melano-
mas, lung cancer, and blood- related tumors.

2.7  Mutations and Vascular 
Lesions: The Essentials

Previously focal or multifocal and diffuse vascu-
lar lesions were defined with syndrome labeling. 
However, with the new molecular genetics and 

identification of somatic mutations, the diagno-
sis should be based on abnormal genetic path-
ways. Most of the vascular lesions have a single 
gene- related Mutation. Nevertheless, the muta-
tion of a single gene may manifest in various 
forms of vascular anomalies with occasional 
multiple gene mutations. The identification of 
genetic mutations is ongoing research with at 
least close to a hundred publications in the last 
25 years.

Mutations can be of broad two types -Germline 
and somatic (Table 2.1). Alterations in the genetic 
sequence involving all cells of the gamete organ-
ism are called a germline mutation. This type of 
altered genetic sequence is transmitted to future 
generations. Most of the vascular lesions are of 
somatic mutations, which occur after fertilization 
as variations of the post-zygotic DNA. They are 
random occurrences affecting the cell’s genetic 
sequence and the derivative, but next generation 
does not inherit this Mutation type. Understanding 
these somatic mutations and their pathways may 
help in control with targeted pharmacotherapy in 
the future.

Other than that mutation type, alterations in 
the signaling pathway, the enriched cell type of 
the Mutation and Signaling pathways are also 
being understood in vascular anomalies’ etiology 
pathogenesis. More the number of mutated 
alleles and their frequency of mutant varieties 
and wild types are also considered.

Gene signaling pathways and Cells enriched 
by the Mutation Are also being identified for 
novel therapeutic uses. RAS (phosphatidyl- 
inositol- 4,5-bisphosphate 3-kinase) PIK3CA cell 
signaling pathways dependent on the tyrosine 
kinase receptor are the most common mutations 
identified in head and neck vascular anomalies.

2.8  Genetic Testing 
and Advances 
in the Diagnosis of Vascular 
Anomalies [3, 4, 26, 30, 31]

Advances in genomics with understanding and 
utilization of genetic sequencing, testing how 
provided various molecular basis approaches of 
pathophysiology in vascular anomalies.

2 Pathogenesis, Genetics, and Molecular Developments in Vascular Lesion Therapy and Diagnosis
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2.8.1  Test Type and Reasons

Ideal genetic testing for vascular anomalies is 
with a purpose and undertaken with flow chart 
identification of the Mutation.

Blood, tissue sample of the lesion if obtained, 
or buccal mucosal scraping can detect Germline 
mutations. Tissue specimens are fixed in formalin 
if needed for transport. Simple D -dimer review 
of lesion activity with the specificities in mind 
can be performed.

2.9  Biopsy 
and Immunohistochemistry

2.9.1  GLUT-1 and the Importance 
of the Vascular Lesion 
Identification

Glucose transporter protein isoform -1 (GLUT-1) 
is a standard and ideal marker for hemangiomas.

2.9.2  GLUT 1 Receptor (Fig. 2.5)

Infantile hemangioma (IH) in all evolving stages 
of the lesion is positive for GLUT 1 (Fig.  2.5). 
This endothelial stain highlights the cytoplasm 
inside the vascular lesions’ capillary endothelial 
cells in both the involuting and proliferative stages.

Congenital Hemangioma (CH)—Rapidly 
involuting congenital hemangioma (RICH) has 
endothelial cells mostly GLUT 1 negative. Non- 
involuting congenital hemangioma (NICH) 
definitively is Immuno-negative for GLUT 1. 
Segmental hemangioma is positive for GLUT-1 
staining.

2.10  VEGF -3, D2 -40, PROX 1, 
LYVE -1

These immune stains can differentiate arteries 
and veins from lymphatics.

Vascular endothelial growth factor receptor -3, 
Vascular immunostains for D2 -40 (podoplanin), 
Lymphatic vessels endothelial receptor−1 
(LYVE −1 marker PROX 1 (Lymphatic endothe-
lial markers).

2.11  CD31 and CD 34 Antibodies

2.11.1  Factor VIII Related Antigen

Antibodies of CD31 and CD 34 is a pan endothe-
lial cells marker (low affinity for lymphatic endo-
thelial affinity) [30, 31]. CD 31 is specific. These 
Vascular endothelial Immune peroxidase mark-
ers are commonly used along with Factor VIII- 
related antigen.

2.12  Next-generation Sequencing 
and Its Promise for Vascular 
Lesions

2.12.1  DNA Sequencing, What his 
Next-generation Sequencing?

Deoxyribonucleic acid sequencing, especially 
human genomic sequencing, has undergone a 
few generations of development since the early 
1970s. Here is a brief review of some fundamen-
tals to understand genetic testing for vascular 
lesion diagnosis and treatment.

Fig. 2.5 Infantile hemangioma (IH) in all evolving stages 
of the lesion is positive for GLUT 1. Courtesy Dr Advaith 
Nair
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Next-generation sequencing (NGS) tech-
niques are tools for mutation diagnosis. Targeted 
gene panel sequencing (TS) and Whole-Exome 
Sequencing and Whole-Genome sequencing are 
possible for an expressive phenotype’s monoge-
netic disorder.

2.12.2  Sanger Method

The Sanger method took about 13 years for the 
human DNA genomics study of three million base 
pairs; NGS does this in a single day (Table 2.2).

Sanger with associates developed dideoxy syn-
thesis with chain-terminating nucleotides at the 
3-hydroxyl group. A Detailed nucleotide sequence 
review in the hundreds in the Sanger method. 
Sanger method sequences single strands of DNA.

Nevertheless, with the advances of next- 
generation sequencing (NGS), a whole-exome, 
genome, transcriptosome, mitochondrial DNA, 
or Target Gene panel sequencing is performed at 
a low cost.

2.13  Next-Generation Sequencing 
(NGS)

Commonly known as “NGS” is also “second 
generation” DNA sequencing, a significantly 
faster, low-cost development in the last ten years. 
This genome, exomes, and transcriptome 
sequencing will lead to paradigm changes in vas-
cular lesion therapies.

Advances in genomics with understanding 
and utilization of genetic sequencing, testing how 
provided various molecular basis approaches of 
pathophysiology in vascular anomalies.

2.13.1  #1 Copy Number Variations 
(CNV)

Genome-wide CNV of more than 10,000 base 
sequence variations are detected done using high- 
resolution chromosomal microarray (CMA) and 
Whole-genome sequencing (WGS) methods.

2.13.2  #2 Single Nucleotide Variation 
(SNV)

This is the most common type of genomic varia-
tion affecting a single nucleotide of DNA base, 
causing short insertion and deletions. This altera-
tion of Nucleotide can be detected using next- 
generation sequencing (NGS) methods of 
Whole-exome sequencing (WES) or whole- 
genome sequencing (WGS). In next Generation 
sequencing, unlike single-strand sequencing for 
DNA defects, it involves slicing of the DNA into 
numerous random strands before amplifying the 
fragments and then subjecting to Polymerase 
chain reaction (PCR)to align the exact 5′ and 3′ 
with attachments of adapters. In PCR, the genetic 
fragments get amplified to generate clonal clus-
ters. Before that, DNA polymerase will be uti-
lized for complementary; Nucleotide is created 

Table 2.2 Table of Sanger and NGS

Sanger (1977) Next-Generation Sequencing (1996)
DNA sample Cell DNA fragments; PCR clones in 

hotspot areas
DNA libraries; cell-free DNA

Sequencing Linear read of single fragment Parallel sequencing of million base pairs 
simultaneously

Utility Unknown mutation diagnosis Detection of unidentified mutations; complex and 
heterogenous phenotypes

Basic principle of 
DNA analysis

Chain termination PCR > ddNTPs 
label>fluorescent signal pick up of 
fragments

Sheared>tail adapters>DNA 
library>amplify>sequence> light density read

Cost Cheap Varies on the complexity
Sensitivity Lower High (lesion heterogeneity and contamination not a 

factor)
Data Small storage capacity Large data with bioinformatic systems
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and attached to the strands. This stage utilizes 
Low-cost fluorescent technology and bioinfor-
matics for Sequencing results.

Unlike vector cloning with the use of restriction 
enzymes and bacterial cells, the genetic sequenc-
ing by PCR aided Sanger and NGS are more accu-
rate and do not use heat and anneal methods.

PCR is utilized for amplification and cloning 
DNA templates from a biopsy or liquid biopsy 
sources. The polymerase can rapidly produce a 
million copies of a single fragment.

NGS is a parallel sequencing of millions of 
fragmented DNA from a library, while the Sanger 
method does one fragment in a linear fashion.

The similarities between all the genetic 
sequencing methods

• Biopsy material for nucleic acid fragment.
• Adapter ligation.
• Multiplex Tag and clone amplification.
• Parallel sequencing.
• Data analysis.

The advances in the future with next impres-
sion sequencing technology are with the increase 
in signal detection, read length, costs, and run 
time. Exome analysis is by both the parents and 
the child for variations. Partial genomic hotspot 
testing or a complete gene panel testing.

The current platforms for next impression 
sequencing are primarily for research but have 
great potential for bedside therapeutics. Though 
the next impression’s volume of sequencing is 
phenomenal for at least one million reads, the 
infrastructure is still expensive compared to the 
Sanger method.

2.14  Cell-free DNA (cfDNA) 
Testing in Prenatal 
Conditions for Vascular 
Anomalies

NGS can perform mutational analysis in a pre-
natal setting of cell-free DNA (cfDNA). Even 
though this technology has been in use for pre-
natal testing, tumor-derived cell-free DNA test-
ing is possible with the NGS. The sensitivity of 

cfDNA may be less compared to actual lesion 
biopsies. However, it is a viable option in pre-
partum diagnosis and difficulty with repeated 
biopsies of highly vascular tissue and anatomi-
cally critical areas. cfDNA testing in vascular 
lesions can be applied to diagnoses, monitoring 
the evolution, therapeutic guidance, and follow-
up. Cf DNA has helped monitor lung cancer 
therapy targeted at tyrosine kinase inhibitor 
response for epidermal growth factor activated 
mutations.

Exome analysis is by both the parents and the 
child for variations. Partial genomic hotspot test-
ing or complete gene panel testing.

The current platforms for next generation 
sequencing are primarily for research but have 
great potential for bedside therapeutics. The 
sequencing by next generation is phenomenal for 
at least one million reads, the infrastructure is 
still expensive compared to the Sanger method 
(Fig. 2.6 and Table 2.3).

2.15  Therapeutic Hypotheses 
for the Treatment of Vascular 
Diseases [39–41, 46–48, 51] 
(Fig. 2.7)

2.15.1  Targeting the PI3K/AKT/mTOR 
Pathway

• mTOR inhibitors, such as Rapamycin in 
VM, VMCM, MVM, BRBN, and LM; also 
HHT?

Targeting the RAS/BRAF/MAPK/ERK 
pathway

• Possible inhibitors could be the BRAF inhibi-
tor vemurafenib or the MEK inhibitor tra-
metinib.in CM, CM-AVM1 and 2, PG, NICH, 
RICH, and verrucous venous malformations.

Targeting angiogenesis
• Antiangiogenic agents, such as bevacizumab 

in HHT, IH.
Targeting TGF-ß pathway

• GVM?

Growth and differentiation of the vascular 
lesion and its endothelial cell proliferation or 
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initiated at the cell membrane tyrosine kinase 
receptor with the RAS- RAF downstream to 
nucleus MAPK dependent gene transcription. 
The illustration demonstrates the potential ther-
apy and inhibition of Src-tyrosine kinase family 

inhibitors; rapidly accelerated fibrosarcoma 
(RAF) inhibitors; mitogen activating pathway 
kinase- extracellular signal-regulated kinase 
(MEK) inhibitors; extracellular signal-regulated 
kinase is (ERK) inhibitors.

(Tyrosine Kinase with lg and EGF
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Fibrodipose vascular anomaly
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Fig. 2.6 Genetic basis of vascular lesions with 
Mutation and inheritance—Nair and Chandra [22, 39, 
57, 60, 61]. Summary illustration of well-known genetic 
mutations based on that transmembrane tyrosine kinase 
MG protein-coupled signaling pathways. The protein 
mutations are abbreviated with the number’s analogs. 
These vascular malformations caused by the mutations on 
the syndromic presentations are listed below the receptors 
which are mutated. The majority of these mutations are 
based on the well-known Ras-Raf- MEK-ERK and 

PIK3CA pathways. Adapted from- International 
Society for the study of vascular anomalies 2014-clas-
sification scheme and associated genetic basis 
(Table 2.3); Greene and Goss vascular anomalies: From a 
clinical histologically genetic framework, Plast Reconstr 
Surgery 2018 may; 141 (5): 709e–717e; Padia R, Zenner 
K, Bly R, Bennett J, Bull C, Perkins J. Clinical Application 
of Molecular Genetics in Lymphatic Malformations. 
Laryngoscope Investig Otolaryngol 2019, 
Feb:4(1):170–173
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Table 2.3 Study of vascular anomalies 2014-classification scheme and associated genetic basis

Genetic basis of vascular 
lesion; Inheritance Vascular tumors Lymphatic malformations

Vascular malformations; 
arteriovenous malformation; 
additional syndromes and 
anomalies

Follicle-stimulating 
hormone; stem cell

Infantile hemangioma

GNAQ
GNA 11

Congenital hemangioma

GNA 14 Kaposiform 
hemangioendothelioma

KRAS; NRAS; GNA 
Q; B RAF

Pyogenic granuloma;

PDPRB; PLCG; WWT 
R1-CAMTA 1 gene 
fusion; PDGF RB

Rare vascular tumors- 
epithelioid 
hemangioendothelioma; 
angiosarcoma; infantile 
myofibroma

PIK3CA; VEGFR 3/
FLT-4; FOXC2; SOX 
18; CCBE1; GJ C2, 
CX47;

Primary lymphedema- 
hereditary, sporadic

VEGFR 3/FLT-4 
dominant/recessive

Nonne–Milroy Syndrome

FOXC2 dominant Lymphedema- distichiasis
SOX18 dominant/ 
recessive

Hyportrichosis–
lymphedema-telangi ectasia

GATA2 Primary lymphedema with 
myelodysplasia

CCBE 1 Primary generalized 
lymphatic anomaly

KIF11 Microcephaly with/without 
chorioretinopathy

– Lymphedema or mental 
retardation syndrome

PTEN14 Lymphedema–choanal 
atresia

PIK3CA somatic Klippel–Trenaunay syndrome
RASA1/EPHB4 
dominant

Parkes Weber syndrome

– Servelle–Martorell syndrome
GNAQ Sturge–Weber syndrome

Capillary malformation & 
congenital nonprogressive 
overgrowth

IDH1/IDH2 somatic Maffucci syndrome
PIK3CA Megaloencephaly with 

capillary malformation
STAMBP Microcephaly with capillary 

malformation
PIK3CA CLOVES syndrome
AKT1 somatic Proteus syndrome
PTEN Bannayan_Riley_Ruvalcaba 

syndrome/Cowden syndrome
MAP2K1; RASA1; 
GDF2; VEGFR2;

Arteriovenous malformation; 
capillary AVM;
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2.15.2  Sirolimus (Rapamycin)

The literature on Sirolimus and its efficacy is 
equivocal. The best candidate for this therapeutic 
advantage is not clear. Strychowsky et al., in the 
2018 phase 2 trial using Sirolimus in patients, 
evaluated the benefits of its empiric use compli-
cated LM. They reported a reduction in cellulitis 
and incidence of hospitalizations with cellulitis- 
related complications. The adverse effects of 
therapy were—Metabolic toxicity (3%), gastro-
intestinal disturbance (3%), and blood/bone mar-
row abnormalities (27%). Not all the patients 
receiving therapy had a genetic test for the 
PIK3CA mutation confirmed. So, treatment was 
based on clinical considerations. Other studies 
have reported anecdotal success with Sirolimus. 
Sirolimus’s current indications for therapy are for 
pain, lesion enlargement, vesicular ulcerations, 
bone erosion and expansion, bleeding, airway 
compression, hematologic abnormalities, and 
complex symptomatic cases [30–42, 55, 56].

There is significant crosstalk between path-
ways, which are not well understood. The targeted 
treatment therapies are focused on this receptor 
population pathway upregulation or downregula-
tion. One such commonly used and established 
treatment is organ transplantation with immune 
suppression with Sirolimus (Rapamycin).

2.15.3  mTOR (Mammalian Target 
for Rapamycin) [30, 31, 39–45, 
50, 52]

mTOR is a downstream enzyme in the PIK3CA 
pathway. Rapamycin is a chemotherapeutic agent 
derivative of Streptomyces hygroscopicus 
 bacteria, a macrolide used for targeted therapy to 
block the PIK3CA pathway. Rapamycin 
(Sirolimus) inhibits cellular proliferation. 
Sirolimus has varied success in vascular malfor-
mations therapy, but clinical outcomes have not 
been consistent. Authors here present personal 
experiences in use with syndromic patients has 
been with adequate caution. Multiple centers 
have used Sirolimus empirically, and mutational 
tests before using the therapy have not been 
consistent.

Sirolimus as a B & T cell suppressor is very 
well studied in transplant patients, as mentioned 
with useful utility. Its use in head and neck vascu-
lar lesions has shown a qualitative reduction in 
size and side effects of bleeding and vesicular 
discharge. Nevertheless, Sirolimus therapy has 
documented side effects for its use with compli-
cated LM throughout the body. A reduction in 
cellulitis and hospitalizations with cellulitis- 
related complications documented with case 
reports and lesion management publications. 

Table 2.3 (continued)

Genetic basis of vascular 
lesion; Inheritance Vascular tumors Lymphatic malformations

Vascular malformations; 
arteriovenous malformation; 
additional syndromes and 
anomalies

ENG (endoglin)
ACVRL1/
ALK1(activating A 
receptor type 2-like 1)
Autosomal dominant

Hereditary hemorrhagic 
telangiectasia (HHT 1 & 2)

SMAD4 Juvenile polyposis
PTEN- autosomal 
dominant

Hamartoma- tumor syndrome

TIE2 dominant Cutaneomucosal venous 
malformation

KRIT1/malcavernin/ 
PDCD10 dominant

Cerebral cavernous 
malformation (CCM 1, 2 & 
3)

Glomulin dominant Glomuvenous malformation
TIE2 somatic Sporadic venous 

malformation
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Gastrointestinal, general metabolic toxicity, 
blood dyscrasias, bone marrow suppression (even 
though one of the treatment indications is dyscra-
sias of hematological and marrow-derived cell 
function) were the reported adverse effects of the 
medications.

The literature on Sirolimus and its efficacy is 
equivocal. The best candidate for this therapeutic 
advantage is not clear. Strychowsky et al. [49], in 
the 2018 phase 2 trial using Sirolimus in patients, 

evaluated the benefits of its empiric use compli-
cated LM. They reported a reduction in cellulitis 
and incidence of hospitalizations with cellulitis- 
related complications. The adverse effects of 
therapy were—Metabolic toxicity (3%), gastro-
intestinal disturbance (3%), and blood/bone mar-
row abnormalities (27%). Not all the patients 
receiving therapy had a genetic test for the 
PIK3CA mutation confirmed. So, treatment was 
based on clinical considerations. Other studies 
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have reported anecdotal success with Sirolimus. 
Sirolimus’s current indications for therapy are for 
pain, lesion enlargement, vesicular ulcerations, 
bone erosion and expansion, bleeding, airway 
compression, hematologic abnormalities, and 
complex symptomatic cases [Refs. 2, 34].

2.16  Conclusion

Genetic testing and advances in the understand-
ing of pathogenesis have provided more direct 
and targeted therapeutics. However, the molecu-
lar abnormalities similar to cancer mutations and 
the phenotypic presentation disparity is intrigu-
ing. Nevertheless, mutations provide an objective 
molecular etiology to educate patients, families, 
and researchers with HNLMS knowledge for fur-
ther work with a group of pathologies. Clinical 
pathways for standardized outcome measures 
and building data banks for systematic collection 
in medical trials is needed.

Genetic testing for mutations is a very evolv-
ing topic with ongoing research. At the same time, 
many somatic mutations are not known even after 
the entire exome sequencing of the parents and 
the child. The causes for nondetection could be 
sampling the different hotspots in a different gene 
or low allele frequency for detection.

Aggressive therapy needs more close follow-
 up and reporting. HNLM research makes 
precision- based treatment a possibility. Precision 
therapy-based treatment decisions on specific 
molecular and genetic is the future. Biologic fac-
tors unique to an individual patient’s rare condi-
tions are always with meticulous risk–benefit 
ratio consideration.

Until now, therapeutic options to treat vascu-
lar tumors and malformations have is by classic 
approaches. To ablate or remove abnormal ves-
sels by laser, sclerotherapy, embolization, and 
surgery. Detection of a genetic cause, inherited or 
somatic, has opened up understanding the under-
lying molecular mechanisms. Most genetic 
defects directly alter intracellular signaling activ-
ities and, subsequently, various downstream 
actions. Even if all the downstream effects are 
unknown, the identification of overt signaling 

opens these diseases to novel ideas to develop 
treatments.

Lesions caused by constitutively active PI3K/
AKT/mTOR pathway (e.g., VMCM, MVM, VM, 
BRBN, and LM) may benefit from mTOR inhibi-
tors as Rapamycin (see Fig. 2.1). A VM in vivo 
model is viable by injecting TIE2-L914F mutated 
human umbilical vein endothelial cells into nude 
mice. Treatment with Rapamycin prevented VM 
growth. Additionally, in vitro, Rapamycin signif-
icantly reduced mutant TIE2-induced AKT sig-
naling [53–55]. Importantly, in a prospective 
clinical pilot study, six patients treated with 
Rapamycin had reduced pain, bleeding, lesional 
size, and intravascular coagulopathy.

In lesions where the RAS/RAF/MAPK/ERK 
pathway plays a significant role (e.g., CM, 
CMAVM1 and 2, PG, NICH, RICH, and verru-
cous venous malformation), other inhibitors are 
considered. There are conceivable tests of BRAF 
(vemurafenib) or MEK inhibitor (trametinib), 
which are used to treat metastatic BRAF-mutated 
melanoma (see Fig. 2.1) [30, 31, 57–60]. Because 
many kinase inhibitors have variable affinities to 
several intracellular proteins, and multiple cross-
talks occur between signaling pathways, numer-
ous studies are needed to characterize the most 
efficient modalities.

In HHT, receptor mutations lead to decreased 
BMP signaling, and this may lead in turn to an 
increase in angiogenic response. Thus, these 
patients could benefit from antiangiogenic 
agents, such as bevacizumab. However, dimin-
ished ALK activity also leads to increased PTEN 
phosphorylation and inactivation. There is subse-
quent PI3K/AKT activation. Rapamycin and 
other PI3K/AKT inhibitors may thus prove to be 
efficacious [51].

Other general angiogenesis inhibitors, such as 
thalidomide or bevacizumab, the anti-VEGF 
antibody, may also be useful [60–63]. They can 
inhibit VEGF action, whatever the underlying 
cause for expression may be. For example, they 
reduce nosebleeds in patients with HHT.  The 
pathophysiology of GVMs is a little unclear. If 
earlier data hold, the TGF-ß pathway might 
serve as a target, in addition to modulation of 
mTOR.
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Syndromes Associated 
with Vascular Anomalies

Madanagopalan Ethunandan and Sanjiv C. Nair

Vascular anomalies encompass a spectrum of dis-
orders that unfortunately continues to be plagued 
by incorrect nomenclature and misdiagnosis. 
Recent advances in clinical and basic research 
have led to better understanding of these lesions 
and their more appropriate categorisation. The 
international society for the study of vascular 
anomalies (ISSVA) has recently updated the clas-
sification that provides a sound framework and 
clarification of terminology, which can be used 
across the various clinical specialities [1].

Vascular anomalies are often sporadic, though 
in a small proportion of patients they can be asso-
ciated with underlying diseases or systemic con-
ditions. Some of the associated syndromes are 
well recognised, but other associations are not as 
well known [1–4]. Vascular lesions associated 
with syndromes can be difficult to treat and 
require long-term management plans and per-
spectives. In this chapter, the associated syn-
dromes are discussed according to the presenting 
vascular lesion, as either vascular tumours or 
malformations, in accordance with the recently 
updated ISSVA classification.

3.1  Syndromes Associated 
with Vascular Tumours

3.1.1  PHACE Syndrome (Fig. 3.1)

Pascual-Castroveijo in 1978, described a series of 
seven patients with vascular and non-vascular 
intracranial malformations associated with exter-
nal capillary haemangiomas [5]. Freiden et al. in 
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Fig. 3.1 Phace syndrome - Large segmental facial 
haemangioma
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1996 reported PHACE syndrome, an acronym 
that encompassed posterior fossa malformations, 
haemangiomas, arterial anomalies, cardiovascular 
anomalies, eye anomalies, and sternal defects [6]. 
The haemangiomas are infantile haemangiomas, 
often occurring in the face and neck, segmental in 
distribution and over 5 cm in diameter. Posterior 
fossa anomalies include Dandy-Walker malfor-
mations and ventricular dilatation. Cardiac anom-
alies include coarctation of the aorta, atrial septal 

defect, and ventricular septal defects. Eye anoma-
lies include cataract, glaucoma, microphthalmos, 
and optic nerve hypoplasia. A recent multi-spe-
cialty consensus document (Table  3.1) provides 
updated diagnostic criteria and care recommenda-
tions [7]. In patients with a large head and neck/
face haemangiomas more than 5  cm should be 
evaluated for PHACE. Patients with smaller hae-
mangiomas with characteristic/major criteria and 
those without haemangiomas, but with major cri-

Table 3.1 PHACE syndrome—Revised diagnostic criteria [7]

Organ system Major criteria Minor criteria
Arterial anomalies Anomaly of major cerebral or cervical arteries*

Dysplasia of the large cerebral arteries#

Arterial stenosis or occlusion with or without moyamoya 
collaterals
Absence or moderate–severe hypoplasia of the large cerebral 
and cervical arteries
Aberrant origin or course of the large cerebral or cervical 
arteries except common variants such as bovine arch
Persistent carotid–vertebrobasilar anastomosis (proatlantal 
segmental, hypoglossal, otic and/or trigeminal arteries)

Aneurysm of any of the 
cerebral arteries

Structural brain Posterior fossa brain anomalies
Dandy-Walker complex
Other hypoplasia/dysplasia of the mid and/or hindbrain

Midline brain anomalies
Malformation of cortical 
development

Cardiovascular Aortic arch anomalies
Coarctation of the aorta
Dysplasia
Aneurysm
Aberrant origin of the subclavian artery with or without a 
vascular ring

Ventricular septal defect
Right aortic arch/double 
aortic arch
Systemic venous 
anomalies

Ocular Posterior segment abnormalities
Persistent hyperplastic primary vitreous
Persistent foetal vasculature
Retinal vascular anomalies
Morning glory disc anomaly
Optic nerve hypoplasia
Peripapillary staphyloma

Anterior segment 
abnormalities
Microphthalmia
Sclerocornea
Coloboma
Cataracts

Ventral/midline Anomaly of the midline chest and abdomen
Sternal defect
Sternal pit
Sternal cleft
Supraumbilical raphe

Definite PHACE
Haemangioma >5 cm in diameter of the head including scalp PLUS 1 major criteria or 2 minor criteria
Haemangioma of the neck, upper trunk or trunk and proximal upper extremity PLUS 2 major criteria
Possible PHACE
Haemangioma >5 cm in diameter of the head including the scalp PLUS 1 minor criteria
Haemangioma of the neck, upper trunk or trunk and proximal upper extremity PLUS 1 major or 2 minor criteria
No haemangioma PLUS 2 major criteria

*Internal carotid artery, middle cerebral artery, anterior cerebral artery, posterior cerebral artery or vertebrobasilar 
system
#Includes kinking, looping, tortuosity and/or dolichoectasia
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teria, should also be evaluated. Screening tests 
include a thorough physical examination, echo-
cardiogram, MRI/MRA of the brain, neck and 
aortic arch and ophthalmological examination.

3.1.2  Kasabach–Merritt Syndrome/
Phenomenon

Kasabach and Merritt in 1940 reported a case of 
capillary haemangioma with extensive purpura 
[8]. It was associated with coagulation abnormal-
ities, reduced platelets and anaemia, causing 
haemorrhage, infection and multi-organ failure, 
leading to death in 12–24% of patients. It is now 
recognised that patients with Kaposiform heman-
gioendothelioma or tufted angiomas, but not 
infantile haemangiomas or malformations 
develop Kasabach–Merritt phenomenon (KMP) 
[9]. Abnormal platelet activation and aggregation 
may occur secondary to interaction with the 

abnormal tumour endothelium resulting in local-
ised trapping of the platelets and consumption of 
clotting factors [10]. Kaposiform hemangioendo-
thelioma involving more than one anatomic site, 
invading underlying muscle, bone, retroperito-
neum and thoracic cavity are more often associ-
ated with increased incidence of KMP [11]. 
Outcomes have significantly improved and cur-
rent management includes excision of the lesion, 
steroids, interferon, vincristine and radiotherapy.

3.2  Syndromes Associated 
with Capillary Malformations

3.2.1  Sturge–Weber Syndrome 
(Fig. 3.2a, b)

Sturge–Weber Syndrome (SWS) is characterised 
by a dermal capillary malformation occurring in 
association with vascular malformations of the 

a b

Fig. 3.2 (a, b) Sturge Weber Syndrome Frontal and lateral view- Capillary malformation affecting dermatomes sup-
plied by the first and second divisions of the trigeminal nerve. Tissue hypertrophy in long standing lesions
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leptomeninges and the eye. It was initially 
described by Sturge in 1879 and further charac-
terised by Weber in 1922 [12, 13]. It typically 
includes a triad of facial dermal capillary malfor-
mation, ipsilateral central nervous syndrome vas-
cular malformations (leptomeningeal 
angiomatosis), and vascular malformations of the 
choroid of the eye associated with glaucoma. 
Partial forms with eye and meningeal lesions 
without skin lesions and skin and eye lesions 
without meningeal lesions have been described, 
but all three features are required to be consid-
ered as having SWS [14].

The risk of SWS is determined by the distribu-
tion of the capillary malformations. SWS occurs 
exclusively in patients whose capillary malfor-
mations are located in the distribution of the first 
division (ophthalmic) of the trigeminal nerve. 
Talman et al. [15] found ocular and CNS abnor-
malities occurred exclusively in patients with 
capillary malformations involving the upper and 
lower eyelids (91%) or lower eyelids (9%). 
Though this study suggests an increased inci-
dence of SWS with second division involvement, 
this discrepancy could be attributed to the ana-
tomic variability of the “watershed” area of the 
upper and lower eyelids that can be innervated by 
the first or second division of the trigeminal 
nerve. The overall incidence of ocular or CNS 
involvement in patients with capillary malforma-
tion located in the first or second division is 
around 8%, but higher when multiple  dermatomes 
(V1, V2, V3) or bilateral involvement (24%).

Leptomeningeal vascular malformations are 
most often present over the occipital lobes, fol-
lowed by the temporal and parietal lobes [16]. 
Seizures are the most common neurologic abnor-
mality associated with SWS and occur in 55–90% 
of patients. They are frequently focal but can 
become generalised and often occur within the 
first year of life. Most patients achieve normal 
developmental milestones in the first year of life 
and about 50% continue to develop normally. 
Those with extensive leptomeningeal involve-
ment and seizures refractory to treatment are at a 
higher risk of developmental delay.

Glaucoma is the most common ophthalmo-
logic abnormality seen in patients with SWS. It is 
associated with ipsilateral vascular malformation 

of the choroidal vasculature of the eye, though it 
can present on the contralateral side. Glaucoma is 
often present at birth in about two-thirds of 
patients, though it can arise at a later date. All 
patients with capillary malformations of the eye-
lids should be evaluated periodically for glau-
coma, as early identification and management 
may prevent blindness.

SWS should be suspected in all patients with 
capillary malformations affecting the first divi-
sion of the trigeminal nerve. Regular ophthalmo-
logical examination should be carried out to 
evaluate and manage glaucoma. Neurological 
development should also be monitored and sei-
zures managed appropriately. Cutaneous capil-
lary malformations can be managed by pulsed 
dye laser.

3.2.2  Klippel–Trenaunay Syndrome

Klippel–Trenaunay Syndrome (KTS) was ini-
tially reported by Klippel and Trenaunay in 1900 
[17]. It is characterised by (1) capillary malfor-
mation of the lower limbs, (2) congenital vari-
cose veins or venous malformations associated 
with abnormal, dilated “lateral megaveins” that 
develop in the lateral aspect of the affected limbs 
and (3) bone and soft tissue hypertrophy resulting 
from overgrowth. Just one limb is affected in over 
75% of patients, though in a few the upper limb 
or both lower limbs can be affected. Lymphatic 
anomalies can also occur in the affected limbs 
[18–20].

The capillary malformation may be distrib-
uted in a confluent geographic pattern or ran-
domly on the affected limb and adjacent trunk. 
Geographic patterns are often located in the lat-
eral aspect of the thigh, knee and lower leg and 
can be a predictor of associated lymphatic mal-
formation and complications of KTS.  Life- 
threatening complications include deep vein 
thrombosis, pulmonary embolism, sepsis and 
coagulopathy [18–20].

KTS should be suspected in all infants with 
capillary malformations involving the limbs. If 
KTS is diagnosed, regular monitoring of the leg 
length is mandatory. It is important to look out 
for a high-flow arteriovenous malformation, to 
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rule out Parkes Weber syndrome. The venous 
anomalies are often managed conservatively with 
elastic support garments. Surgery may be 
required in selected patients.

3.2.3  Rubinstein–Taybi Syndrome 
(Fig. 3.3a, b)

Rubinstein and Taybi in 1963 reported a condi-
tion characterised by mental retardation, growth 
retardation, broad thumbs, large toes and a typi-
cal facial appearance [21]. Though no specific 
diagnostic criteria have been established, a vari-
ety of additional features have been reported 
[22]. Skin manifestations included capillary mal-
formations, hirsutism, keloid and excessive scar 
formation, and café au lait macules. Oral mani-
festations include thin upper lip, small oral open-
ing, retro/micrognathia and high arched narrow 
palate. Cleft uvula and palate can be part of the 
syndrome. Dental anomalies include hypodontia, 
hyperdontia and natal teeth. Talon cusps were 
present in 73% of patients and 92% of permanent 
teeth. Two or more talon cusps are rarely found in 
the normal population and this finding supports 

the diagnosis of Rubinstein–Taybi syndrome, 
when this is suspected [23].

3.2.4  Beckwith–Wiedemann 
Syndrome (Fig. 3.4a, b, c)

Beckwith–Wiedemann syndrome is character-
ised by gigantism, omphalocele (exomphalos) 
and macroglossia [24, 25]. Predisposition to 
tumours in childhood (Wilms’, rhabdomyosar-
coma, hepatoblastoma, adrenal tumours) poste-
rior helical pits, hypoglycaemia / hyperinsulinism 
and facial capillary malformations also occur as a 
part of the syndrome. Many of the cases are spo-
radic, though a familial autosomal dominant 
inheritance has been associated with this 
 syndrome. A recent international consensus doc-
ument has set out recommendations (Table 3.2) 
for clinical and molecular diagnoses, screening 
and management [26]. It is the most common 
(epi)genetic overgrowth-cancer predisposition 
disorder. An understanding of the genetic inheri-
tance and specific mechanisms for tumorigenesis 
will assist in genetic counselling, early tumour 
detection and prognostic determination.

a b

Fig. 3.3 (a, b) Rubinstein-Taybi syndrome - Infantile hemangioma involving V1, V2, V3 divisions of trigeminal nerve 
with cleft lip and nose
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3.3  Syndromes Associated 
with Low-flow Venous 
Malformations, Lymphatic 
Malformations or Mixed 
Malformations

3.3.1  Blue Rubber Bleb Nevus 
Syndrome (Fig. 3.5)

Gascoyne in 1860 reported a vascular malforma-
tion in the parotid region complicated by haemor-

rhage of the gastrointestinal (GI) tract [27]. Bean 
in 1958 reported additional cases and reviewed 
the literature and coined the term “blue rubber 
bleb nevus syndrome” to describe the classical 
skin and gastrointestinal tract findings [28].

The typical findings are compressible blue 
subcutaneous venous malformations ranging in 
size from 0.1 cm to 5.0 cm. They are often pres-
ent at birth or early childhood and become more 
obvious and numerous as the patients become 
older. They can be present in any part of the skin 

a

c

b

Fig. 3.4 Beckwith - Wiedmann Syndrome - Capillary malformation with tissue hypertrophy and macroglossia
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and mucosa, including the scalp, but are more 
commonly located in the trunk and extremities.

Gastrointestinal venous malformations most 
commonly affect the small intestine and colon, 
though the entire bowel may be affected. Lesions 
may also be found in the orbit, genitourinary tract 
and central nervous system. GI lesions may pres-
ent as chronic anaemia, abdominal pain, rectal 
bleeding and intussusception.

Blue rubber bleb syndrome should be consid-
ered in patients who present with multiple cutane-
ous venous malformations and patients should 
undergo evaluation for GI tract involvement and 
anaemia. Cutaneous lesions can be managed by 
carbon dioxide lasers, sclerotherapy and surgical 
excisions. GI lesions may be treated by endoscopic 
Argon or Nd:YAG lasers or surgical excision.

3.3.2  Parkes Weber Syndrome 

Parkes Weber in 1907 described a vascular lesion 
with hemihypertrophy. It is characterised by 
overgrowth of the limb (usually lower) with dif-
fuse arteriovenous fistulas and shunts. The arte-
riovenous fistulas often develop around puberty 
and can be complicated by high-output conges-
tive cardiac failure. Lymphatic anomalies and 
lymphoedema may be present. It should be dif-
ferentiated from Klippel–Trenaunay syndrome, 
the latter being associated with low-flow vascular 
malformations.

3.3.3  Proteus Syndrome 
(Figs. 3.6, 3.7)

Wiedemann et  al. in 1983 described a disorder 
characterised by hypertrophy of the hands and 
feet, pigmented nevi, hemihypertrophy, skull and 
visceral abnormalities [29]. They named it 
Proteus syndrome after the Greek god, who could 
change his shape. Patients subsequently reported 
in the literature had very variable features, raising 
concerns about misdiagnosis. In 2004, specific 

Table 3.2 Beckwith–Wiedemann syndrome—diagnos-
tic criteria [26]

Cardinal features (2 points per feature)
Macroglossia
Exomplalos
Lateralised overgrowth
Multifocal and /or bilateral Wilms’ tumour or 
nephroblastomatosis
Hyperinsulinism (lasting >1 week and requiring 
escalated treatment)
Pathology findings: Adrenal cortex cytomegaly, 
placental mesenchymal dysplasia or pancreatic 
adenomatosis
Suggestive features (1 point per feature)
Birth weight > 2 SDS above mean
Facial naevus simplex
Polyhydramnios and /or placentomegaly
Ear creases and/or pits
Transient hypogylcaemia (lasting <1 week)
Typical BWSp tumours (neuroblastoma, 
rhabdomyosarcoma, unilateral Wilms’ tumour, 
hepatoblastoma, adrenocortical carcinoma or 
phaeochromocytoma)
Nephromegaly and/or hepatomegaly
Umbilical hernia and / or diastasis recti

For clinical diagnosis of classical Beckwith–Wiedemann 
syndrome (BWS), a patient requires a score of ≥4 (this 
clinical diagnosis does not require the molecular confir-
mation of an 11p15 anomaly). Patients with a score of ≥2 
(including those with classical BWS with a score of ≥4) 
merit genetic testing for investigation and diagnosis of 
BWS. Patients with a score of <2 do not meet the criteria 
for genetic testing. Patients with a score of ≥2 with nega-
tive testing should be considered for an alternative diag-
nosis and/or referral to a BWS expert for further 
evaluation
BWSp Beckwith–Wiedemann spectrum, SDS standard 
deviation scores

Fig. 3.5 Blue Rubber Bleb Nevus Syndrome 
(Compressible blue subcutaneous venous malformation 
from birth)
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criteria (Table 3.3) were established for diagnos-
ing Proteus syndrome [30]. The general charac-
teristics of a sporadic occurrence, mosaic 
distribution of lesion, and a progressive clinical 
course are mandatory. Clinical features include 
connective tissue nevus of the palms and soles, 
epidermal nevus, disproportionate overgrowth, 
parotid monomorphic adenomas or ovarian cyst-

adenomas before the second decade of life, lipo-
mas or localised absence of fat and vascular 
malformations (venous, capillary, lymphatic). 
The characteristic facial features of dolichoceph-
aly, long face, down slanting palpebral fissures, 
low nasal bridge and open bite have also been 
reported.

Joseph Merrick, who exhibited himself as the 
“elephant man” and whose story subsequently 
led to many medical articles, books and a movie 
by David Lynch, is now considered to have been 
affected by Proteus syndrome, rather than 
neurofibromatosis.

The diagnosis is currently based on satisfying 
the revised diagnostic criteria.

3.3.4  Maffucci Syndrome

Initially described by Maffucci in 1881, the 
disorder is characterised by enchondromatosis 
and multiple low flow vascular (mainly venous 
and rarely lymphatic) malformations [31].

It often manifests in early childhood with mul-
tiple superficial and deep venous malformations 

Fig. 3.6 Proteus syndrome - Typical facies - Hemihypertrophy of the face, lymhovenous malformations

Fig. 3.7 Proteus syndrome - Asymmetric disproportion-
ate growth of the digits. Adapted from
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Table 3.3 Proteus syndrome—Revised diagnostic crite-
ria [30]

General criteria Specific criteria
All the 
following:
   Mosaic 

distribution of 
lesions

   Sporadic 
occurrence

   Progressive 
course

Either category A (or)
Two from category B (or)
Three from category C
   A. 1. Cerebriform connective 

tissue nevus*
   B. 1. Linear epidermal nevus
     2.  Asymmetric, 

disproportionate growth#

     One or more
     (a) Limbs:
       Arms/legs
       Hands/feet/digits
       Extremities
     (b) Hyperostoses of the skull
     (c) External auditory meatus
     (d) Megaspondylodysplasia
     (e) Viscera
       Spleen/thymus
     3.  Specific tumours before 

the 2nd decade
     One of the following:
     (a) Ovarian cystadenoma
     (b)  Parotid monomorphic 

adenoma
   C. 1.  Dysregulated adipose 

tissue
     Either one:
     (a) Lipomas
     (b) Regional absence of fat
     2. Vascular malformations
     One or more
     (a) Capillary malformation
     (b) Venous malformation
     (c)  Lymphatic 

malformation
     3. Lung cysts
     4. Facial phenotypes+

     All
     (a) Dolichocephaly
     (b) Long face
     (c)  Down slanting palpebral 

fissures and/or minor 
ptosis

     (d) Low nasal bridge
     (e)  Wide or anteverted nares
     (f) Open mouth at rest

To make a diagnosis of Proteus syndrome (PS), one must 
have all the general criteria and various specific criteria
*Cerebriform connective tissue nevi are skin lesions char-
acterised by deep grooves and gyrations as seen on the 
surface of the brain
#Asymmetric, disproportionate overgrowth should be 
carefully distinguished from asymmetric proportionate 
overgrowth
+The facial phenotype has been found to date only in PS in 
patients who have mental deficiency and in some cases 
seizures and/or brain malformations

in the extremities. Oral and intra-abdominal 
venous and lymphatic malformations have also 
been reported [32, 33]. Simultaneously, endo-
chondromas present as hard nodules in the fin-
gers and long bones. About 30%–40% of these 
lesions undergo malignant transformation into 
chondrosarcomas. Breast, ovarian, pancreatic, 
parathyroid and pituitary tumours have also been 
reported in patients with Maffucci syndrome. 
Spindle cell hemangioendothelioma is com-
monly found beside venous nodules or intermin-
gled with the venous malformations on pathologic 
sections in these patients.

Diagnosis is based on the clinical features and 
regular follow-up is mandatory to monitor the 
endochondromas and detect malignant transfor-
mation. The venous malformations are managed 
conservatively, unless symptomatic.

3.3.5  Gorham–Stout Syndrome 
(Fig. 3.8a, b)

Initially reported by Jackson in 1838 [34], 
Gorham and Stout in 1955 reported 24 cases 
characterised by vascular malformations, 
intraosseous vascular malformations and oste-
olysis [35]. This syndrome has also been 
termed as disappearing bone disease, phantom 
bone disease and diffuse skeletal haemangio-
matosis. Lymphatic malformations are most 
common, though capillary and venous malfor-
mations have been reported. Cutaneous mal-
formations are uncommon. Truncal bone and 
upper extremities are most commonly affected. 
Patients often present in early childhood with a 
pathological fracture following minor trauma. 
The degree of bone resorption is variable and 
complete resorption has been reported in sev-
eral cases.

The cause has not been established and patho-
logical analysis demonstrates a proliferation of 
dilated lymph channels communicating with 
blood vessels in the bone. When osteolytic lesion 
of unknown is identified, Gorham–Stout syn-
drome should be considered. Surgery, radiother-
apy and bisphosphonates have been used in its 
management [36].

3 Syndromes Associated with Vascular Anomalies
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3.4  Syndromes Associated 
with High-flow Vascular 
Malformations

3.4.1  Rendu–Osler–Weber 
Syndrome (Hereditary 
Haemorrhagic Telangiectasia)

Rendu (1896) [37], Osler 1901) [38] and Weber 
(1907) [39]described a hereditary disorder char-
acterised by dilated skin and mucosal blood ves-
sels leading to epistaxis and haemorrhage into 
the digestive tract (hereditary haemorrhagic tel-
angiectasia—HHT). It is an autosomal dominant 
disorder affecting one to two per 100,000 people 
and belongs to the group of diseases with abnor-
mal transforming growth factor-beta. Clinically it 

is classified into five phenotypes based on ENG, 
ALK or SMAD4 abnormalities: HHT1, HHT2, 
HHT3, HHT4 and juvenile polyposis and heredi-
tary haemorrhagic telangiectasia (JPHT). HHT1 
is the most common and is caused by the ENG 
mutation [40].

Telangiectasia in the nose, leading to recurrent 
epistaxis is often the initial presentation and 
occurs before the appearance of cutaneous 
lesions. Telangiectases are also present in the 
lips, oral mucosa, upper extremities, fingers and 
trunk. Arteriovenous malformations and fistulas 
in the lung, liver and central nervous system are 
also found in these patients. Criteria have been 
established for the diagnosis of HHT (Table 3.4) 
and people with three criteria receive a “defini-
tive” diagnosis and those with two a “possible” 
diagnosis [41].

HHT should be suspected in children with 
multiple skin and mucosal lesions. Once estab-
lished, they should be evaluated for pulmonary 
and other site involvement. Management of local 
lesions has included cautery, laser photocoagula-
tion and sclerotherapy. Bevacizumab, when 
injected submucosally has also been shown to be 
of benefit [42].

a

b

Fig. 3.8 Gorham Stout syndrome—Left facial skeleton 
with maxillary and zygomatic bone osteolysis. (a) 
Orthopantomograph (b) 3D reconstruction of the CT scan

Table 3.4 Hereditary Haemorrhagic Telangiectasia—
Diagnostic criteria [41]

Criteria Definition
Epistaxis Spontaneous, recurrent nose 

bleeds
Telangiectasia Multiple characteristic sites 

(lips, oral cavity, nose, 
fingers)

Arteriovenous 
malformations 
(AVM)

Any of the following:
    1. Cerebral AVM
    2. Spinal AVM
    3. Pulmonary AVM
    4. Hepatic AVM
    5. Gastrointestinal 

telangiectasia (with or 
without bleeding)

Family history A first-degree relative with 
HHT according to criteria

Definite HHT—If 3 criteria are present
Possible HHT—If 2 criteria are present
Unlikely HHT—If fewer than 2 criteria are present

HHT Hereditary haemorrhagic telangiectasia

M. Ethunandan and S. C. Nair
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3.4.2  Bonnet–Dechume–Blanc 
Syndrome or Wyburn–Mason 
Syndrome

Bonnet et al. [43] in 1937 and Wyburn et al. [44] 
in 1943 reported a disorder characterised by cere-
bral arteriovenous malformation usually involv-
ing the midbrain, ipsilateral retinal vascular 
malformation and a red stain in the face, often 
misinterpreted as a capillary malformation. 
Bonnet–Dechume–Blanc syndrome and Wyburn–
Mason syndrome are generally considered to be 
synonymous.

The cutaneous vascular malformation is not a 
consistent feature and when present can be uni-
lateral and involves the skin innervated by the 
trigeminal nerve or central involving the mid- 
forehead, glabella, nose and upper lip. Patients 
can present with headaches and seizures. 
Fundoscopy and MRI can be helpful in delineat-
ing the extent of the lesions.

3.5  Summary

Recent advances have enabled this complex 
group of patients to be more accurately diag-
nosed, enabling tailored management plans. 
Some of these patients are at a greater risk of 
developing tumours and serious complications. 
Identifying the varying elements of syndrome 
complex, recognising the potential complications 
and liaising with the various specialities is essen-
tial to improve the management of these patients.
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4.1  Introduction

Radiographic evaluation is useful to elucidate the 
locations, extent, and flow dynamics of lesions. 
With the advancement of diagnostic radiology, 
imaging is frequently and widely utilized for the 

diagnosis and management of vascular anoma-
lies. Among different imaging modalities, ultra-
sound (US), magnetic resonance imaging (MRI), 
and magnetic resonance angiography (MRA) are 
most frequently used, especially in the pediatric 
population.

Computed tomography (CT) and conven-
tional radiographs are also, though less com-
monly, used in certain situations compared to 
MRI and MRA.

Due to its invasive nature, angiogram is now 
often reserved for interventional planned proce-
dures only.

4.2  Variations 
in the Radiological 
Presentations of Vascular 
Lesions of the Head 
and Neck Region

Most sporadic lesions may be different in clinical 
presentation compared to lesions associated with 
syndromes.

The senior author and editor (Chandra and 
Ghodke) undertook a retrospective study for 
reviewing medical and neuroradiology interven-
tional records of all patients with head and neck 
vascular anomalies, diagnosed and/or surgically 
treated at the University of Washington medical 
system from 2006 to 2016. The exclusion criteria 
were patients with segmental lesions, those asso-
ciated with syndromes such as Sturge-Weber, and 
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patients with intracranial tissues or viscera 
involved. A total of 102 patients (Male = 52 and 
Female = 50) were included in the study. There 
were 62 patients in the vascular tumor group, and 
40 patients in the vascular malformation group. 
The radiologic appearances varied from unilocu-
lar to multilocular, regular to irregular, and well 
defined to poorly defined margins. Lesion loca-
tion varied with involvement of the scalp, orbits, 
nose, maxilla, mandible, and neck regions. 
Seventy-five patients were symptomatic. Forty-
seven patients were surgically treated. Vascular 
anomalies have varied symptomatic and radio-
logical presentations. So, it is prudent to under-
stand based on the  findings from this large study, 
we should be minimizing unnecessary interven-
tions, biopsies, and therapies. We describe the 
most salient features of vascular anomalies in 
Tables 4.1 and 4.2 with ultrasound and magnetic 
resonance imaging. Ultrasound and MRI are the 

most frequently used initial review investiga-
tional procedures. Some vascular anomalies have 
a characteristic appearance as described in 
Table 4.2.

4.3  Imaging Modalities

4.3.1  Ultrasound

• Ultrasound is the first choice for an initial 
evaluation in most cases. It has a good spatial 
resolution for superficial lesions. Other advan-
tages include lack of ionizing radiation, wide 
availability, and relatively low cost. Doppler 
study can measure blood flow direction and 
volume in real time, and essential for differen-
tiating low flow from high-flow vascular mal-
formations. High-frequency linear array 
transducer is preferred in most cases, however, 

Table 4.1 US and MRI features of major vascular anomalies [1–8]

Vascular anomalies US features MRI features
Vascular tumor
Infantile hemangioma Heterogeneous soft tissue mass with 

mixed echogenicity. Proliferative phase: 
high vascularity (more than 5 vessels/cm2) 
and low RI. Involuting phase: decreased 
vascularity and high RI

Proliferative phase: well- defined mass 
with low SI on T1WI, high SI on 
T2WI, intense contrast enhancement, 
and flow-voids on gradient echo (GRE) 
sequence. Involuting phase: high SI on 
T1WI

Congenital hemangioma Similar to infantile hemangioma; often contains internal foci of calcifications or 
hemorrhage

Low-flow vascular 
anomalies
Venous Hypoechoic cystic lesion with sinusoidal 

chambers and hyperechoic foci 
(phleboliths)

Lobulated mass with iso-to-low SI on 
T1WI, high SI on T2WI, delayed 
contrast enhancement, lack of flow 
voids on GRE sequence, and signal 
voids (phleboliths)

Lymphatic Macrocystic: anechoic, multiloculated 
cystic mass, echogenic hemorrhage. 
Microlytic: Hyperechoic soft tissue 
thickening. No intracity vascular signals 
on Doppler

High SI on T2WI with fluid–fluid level 
and hypodense septations. 
Macrocystic: rim and septal 
enhancement; microcystic: no 
enhancement

Capillary Clinical diagnosis only; no imaging necessary
High-flow vascular 
anomalies
AVM Enlarged feeding arteries and dilated 

draining veins without soft tissue mass
Large flow voids on SE sequences. 
Early arterial washout and early 
venous enhancement

RI resistant index, SI signal intensity, T1WI T1 weighted image, T2WI T2 weighted image, SE spin echo
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depending on the size and depth of the lesion, 
a combination of different transducers might 
be required. Limited penetration of ultrasound 
makes it difficult to evaluate deep structures 
and the extension of lesions. Also, ultrasound 
findings are highly dependent on operator 
experience and thus can vary between differ-
ent examiners.

4.3.2  Magnetic Resonance Imaging

• When ultrasound findings are equivocal, MRI 
is the next step. MRI is a favorable exam for 
most clinicians when evaluating very large 
lesions or lesions within specific locations 
(infraorbital or intracranial lesion, etc.) [1]. 
MRI not only provides valuable information 
about extension of disease, the depth of 
lesions, and internal organ involvement, but 
also guide treatment planning and posttreat-
ment evaluation. MRI does not use ionizing 
radiation and is preferred in pediatric popula-
tion. However, sedation is often required for 
pediatric patients during lengthy MRI exam. 

Spin Echo sequences and contrast enhance-
ment patterns often provide useful informa-
tion for diagnosis. MRA can provide 
hemodynamic information of vascular malfor-
mation and is helpful in differentiating high 
flow from low-flow lesions [2].

4.4  Major Imaging Finding 
of Vascular Tumors

4.4.1  Infantile Hemangioma

• Most infantile hemangiomas are diagnosed 
clinically and only a few cases require image 
studies. The findings vary depending on the 
clinical phases. In the proliferative phase, it 
presents as a well-defined lobular mass with 
high vascular activity. In the involuting phase, 
fatty replacement occurs with decreased vas-
cular activity.

• Ultrasound demonstrates a well-defined soft 
tissue mass with variable internal echo-
genicity. Calcifications are rare. Color Doppler 
is very helpful in showing the characteristic 

Table 4.2 Key features of most common vascular lesions of head and neck. Adapted from Nair et al. JMOS 2016

US with CDUS MRI
IH Hyperechoic or hypoechoic Iso to intermediate signal on T1W, bright signal on 

T2W, high-intensity flow enhancement on gradient 
echo, internal flow voids, vigorous enhancement after 
contrast administration

Hypervascular on CDUS

RICH Central, non-enhancing, hypodense, 
hypoechoic, more robust feeding vessels 
with large diameter than IH

T2W hyperintense component is quite prominent

NICH Almost similar to IH Almost similar to IH
VMs Solid echogenic mass with phleboliths, often 

multispatial and compressible. Low flow or 
monophasic or no flow on CDUS

T1W heterogenous intermediate signal, no flow voids, 
T2 fast spin-echo fat-saturated or short T1 inversion 
recovery high signal intensity, T1W spin-echo 
postgadolinium enhancement

LM Variable multicystic, multispatial masses, 
with or without fluid or debris levels. No 
flow pattern on CDUS

T1W low to intermediate signal intensity, T2W high 
signal intensity, T1W postgadolinium, no 
enhancement except within septa

AVM Clusters of vessels with no intervening 
well-defined mass. High flow (arterial flow) 
on CDUS. Arterial and venous signals from 
vessels in the lesions with arterializations of 
venous structure

T1W and T2W sequences show serpiginous signal 
voids without a focal mass

US ultrasound, CDUS color Doppler ultrasound, MRI magnetic resonance imaging, T1W T1 weighted, T2W T2 
weighted, IH infantile hemangioma, RICH rapidly involuting congenital hemangioma, NICH non-involuting congenital 
hemangioma, VM venous malformation, LM lymphatic malformation, AVMs arteriovenous malformations
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high vascularity with both arterial and venous 
flow. Hypervascularity in proliferative phase 
is defined as more than 5 vessels per square 
centimeter with low resistive index (Figs. 4.1 
and 4.2). The involuting phase, on the con-
trary, has decreased vascularity and increased 
resistive index.

• MRI is mainly used for lesions involving criti-
cal organs (i.e., infraorbital or intracranial 
extension) or treatment planning. In the prolif-
erative phase, lesions are well-defined with low 
signal intensity on T1-weighted image (T1WI), 
high signal intensity on T2-weighted image 
(T2WI), and intense contrast enhancement. In 
the involuting phase, there is high signal inten-
sity on T1WI due to fatty replacement.

4.4.2  Congenital Hemangioma

• Both ultrasound and MRI findings of congeni-
tal hemangioma are similar to infantile heman-
gioma, characterized by soft tissue mass with 
hypervascularity. It often contains internal foci 
of calcifications or hemorrhage [1–3].

4.4.3  Kaposiform 
Hemangioendothelioma

• Ill-defined, infiltrating soft tissue mass with 
diffuse enhancement involving multiple tissue 

planes. Calcifications are common. 
Perilesional edema makes it difficult to define 
tumor margins. On MRI, diffuse high signal 
intensity on T2WI mix with foci of intermedi-
ate to low signal intensity. Feeding/draining 
vessels are usually smaller and along the 
tumor margin other than within the lesion.

4.5  Low-flow Vascular 
Malformations

4.5.1  Venous Malformation

• Venous malformation usually presents as an 
asymptomatic soft tissue mass. In imaging 
study, it appears as a well-defined lobulated 
lesion.

• Ultrasound is very useful for the evaluation of 
superficial lesions. It shows a characteristic 
hypoechoic cystic lesion with sinusoidal 
chambers and hyperechoic foci (phleboliths). 
It is compressible with low-velocity venous 
flow or less commonly no flow on color 
Doppler which confirms the venous 
component.

• One of the few lesions that CT could be help-
ful for diagnosis. The presence of phleboliths 
within a soft tissue mass on CT is characteris-
tic of venous malformation (Fig.  4.3). 
However, CT utilizes ionizing radiation which 
limits the use in pediatric patients.

• MRI demonstrates a lobulated mass with iso- 
to- low signal intensity on T1WI, high signal 
intensity on T2WI due to its cystic nature, 
delayed contrast enhancement, and signal 
voids suggestive of phleboliths.

4.5.2  Lymphatic Malformation

• There are two main subtypes of lymphatic 
malformation, macrocystic and microcystic. 
Each subtype has distinguished radiologic 
appearances. Macrocystic lymphatic malfor-
mation is a well-defined lobulated soft tissue 
mass with multiple septations and fluid–fluid 
level. Microcystic lesion is typically an 

Fig. 4.1 Grayscale ultrasound shows hyperechoic subcu-
taneous soft tissue mass overlying the right lambdoid 
suture
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 ill- defined, infiltrative, solid mass that involves 
multiple tissue planes [4, 5].

• On US, macrocystic lymphatic malformation 
is presented as an anechoic, multiloculated 
cystic mass, often with echogenic intralesional 
hemorrhage (Fig.  4.4). However, US often 
cannot show the extent of large lesions. 
Microcystic lymphatic malformation is often 
presented as an ill-defined hyperechoic soft 

tissue thickening. No intra-lesions vascular 
signals were seen on Doppler.

• On MRI, lymphatic malformation has high SI 
on T2WI with fluid–fluid level and hypodense 
thin septations (Fig.  4.5). Macrocystic and 
microcystic lesions have different contrast 
enhancement patterns. Macrocystic lesions 
have rim and septal enhancement while micro-
cystic lesions have no enhancement.

Fig. 4.2 Doppler study 
shows intralesional 
hypervascularity with 
both arterial and venous 
flow, compatible with 
infantile hemangioma
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4.5.3  Capillary Malformation

• Capillary malformation is a clinical diagnosis. 
Imaging is not necessary for diagnosis [4].

4.6  High-flow Vascular 
Malformations

4.6.1  Arteriovenous Malformation 
(AVM)

• Ultrasound is usually the first choice for diag-
nosis. Tangles of enlarged feeding arteries and 
dilated draining veins without discrete soft tis-
sue mass suggest the diagnosis. The feeding 
arteries have low resistant waveform on color 
Doppler due to shunting.

• On MRI, the enlarged feeding arteries and drain-
ing veins are shown as large flow voids on echo 
spin sequences. AVM has a characteristic con-
trast enhancement pattern due to shunting. Early 
arterial washout and early venous enhancement 
are typically for AVM.  Figure  4.6 depicted a 
T2WI MRI and CT angiogram of a large arterial 
venous malformation within the right frontal 
parasagittal white matter with tangles of enlarged 
feeding arteries and a large draining vein [6–8].

Fig. 4.3 Contrast-enhanced axial and coronal CT images show soft tissue mass with serpiginous enhancement and nume-
rus phleboliths involving multiple compartments of the right face, suggestive of low flow lympho-venous malformation

Fig. 4.4 Large multiloculated left neck mass on ultra-
sound with fluid–fluid level and echogenic debris from 
recent hemorrhage. No internal flow on color Doppler. 
Findings are characteristics of a macrocystic lymphatic 
malformation
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Fig. 4.5 Axial and Coronal T2-weighted MR images 
show a large multiloculated and multispatial left neck 
mass with fluid–fluid levels and associated mass effect, 
compatible with lymphatic malformation with recent 
hemorrhage

Fig. 4.6 T2WI MRI and CT angiogram show a large 
arterial venous malformation within the right frontal para-
sagittal white matter with tangles of enlarged feeding 
arteries and a large draining vein

• CT Angiography or MR Angiography shows 
details of feeding arteries, nidus, and draining 
veins, and are often used for treatment 
planning.

4 Radiological Diagnosis of Head and Neck Vascular Anomalies
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Medical Management of Vascular 
Lesions: Current and the Future

Srinivasa R. Chandra, Jagadeesh Kumar, 
and Sanjiv C. Nair

5.1  General Approach 
for Treatment

The treatment of hemangiomas should be individu-
alized, based upon the size of the lesion(s), mor-
phology, location, presence or possibility of 
complications, the potential for scarring or disfig-
urement, the age of the patient, and the rate of 
growth or involution at the time of evaluation [1, 2]. 
The potential risk(s) of treatment against the poten-
tial benefits is a consideration as detailed below. 
Medical management of infantile hemangiomas.

Consultation with a pediatric maxillofacial 
specialist, pediatric ophthalmologist, pediatric 
dermatologist, vascular anomalies team, or other 
knowledgeable specialists in pediatric hemangio-
mas with actual or potential risk for complica-
tions and when therapy is being considered [3]. 
Such children should be referred to as early as 
possible during the early proliferation phase (i.e., 
during the first few months of life).

After clinical examination of the hemangi-
oma, the family may need education regarding 
the natural course, potential complications; treat-
ment indications; and risks, benefits, and expec-
tations of available treatment options. Depending 
upon the type of lesion and the parents’ level of 
concern, the patient may need to be re-evaluated 
frequently during the proliferative phase and 
again before school entry. Serial photographs of 
the lesion can help to monitor the clinical course.

The family’s education should include infor-
mation about the natural course, potential com-
plications, treatment indications, and risks, 
benefits, and expectations of available treatment 
options for hemangiomas. Families can have 
realistic expectations about the duration of invo-
lution and the possibility of residual changes. 
The involution phase may continue up to the age 
of 10 years, although in some studies, complete 
involution has been known at a median age of 
4  years [4, 5]. However, this timeline is highly 
variable and dependent on hemangioma size, 
morphology, and location. In many cases, involu-
tion does not result in normal-appearing skin. 
More than one-half of children with untreated 
hemangiomas experience residual changes such 
as scarring, atrophy, redundant skin, discolor-
ation, and telangiectasia [6].

Finally, the family should have anticipatory 
guidance regarding responding to comments and 
queries from family members and strangers. 
Parents are commonly subject to inappropriate 
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comments from strangers, including accusations 
of child abuse [7]. Other children, who are usually 
extremely curious about the hemangioma, are 
often satisfied to know that “It is a birthmark, it 
does not hurt, and it will get better” [7]. Addressing 
the psychosocial aspects of care and providing the 
parents’ anticipatory guidance, emotional sup-
port, and reassurance is essential for the effective 
management of hemangiomas [1, 7].

Treatment modality depends upon the above 
factors and the availability of specific choices 
and treating clinicians’ experience.

Indications for Intervention Intervention 
required for complicated lesions can interfere 
with a vital structure or function.

These include, but are not limited to:

• Very large, rapidly growing cutaneous heman-
giomas.

• Lesions in the periorbital region.
• Lesions in the airway, liver, or gastrointestinal 

tract.

Besides, intervention indicated for lesions 
associated with other complications such as 
ulceration and increased risk of scarring or dis-
figurement [8]:

• Large, plaque-like segmental or nodular hem-
angiomas, especially in trauma-prone loca-
tions, can ulcerate, which invariably leads to 
scarring (Fig. 5.1a, b).

• Any lesion of the face, especially when large 
or segmental; hemangiomas of the lip), nose 
(“Cyrano nose”), and auricle are particularly 
prone to disfigurement.

• Large, nodular, superficial hemangiomas, 
especially those that exhibit a sharp, “cliff- 
like” border or pedunculated lesions (heman-
giomas extending from a small base), have the 

a b

Fig. 5.1 (a, b) Lesions of the ear, lip, and nasal regions can 
cause significant deformity, including airway and vision 
compromise. These lesions can be amenable to medical 

management before surgical management. Courtesy:  
Dr. Amol Kulkarni, Senior Consultant OMF Surgeon, MDS, 
MOMS RCSEd, FIBCSOMS—ONC Kigali, Rwanda
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most significant scarring risk. These lesions 
are also at risk for leaving residual fibrofatty 
tissue that may require surgical revision.

5.2  Goals of Treatment [1]

• Prevention or reversal of life-threatening or 
function-threatening complications.

• Prevention or minimization of a disfigurement 
from residual skin changes.

• Minimization of psychosocial distress for the 
patient and family.

• Adequate treatment of ulceration to minimize 
scarring, bleeding, infection, and pain.

5.3  Uncomplicated 
Hemangiomas

Serial observation is the mainstay of therapy for 
many uncomplicated, localized hemangiomas 
because hemangiomas involute spontaneously 
after the first year of life. The decision not to pur-
sue medical and surgical therapy may not be nec-
essarily a passive intervention since the growth 
and involution of the hemangiomas are moni-
tored and the psychosocial implications, particu-
larly facial hemangiomas, anticipated addressed 
[7]. Serial photographs of the lesion may be help-
ful to monitor the involution process and 
outcome.

Local Therapies Local pharmacotherapy is pri-
marily used to treat small or superficial infantile 
hemangiomas and is not ideal for treating com-
plex lesions. Data on topical therapies’ efficacy, 
including topical beta-blockers, corticosteroids, 
and imiquimod, are limited.

Topical Beta-blockers Reports of successful 
treatment of hemangiomas with systemic pro-
pranolol led to the investigation of topical beta- 
blocker therapy to treat infantile hemangiomas 
[9, 10]. Topical beta-blockers in the treatment of 
small superficial hemangiomas (e.g., hemangio-
mas of minor cosmetic concern located on the 
face, small lesions in the anogenital area) as an 

alternative to observation, particularly if parents 
desire treatment.

Topical timolol gel-forming solution, 0.5%, 
can be used to treat lesions. One drop is applied 
two to three times per day for 6 to 12 months or 
until stable improvement.

A systemic review has espoused topical pro-
pranolol 1% or topical timolol 0.5% efficacy. 
And meta-analysis and a large retrospective 
cohort study [11, 12]. Topical timolol is generally 
well tolerated. However, data on its safety are 
limited.

• A retrospective study of 22 high-risk infants 
(young or preterm infants, infants were receiv-
ing more than two drops/day, or infants receiv-
ing application to a site with potential 
increased systemic absorption) with heman-
giomas predominantly located in the periocu-
lar area treated with topical timolol. They 
received continuous cardiac monitoring for at 
least 24  hours [13]. Two infants developed 
symptomatic bradycardia associated with 
apnea or hypothermia requiring discontinua-
tion of timolol; both were preterm (weighing 
<2500 grams) and had a history of symptom-
atic bradycardia before the initiation of timo-
lol treatment.

High-potency topical corticosteroids (e.g., 
clobetasol propionate cream) have been used in 
the past for small, superficial hemangiomas at 
risk for ulceration or small periocular lesions 
[14]. They are now infrequently used since the 
introduction of topical timolol. Topical cortico-
steroids may be helpful for the treatment of 
minor but recurrent ulcerations. Adverse effects 
of long- term use of topical corticosteroids 
include skin atrophy, hypopigmentation, and 
hypertrichosis.

The use of intralesional corticosteroids such as 
triamcinolone acetonide 10 to 40 mg/mL is lim-
ited to small, well-localized, deep hemangiomas 
[15]. Individual doses should not exceed 3 mg/kg. 
A response usually is noted within two weeks, 
with the continued response over the ensuing six 
to eight weeks [16]. Serial injections administered 
at four-week intervals are sometimes needed.
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Adverse effects of intralesional corticoste-
roids most commonly include local skin atrophy 
from leaks or inadvertent application to the nor-
mal surrounding skin. Adrenal suppression from 
systemic absorption is also possible, even with 
localized use [17–19].

5.3.1  Orbital, Mucosal 
and Maxillofacial Vascular 
Tumors/Infantile 
Hemangiomas

Orbital, mucosal, airway, and maxillofacial vascu-
lar lesions with rapid growth can cause significant 
ulceration, bleeding, pain, secondary infection, sig-
nificant anatomical asymmetry, and psychological 
effects on the infant and the parents. Many of these 
infants and children need an inpatient setting. 
Especially considering cardiovascular or syndromic 
correlations need care too. Adequate care is taken as 
the skin is thin in infants. Desiccated mucosa can 
ulcerate, and topical medication absorption is high 
along with a further propensity to ulcerate.

5.3.1.1  Beta-blockers
The anti-angiogenic effect of Beta-blockers is a 
documented therapeutic. In the British journal of 

dermatology, 2010, Storch et  al., espoused the 
inhibition of signal transduction pathway by 
beta-blockers in the proliferative vascular endo-
thelial cells. Other actions of propranolol and 
beta-blockers have been reported to suppress beta 
FGF, VEGF, MMP-o2, MMP-9 through adreno-
receptor blockade. As we have alluded to in the 
chapter about etiopathogenesis, the mutational 
makeup of vascular lesions and oncologic muta-
tional pathways are similar but produce a varied 
effect. An increased level of matrix metallopro-
teinases (MMP) is seen in sinonasal malignancy. 
The MMP levels seen a decrease with beta- 
blocker therapy compared to an increase with 
beta-adrenergic receptor agonist norepinephrine.

Propranolol at an Oral dose of 1.0–1.5 mg/kg 
per day- deep-seated lesions, multiple periodic 
doses with monitoring of cardiovascular and sys-
temic effects as mentioned below during the pro-
liferative phase (Fig. 5.2a, b).

Timolol maleate 0.5% ophthalmic solution, 
25 mg per five mL-effective for topical superficial 
hemangiomas; applied as coats twice daily to mini-
mize systemic absorption or peripheral runoff loss.

Beta-adrenergic nonselective blocker (pro-
pranolol) was a serendipitous therapy interven-
tion for infantile hemangiomas, including orbital 
lesions. Leaute- Labreze et al., a French group, 

a b

Fig. 5.2 Rapidly involuting congenital Hemangioma (RICH) of right face treated with propranolol therapy ((a) pre-
treatment, (b) post-treatment)
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unwittingly utilized propranolol in a couple of 
infantile maxillofacial hemangioma patients with 
impending cardiac failure. There was a signifi-
cant resolution of the rate of growth and size 
regression of hemangiomas in these children 
while being used for cardiac symptoms. The 
group’s findings are published in the New 
England Journal of Medicine in 2008. The use of 
topical timolol was reviewed by Puttgen et al. in 
the “Pediatrics” in 2016. Similar studies are in 
the maxillofacial literature.

The mechanism is poorly understood; the cur-
rent literature reports growth factors (fibroblast 
growth factor- FGF, especially betaFGF) and 
matrix metalloproteinases (MMP 2 & 9) upregu-
lation in these rapidly growing hemangiomas of 
the maxillofacial and periorbital areas. The beta- 
blocker therapy can be monitored with a reduc-
tion in urine excretion of the FGF and MMP as 
detected by enzyme-linked immunosorbent assay 
(ELIZA) and zymography tests.

Beta-blocker adverse reaction of hypoglyce-
mia, hypotension, bradycardia, bronchial con-
striction, peripheral cyanosis, EKG changes, 
gastrointestinal symptoms (anorexia, diarrhea, 
vomiting), sleep changes, drowsiness, skin ery-
thema, and exfoliation are all cared for appropri-
ately, especially in infants. Cardiovascular and 
vital sign monitoring must be undertaken in an 
inpatient setting (3–7  days), especially when 
therapy is at the proliferative phase. Duration of 
the entire treatment can last between 1 and 
8  weeks during the proliferative phase. Low 
doses of oral beta-blocker are advised during 
combination therapy with topical beta-adrenergic 
therapy in mitigating adverse effects.

Complicated Hemangiomas Complicated 
hemangiomas that require treatment include 
large hemangiomas at increased risk of scarring 
or disfigurement, life-threatening hemangiomas 
(e.g., airway hemangiomas), hemangiomas car-
rying operational risks (e.g., periocular heman-
giomas), or hemangiomas with severe ulceration.

Propranolol Propranolol, a nonselective beta- 
blocker, is the first-line agent for hemangiomas 
with the potential to impair function or cause per-

manent disfigurement if there are no cardiac or 
neurovascular concerns [20].

Propranolol inhibits the growth and induces 
the regression of infantile hemangiomas [21] 
(Fig. 5.2a, b).

Efficacy In 2008, the serendipitous observation 
that propranolol to treat heart failure in two 
young children with infantile hemangiomas was 
associated with a color change, softening, and 
decrease in size hemangiomas led to the initia-
tion of more extensive observational studies and 
randomized trials. All studies demonstrated 
improvement with propranolol [21–28].

Pretreatment Evaluation Treatment with pro-
pranolol should undertake in consultation with a 
pediatric dermatologist or another specialist with 
expertise in diagnosing and treating pediatric 
vascular tumors and using propranolol in 
children.

The pretreatment evaluation should include:

• History should focus on cardiovascular and 
respiratory abnormalities and family history 
of heart block or arrhythmia.

• Physical examination is with a cardiac and 
pulmonary assessment with measurement of 
heart rate and blood pressure.

• Electrocardiogram.
• Imaging studies, including cardiac ultra-

sound or cardiac magnetic resonance imag-
ing (MRI), should be obtained in children 
with large facial hemangiomas at risk for 
PHACE to rule out the possibility of severe 
aortic coarctation, which is a contraindica-
tion to propranolol use.

5.3.1.2  Contraindications
• Cardiogenic shock.
• Documented chronic and significant sinus 

bradycardia.
• Documented chronic and significant 

hypotension.
• Greater than first-degree heart block.
• Heart failure.
• History of bronchospasm or wheezing.
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• Hypersensitivity to propranolol.
• Preterm infants with corrected age < 5 weeks 

(postnatal age in weeks minus number of 
weeks preterm).

Treatment is usually started with oral propran-
olol at 0.5–1  mg/kg per day in two or three 
divided doses with feeds. If tolerated, the dose is 
then gradually increased (i.e., in increments of 
0.5 mg/kg per day) over one to two weeks to the 
target dose of 2 mg/kg per day, given in two or 
three divided doses with feeds. Administering 
propranolol with feeds reduces the risk of 
hypoglycemia.

Monitoring Parents are educated about recog-
nizing signs of serious adverse effects, including 
hypotension, bradycardia, wheezing, and hypo-
glycemia [29]. Early clinical signs of hypoglyce-
mia include:

• Sweating.
• Jitteriness.
• Irritability.
• Cyanosis.
• Poor feeding.
• Hypothermia.
• Lethargy.

All these clinical signs, which are masked by 
beta-blockers except sweating, are paramount in 
treatment. Thus, sweating may be the most reli-
able early sign of hypoglycemia to watch.

Assessment of response and treatment dura-
tion  — Children with infantile hemangiomas 
treated with propranolol should be followed up at 
one- to three-month intervals for response assess-
ment and dose adjustment for weight gain. The 
treatment duration typically ranges between 6 to 
12 months (or until the child is a 12- to 18-month- 
old) but maybe longer, depending upon the hem-
angioma’s size and location, and response to 
treatment. Lack of response to treatment with 
propranolol is rare.

Rebound Growth Rebound growth after pro-
pranolol discontinuation was noted in approxi-
mately 14–25% of children [30–32]. The factors 

associated with the risk of relapse are not entirely 
understood. Some children with rebound growth 
may need a second course of propranolol. Topical 
beta-blockers may be used to treat mild to moder-
ate relapses. However, mild relapses do not require 
treatment in most cases, and parents should be 
educated about the lesion’s eventual involution.

Adverse Effects Serious adverse effects of pro-
pranolol therapy for hemangiomas, including 
hypotension, bradycardia, hyperkalemia, bron-
chospasm, and hypoglycemia, are infrequent [28, 
33, 34]. Restless sleep, constipation or diarrhea, 
and cold extremities are more commonly reported 
[34]. Thus, children treated with this drug need 
close monitoring.

Of the potentially severe adverse effects, hypo-
glycemia is the most worrisome—risk reduction 
by daytime administration of propranolol with a 
feeding shortly before or after administration. 
Propranolol is discontinued during periods of ill-
ness or inadequate oral intake [20, 29, 35].

Other Beta-blockers A few small trials suggest 
that nadolol and Atenolol may be as effective as 
propranolol for the treatment of proliferative 
hemangiomas, potentially with a lower rate of 
adverse effects such as Broncho reactivity and 
sleep disturbances [36, 37]. However, these find-
ings are preliminary and need to be confirmed by 
more extensive trials.

Systemic Corticosteroids Treatment with sys-
temic corticosteroids remains a treatment option 
for patients with complicated hemangiomas, in 
whom treatment with beta-blockers is 
contraindicated.

Systemic corticosteroids were as effective as 
propranolol in a small randomized trial [38].

Dosing The starting dose for prednisolone is 2 
to 3 mg/kg per day. A single, morning dose is pre-
ferred to minimize adrenal suppression. A 
response is usually seen within the first few 
weeks [39, 40]. Treatment is generally continued 
for several months or more, depending upon the 
indications for treatment, the response, and the 
child’s age at initiation.
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Prednisone should be slowly discontinued since 
abrupt discontinuation or rapid tapering of gluco-
corticoids while a hemangioma is still in its active 
growth phase may result in rebound proliferation.

Adverse Effects Adverse effects of systemic 
corticosteroids are more likely to develop with 
higher doses and courses of six months or longer, 
and they resolve with drug tapering.

Cushingoid facies, personality changes, 
delayed skeletal growth, gastric upset occurs in 
some cases. Serious corticosteroid complica-
tions, such as aseptic necrosis of the femoral 
head, hypertension, osteoporosis, and cataracts, 
are infrequent in children [41].

Other Systemic Therapies Vincristine and 
interferon alfa are alternative systemic agents for 
treating complicated hemangiomas but are rarely 
used since the advent of propranolol.

STEROID THERAPY
   SYSTEMIC STEROIDS—Prednisolone in 

proliferative phase
     FOCAL STEROIDS—Triamcinolone (40 mg/ml),
     Betamethasone (6 mg/ml)
   VINCRISTINE FOR LIFE-THREATENING 

LESIONS
   INTERFERON THERAPY- ALPHA 2a and BETA 

(serious side effects)
Beta-blockers – 2 mg/kg body wt. (propranolol)

Surgical Therapies When a hemangioma poses 
primarily cosmetic concerns, therapeutic inter-
ventions are tailored individually. In addition to 
systemic, topical, and intralesional medications, 
therapeutic options include laser therapy and 
surgery.

5.4  Special Situations

Periocular Hemangiomas Periocular heman-
giomas can compromise vision and cause ambly-
opia, astigmatism, or strabismus. These 
hemangiomas can be evaluated by an ophthal-
mologist experienced with hemangiomas and 
their treatment [16]. Surgical excision also may 
be an option for small, localized lesions 
[42–45].

5.4.1  Ulcerated Hemangiomas 
(Fig. 5.3a, b)

Wound Care Gentle and meticulous local 
wound care is the mainstay of ulcer therapy and 
is particularly important for lesions in  locations 
subject to trauma and infection, such as the 
perineum. Local wound care reduces pain and 
helps to prevent secondary infection [46]. 
Commonly used therapies include topical antibi-
otics, barrier creams, and non-stick dressings 
[47]. Very gentle debridement of crusted wounds 
with saline soaks two to three times daily may 
also be helpful since crusting prevents re- 
epithelization and favors infection.

Topical metronidazole gel, often used in com-
bination with topical mupirocin, has proved to be 
safe and efficacious for ulceration, particularly in 
intertriginous or moist areas such as the lip and 
perineum [46]. When clinically indicated, broad- 
spectrum oral antibiotics are also occasionally 
used.

Oral Propranolol We suggest oral propranolol 
in addition to meticulous wound care and appro-
priate analgesia for the treatment of ulcerated 
hemangiomas.

A beneficial effect of propranolol on ulcerated 
hemangiomas has also been reviewed in several 
case series [48–51].

Analgesia The pain associated with ulceration 
can be severe. Affected infants commonly suffer 
from sleep disturbance and increased irritability. 
Use of oral acetaminophen (without codeine) or a 
topical anesthetic agent (i.e., lidocaine hydro-
chloride 2 to 5% ointment) may be warranted.

Airway Hemangiomas (Fig.  5.4a–c) Because 
of the infant airway’s small caliber, a growing 
airway hemangioma can lead to life-threatening 
airway obstruction.

Systemic propranolol is generally the first line 
of therapy for children with symptomatic airway 
hemangiomas [22, 52]. Laser ablation is an occa-
sional second-line therapy [53]. Rarely, a trache-
otomy may be required. Adult hemangiomas of 
the airways are reviewed with flexible endos-
copy (Fig.  5.4a–c) frequently if asymptomatic. 
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a b

Fig. 5.3 (a, b) Pre- and post-op of lip with ulceration and 
progressive increase in the size and thickness. Therapy 
was with an intralesional Injection of Bleomycin 1  IU / 
Kg weight. There is no safe dosage for this useful and 
readily available chemotherapeutic agent called 

Bleomycin. It is known to cause pulmonary, hepatic dys-
function even in the smallest doses. (Pictures Courtesy: 
Dr. Amol Kulkarni, Senior Consultant OMF Surgeon, 
MDS, MOMS RCSEd, FIBCSOMS—ONC Kigali, 
Rwanda)

a

c

b

Fig. 5.4 (a, b) Endoscopic images of left laryngeal area 
showing low flow vascular lesion of the pyriform fossa, 
(c) MRI scan image of the same lesion with intense con-

trast uptake in left pyriform with vocal cord deviation in 
the laryngeal area
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Surgical resection is a consideration in noted 
obstructive or bleeding episodes. Sclerotherapy 
as described can be utilized for management.

PHACE Syndrome The presence of severe arte-
rial anomalies may restrict propranolol in some 
patients with PHACE syndrome [54]. In addition 
to large facial hemangiomas, patients with this 
disorder exhibit coarctation of the aorta and 
abnormalities of the aortic arch’s cerebral and cer-
vical vasculature and vessels. A small  percentage 
of patients with severe cerebral or cervical anom-
alies develop acute arterial ischemic stroke, most 
often during infancy or toddlerhood [55].

Consensus guidelines recommend that infants 
with PHACE syndrome be thoroughly evaluated 
with magnetic resonance imaging/magnetic reso-
nance angiography (MRI/MRA) of the head and 
neck and cardiac imaging to include the aortic 
arch before starting propranolol treatment [20].

The risks and benefits of propranolol treat-
ment for patients with PHACE syndrome who 
have high-risk MRA features are reviewed for 
treatment and in consultation with neurology and 
cardiology specialists [20].

Lymphatic malformations are treated 
depending on the type and location in the head 
and neck. As mentioned previously, these lesions 
can cause pressure on the airway, aerodigestive 
tract, and enlarge due to repeated infection or 
hemorrhage into the lesion. In the majority of 
patients with macrocystic LMs, sclerotherapy 
with Picibanil (OK-432) has shown good results. 
Patients may develop inflammation at the site of 
injection and fever, which is managed symptom-
atically. Microcystic LMs may require systemic 
therapy with Sirolimus or surgery as they do not 
always respond to Picibanil. Sirolimus is a natu-
ral macrolide secluded from the Streptomyces 
genus (Streptomyces hygroscopicus). It causes a 
decrease in the vascular endothelial growth factor 
(VEGF) and is a key regulator in lymphangio-
genesis and angiogenesis.

Algorithm for management of vascular anom-
alies (Adapted from: R. Mattassi, D.A. Loos and 
M.  Vaghi for congenital vascular anomalies. 
Fonseca RJ, Turvey RD, Timothy A, Marciani 
RD, Turvey TA. Surgical pathology. Philadelphia: 
Saunders; 2000.)

History and
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5.4.2  Sclerosing Agents (Table 5.1)

PYM, also known as Bleomycin A5, is the most 
used single-drug therapy for the treatment of cer-
vicofacial malformations. Transient fever and 
swelling are commonly seen side effects. Skin 
ulceration and subcutaneous tissue atrophy are 
scarcely seen complications.

Absolute ethanol causes alteration in cellular 
proteins and hence damages the endothelium of 
the vascular wall leading to obliteration of its 
lumen. Common complications include nerve 
injury, necrosis, and ulceration of skin.

OK-432 is a lyophilized preparation of low- 
virulence bacteria, group- A Streptococcus pyo-
genes, incubated with benzylpenicillin. It causes, 

Table 5.1 Table for use of medical therapy in vascular lesions (Adapted from: S.C.Nair, Vascular anomalies of the 
Head and Neck region. Journal of Maxillofacial and Oral Surgery. https://doi.org/10.1007/s12663- 017- 1063- 2)

Sclerosing agent Important facts Advantage Disadvantages
Bleomycin First used by Yura and 

coworkers in 1977 [25]
Can absorb systemically 
at very low levels, even if 
administered locally [25]

Development of fatal 
pulmonary fibrosis even in 
low doses [26] 
hyperpigmentation

Pingyangmycin Chemical structure similar to 
Bleomycin A5, this anticancer 
drug can be extracted from 
gram +ve streptococci

Most effective in treating 
vascular malformations 
of size less than 5.0 cm 
and for superficial 
lesions.
Percutaneously, it is very 
simple and effective

Allergic reactions, cutaneous 
or mucosal necrosis and 
sensory nerve or motor nerve 
injuries

5% sodium 
morrhuate

Earlier, it was successfully 
used

May remain in lesion, 
causing sclerosis and 
involution for a longer 
duration

Irritating and has tendency 
for the induction of severe 
reactions like tissue necrosis

Absolute ethanol Clinical application over the 
decades used globally, even in 
complicated and extensive 
lesions [27]

Low cost, remarkable 
results, quick metabolism 
and lower recurrence 
rates [28]

Ethanol sclerotherapy is 
painful and requires general 
anesthesia. Facial palsy and 
allergy

Lauromacrogol 
aethoxysklerol or 
polidocanol

Most effective sclerosing 
agents with low risk of 
complications and contains 
95% hydroxyl 
polyethoxydodecane with 5% 
ethyl alcohol

Injection technique is 
simple, safe and 
time-saving, painless, 
rarely allergic, and well 
tolerated by patients

It may cause necrosis and 
ulceration, if solution leaks 
out into mucosa or skin

OK-432 OK-432, also called picibanil, 
is a biological preparation of 
lyophilized powder containing 
Streptococcus pyogenes Su 
strain cells (group A, type 3) 
treated with benzylpenicillin 
potassium [29]

No perilesional fibrosis 
[30]Possibility to 
perform multiple 
subsequent injections 
with additional shrinkage 
response Low 
complication rate
Better esthetics results 
[30]

The main disadvantage of 
OK-432 is that some lesions 
require more than one 
injection to shrink 
satisfactorily. Other 
complications include fever, 
allergy, erythema and 
swelling [31]

Detergent sclerosants 
(sodium tetradecyl, 
the most commonly 
used sclerosant, 
ethanolamine and 
polidocanol

Detergents came into use in the 
1930s they work by a 
mechanism known as protein 
theft denaturation

Addition of air results in 
a microfoam which is 
felt to be more effective 
than the bland solution. 
A reasonable dose limit 
for image-guided 
sclerotherapy is 0.5 ml/
kg or 30.

It is painful to inject, but 
effective and relatively 
nontoxic

S. R. Chandra et al.

https://doi.org/10.1007/s12663-017-1063-2


59

induction of various cytokines. The inflammatory 
response caused by this remains localized and causes 
endothelial damage. The complications include 
local swelling and transient facial nerve palsy.

Ethanolamine oleate is an emulsion of fatty 
acids, which induces thrombosis and damages 
the endothelium. Complications like ulceration 
and necrosis of skin are known but infrequently 
observed.

Polidocanol is a non-ionic detergent, causes 
absorption at the cell membrane and leads to lysis 
of endothelial lining. Superficial necrosis of skin 
or mucosa is a known complication with 
Polidocanol.

Doxycycline belongs to the tetracycline group 
of antibiotics. Its mode of action is not yet clear, 
but its effects are known to be due to inhibition of 
matrix metalloproteinases and cell proliferation. 
It also causes suppression of vascular endothelial 
growth factors during angiogenesis and lym-
phangiogenesis. This further leads to dense adhe-
sions and fibrosis due to collagen and fibrin 
deposition. Macrocystic LM’s show a better 
response to treatment with doxycycline in com-
parison to microcystic LMs. Hemorrhage, cellu-
litis, pain, and transient edema are commonly 
seen complications. Scarring, skin excoriation, 

and Horner syndrome are seen less commonly. 
These adverse effects are self-limiting and likely 
to be related to the sclerosing effect rather than a 
side effect of the medication itself.

STS, also known as sotradecol, causes dena-
turation of proteins like clotting factors due to dis-
ruption of the normal architecture of the lipid 
bilayer in cell membranes of endothelial cells. 
This causes fibrosis and occlusion of vessels. It is 
not known to have any major complications so far.

5.4.3  Bleomycin

As it is available and inexpensive this drug has 
been effectively used for cystic lymphatic lesions 
to scar them to reduce the volume of macrocyctic 
lesions.

Bleomycin is used widely for the treatment of 
VMs and microcystic lesions too.

It inhibits DNA synthesis and has a non- 
specific inflammatory reaction on the endothelial 
cells. Adverse effects of bleomycin are minimal 
and transient (Fig. 5.5a, b), mostly being local-
ized pain and swelling. Skin infections around 
injection are seen less commonly. Some people 
report occasionally severe nausea.

a b

Fig. 5.5 (a) Koebner phenomenon after bleomycin injection for a vascular cystic lesion, with rash around the neck due 
to friction irritation of clothing. (b): shows annular or ring-like erythema of the area of electrocardiogram lead sticker
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It has been used along with OK-432 and alone. 
Large lymphatic lesions treated with intralesional 
Injection of Bleomycin 1 I.U / Kg weight. There 
is no safe dosage for this effective and readily 
available chemotherapeutic agent called 
Bleomycin. It is known to cause pulmonary 
hepatic dysfunction even in the smallest doses.

mechanism of action on microcystic disease is 
not completely understood and may involve 

derangement of tight junctions between endothe-
lial cells or induction of endothelial mesenchymal 
transition. The overall response is a favorable but 
complete response is seen in only about 20–57%.

The authors follow a protocol of intralesional 
injection of 15  IU Bleomycin in 5  ml of fresh 
normal saline, administered every 15 days. Most 
patients show a response in 3–4 sittings 
(Fig. 5.6a–c).

a

c

b

Fig. 5.6 Venous malformation-Left cheek (a) before sclerotherapy, (b) after sclerotherapy, (c) pretreatment T2-weighted 
MRI image
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5.4.4  Protein Chain in a Vascular 
Cell that Transmits Signal 
from a Cell Surface Receptor 
to the DNA in the Cell Nucleus

Growth and differentiation of the vascular lesion 
and its endothelial cell proliferation or initiated at 
the cell membrane tyrosine kinase receptor with 
the RAS- RAF downstream to nucleus MAPK 
dependent gene transcription. The illustration 
demonstrates the potential therapy and inhibition 
of Src-tyrosine kinase family inhibitors; rapidly 

accelerated fibrosarcoma (RAF) inhibitors; mito-
gen activating pathway kinase-extracellular 
signal- regulated kinase (MEK) inhibitors; extra-
cellular signal-regulated kinase is (ERK) inhibi-
tors (Fig. 5.7).

5.4.5  Sirolimus/Rapamycin

Rapamycin is a chemotherapeutic agent derivative 
of Streptomyces hygroscopicus bacteria, a macro-
lide used for targeted therapy to block the PIK3CA 
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inhibitors

RAF
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RAF dimer

MEK1/2
(MAP2K1)
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(MAPK1)
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& survival
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Fig. 5.7 MAPK/ERK pathway (well known as the Ras-Raf-MEK-ERK pathway) potential therapeutic inhibitors
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pathway (Fig. 5.8). Rapamycin (Sirolimus) inhib-
its cellular proliferation. Sirolimus has varied suc-
cess in vascular malformations therapy, but clinical 
outcomes have not been consistent. Authors here 
present personal experiences in use with syn-
dromic patients has been with adequate caution. 
Multiple centers have used Sirolimus empirically, 
and mutational tests before using the therapy have 
not been consistent.

Sirolimus as a B & T cell suppressor is very 
well studied in transplant patients, as mentioned 
with useful utility. Its use in head and neck 
 vascular lesions has shown a qualitative reduc-
tion in size and side effects of bleeding and vesic-
ular discharge. Nevertheless, Sirolimus therapy 
has documented side effects for its use with com-
plicated LM throughout the body. A reduction in 
cellulitis and hospitalizations with cellulitis- 
related complications documented with case 
reports and lesion management publications. 
Gastrointestinal, general metabolic toxicity, 

blood dyscrasias, bone marrow suppression (even 
though one of the treatment indications is dyscra-
sias of hematological and marrow-derived cell 
function) were the reported adverse effects of the 
medications.

The literature on Sirolimus and its efficacy is 
equivocal. The best candidate for this therapeutic 
advantage is not clear. Strychowsky et al., in the 
2018 phase 2 trial using Sirolimus in patients, 
evaluated the benefits of its empiric use compli-
cated LM. They reported a reduction in cellulitis 
and incidence of hospitalizations with cellulitis- 
related complications. The adverse effects of 
therapy were—Metabolic toxicity (3%), gastro-
intestinal disturbance (3%), and blood/bone mar-
row abnormalities (27%). Not all the patients 
receiving therapy had a genetic test for the 
PIK3CA mutation confirmed. So, treatment was 
based on clinical considerations. Other studies 
have reported on anecdotal success with 
Sirolimus. Sirolimus’s current indications for 

‘ANG’ & ‘TIE’ Receptors in Mice Endothelial Cell in Veins & Lymphatic Vessels

Vascular structure ‘TIE RECEPTOR’
- A tyrosine kinase receptor

- Gain of function
  mutation activates
  pathway.

- Mutation seen In VMS
  attached to skin and
  mucosa.

Endothelial cell

TIE2

VASCULAR MALFORMATIONS
- Gain of function
- Sporadic lesions had more ‘TIE2 & PIK3CA’

Plasma membrane

TIE2 intracellular
kinase domains

P

P PIK3CA

Alpelisib (BYL719)

P
AKT

P85

P110αPI3KTrametinib
Corimetinib
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mTORC 2
mTORC 1

Multiprotein complex signalling
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Ser473
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P
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  activity.
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Fig. 5.8 Angiopoeitin (ANG) based two transmembrane 
tyrosine kinase receptors-TIE1 and TIE 2 (tyrosine kinase 
with immunoglobulin and epithelial growth factor (EGF) 
homology domain) homologous receptors have been iden-

tified in vascular and lymphatic endothelial cells leading 
to vascular malformations. This picture illustration repre-
sents the identified pathway and the potential therapeutic 
molecular therapies

S. R. Chandra et al.



63

therapy are for pain, lesion enlargement, vesicu-
lar ulcerations, bone erosion and expansion, 
bleeding, airway compression, hematologic 
abnormalities, and complex symptomatic cases. 
Please also review the pathways of this therapy 
and references in Chap. 2 on mutational basis and 
etiopathogenesis of vascular lesions.

Many medications like interferons, bisphos-
phonates, and chemotherapeutic agents have 

been used by various groups of physicians with 
anecdotal evidence and with a lack of large clini-
cal trials. Many of the patients have suffered 
long-term hepatic and renal impairment with 
such aggressive therapy in benign lesions. The 
molecular basis as being investigated (Fig. 5.9), 
will channel better therapeutic modalities for 
benign vascular lesions.
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Fig. 5.9 Summary illustration of well-known genetic 
mutations based on that transmembrane tyrosine kinase 
MG protein-coupled signaling pathways. The protein 
mutations are abbreviated with the number’s analogs. 
These vascular malformations caused by the mutations on 

the syndromic presentations are listed below the receptors 
which are mutated. Majority of these mutations are based 
on the well-known Ras-Raf-MEK-ERK and PIK3CA 
pathways. Adapted from Refs. [56–58]
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The Role of Interventional 
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6.1  Outline

6.1.1  Section 1: Diagnostic Imaging 
of the Head and Neck

 1. General Imaging [1–14]
 (a) The Head and Neck (H&N) is a complex 

anatomical region divided into both ana-
tomic and functional sections and spaces.

 (b) The role of imaging in the H&N is to 
detect, characterize, and delineate lesions, 
while also determining involved sur-
rounding structures and lymph nodes.

 (c) Imaging is also used for interventional 
procedure guidance, distant metastasis 
detection, therapy planning, monitoring 
response, and surveillance.

 (d) Commonly employed cross-sectional 
modalities include magnetic resonance 
imaging (MRI), computed tomography 
(CT), ultrasound (US), and positron emis-
sion tomography computed tomography 
(PET-CT).

 (e) The primary imaging modality will 
depend on the main clinical concern, 
availability, cost, reimbursement, and 
patient-specific factors such as contrast 
allergies or implanted metallic devices.

 (f) Most modalities will be complementary, 
but in any case, the initial study should be 
one that will both provide all the neces-
sary information for proper management 
and being safe and cost-effective.

 (g) US is a reasonable first step in the evalua-
tion of any H&N vascular pathology 
given its rapid deployment, cost- 
effectiveness, and safety; however, imag-
ing should be tailored to best address the 
clinical concern.

 (h) MRI, as in other parts of the body, is 
superior to CT in the evaluation of soft 
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tissues, however there are certain caveats 
when imaging the H&N with MRI. MRI 
is typically employed to evaluate the 
suprahyoid neck, where it is less affected 
by artifact from dental amalgam or 
motion and is less suitable for the evalua-
tion of the infrahyoid neck, a region that 
is sensitive to respiratory motion artifact 
from coughing or breathing.

 (i) Common indications for imaging of the 
H&N include lesion localization, tumor 
staging, and infection workup. When 
imaging the head and neck for the pur-
pose of finding a lesion, contrast- 
enhanced CT (CECT) is generally the 
preferred initial modality. In some cases, 
CECT is also generally preferred for stag-
ing. For example, CECT is the best first 
step for staging of Squamous Cell 
Carcinoma. The same is true for the eval-
uation of a suspected infection, as CECT 
is excellent at distinguishing between cel-
lulitis, phlegmon, or abscess.

 (j) MRI is the preferred modality in the eval-
uation of tumor extent, perineural tumor 
spread, and/or intracranial extension.

 (k) It is important to have a general approach 
to lesions that are found in the H&N. As 
mentioned before, the H&N is divided 
into many sections or spaces, and as such, 
the first step is to determine the space in 
which the lesion originated. This allows 
us to formulate a space-specific differen-
tial diagnosis.

 (l) It is also important to consider whether a 
lesion could represent a normal structure 
or variant, or whether the abnormal find-
ing merits no further intervention.

 2. Imaging of Vascular Lesions
 (a) Radiology plays a crucial role in the diag-

nosis and management of vascular lesions 
in the H&N.

 (b) Diagnostic imaging can confirm a diag-
nosis, precisely delineate a lesion, distin-
guish associated abnormalities from 
normal variation, and allow for the sur-
veillance and monitoring of a lesion, pre- 
and post-therapy.

 (c) Interventional radiology provides several 
therapeutic options for vascular anoma-
lies, which will be discussed in greater 
detail in later sections.

 (d) Ultrasound is often used to image vascu-
lar anatomy given its ability to demon-
strate flow in real time, as well as its 
ability to quantify flow using Doppler 
technique.

 (e) As mentioned before, ultrasound may be 
used as the first step in the evaluation of 
H&N vascular lesions and may help char-
acterize the lesion as having primarily 
venous or arterial flow.

 (f) Although typically not preferred for the 
evaluation of vascular lesions given the 
associated ionizing radiation, CT can be 
employed to assess bony anatomy, as well 
as to detect calcifications or phleboliths in 
venous malformations.

 (g) Vascular lesions are best assessed when 
enhanced following the administration of 
intravenous contrast.

 (h) Generally, MRI is the primary modality 
for the evaluation of vascular anomalies. 
Its superior soft tissue resolution makes it 
the preferred imaging tool.

 (i) When compared to other modalities, MRI 
is better able to identify aggressive imag-
ing features that may suggest a more inva-
sive or malignant diagnosis.

 (j) A basic MRI protocol of the H&N will at 
least include precontrast and fat-saturated 
postcontrast T1-weighted images, as well 
as T2-weighted images, and will require 
at least 30 min of scanning time.

 (k) MR angiography can be used to evaluate 
high-flow lesions during arterial and 
venous phase.

 3. Overview of Non-Invasive Imaging Modalities
 (a) Ultrasound
 (i) General
 1. Based on the transmission, reflec-

tion, and reception of sound 
waves of variable frequencies.

 2. Higher frequencies (5–15  MHz) 
are used for the evaluation of 
superficial structures, such as the 
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H&N.  Lower frequencies 
(2–4 MHz) are used for the eval-
uation of deeper structures, such 
as the abdomen and pelvis.

 3. Non-contrast techniques include 
gray-scale, spectral Doppler, 
color Doppler, and power 
Doppler.

 4. Contrast-enhanced US (CEUS), 
recently approved by the FDA, is 
modality used to evaluate lesion 
enhancement.

 (ii) Techniques
 1. Gray-scale
 (a) Used to evaluate anatomy 

and morphology.
 2. Spectral Doppler
 (a) Used to evaluate spectral 

waveforms, as well as blood 
flow velocity, direction, and 
resistance.

 3. Color Doppler
 (a) Assigns color to blood veloc-

ity and direction (red reflects 
flow towards the transducer 
and blue reflects flow away 
from the transducer).

 4. Power Doppler
 (a) Detects slow flow, otherwise 

not seen on color Doppler. 
Does not provide informa-
tion on velocity or direction.

 5. CEUS
 (a) Consists of intravenous 

injection of highly echogenic 
microbubbles.

 (b) Used to evaluate lesion 
enhancement, blood flow 
dynamics, tissue vascularity, 
and stent grafts.

 (iii) Advantages
 1. US is widely available, portable, 

affordable, and entails no ioniz-
ing radiation risk.

 2. It is excellent at evaluating 
tumors in real time, including the 
assessment of adjacent blood 
vessels and tumor vascularity.

 3. CEUS can be used to evaluate 
lesion enhancement in patients 
with contraindications to MRI or 
CT contrast.

 4. If the lesion is well visualized, 
US may be the preferred modal-
ity for image-guided interven-
tions.

 (iv) Disadvantages
 1. Operator dependent.
 2. Greatly limited by bone and air.
 3. May not be able to fully evaluate 

larger lesions.
 (b) Computed Tomography/Computed 

Tomography Angiography (CTA)
 (i) General
 1. CTA is useful in the evaluation of 

vascular lesions as it can provide 
information about the vessel wall 
and lumen, including informa-
tion on atherosclerotic vascular 
disease and calcifications.

 (ii) Technique
 1. Images are acquired and recon-

structed in thin sections typically 
measuring 1–2 mm.

 2. For CTA, iodinated contrast is 
injected intravenously, and imag-
ing is timed in order to obtain 
maximal arterial enhancement 
within the area of clinical 
concern.

 3. Maximal arterial enhancement 
will depend on location and size 
of target vessel, vascular pathol-
ogy, and cardiac function.

 4. Arterial enhancement can be 
modified by adjusting contrast 
agent concentration, flow rate, 
and volume.

 (iii) Advantages
 1. Like US, CT is a reasonable first 

modality as it is also widely 
available, fast, and relatively 
affordable.

 2. High spatial resolution.
 3. Post-processing and 3D recon-

struction capabilities.
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 4. Less sensitive to motion artifact 
than MRI (including vascular 
artifact from turbulent or slow 
flow).

 5. Excellent at evaluating bone and 
calcifications.

 6. Generally easier to interpret than 
MRI.

 (iv) Disadvantages
 1. Ionizing radiation exposure.
 2. Susceptible to streak artifact 

from metallic material.
 3. Risk of contrast-induced 

nephropathy.
 4. Risk of contrast allergies.
 (c) Magnetic Resonance Imaging/Magnetic 

Resonance Angiography (MRA)
 (i) General
 1. MRI excels at evaluating soft 

tissues.
 2. As mentioned above, it is the pre-

ferred modality to evaluate for 
tumor extent, perivascular/peri-
neural spread, and/or intracranial 
extension.

 3. Imaging of vascular lesions with 
MRA can be performed using 
both contrast and non-contrast 
techniques.

 4. Contrast-enhanced MRA 
(CEMRA) is less sensitive to 
artifacts and shows higher mor-
phologic detail than non-contrast 
technique.

 5. CEMRA is more technically 
challenging as it requires good 
bolus timing and patient coopera-
tion (breath hold, staying still, 
etc.).

 6. MRA without contrast still 
allows for the evaluation of ves-
sel morphology, as well as blood 
flow and direction.

 (ii) Advantages
 1. Multiplanar scanning.
 2. Ability to evaluate vasculature 

without contrast, which is partic-

ularly important in patients who 
are pregnant or have severe renal 
failure.

 3. No ionizing radiation exposure.
 4. MRI contrast allergies are rare.
 5. Contrast agents are less 

nephrotoxic.
 6. Ability to perform functional 

imaging (DWI, tissue perfusion, 
blood flow/volume, etc.)

 (iii) Disadvantages
 1. Cost.
 2. Long acquisition times.
 3. Technically more complex 

accounting for numerous differ-
ent sequences.

 4. More sensitive to artifact, partic-
ularly in the H&N region.

 5. Less sensitive to small 
calcifications.

 6. Ferromagnetic metal implants, 
devices, or fragments may pro-
hibit the use of MRI.

 7. May require sedation or anesthe-
sia in the pediatric population.

 (d) Positron Emission Tomography 
Computed Tomography

 (i) Advantages
 1. Whole body imaging.
 2. Excellent at detecting distant 

metastases and nodal involvement.
 3. Useful for therapy monitoring.
 (ii) Disadvantages
 1. Glucose uptake on 18FDG 

PET- CT can be nonspecific.
 2. Cost.
 3. Requires patient preparation and 

cooperation.
 4. Radiation exposure.

6.1.2  Section 2: General 
Interventional Radiology 
[1–18]

 1. Interventional radiology originally developed 
from diagnostic angiography and was officially 
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born on January 16, 1964 with the first percuta-
neous angioplasty of a superficial femoral 
artery (SFA) stenosis by a diagnostic angiogra-
pher, Dr. Charles Dotter, whom many consider 
to be the forefather of Interventional Radiology 
[1–6, 19]

 2. Since that time, the specialty itself and the 
minimally invasive surgical techniques are 
increasing in popularity and have been 
ever-changing

 (a) As Dotter once said: “The angiographic 
catheter can be more than a tool for diag-
nostic observation; used with imagina-
tion, it can become an important surgical 
instrument.”

 3. Many interventional radiology procedures 
have been shown to reduce cost, recovery 
time, pain, and risk as compared to conven-
tional surgery

 4. Interventional radiology procedures, as they 
relate to the head and neck as well as else-
where in the body, can be divided into vascu-
lar and nonvascular procedures

 (a) Vascular
 (i) Major vascular procedures include 

diagnostic conventional angiography, 
angioplasty, atherectomy, thromboly-
sis, stenting, and embolization

 (b) Nonvascular
 (i) Major nonvascular procedures include 

percutaneous biopsy/drainage/injec-
tion, percutaneous ablation, nonvas-
cular stenting, and pain management

 (c) Interventions within the head and neck 
are accomplished by a variety of proce-
duralists including interventional radiolo-
gists, neurointerventional radiologists, 
neurosurgeons, ENT surgeons, etc.

 (d) Specialty selection in regard to “proce-
dural territory” often varies by institution

 (e) A few of the main vascular and nonvascu-
lar procedures pertaining to interven-
tional radiologists are discussed below

 (f) Pre/peri-operative workup
 (i) Always thoroughly review history of 

present illness, labs, medications, and 
pertinent imaging

 1. If pertinent imaging or labs have 
not yet been obtained, recom-
mend ordering prior to 
procedure

 2. Request patient be NPO for at 
least 6 h (or per hospital policy) 
if sedation is planned

 (ii) Risk stratify patient via the American 
Society of Anesthesiologists (ASA) 
Physical Status Classification 
System

 1. I: Normal healthy patient
 2. II: Mild to moderate systemic 

disease
 (a) Obesity, smoker
 3. III: Severe systemic disease that 

limits normal activity
 (a) ESRD
 4. IV: Severe systemic disease that 

is constant threat to life
 (a) Sepsis, recurrent variceal 

bleeds
 5. V: Not expected to survive with-

out intervention
 (a) Ruptured AAA, large 

hemorrhage
 6. VI: Brain dead
 (iii) Assess bleeding risk [5]
 1. Desired INR  <  1.5 and plate-

lets  >  50,000/μL for most inter-
ventional procedures

 2. Assess patient-specific and 
procedure- specific bleeding 
risk

 3. Hold antiplatelets and anticoagu-
lants per procedure/hospital 
protocol

 (a) Clopidogrel: ideally held for 
5 days prior to procedure

 (b) Aspirin: does not need to be 
withheld

 (c) Warfarin: desired INR for 
most procedures is <1.5

 (i) FFP or vitamin K for cor-
rection if needed

 (d) LMWH (therapeutic dose): 
held morning of procedure
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 (iv) Assess post-procedure contrast- 
induced nephropathy (CIN) risk [4–8]

 1. Contrast-induced nephropathy 
(CIN) is defined by the Acute 
Kidney Injury Networks as an 
increase in serum creatinine 
>25% from baseline or serum 
creatinine increase of 0.3 mg/dL 
within 72  h after contrast 
administration

 2. Risk factors for CIN include
 (a) Glomerular filtration rate 

<60  mL/min (particularly 
<30  mL/min) or baseline 
serum creatinine > 1.5 mg/dL

 (b) Age > 75
 (c) Diabetes
 (d) Medical conditions that 

decrease renal perfusion (i.e. 
heart failure)

 (e) Use of nephrotoxic medica-
tions (i.e. NSAIDS)

 (f) Procedure-related risk 
factors

 (i) Risk of CIN is dose 
dependent (procedures 
with a larger volume of 
intra-arterial contrast 
media use pose a greater 
risk)

 3. CIN prevention
 (a) Pre/intra/post-procedural 

oral and/or IV hydration
 (i) Ideally 1  mL/kg/h of IV 

hydration 12 h prior to and 
after elective procedure

 (b) Minimize volume of intra-
procedural arterial contrast

 (i) Consider other contrast 
agents, such as carbon 
dioxide (CO2) 
angiography

 1. An absolute contra-
indication to CO2 
angiography includes 
cerebral arteriography

 (ii) Note, a dose-toxicity 
direct relationship has 

only been shown for 
intra-arterial use of con-
trast, not intravenous

 (c) Temporal separation of con-
trast media procedures

 (d) Hold nephrotoxic 
medications

 (i) Patients taking metfor-
min who develop CIN are 
at risk for lactic acidosis

 4. Contrast reactions
 (a) Acute reactions to intrave-

nous contrast can be divided 
into allergic-type and 
nonallergic- type; both of 
which can range in severity

 (b) Premedication
 (i) History of severe con-

trast reaction is con-
sidered a relative 
contraindication to 
receiving the same class 
of contrast

 (ii) In a patient with a 
known contrast allergy, 
any future administra-
tion of that class of con-
trast is likely to produce 
a similar reaction

 1. In fact, no evidence 
that premedication 
decreases the inci-
dence of moderate 
or severe contrast 
reactions, it can 
however decrease 
the severity

 2. Therefore, if IV con-
trast is necessary for 
a patient who has 
had a previous reac-
tion, a premedica-
tion regimen is 
recommended

 (iii) Premedication regimens 
vary by institution; 
those recommended by 
ACR include
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 1. Methylprednisolone 
32  mg PO 12, 2  h 
prior  ±  diphenhydr-
amine (Benadryl) 
50 mg PO 1 h prior

 2. Or prednisone 
50 mg PO 13, 7, 1 h 
prior  ±  Benadryl 
50 mg PO 1 h prior

 3. Or hydrocortisone 
200  mg IV 5  h and 
1  h prior and 
Benadryl 50  mg IV 
1 h prior

 (a)  Note that IV ste-
roids are only 
shown to be 
effective when 
given at least > 
4  h prior to 
administration of 
contrast (IV ste-
roids given in 
emergent pre-
medication < 4 h 
prior to contrast 
administration 
has not shown 
efficacy)

 (v) Assess level of sedation needed
 1. Local anesthetic
 2. Minimal sedation/anxiolysis
 3. Moderate sedation
 (a) Most interventional proce-

dures are accomplished with 
moderate sedation

 (b) Level of sedation where 
patient can respond to verbal 
stimuli and protect their 
airway

 (c) Midazolam (Versed) is a 
benzodiazepine most com-
monly used for sedation

 (i) Typical starting dose is 
1–2  mg IV with repeat 
doses 0.5–1 mg IV

 (ii) Onset of action is 
1–5 min

 (iii) Lower doses should be 
considered in elderly 
patients and patients with 
liver or kidney failure 
due to impaired metabo-
lism/clearance/excretion

 (iv) Can have paradoxical 
reaction whereby patient 
experiences hyper- 
agitation

 (d) Again, request patient be 
NPO for at least 6 h (or per 
hospital policy) if sedation is 
planned

 4. Deep sedation
 5. Monitored anesthesia care 

(MAC)
 6. General anesthesia (endotracheal 

intubation)
 (vi) Assess level of intra-/post-operative 

analgesia needed
 1. Fentanyl (Sublimaze) is an opi-

oid commonly used for analgesia 
in most IR procedures

 (a) Typical starting dose is 
~50 μg IV with repeat doses 
25–50 μg IV

 (b) Onset of action is within a 
minute

 (c) Higher doses may be needed 
for patients with high opiate 
tolerance

 (d) Hepatic or renal impairment has 
less effect and dose does not typi-
cally need to be lowered

 5. Needles, wires, catheters, sheaths, balloons, 
and stents

 (a) Size
 (i) Needles are measured in gauge

 1. Gauge (g) refers to the outer diam-
eter of the needle

 2. Higher the gauge, smaller the 
needle

 3. Typical needles encountered in IR 
include a 21 g needle to do micro 
puncture access and a 19 g needle 
to do direct access or transjugular 
liver biopsies
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 (ii) Wires are measured in inches
 1. Typical wires encountered in IR 

include an 0.018″ wire used dur-
ing microaccess and an 0.035″ 
guidewire

 2. 19 g ~ 0.038″
 (iii) Catheters and sheaths are measured 

in French
 1. French (Fr) refers to the outer 

diameter of the catheter or 
sheath

 2. 1 French = 0.33 mm
 3. 3 French ~ 1 mm
 4. The internal diameter of a cathe-

ter or sheath will vary with thick-
ness of the wall of the device

 (a) Thicker wall of 
device  =  smaller internal 
diameter

 5. A 5 Fr sheath should accept a 5 Fr 
catheter

 (iv) Balloons and stents are measured in 
millimeters

 (v) It is essential to know the size rela-
tionships of these different measur-
ing standards because inserting these 
devices into the body requires slid-
ing one device through another 
device

 (vi) The “size rule”:
 1. 19 g ~ 0.038″ ~ 3 Fr ~ 1 mm
 (a) Note, these are all about the 

same size
 (b) Also note, a 3 Fr catheter will 

not accept an 0.035″ wire due 
to catheter wall thickness

 (i) Again, French is the outer 
diameter

 6. Needles
 (a) Divided into vascular access needles ver-

sus biopsy needles
 (b) Vascular access needles are single-wall 

needles—have a single beveled (angled) 
edge with a small notch on the hub that 
corresponds to the bevel. They are more 
steerable than trocar needles because a 
beveled needle will bend toward the distal 
tip of the bevel

 (c) Will often contain an inner stylet that is 
pulled out once the needle tip is con-
firmed, by ultrasound, to be within the 
vessel lumen

 (i) A 21 g needle accepts a 0.018″ wire 
(which is what comes in most IR vas-
cular microaccess kits)

 1. Note—a 21  g needle does not 
accept a 0.035″ wire

 (d) Biopsy needles are made to remove 
bodily tissue for pathologic analysis

 (i) Biopsy needles come in various 
designs in regard to the shape of the 
needle tip

 (ii) Trocar needle: two-part needle system 
with an outer cannula and a removable 
inner sharp three-sided trocar needle 
(trois carre = three sided).

 1. Not steerable because of the three-
sided tip

 (iii) Chiba needle: two-part high-gauge 
needle system with a beveled edge 
that allows steering

 7. Wires
 (a) Wires have three main properties
 (i) Size (diameter—typically 0.018″ or 

0.035″)
 (ii) Must have at least a 3 French catheter/

sheath for an 0.018″ wire
 (iii) Must have at least a 5 French catheter/

sheath for an 0.035″ wire
 1. Stiffness (determined by inner 

core and material constructed 
from)

 2. Hydrophilic versus 
non-hydrophilic

 (b) Three basic wire types (based on above 
properties)

 (i) Microaccess wire: 0.018″ wire that 
used to get access and then quickly 
exchanged

 (ii) Maneuver wire: floppy wire that is 
often hydrophilic ± curved tip to sub-
select vessels

 1. Standard or stiff Glidewire 
(Terumo Medical, Somerset, NJ)

 2. Fathom (Boston Scientific, 
Marlborough, MA)
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 (iii) Rail wire: stiff wire that provides a 
stability for catheter exchanges and 
during angioplasty/stenting

 1. Amplatz (Boston Scientific, 
Marlborough, MA)

 2. Rosen (Cook Medical, 
Bloomington, IN)

 3. Lunderquist (Cook Medical, 
Bloomington, IN)

 8. Catheters
 (a) Numerous catheter types available with 

different nuances
 (b) Divided into nonselective (flush) cathe-

ters and selective catheters
 (c) Nonselective flush catheters have multi-

ple side holes which allow for high-flow 
injections into large arteries or veins and 
prevent vascular injury at the tip of the 
catheter during power injections

 (i) Commonly used for large vessel 
angiogram

 (d) Selective catheters usually have a single 
end hole and require lower flow rates 
injections than flush catheters but allow 
for more precise/selective injection

 (i) Commonly used for embolization 
and small vessel angiogram

 (ii) Microcatheters are typically 3F or 
smaller and allow for the sub- 
selection of small vessels advanced 
through a base or “parent” catheter

6.1.2.1  Vascular Access
• Proper vascular access is the foundation for all 

vascular interventional procedures
• The Seldinger puncture technique (Fig. 6.1a–e)

 – Fundamental interventional radiology 
maneuver whereby a guidewire/microwire 
is introduced through a needle puncture 
which is then exchanged for a sheath/
catheter

 – A 21-g needle is needed for the 0.018″ 
microwire system

 – An 18-g needle is needed for the direct 
0.035″ wire system

• Venous access
 – Most commonly accessed veins are the 

internal jugular and common femoral veins

 – Indications
Central venous access
Procedural access (i.e., transjugular 
intrahepatic portosystemic shunt [TIPS] 
or IVC filter placement/removal)
Diagnostic venography

 – Pre-procedural
Check history and review appropriate 
imaging
• Patients with numerous prior venous 

access procedures or those with 
longstanding central venous access 
catheters may be challenging due to 
stenotic central venous system

a

b

c

d

e

Fig. 6.1 (a) Under ultrasound guidance, a needle and sty-
let are introduced into the artery; (b) stylet removed and 
microwire introduced through needle; (c) needle removed; 
(d) catheter or sheath advanced over microwire; (e) 
microwire removed. (Image: wiki commons)
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Check labs and medications
• Check eGFR and potential nephro-

toxic medications, especially if con-
trast planned

• Desired INR  <  1.5 and plate-
lets > 50,000/μL

• Assess patient and procedural risk of 
bleeding; holding antiplatelets and 
anticoagulants per procedure/hospi-
tal protocol

• Clopidogrel: ideally held for 5 days 
prior to procedure

• Aspirin: does not need to be 
withheld

• Warfarin: desired INR for most pro-
cedures is <1.5
 – FFP or vitamin K for correction if 

needed
• LMWH (therapeutic dose): held 

morning of procedure
NPO for at least 6  h (or per hospital 
policy) if sedation is planned

 – Procedural
Patient supine on table, sterile prepped, 
± analgesia/sedation
• Head turned contralaterally to access 

site in case of internal jugular access
Under ultrasound guidance, perform the 
Seldinger technique
• Find target vessel and identify impor-

tant adjacent structures (i.e., carotid 
artery if accessing internal jugular 
vein or common femoral artery if 
accessing common femoral vein)

• Anesthetize skin with lidocaine
• Make a shallow skin nick with #11 

scalpel
 – Incision can be made prior to or 

after 21 g needle insertion
• 21  g needle (with inner stylet) 

inserted into the vein
 – Needle tip should be always 

visualized
• 0.018″ microwire advanced through 

needle and advanced under fluoro-
scopic observation

• Microaccess sheath (with inner dila-
tor) then advanced over microwire

• Remove inner dilator and microwire
• 0.035″ guidewire advanced through 

microaccess sheath
• Microaccess sheath removed and 

desired sheath/catheter advanced 
over 0.035″ guidewire

• Arterial access
 – Most commonly accessed arteries are the 

common femoral and radial arteries
 – Indications

Procedural access
• Angioplasty, atherectomy, thrombol-

ysis, stenting, and embolization
Diagnostic arteriography

 – Pre-procedural
Check history and review appropriate 
imaging
Check labs and medications
• Check eGFR and potential nephro-

toxic medications, especially if con-
trast planned

• Desired INR  <  1.5 and plate-
lets > 50,000/μL

• Assess patient and procedural risk of 
bleeding; hold antiplatelets and 
 anticoagulants per procedure/hospi-
tal protocol

• Clopidogrel: ideally held for 5 days 
prior to procedure

• Aspirin: does not need to be 
withheld

• Warfarin: desired INR for most pro-
cedures is <1.5
 – FFP or vitamin K for correction if 

needed
• LMWH (therapeutic dose): held 

morning of procedure
NPO for at least 6  h (or per hospital 
policy) if sedation is planned

 – Procedural
Patient supine on table, sterile prepped, 
± analgesia/sedation
• Wrist in hyperextension for radial 

access
Under ultrasound guidance, perform the 
Seldinger technique
• Find target vessel and identify impor-

tant adjacent structures
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 – Common femoral artery access 
site should be over the medial 
1/3rd of the femoral head; high or 
low puncture could lead to retro-
peritoneal hematoma or inadver-
tent superficial femoral artery 
access, respectively

 – Radial artery access site should be 
~2 cm proximal to the radial sty-
loid process

Some prefer to predilate radial 
artery with topical nitroglycer-
ine prior to procedure

• Anesthetize skin with lidocaine
 – Skin entry site should be ~2  cm 

below (for retrograde arterial 
access) or above (for antegrade 
arterial access) the arteriotomy 
site

• Make a shallow skin nick with #11 
scalpel
 – Incision can be made prior to or 

after 21 g needle insertion
 – Skin nick usually not necessary 

for radial access
• 21  g needle (with inner stylet) 

inserted into the artery at 45° angle
 – Needle tip should be always 

visualized
• 0.018″ microwire advanced through 

needle and advanced under fluoro-
scopic observation

• Microaccess sheath (with inner dila-
tor) then advanced over microwire
 – Specific radial artery access 

sheaths are available
• Remove inner dilator and microwire

 – Vasodilatory “cocktail” adminis-
tered through microaccess sheath

Nitroglycerin (200 μg) + vera-
pamil (2.5 mg) + heparin (3000 
units)

• 0.035″ guidewire advanced through 
microaccess sheath

• Microaccess sheath removed and 
desired sheath/catheter advanced 
over 0.035″ guidewire

6.1.2.2  Embolization [9–18, 20–35]
• Embolization refers to the insertion of an 

intravascular agent to control hemorrhage or 
for devascularization purposes

• Indications for embolization
 – Occlude active source or potential source 

of hemorrhage
Vascular rupture, aneurysms, pseudoan-
eurysms, arteriovenous fistulas, and 
varices

 – Tumor devascularization
 – Flow redistribution to protect tissue or 

facilitate flow to another tissue
For example, gastroduodenal artery 
(GDA) embolization prior to chemo/
radioembolization for hepatocellular 
carcinoma protects the tissues supplied 
by the GDA from receiving chemother-
apy or radiotherapy

 – Treatment of congenital arteriovenous or 
venous malformations

 – Treatment of venous insufficiency
For example, saphenous vein occlusion 
for lower extremity venous 
insufficiency

• Numerous embolization agents are available 
and are selected based on the indication for 
embolization, desired duration of emboliza-
tion, and specific target(s) for embolization; 
they can be broadly divided into temporary 
versus permanent embolic agents
 – For example, a permanent embolic agent 

would be desired in a patient with an arte-
riovenous fistula

 – Embolic agents can also be differentiated 
by size of vessel occlusion (small, medium, 
or large) and mechanism of action 
(obstructs flow, thrombosis, or sclerosis)

In general, smaller embolic agents 
will embolize more distal vessels 
(i.e., capillaries) while larger embolic 
agents will embolize more proximal 
vessels
Some embolic agents (i.e., Onyx) can 
conform to the vessel lumen and there-
fore, obstruct flow to both small and 
large vessels
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• Temporary embolic agents
 – Gelatin sponge

Gelfoam (Upjohn Co, Kalamazoo, MI) 
or Surgifoam (Ethicon, Somerville, NJ)
• Embolic particles that temporarily 

obstruct flow
 – Commonly used to temporarily 

embolize acute arterial 
hemorrhage

• Usually completely resorbs with 
recanalization of the treated vessel 
with a few weeks

• Can be prepared as single “torpedo” 
or “slurry” forms depending on indi-
cation for embolization
 – A “slurry” form can be created by 

cutting a Gelfoam sheet into very 
tiny squares which can then be 
mixed with contrast to create a 
slurry

Mixed contrast provides fluo-
roscopic visualization while 
injecting

Relatively inexpensive and effective
 – Avitene (Davol Inc, Cranston, RI)

Embolic particle that temporary 
obstructs flow
Made of microfibrillar collagen
Completely resorbs with recanalization 
of the treated vessel within 2 months

 – Autologous clot
Delivery of patient’s own thrombosed 
blood products
Completely resorbs with recanalization 
of the treated vessel within hours (very 
short duration of action)

• Permanent Embolic Agents
 – Coils

Coils are radiopaque, permanent 
embolic agents
Come in various shapes and sizes and 
primarily work by mechanical obstruc-
tion with subsequent recruitment of the 
patients own clotting cascade and plate-
let activation for permanent vessel 
occlusion
Coated with tiny fibers and/or hydrogel 
which initiates platelet aggregation

To consider using coils, the catheter 
needs to be advanced all the way to the 
target vessel/embolization area
Coils should be slightly larger than the 
diameter of the target vessel lumen to 
avoid the risk of dislodgement (approxi-
mately 10–20% larger than the vessel 
lumen)
“Pushable coils”: deployed through a 
microcatheter via a coil-pusher wire 
with subsequent semi-forceful injection 
of ~2cc saline; difficult to retrieve after 
deployment if malpositioned
“Detachable coils”: can be deployed 
either mechanically or electrically and 
may be retrieved if malpositioned
• Useful for high-flow shunts or vital 

vessels
Stent-assisted coil embolism
• Use of a noncovered stent to apply 

coils
• Commonly used for pseudoaneu-

rysm or berry aneurysm treatment
 – Noncovered stent placed across 

pseudoaneurysm neck
 – Microcatheter maneuvered 

through the stent interstices
 – Coils then introduced through 

microcatheter
 – Particles

Particles are essentially tiny solids that 
induce permanent embolism
• Gelfoam is technically a particle that 

only provides temporary 
embolization

Usually have good small vessel penetra-
tion (better than coils but not as good as 
liquid embolic agents)
Nonspherical Embolics—Polyvinyl 
Alcohol (PVA)
• PVA particles are nonspherical irreg-

ular shavings from PVA blocks that 
vary in size from 50 to 1200 μm

• Embolize by clumping together 
after injection and mechanically 
occluding the vessel lumen by acti-
vating the coagulation cascade (sim-
ilar to coils)
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• Clumping can lead to occlusion in a 
wide range of vessel calibers—can 
occlude both small and large vessels; 
smaller particles (100–300 μm) pen-
etrate more deeply and medium to 
large particles (300–800  μm) pene-
trate less deeply
 – Degree of clumping determined 

by concentration of PVA particles
A more dilute solution pre-
vents clumping whereas a very 
concentrated solution will rap-
idly clump

 – Like glue (discussed below), PVA 
particles in a very concentrated 
solution risk occluding the proxi-
mal vessel or even the catheter 
during injection and therefore, 
should be mixed with dilute con-
trast prior to administration

Concentration of PVA to dilute 
contrast will vary by size of 
target vessel

Spherical Embolics—“Microspheres”
• Spherical embolic agents, or “micro-

spheres,” also vary in size (50–
1200 μm) and tend not to clump like 
nonspherical PVA particles, resulting 
in a more predictable location of 
aggregation location and size of ves-
sel occlusion

• Does not usually need to be mixed 
with dilute contrast prior to adminis-
tration (just mix with ~3cc of 
contrast)

• Numerous spherical embolic agents 
available, including
 – Embospheres (Biosphere 

Medical, Rockland, MA)
First microspheres used in 
humans

 – Contour SE microspheres (Boston 
Scientific)

 – EmboGold Microspheres (Merit 
Medical, South Jordan, UT)

 – Embozene microspheres (CeloNova 
BioSciences, Peachtree City, GA)

• Drug Eluting Particles
 – Promising “newer” drug delivery 

method whereby drugs our elec-
trically or osmotically bound to 
particles and gradually elute to 
provide its therapeutic effect

 – Currently mostly used for chemo-
therapy/radiation drug delivery 
however, many non- chemoradiation 
drugs are currently being researched

Yttrium-90—beta emitting 
particle used to treat hepatocel-
lular carcinoma

 – Vascular plugs
Expandable radiopaque nitinol mesh 
plug that mechanically occludes the tar-
get vessel providing permanent 
embolization
Allows for single step vessel occlusion 
with precise positioning
Should be oversized relative to the tar-
get vessel by 25–50%
Amplatzer Vascular Plug (St. Jude 
Medical, Saint Paul, MN)
• Compact vascular plug available in 

four forms (AVP I, II, III, and IV)
• Requires a guide catheter or sheath 

for deployment
• Newer vascular plugs are being 

developed that can be deployed 
through a microcatheter

 – Liquids
Liquid embolic agents usually provide 
excellent small vessel penetration and 
occlusion
• Administration is sometimes diffi-

cult to control depending on flow 
dynamics and embolic agent 
properties
 – Greatest risk is nontarget emboli-

zation due to higher than expected 
vascular flow

Ethanol
• Ethanol (96–98%) is a liquid embolic 

agent that immediately causes pro-
tein denaturing and permanent vessel 
thrombosis
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• Can embolize an entire organ if 
desired

• Sometimes painful during delivery
• Not fluoroscopically visible unless 

mixed with Lipiodol—radiopaque 
substance (~4:1 mix)

Glue (N-butyl cyanoacrylate [n-BCA])
• Non-resorbable, non-radiopaque liq-

uid embolic agent
• Most used to treat vascular malfor-

mations, particularly intracranial
• Liquid glue (cyanoacrylate) is a 

monomer that immediately becomes 
a solid polymer when contacted with 
ionic medium (i.e., blood or saline)
 – Glue will solidify within the cath-

eter unless a substance is added 
that extends the polymerization 
time

 – Lipiodol (Guerbet, Paris, France)
Lipiodol (aka ethiodized oil) is 
a radiopaque poppy seed oil 
that is typically mixed with 
cyanoacrylate to extend 
polymerization time or with 
ethanol for fluoroscopic 
visualization
• Common to also add pow-

dered tantalum during intra-
cranial procedures to 
increase fluoroscopic visu-
alization during injection

Typically, ~5:1 lipiodol to cya-
noacrylate ratio
The higher the ratio, the longer 
the polymerization time

• Preparation and administration can 
therefore be a tedious and deliberate 
process

• The final mixture of liquid glue is 
injected after the catheter has been 
flushed with D5W

• The major disadvantage/risk of using 
cyanoacrylate is secondary to rapid 
polymerization
 – Can result in lack of nidus/small 

vessel penetration which can even 
lead to gluing the catheter in place

 – If polymerization time is too long, 
can pass into the venous 
 circulation resulting in pulmonary 
emboli

Onyx (ev3 Endovascular Inc, Covidien, 
Plymouth, MN)
• Onyx is an ethylene vinyl alcohol 

(EVOH) copolymer mixed with 
dimethyl sulfoxide (DMSO) and 
opacified with radiopaque micron-
ized tantalum powder (added for flu-
oroscopic visualization)

• When Onyx encounters blood, the 
DMSO rapidly diffuses away result-
ing in precipitation and solidification 
of the alcohol polymer—said to have 
“lava-like” flow as compared to free 
flowing liquid embolics, such as 
ethanol

• Forms an elastic “foam” that con-
forms to the vessel lumen

• Non-adhesive property allows for 
slower injection and less risk of 
catheter- to-vessel adhesion contrary 
to n-BCA glue
 – Precipitation time is mainly deter-

mined by the amount of EVOH
More ethylene vinyl alcohol, 
quicker precipitation time

 – Two kinds of Onyx preparations
Onyx 18 = 6% EVOH
• Precipitates slower and pen-

etrates more deeply and 
therefore, used for slow- 
flow vascular malforma-
tions/fistulas

Onyx 34 = 8% EVOH
• Precipitates quicker and has 

less penetration therefore, 
used for high-flow vascular 
malformations/fistulas

Final solidification occurs 
within 5  min for both Onyx 
preparations

Precipitating hydrophobic embolic liq-
uid (PHIL)
• PHIL is a newer non-adhesive liquid 

embolic agent made of an iodine- 
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bound polymer dissolved in dimethyl 
sulfoxide (DMSO)
 – The bound iodine provides fluoro-

scopic visualization
• There are four concentrations of 

PHIL (25%, 30%, 35% and low vis-
cosity [LV])

• Similar to Onyx, the non-adhesive 
property allows for slower injection 
and less risk of catheter-to-vessel 
adhesion

• Unlike Onyx, iodine is covalently 
bonded to PHIL, rather than mixed 
with tantalum powder which leads to 
less glare artifact on follow-up CT 
scans

• Useful in embolization of neurovas-
cular lesions (AVMs and hypervas-
cular tumors)

• Prepared in a pre-filled sterile 1 mL 
syringe

• Recent studies have shown that this 
is a promising liquid embolic agent 
with very effective small vessel pen-
etration, adequate fluoroscopic visi-
bility, and little reflux

Thrombin
• Off-label use for treatment of arterial 

access complications such as 
pseudoaneurysm

 – Sclerosants
Sclerotherapy has mostly become the 
first-line therapy of most venous and 
lymphatic malformations (low-flow 
vascular malformations) in the head and 
neck
Sclerosing agents are detergents that 
damage the endothelium by inducing an 
inflammatory reaction with eventual 
thrombotic vascular occlusion and 
sclerosis
• Liquid embolic agents are techni-

cally considered “sclerosants” how-
ever, the term is generally reserved 
for agents that primarily treat venous/
low-flow disease

May be administered intravascularly or 
percutaneously

• Intravascular transcatheter balloon 
occlusion and/or coil/gelform 
embolization may be simultane-
ously used to prevent nontarget 
sclerotherapy

Numerous sclerosing agents available 
with differing effectiveness and side 
effects
Sodium tetradecyl sulfate (Sotradecol) 
(AngioDynamics, Latham, NR; 
Thrombotect, Omega, Montreal, 
Canada)
• Commonly used for esophageal vari-

ces, venous malformations, and vari-
cose veins

• Liquid or foam forms
Ethanolamine oleate
• Mixture of 5% ethanolamine oleate 

(ethanolamine plus oleic acid) and 
ethiodol, ratio typically 5:1 or 5:2

• Less penetration than absolute etha-
nol and associated with less regional 
side effects (less adjacent tissue 
damage)

• Main side effect is nephrotoxicity as 
oleic acid may adhere to serum pro-
teins and travel to the kidneys
 – Prophylactic haptoglobin (serum 

protein) used to reduce risk of 
nephrotoxicity

• Indicated for the treatment of esoph-
ageal varices that have recently bled, 
venous malformations, and cyst 
sclerosis

Bleomycin
• Effective in superficial lymphatic 

malformations
• Pingyangmycin is a bleomycin deriv-

ative commonly used in China
Picibanil (OK-432)
• Lyophilized mixture of group A 

Streptococcus pyogenes with anti-
neoplastic activity used to treat lym-
phatic malformations

Doxycycline
• Inexpensive antibiotic sclerosing 

agent widely used for lymphatic mal-
formations and abscesses
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Ethanol
• Liquid sclerosant that immediately 

denatures proteins upon contact
• Effective but associated with signifi-

cantly more side effects, particularly 
in the head and neck, such as adja-
cent tissue damage (nerve damage) 
and skin necrosis/ulceration
 – For these reasons, ethanol is not 

usually recommended in the head 
and neck

6.1.3  Section 3: Nonvascular 
Procedures of the Head 
and Neck

Discuss the distinct nonvascular procedures per-
formed by Interventional Radiology.

 1. Image-Guided Biopsies
 (a) Superficial masses may be amenable to 

non-image guided biopsy in the clini-
cian’s office. Deeper head and neck 
lesions may be percutaneously biopsied 
under image guidance, with CT and US 
being the most commonly employed 
imaging modalities.

 (b) After adequate head positioning, virtually 
all major spaces of the head and neck are 
amenable to image- guided biopsy. 
Intravenous contrast may be used to bet-
ter delineate surrounding vascular struc-
tures and most procedures can be 
performed with local anesthetics and 
moderate sedation.

 (c) Biopsies of the upper cervical spine and 
upper aerodigestive tract may require 
general anesthesia.

 (d) Typically, a coaxial needle technique is 
used. An 18–19-gauge guiding needle is 
advanced near the target lesion, followed 
by advancement of the biopsy needle 
into the lesion. 20–22-gauge needles, 
such as a Chiba needle, are used to 
obtain aspirates, while a 20-gauge cut-
ting needle can be used for acquiring 
core samples.

 (e) Approximately 90% of biopsies yield 
diagnostic samples.

 (f) Complications include pain, vasovagal 
reactions, bleeding, and infection. 
Significant blood vessel or nerve injury is 
rare.

 2. Thermal Ablation Methods
 (a) General
 (i) Apply direct thermal therapy to a 

lesion with the purpose of producing 
significant or complete tumor 
ablation.

 (ii) Techniques include cryoablation, 
microwave ablation, and radiofre-
quency ablation.

 (iii) Can be used to treat benign and 
malignant tumors, though most com-
monly used for palliative treatment of 
unresectable malignancies or treat-
ment of potentially resectable lesions 
in patients who are poor surgical 
candidates.

 (iv) Advantages include direct visualiza-
tion of tumor response, reduced 
recovery time, and absence of a sur-
gical scar.

 (b) Radiofrequency Ablation
 (i) Radiofrequency ablation is a rela-

tively low risk procedure that utilizes 
electromagnetic radiation to create 
frictional heat and tissue necrosis. 
The goal is to produce a temperature 
between 55 and 100 °C for approxi-
mately 4–6 min. To ensure adequate 
tumor ablation, 0.5–1.0 cm of normal 
tissue surrounding the tumor must 
also be ablated.

 (ii) Nearby vasculature may dissipate 
heat and make tumor ablation harder, 
a concept known as heat sink. 
Additionally, one must be cautious of 
ablating tumors that are near the 
carotid artery, as this conveys an 
increased risk of stroke and carotid 
blowout.

 (iii) Major disadvantages include limited 
use with larger masses, the risk of 
vaporization, charring, and carbon-
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ization at temperatures above 100 °C 
which in turn cause an insulating 
effect that may prevent tumor abla-
tion, and the time to necrosis.

 (iv) To treat larger masses, up to three 
radiofrequency probes can be placed 
within no more than 1  cm apart to 
generate a larger ablation zone.

 (c) Cryoablation
 (i) Cryoablation is a procedure in which 

there is rapid freezing of intra- 
tumoral tissue resulting in intracellu-
lar and/or extracellular ice crystal 
formation causing direct damage to 
cell structures or cell desiccation, 
respectively. The procedure involves 
several freeze and thaw cycles which 
can take up to 25–30 min. The goal is 
to produce a temperature between 
−35 and −20°C. Like radiofrequency 
ablation, a 0.5–1.0 cm margin of nor-
mal tissue ablation is recommended 
to ensure adequate success.

 (ii) Major disadvantages include longer 
treatment time and the possibility of 
cryoreaction or cryoshock. 
Cryoreaction presents with tachycar-
dia, tachypnea, fever, chills, and ele-
vated creatinine levels. Cryoshock 
presents with multi-organ failure, 
severe coagulopathy, disseminated 
intravascular coagulation, and acute 
respiratory distress syndrome. These 
are thought to be the result of released 
cytokines from cellular debris after 
tumor reperfusion.

 (d) Microwave Ablation
 (i) Microwave ablation is a procedure 

that utilizes electromagnetic energy, 
water molecule agitation, and heat to 
cause coagulation necrosis. It occurs 
between frequencies of 900–
2450 MHz, with the largest ablation 
zones seen at a frequency of 
915 MHz.

 (ii) Microwave ablation has similar 
results as radiofrequency ablation 
with the added benefits of increased 

speed, higher temperatures, and 
larger ablation zones. It is also less 
susceptible to electrical impedance 
and heat sinks.

 (e) Percutaneous Sclerotherapy
 (i) General
 1. Involves the use of sclerosing 

agents administered via percuta-
neous catheterization to treat 
abnormalities of the head and 
neck such as low-flow vascular 
malformations, lymphatic malfor-
mations, plunging ranulas, sialo-
celes, and cysts.

 2. Usually performed in the inter-
ventional suite with moderate 
sedation or under general 
anesthesia.

 3. Typically, should be avoided in 
cystic or necrotic tumors, given 
the risk of producing a communi-
cation with surrounding vital 
structures and acutely infected 
lesions.

 (ii) Low-flow Vascular Malformations
 1. Sclerotherapy of the head and 

neck is most commonly per-
formed for venous and/or lym-
phatic malformations. These 
lesions can cause symptoms 
ranging from pain and swelling 
to significant functional impair-
ment including hemodynamic 
effects and airway compromise 
from mass effect. MRI is particu-
larly useful for the evaluation of 
these lesions. The presence of 
phleboliths and enhancement in 
venous malformations helps dis-
tinguish them from lymphatic 
malformations.

 2. The most commonly used scleros-
ing agents for venous malforma-
tions include ethanol, sodium 
tetradecyl sulfate, and 
polidocanol.

 3. The most commonly used scleros-
ing agents for lymphatic malfor-
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mations include picibanil 
(OK-432) and doxycycline.

 4. Multiple sclerotherapy sessions 
may be needed for larger or dif-
fuse lesions.

 5. Percutaneous Sclerotherapy of 
Venous Malformations (Direct 
Stick Embolization):

 (a) A 21-gauge butterfly needle 
is advanced into the venous 
malformation under ultra-
sound guidance.

 (b) Venous blood is freely aspi-
rated from the lesion, con-
firming the vascular nature 
and flow pattern of filling of 
the lesion.

 (c) Angiography is performed 
with injection of 50% con-
trast to evaluate the size and 
venous drainage pattern of 
the lesion, as well as to 
exclude arterial cannulation. 
Volume of the sclerosant can 
be estimated at this time. The 
lesion is then serially injected 
under fluoroscopic guidance 
with boluses of 1:1 3% 
sodium tetradecyl sulfate 
(sotradecol):ethiodized oil 
(ethiodol) and the amount of 
sclerosing agent deployed is 
mindfully noted. Care is 
taken not to allow the scleros-
ing agent to enter the draining 
veins.

 (d) The procedure is then 
repeated for any other venous 
malformation in the adjacent 
tissues with similar 1:1 
sotradecol:ethiodol formula-
tion, in an incremental fash-
ion. The total sclerosing agent 
deployed is similar for lesions 
in the oral mucosa, tongue, 
lip, and remaining upper 
aerodigestive tract.

 (e) The needle is then withdrawn 
from the venous malformation 
after 5 min following comple-
tion of the injections and 
another 5  min of very gentle 
pressure are applied to the 
puncture site following 
removal of the needle. At the 
completion of the procedure 
the face, neck, and upper chest 
are re-cleansed with sterile 
saline solution. The skin of the 
neck and upper chest was no 
longer erythematous and with-
out an urticarial reaction.

 (f) (Different case?)
 (g) A butterfly needle was then 

used to access the posterior 
pouch of the venolymphatic 
malformation with biplanar 
fluoroscopy.

 (h) Free flowing blood aspiration 
out of the venolymphatic 
pouch and a pouchogram is 
performed to ensure access 
into the venolymphatic pouch 
proper.

 (i) The needle is then flushed and, 
under biplane fluoroscopy, an 
injection mixture of 1:1:1 of 
3% Sotradecol, Ethiodol and 
air (for foam) is instilled to 
cause sclerosis of any vascular 
island or pouch. Additional 
pools or pouches in different 
planes and deeper are again 
evaluated by pouchogram to 
ensure access is within the 
pouch and sclerosing agent is 
instilled in a similar fashion.

 (j) All needles are then removed 
and light pressure is applied 
for hemostasis.

 (k) Notably, intraoperative ultra-
sound and biplane fluoros-
copy are essential in finding 
additional pools or pouches.
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6.1.4  Section 4: Vascular Procedures 
of the Head and Neck

6.1.4.1  Management of Acute 
Hemorrhage

• Epistaxis
 – Causes

Idiopathic
Trauma with vascular injury
• Post nasotracheal intubation
Tumor
• Primary or metastatic tumors involv-

ing the nasal mucosa may present 
with intractable epistaxis

• Primary tumor: classically, juvenile 
nasopharyngeal angiofibroma (JNA)

Hereditary hemorrhagic telangiectasia 
(HHT)
• Osler-Weber-Rendu syndrome
• Autosomal dominant disease that 

affects the nasal mucosa, abdominal 
viscera, and central nervous system 
characterized by numerous telangi-
ectasias and AVMs

 – Treatment
Varies by cause
Majority are treated by nasal packing or 
cutaneous electrocauterization
Refractory epistaxis not responsive to 
anterior and posterior nasal packs 
 associated with significant blood loss 
may be amenable for arterial 
embolization

 – Pre-procedural considerations
Pre-procedural imaging should be 
reviewed and should include a CT/CTA 
to exclude possible mass/tumor causing 
hemorrhage
Gather relevant past medical history and 
labs
• Correct the coagulopathy if present 

(desired INR < 1.5)
• Hold anticoagulation if still taking
• CBC (desired platelets > 50,000)

 – Procedural
General anesthesia is typically recom-
mended for airway protection as patient 
may hemorrhage while in supine 
position

Obtain arterial access
• Most commonly right common fem-

oral artery approach
Angiographic protocol for the evalua-
tion of epistaxis includes assessment of 
bilateral internal/external carotids, 
internal maxillary (particularly spheno-
palatine branches), and facial arteries
Vascular supply to nasal mucosa
• Supplied by the distal internal maxil-

lary and facial arteries (sphenopala-
tine branches)

• The ophthalmic artery may supply 
nasal mucosa via ethmoidal branches

Epistaxis usually successfully treated 
with embolization of bilateral spheno-
palatine arteries ± ipsilateral distal facial 
branch of internal maxillary artery
• It is recommended that the contralat-

eral sphenopalatine artery be angio-
graphically evaluated even if there is 
unilateral bleeding as there may be 
contralateral collateralization

If epistaxis persists, then hemorrhage 
may be from ethmoidal branches of the 
ophthalmic artery which are typically 
not embolized due to risk of vision loss
Polyvinyl alcohol (PVA) or embozene 
particles are suitable embolic agents

 – Complications
Major complications include routine 
risks of cerebral angiography as well as 
ischemic stroke by inadvertent emboli-
zation of intracranial collateral vessels 
and skin/mucosal necrosis most com-
monly due to too small particle size

6.1.5  Case: Epistaxis from Traumatic 
Nasotracheal Intubation 
Requiring Embolization 
(Fig. 6.2)

6.1.5.1  Case: Refractory Epistaxis 
of Unknown Etiology

Access to the right common femoral artery was 
obtained with Seldinger technique. A shuttle 
sheath was advanced into the thoracic aorta over 
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Fig. 6.2 (a, b) Non-contrast CT head demonstrating left 
nasal intubation with associated hemorrhage and blood 
products in the left maxillary antrum. Embolization was 
requested and performed. Patient’s right groin was 
prepped and draped in usual sterile fashion. Right com-
mon femoral artery found to be patent by ultrasound (c). 
Ultrasound image archived. (c) Access was then obtained 
by Seldinger technique. A 5-French Berenstein catheter 
was advanced through the sheath into the aortic arch and 
the left common carotid artery was selectively catheter-
ized. Digital subtraction arteriograms (DSA) were then 
obtained. (d) DSA of the left common carotid artery arte-
riogram. A microcatheter was then advanced into the left 
external carotid artery and eventually into the left internal 
maxillary artery. (e) DSA image demonstrating bifurca-
tion into the left superficial temporal artery and proximal 
aspect of the left internal maxillary artery. (f and g) sagit-
tal and coronal section—Microcatheter was advanced into 
the distal left internal maxillary artery near the bifurcation 
of the internal maxillary artery into the sphenopalatine 

artery and greater palatine artery. Digital subtraction arte-
riograms demonstrated hyperemia over the nasal mucosa 
and posterior nasal pharynx. Microcatheter could not be 
advanced further and the left greater palatine artery was 
chosen to be sacrificed. Multiple DSAs were obtained. No 
collateral flow to the internal carotid circulation was iden-
tified. Ophthalmic artery was not visualized. Again hyper-
emic flow was identified within the nasal cavity and nasal 
pharynx. The sphenopalatine and greater palatine arteries 
were then embolized with 450 μm embozene particles. A 
follow-up lateral DSA demonstrated obstruction of flow 
at the origin of the left sphenopalatine and midway 
through the left greater palatine artery. (h) Post emboliza-
tion angiogram of the demonstrating lack of hyperemia or 
significant flow to the nasopharynx. Microcatheter was 
then pulled back and angiograms of bilateral maxillary, 
facial, and right sphenopalatine arteries were obtained 
which did not demonstrate hyperemia or significant flow 
to the nasopharynx

a b
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Fig. 6.2 (continued)

c

e

d

f
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a Bentson guidewire. A 5-French vertebral cath-
eter was used to navigate the great vessels of the 
aortic arch, and the common carotid artery was 
selected. Right common carotid arteriogram was 
performed demonstrating appropriate placement 
(Fig. 6.3).

6.1.5.2  Case: Large Left Glomus Vagale 
Paraganglioma Treated 
with Embolization (Fig. 6.4)

• Traumatic Vascular Injuries
 – General

Traumatic vascular injuries of the head 
and neck can occur from blunt or pene-
trating trauma. If osseous fractures are 
seen adjacent to the expected location of 
vascular structures on CT, CTA may be 
necessary to further evaluate for vascu-
lar injury. In cases of penetrating injury, 
the injury tract can also be evaluated at 
time of CT. Alternatively, angiography 
can be performed and would also be 
effective at identifying vascular 

 lacerations, occlusions, pseudoaneu-
rysms, and/or vasospasms.
Angiography is performed after stan-
dard heparin bolus with evaluation of 
the aortic arch, carotid arteries and 
major branches, and vertebral arteries, 
but the protocol may vary based on the 
nature of vascular injury. Routine risks 
of cerebral arteriography apply, includ-
ing additional risk of vascular injury and 
stroke.
Continuous ICU neurologic and hemo-
dynamic monitoring may be required, 
particularly if there is vertebral or inter-
nal carotid artery injury or if treatment 
involved major vessel occlusion.

 – Oronasal bleeding from facial fractures
Usually requires the embolization of 
injured ECA branches with temporary 
embolic agents such as PVA foam par-
ticles or gelfoam pledgets. NBCA glue 
or Onyx can be used for the treatment of 
fistulas or pseudoaneurysms.

g h

Fig. 6.2 (continued)
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a

c

b

Fig. 6.3 (a) A right carotid arteriogram with access 
through the aortic arch. (b) Using a stiff Glidewire, the 
vertebral catheter was used to select the right external 
carotid artery. Right external carotid PA DSA was per-
formed documenting appropriate placement of the verte-
bral catheter. Mild hyperemia can be seen within the 
sphenopalatine branch of the internal maxillary artery. (c) 
The microcatheter/microwire system was then subselec-

tively advanced into the sphenopalatine branch of the 
right internal maxillary artery. Subselective DSA was per-
formed confirming appropriate placement and demon-
strating no branches supplying the orbits or other vital 
structures. The hyperemia is again noted. At this point, 
400 μm Embozene particle embolization was performed 
under fluoroscopic guidance, with 1/5 of a viral used until 
near stasis was noted
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Fig. 6.4 (a, b) Post contrast coronal and axial T1, coro-
nal time-of-flight MRA. (c) coronal MIP demonstrating 
large hypervascular mass adjacent to the left ICA near the 
base of the skull, characteristic of glomus vagale. Post 
contrast coronal T1, coronal time-of-flight MRA, and 
coronal MIP demonstrating large hypervascular mass 
adjacent to the left ICA near the base of the skull, charac-
teristic of glomus vagale. (c) DSA demonstrating large 
hypervascular mass adjacent to the left ICA near the base 
of the skull, characteristic of glomus vagale. DSA demon-

strating large hypervascular mass adjacent to the left ICA 
near the base of the skull, characteristic of glomus vagale. 
(d) DSA demonstrating feeder vessel to the glomus vag-
ale. DSA demonstrating feeder vessel. (e) Subselective 
DSA image of hypervascular mass. (f–h) Subselective 
DSA image of hypervascular mass and Pre and 
Postembolization DSA demonstrating stasis of flow to the 
previously seen hypervascular mass. Pre and 
Postembolization DSA demonstrating stasis of flow to the 
previously seen hypervascular mass

a

b
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Fig. 6.4 (continued)
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 – Carotid/Vertebral Artery Injury
Injury in the form of laceration or rup-
ture can occur anywhere along the 
course of the carotid artery and branches 
and special attention on imaging should 
be made to fixed points, such as where 
the internal carotid artery enters the 
dura or within the cavernous sinus. 
Ultimately, injury can lead to occlusion, 
pseudoaneurysm or fistula formation. 
Expectant management is usually 
employed in the event of traumatic 
carotid occlusion as surgical bypass is 
usually not possible. Pseudoaneurysms, 

on the other hand, may be amenable to 
stents ± coils deployed into the excluded 
pseudoaneurysm. Alternatively, surgical 
repair or, if adequate collateral flow is 
demonstrated, parent artery occlusion 
may be performed.
Similarly, vertebral artery injury can 
occur anywhere along its course and 
special attention on imaging should be 
made to fixed points, such as the entry 
sites into the vertebral foramen and at 
the craniocervical junction. As men-
tioned above, osseous irregularity on 
CT, particularly at the vertebral fora-

f

h

g

Fig. 6.4 (continued)
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men, may prompt further evaluation 
with CTA to exclude underlying injury. 
After determination of collateral flow, 
vertebral artery injury may require 
embolization or sacrifice, which can be 
performed with platinum micro-coils.

 – Traumatic Carotid-Cavernous/Vertebro-
jugular Fistulas

Carotid-Cavernous and vetebrojugular 
fistulas are typically seen after penetrat-
ing trauma, however, can be seen in the 
setting of any severe head and neck 
injury, as well as iatrogenic injury. 
Carotid-Cavernous fistulas classically 
present with pulsatile exophthalmos, 
though symptoms largely depend on the 
pattern of venous drainage. Additional 
symptoms include chemosis, proptosis, 
progressive visual loss, pulsatile tinni-
tus, and intracranial hemorrhage, 
including intraparenchymal hemorrhage 
in the setting of cortical venous drain-
age. Vertebrojugular fistulas present 
with cerebral ischemic symptoms relat-
ing to “stolen” arterial blood from the 
posterior circulation or hemodynamic 
instability from arteriovenous shunting. 
Emergent treatment is usually not 
required unless there is risk of vision 
loss in the case of carotid-cavernous fis-
tulas. For both types of fistulas, treat-
ment usually involves the closure of the 
fistula using an arterial approach, but 
venous approach may also be employed 
based on fistula location or venous 
drainage pattern. In severe cases, parent 
artery occlusion or sacrifice may be 
necessary.

• Malignancy
 – Tumoral Hemorrhage and Carotid Blowout 

Syndrome [16, 22, 32]
When assessing upper aerodigestive 
tract bleeding from malignant disease, it 
is important to also assess the extent of 
tumor spread in order to appropriately 
guide endovascular treatment. This can 
be done by reviewing prior imaging or 

performing emergent CT or MRI if the 
patient’s condition allows.
Bleeding can occur from increased 
tumor neovascularity or direct injury of 
adjacent vasculature. Treatment usually 
involves direct embolization of injured 
vasculature or pseudoaneurysms but 
may also require the occlusion or “sacri-
fice” of arterial branches supplying the 
tumor, arising either from the external, 
internal, or common carotid arteries. 
Prior to occlusion of the internal carotid 
artery, a Balloon Occlusion Tolerance 
(BOT) test can be performed to assess 
tolerance of carotid occlusion. It usually 
involves diagnostic arteriography to 
evaluate for collateral flow, clinical test-
ing after temporary balloon occlusion, 
and HMPAO SPECT to evaluate cere-
bral blood flow after temporary occlu-
sion. Endovascular occlusion is usually 
performed by employing detachable 
platinum coils with or without the use of 
a closure device.
Carotid Blowout Syndrome usually 
refers to acute, though sometimes 
chronic, bleeding of the upper aerodi-
gestive tract from direct tumor erosion 
of the major head and neck vascula-
ture. It is usually treated with carotid 
sacrifice after performing temporary 
BOT testing. In some life-threatening 
instances, carotid sacrifice must be 
performed without provocative testing 
and the risk of stroke is significantly 
higher.
Tumoral hemorrhage refers to upper 
aerodigestive bleeding from increased 
tumor vascularity or tumor injury of 
smaller surrounding vessels. It is usu-
ally treated with direct embolization, 
however, may require carotid sacrifice 
in more severe cases.
Postprocedural management of carotid 
occlusion or sacrifice entails close 
neuro-intensive ICU monitoring and 
hemodynamic therapy (Fig. 6.5).
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 – Management of Vascular Lesions [1, 3, 
8–14]

Intra-arterial Chemotherapy
• Intra-arterial chemotherapy has been 

used to treat both intracranial and 
extracranial head and neck tumors. 
Notably in the extracranial head and 

neck, intra-arterial chemotherapy has 
been used in the treatment of carcino-
mas, but use has also been reported in 
the treatment of metastases, malig-
nant melanoma, and neuroblastomas.

• The radiation and platinum 
(RADPLAT) protocol involves the 

a b

c d

Fig. 6.5 (a–d) Case of a 73-year-old male with history of 
poorly-differentiated squamous cell carcinoma within the 
left oropharyngeal wall presenting with persistent oropha-
ryngeal bleeding which was treated coil embolization of 
the left lingual artery. (a) Axial CTA image through the 
oropharynx demonstrates masslike fullness of the left oro-
pharyngeal wall tonsillar pillar region with a small focus 
of contrast within the left glossotonsillar sulcus suspi-
cious for pseudoaneurysm and hemorrhage source. (b) 
Lateral DSA image shows no clear contrast extravasation 
or pseudoaneurysm arising from the left lingual artery and 

branches. (c, d) Based on the location of the SCC and con-
tinued oropharyngeal bleeding, the left lingual artery was 
embolized. Embolization microcoils were deployed distal 
to the origin of the sub-lingual artery and dorsal lingual 
arteries to prevent backfeeding from the contralateral lin-
gual artery. Gelfom pledgets were then injected into the 
sublingual artery, followed by the injection of 200  μm 
PVA particles at the level of the lingual artery. Finally, 
microcoils were deployed in the proximal portion of the 
lingual artery to prevent recanalization
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direct tumor administration of 
extremely high doses of cisplatin 
trans- arterially, while circulating the 
antagonist sodium thiosulfate as to 
minimize systemic toxicity. The 
increased dose of cisplatin increases 
tumor cytotoxicity and increases the 
effectiveness of subsequent radiation 
therapy.

• Transfemoral carotid arteriography 
is performed with selective catheter-
ization of the ECA branch supplying 
the tumor. Infusion of 150 mg/m2 of 
cisplatin over a period of 3–5 min is 
performed. During this time, con-
comitant administration of an 
 intravenous infusion of 9  g/m2 of 
sodium thiosulfate over a period of 
3–5  min is performed, followed by 
an administration of 12 g/m2 over a 
period of 6  h. In disease extending 
across midline, bilateral infusions 
may be performed. Treatment con-
sists of four cycles of intra-arterial 
chemotherapy (days 1, 8, 15, and 22) 
and once daily radiation therapy 5 
days a week.

• Results and techniques are variable 
based on practitioner and institution 
protocol. More recent studies have 
shown that RADPLAT is not supe-
rior to intravenous chemoradiother-
apy in the treatment of advanced 
head and neck cancer, however it has 
been suggested that further investiga-
tion is warranted.

Tumor Embolization [16–18, 20–24]
• Cerebral angiography is first per-

formed with selective injections 
of the internal and external carotid 
arteries. The artery supplying the 
tumor is accessed with a microcath-
eter and angiography is performed 
with special attention to anastomo-
ses between the carotid and vertebral 
arteries. Any potentially dangerous 
anastomoses are coil embolized 
prior to particulate embolization.

• The aim of tumor embolization in the 
head and neck is the devasculariza-
tion of lesions prior to surgical exci-
sion or to stop tumoral bleeding. It is 
frequently performed by trans- 
arterial route and the goal is to selec-
tively occlude the external carotid 
artery feeders that ideally supply the 
arteriolar capillary beds in the tumor 
parenchyma with embolic material, 
as to avoid collateralization. This 
minimizes blood loss during surgery, 
provides a clean field for the surgical 
resection, improves resectability, 
makes the lesion amenable to differ-
ent surgical procedures not previ-
ously feasible, reduces morbidity, 
shortens hospital stay, and reduces 
the rate of tumor recurrence.

• Embolization is usually done 
24–72 h prior to surgical resection to 
allow maximal thrombosis and pre-
vent recanalization and formation of 
collaterals.

• Skull base tumors that are supplied 
by branches of the ICA can be diffi-
cult to cannulate and convey an 
increased risk of embolic agent 
reflux and nontarget embolization. In 
these cases, direct percutaneous 
embolization of the tumor can be 
performed with liquid embolizing 
agents such as NBCA glue or Onyx.

• Benign vascular lesions may be 
treated with embolization without 
the need of subsequent surgery, as is 
the case of some congenital 
hemangiomas.

• Commonly embolized tumors of the 
head and neck include glomus 
tumors, angiofibromas, and menin-
giomas. The most common use of 
embolization is seen in the manage-
ment of juvenile nasal angiofibro-
mas—highly vascular tumors 
originating in the pterygo-palatine 
fossa which can expand aggressively 
through the sphenopalatine foramen 
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to involve other surrounding regions. 
Other tumors amenable to preopera-
tive tumor embolization include 
esthesioneuroblastomas, schwanno-
mas, rhabdomyosarcomas, plasma-
cytomas, chordomas, 
hemangiopericytomas, diffuse neu-
rofibromas, and metastases.

• Commonly used embolizing agents 
include polyvinyl alcohol (PVA) par-
ticles and embospheres, usually in 
the size range of 100–300  microns, 
as well as liquid embolic agents, 
Onyx, gelatin sponge, and coils. 
Embolization coils are typically not 
used if open surgical resection is to 
be performed, however they may be 
useful if endoscopic resection is 
planned as proximal coil emboliza-
tion of the feeding artery after par-
ticulate embolization of the tumor 
may provide added protection from 
vessel injury and intraoperative 
bleeding.

• As mentioned previously, Onyx can 
be used to devascularize tumor 
directly with relatively low risk. It 
has inherent properties that allow for 
a more controlled injection with 
superior penetration than NBCA 
glue. It is mechanically occlusive, 
but does not adhere to vessel walls, 
allowing it to be used as a single 
injection administered slowly over a 
longer period. If unwanted filling of 
normal vasculature occurs, the treat-
ment can be stopped and resumed 
after a short period of approximately 
2 min. Solidification will continue to 
occur in the region of previously 
embolized tumor and once the injec-
tion is restarted the agent will follow 
the route of least resistance and con-
tinue to embolize the remaining por-
tions of the tumor.

• Overall, tumor embolization is a safe 
procedure with a serious complica-

tion rate of <2%. Complications 
include facial numbness, mucosal 
necrosis, blindness, or cerebrovascu-
lar accidents which are usually 
related to particle reflux, poor tech-
nique, or unidentified anastomoses.

• Vascular Malformations
 – Arteriovenous Malformations/Fistulas of 

the Head and Neck [1–39]
See Percutaneous Sclerotherapy for 
more information on treatment of Low- 
flow Vascular Malformations.
High-flow Vascular Malformations 
(HFVMs) are rare and can involve the 
soft tissues and bones of the head and 
neck. They commonly present as cos-
metic deformities, however, can also 
cause pain, bleeding, and high-output 
heart failure from arteriovenous 
shunting.
HFVMs treatment can be challenging 
depending on the lesion characteristics 
and are known to frequently recur. 
Small lesions can be treated with 
endovascular embolization alone, 
however larger lesions may require 
surgical resection.
Distinction between a vascular nidus 
versus an arteriovenous fistula proper 
may also be challenging. Arteriovenous 
fistulas are less likely to recur after 
treatment.
Commonly used embolic agents include 
ethanol, NBCA glue, Onyx, and coils. 
Trans-arterial NBCA glue has been 
shown to be more effective and perma-
nent when compared to other emboliza-
tion particles but may require staged 
procedures.
As in low-flow vascular malformations, 
direct puncture embolization or per-
cutaneous sclerotherapy can be per-
formed to embolize the nidus and/or 
draining vein with NBCA glue or Onyx. 
Manual digital compression of the 
draining vein or the application of a 
compression device in cases with mul-
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tiple draining venous channels can be 
used to alter flow and facilitate complete 
filling of the nidus. When compared to 
trans- arterial embolization, direct punc-
ture embolization is associated with 
decreased risk of ischemic complica-
tions and reduced procedure times.
Given the rarity of these lesions, no 
standard of therapy has been determined 
(Fig. 6.6).

6.1.6  Section 5: Complications 
and Post-procedure 
Management

Provides an overview of common complications 
and post-procedural management

 1. Pain and Fever
 (a) Perform a brief history evaluation. The 

pain description will usually coincide 

a b

c d

Fig. 6.6 (a–d) Case of a 72-year-old female presenting 
for MVC with Traumatic Vertebral Artery Pseudoaneurysm 
and Vertebral-Venous Fistula S/P Coil Embolization. (a) 
Axial NECT image of the cervical spine demonstrates a 
fracture of the dorsal C2 body with extension into the left 
foramen transversarium. (b) Axial CTA image through the 

level of the fracture shows a multilobulated pseudoaneu-
rysm with suggestion of AV fistula formation. (c) Lateral 
fluoroscopic spot image during left vertebral artery angio-
gram confirms a large pseudoaneurysm with vertebral- 
venous fistula formation. (d) Lateral DSA image status 
post coil embolization
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with the type of procedure performed. If 
the pain is greater than expected or refrac-
tory, this may prompt an investigation for 
an alternative cause of pain or a potential 
complication from the procedure.

 (b) Many IR procedures will usually require 
minimal analgesia, if any. This can be 
accomplished with Acetaminophen (500–
1000 mg q4 h for a maximum dose of 4 g 
in 24 h) or Ibuprofen (400–600 mg q4–6 h 
for maximum dose of 3.2 g in 24 h).

 (c) Other more invasive or inherently painful 
procedures will require a higher level of 
analgesia. This can be accomplished with 
opioids, preferably administered PO, 
such as Oxycodone (PO 5–10 mg q4–6h) 
or Hydromorphone (PO 2–6 mg q4–6 h 
or IV 0.2–0.5 mg q4–6 h).

 (d) Like with any other procedure, the inflam-
matory response may elicit a fever in the 
early post-operative period; however, this 
should prompt a brief history and physi-
cal evaluation to exclude any other under-
lying cause. It is important to note the 
type of procedure, the time since the 
 procedure was performed, and any intra-
operative complications that may have 
occurred. Any line, tube, or incision 
should be examined for signs of 
infection.

 (e) Postembolization syndrome is a known 
potential complication of embolization 
of usually malignant soft tissue masses 
and is characterized by noninfectious 
fevers in the first 2–3 days after the 
procedure.

 (f) Once the etiology has been identified, 
fever can be treated with Acetaminophen 
and/or Ibuprofen as clinically indicated.

 (g) Deep venous thrombosis, pulmonary 
emboli, or drug reactions should be kept 
in the back of the mind for causes of 
fevers in the post-operative state.

 2. Bleeding
 (a) Bleeding after an IR procedure can occur 

at the level of the puncture site, including 
site of vascular or percutaneous access. It 
is important to determine what type of 

procedure was performed and what kind 
of closure device may have been 
implemented.

 (b) A review of the patient’s chart for any 
anticoagulation medication, bleeding dis-
orders, or chronic medical condition that 
may lead to increased bleeding risk 
should be performed.

 (c) Treatment will be dictated by the patient’s 
hemodynamic status and the characteris-
tics of the bleed (venous vs. arterial, deep 
vs. superficial).

 (d) Venous or superficial bleeds may subside 
from holding pressure at the site of bleed-
ing. If the patient is not on anticoagula-
tion medication, an absorbable suture 
may be employed.

 (e) Arterial bleeds may also subside from 
holding pressure at the bleeding site, 
however one must be careful not to 
occlude the artery. A vascular surgery 
consult may be required if bleeding 
persists.

 (f) Additionally, suspicion for puncture site 
pseudoaneurysms can be further evalu-
ated with US.

 3. Retroperitoneal Hematoma
 (a) Arterial puncture above the inguinal liga-

ment may lead to uncontrollable puncture 
site bleeding or retroperitoneal 
hemorrhage.

 (b) Retroperitoneal hemorrhage in turn can 
lead to an insidious and devastating 
decline in the patient’s clinical condition 
and may be life-threatening. Hypotension 
and tachycardia may be the only clinical 
signs of ongoing retroperitoneal 
hemorrhage.

 (c) Depending on the patient’s hemodynamic 
status an urgent non-contrast CT or CTA 
of the abdomen and pelvis may be per-
formed as the first step in diagnostic man-
agement; however, hemorrhagic shock 
should prompt immediate surgical 
intervention.

 (d) The standard therapeutic management is 
immediate surgical repair, however, if 
surgery is unavailable or contraindicated, 
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a covered stent placed across the vascular 
injury can be employed.

 4. Neurological Complications
 (a) In order to adequately assess for neuro-

logical complications during or after an 
IR procedure, it is important to perform a 
neurological exam prior to the procedure 
and have an idea of the patient’s baseline 
neurological function, as subtle changes 
in function may indicate a possible 
complication.

 (b) Intracranial hemorrhage, specifically sub-
arachnoid hemorrhage, is an uncommon 
complication that may result from intra-
cranial vessel perforation when manipu-
lating microwires or catheters in the 
intracranial vasculature. When small and 
distal branches are being canalized, fast- 
acting embolic agents can be immediately 
employed to seal the perforation site and 
reduce the size of hemorrhage. When per-
foration has occurred, the microwire or 
catheter may be seen outside of the vessel 
on imaging. Alternatively, hypotension, 
bradycardia, or signs of increased intra-
cranial pressure may suggest vascular 
injury. Immediate neurosurgical consult 
may be needed if there are any signs to 
suggest herniation.

 (c) Small and asymptomatic ischemic 
infarcts can occur during head and neck 
IR procedures. They usually result from 
tiny emboli which can arise from stagnant 
blood in catheters to tiny air bubble from 
poor technique. Large or symptomatic 
ischemic infarcts are rare and can often be 
identified and treated interprocedurally 
with thrombectomy or thrombolysis.

 (d) Catheter-associated or mechanically 
induced vasospasm of the head and neck 
vasculature may occur when manipulat-
ing intra-arterial catheters. Not only may 
this prevent advancement of the catheter, 
but the consequent cerebral hypoperfu-
sion may lead to thrombotic and ischemic 
complications. Most cases are asymptom-
atic and self-limiting. Patients with evi-
dence of vasospasm during diagnostic 

angiography, with high levels of anxiety, 
or tortuous vessels are more prone to 
catheter-induced vasospasm. It has been 
suggested that a patient may be adminis-
tered a tranquilizer (etizolam or broti-
zolam), warm compresses, and/or an 
intra-arterial injection of lidocaine/nicar-
dipine either prophylactically or as a 
means of treatment.

 (e) Continued advancements in microcathe-
ter design have decreased the risk of 
immediate and delayed complications by 
minimizing trauma and interruption of 
vascular flow. Given the continued 
decrease in size of microcatheters, smaller 
vessels can be canalized for more selec-
tive treatment, thus reducing the risk of 
potential complications.

 (f) https://www.ncbi.nlm.nih.gov/pmc/arti-
cles/PMC4533334/

6.1.6.1  Additional Case of Direct Stick 
embolization

Left hemifacial, oral and pharyngeal low-flow 
vascular malformation.

The case below Fig.  6.7a–d was referred to 
clinic for obstructive sleep apnea and vascular 
lesion impeding his denture wearing. He had 
extensive cutaneous, oromucosal lesion causing 
palatal, pharyngeal and nasal area petulance 
superiorly (Figs. 6.8 and 6.9).

21-gauge butterfly needles are easily advanced 
into the venous malformation of the facial areas 
or left cheek as illustrated (Fig. 6.7) under ultra-
sound guidance.

Venous blood is freely aspirated from the 
lesion, confirming the vascular nature and flow 
pattern of filling of the lesion.

Angiography is performed with injection of 
50% contrast to evaluate the size and venous 
drainage pattern of the lesion. The lesion is then 
serially injected under fluoroscopic guidance 
with boluses of 1:1 3% sodium tetradecyl sul-
fate (sotradecol):ethiodized oil (ethiodol) and 
the amount in millileters of sclerosing agent is 
deployed mindfully. Care is taken not to allow 
the sclerosing agent to enter into the draining 
veins.

6 The Role of Interventional Radiology
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Fig. 6.7 (a) Has extensive lesions of low flow quality 
scattered on his oral, palatal, and facial areas. The center 
of the palate has oro-nasal fistula. (b) A 3D rendition of 
the MRI shows the extent of this lesion from the left cav-
ernous sinus, left nasal, peri orbital, palatal, and pharyn-
geal flow with contrast uptake. (c) Venous blood is freely 
aspirated from the lesion, confirming the vascular nature 
and flow pattern of filling of the lesion. Direct stick embo-

lization setup intraoperatively with aspiration of the lesion 
revealing blood in the catheter and syringe. The lesion is 
then serially injected under fluoroscopic guidance with 
boluses of 1:1 3% sodium tetradecyl sulfate 
(sotradecol):ethiodized oil (ethiodol) and the amount of cc 
of sclerosing agent deployed is mindfully noted. Care is 
taken not to allow the sclerosing agent to enter into the 
draining veins. (d) Post injection of sclerosant

a

c

b
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The procedure is then repeated for the venous 
malformation in the adjacent areas if any (idea is 
to do in increments) with similar 1:1 
sotradecol:ethiodol total sclerosing agent 
deployed and similarly for the lesions in the oral 
mucosa, tongue, lip, upper airway, etc.

The needles were withdrawn from the venous 
malformations 5  min following completion of 

the injections and another 5 min of very gentle 
pressure was applied to the puncture sites fol-
lowing removal of the needles. At the comple-
tion of the procedure the face, neck, and upper 
chest were re-cleansed with sterile saline solu-
tion. The skin of the neck and upper chest was 
no longer erythematous and without an urticar-
ial reaction.

The butterfly needle can be used to access the 
other cystic lesion or pouches of the venolym-
phatic malformation with biplanar fluoroscopy 
aids. Free flowing blood aspiration out of the 
venolymphatic pouch, and a pouchogram is per-
formed to ensure that you are in the venolym-
phatic pouch proper.

Once this was confirmed, flush the needle, and 
then inject a mixture of 1:1:1 of 3% Sotradecol, 

d

Fig. 6.7 (continued)

Fig. 6.8 Sagittal post contrasted MRI section reveals a 
blush on the tongue dorsum and floor of the mouth. Such 
isolated lesions are very amenable to direct stick emboli-
zation and excision

Fig. 6.9 These lingual vascular lesions are amenable to 
direct stick embolization with ultrasound or fluoroscopic 
exam. Surgically excision is amenable with proximal vas-
cular clamp control as will be described in the surgical 
management section of the book with or without being 
sclerosed with cutaneous stick sclerotherapy

6 The Role of Interventional Radiology
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Ethiodol and air for foam solution to sclerose any 
vascular island or pouch. This is done under 
biplane fluoroscopy. Additional pools or pouches 
in different planes and deeper are determined 
again by performing a pouchogram to ensure the 
access is within the pouch, and then injecting a 
sclerosing agent in the similar dilutions.

As needles are removed, pressure application 
is important for hemostasis. Notably, the ultra-
sound is used intraoperatively and was very 
important in finding these pouches, as well as 
the biplane fluoroscopy. The authors’ advice 
caution with risk of scatter emboli in cerebral, 
pulmonary draining veins, etc. Direct stick 
embolization can be used for bleomycin and 
sclerosants too.

In conclusion, majority of vascular lesions are 
diagnosed by presentations clinically and can be 
managed in a multidisciplinary team approach, 
there are some which will need extensive inter-
ventional diagnostic and therapeutic techniques. 
These can help surgical approach, morbidity 
reduction, and optimal outcomes.

The multidisciplinary team of authors as 
reflected in a vascular anomaly clinic team have 
taken the liberty to tackle the other vascular cases 
and emergencies encountered in head and neck 
practice.
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An understanding of the complex nature and 
involvement of various structures in vascular 
lesions of the head and neck is essential. 
Thorough knowledge of the primary cross- 
sectional anatomy of this region is invaluable. 
Most of these lesions are composite and involve 
more than a single layer in various proportions.

Nair et  al.’s anatomical classification and its 
various modifications help understand these 
lesions’ real involvement. Hence, the familiarity 
of different structures with a three-dimensional 

mental picture makes their treatment planning 
and subsequent management comprehensive.

Command over the vascular anatomy, identi-
fying potential flow dynamics of the head and 
neck vasculature would assist in decision-making 
toward surgery alone or in combination with 
embolization.

We will review the surgical anatomy of differ-
ent layers of the face, scalp, and neck. Also, the 
network of arteries, veins, and lymphatics is dis-
cussed. This is useful in approaching and surgi-
cally debulking these vascular lesions, which we 
have discussed as various approaches.

7.1  Layers of Scalp, Face, and Neck 
(Superficial to Deep)

Skin and subcutaneous tissue are common through-
out the scalp, face, and neck, with their thickness 
varying in different areas. The skin over the scalp is 
thickest, followed by mid and lower face, thin in 
the anterior neck, and most delicate in the eyelids. 
It has a superficial epidermis and deeper dermis, 
which are the two identifiable skin layers to the 
naked eye. Vascular lesions involving the thin skin 
are more expansile due to its elasticity.

The thickness of the subcutaneous tissue usu-
ally corresponds to the skin above it due to vary-
ing subdermal fat. The subcutaneous and dermal 
appendages can get thin due to expansile and 
pressure atrophy, further getting missed or altered 
in Type-I and Type-II lesions.
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The layers below the skin and subcutaneous 
tissue can vary depending on the head and neck 
area. Scalp has the musculoaponeurotic layer 
(Fig.  7.1) with a strip of muscular component 
(frontalis anteriorly and occipital group posteri-
orly) and a deeper avascular aponeurotic layer 
(subgaleal plane). There is an excellent dissect-
ing plane beneath the aponeurosis and is used to 
raise a flap or excise lesions above it.

Laterally, the aponeurosis forms the temporopa-
rietal layer over the temporal area, splits into super-

ficial, and deep temporalis fascia incorporating the 
superficial temporal fat pad in between and tempora-
lis muscle underneath it (Fig. 7.2). The superficial 
temporalis fascia is in communication with the 
zygomatic arch and its superior border—the superfi-
cial temporalis fascia then continues over the face as 
the SMAS (superficial musculoaponeurotic system).

The SMAS is thickened over the parotid gland 
and masseter muscle (parotido-masseteric fascia) 
and is easily identifiable in these areas. This layer 
further continues around the face but becomes 

Frontalis

Skin

Subcutaneous fat

Subgaleal plane

Temporoparietal fascia/
superficial temporal fascia

Deep temporal fascia/
temporalis fascia

Temporalis

SMAS

Parotidomasseteric fascia

Masseter

Platysma
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Fig. 7.1 Layers of the 
face from skin to deep. 
The SMAS layer and its 
continuation over the 
scalp and neck is seen
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less conspicuous around the lips, nose, and eyes. 
Inferior to the mandible, SMAS continues as the 
platysma all around the anterior and lateral neck 
except slightly deficient in the midline.

The aponeurosis, SMAS, and platysma estab-
lish the skin tension’s continuity over the face 
and neck (Fig.  7.1). This anatomical continuity 
aids in the reapproximation of expanded facial 
and neck skin after the excision of large vascular 
lesions to prevent sagging deformities and keep 
the incision lines cosmetic.

The muscles of the face and neck lay deep to 
the SMAS. Facial expressions amplify over the 
skin due to the SMAS interconnecting the facial 
muscles to the skin’s dermis. Resuspend the 
SMAS to the dermis and facial muscles during 
surgery, whenever possible.

The neck’s deep cervical fascia (Fig. 7.3) lies 
beneath the platysma and is divided into—invest-
ing layer, pre-tracheal fascia, prevertebral fascia, 
and carotid sheath.

The investing layer encloses the parotid 
gland, submandibular gland, sternomastoid, 

and trapezius muscles. This layer also forms a 
capsule over the parotid and submandibular 
glands.

The pre-tracheal layer lies in the midline and 
has muscular and visceral parts. The muscular 
layer encloses the midline neck’s strap muscles, 
and the visceral layer surrounds the esophagus 
and trachea in the neck.

The prevertebral fascia encloses the vertebral 
column and prevertebral group of muscles.

The carotid sheath (Fig.  7.3) encloses the 
common carotid artery (CCA), internal carotid 
artery (ICA), internal jugular vein (IJV), and 
vagus nerve. The sympathetic trunk lies in the 
posterior sheath, and the ansa cervicalis lies in 
the anterior sheath.

Periosteum and bone are the next deep layers 
to the salivary glands and facial muscles in the 
region. The scalp has pericranium and is bone- 
deep to the aponeurosis.

The neck has the major vessels enclosed by 
the deep cervical fascia laterally and hyoid bone, 
thyroid, and cricoid cartilage medially. The lar-

* All Rights Reserved Brishank Pratop © 2021
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Fig. 7.2 Layers of temporal scalp and preauricular region
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ynx lies deep to it and extends until the lower end 
of the cricoid, where the trachea starts. The 
esophagus is present behind the trachea and in 
front of the prevertebral fascia (Fig. 7.4).

A planned surgical airway is many times nec-
essary for large vascular lesions of the neck and 
is usually done around 1  cm below the cricoid 
cartilage in the area of the 2nd or 3rd tracheal 
ring. An emergency airway is usually established 
through the cricothyroid membrane. These 
should be in the surgeon’s armamentarium of 
skills as large vascular lesions, especially long- 
standing venous and lymphatic malformations, 
can cause pressure symptoms over the trachea 
and esophagus, causing dyspnea and dysphagia.

The thyroid gland is located just below the 
thyroid cartilage’s prominence, with its two lobes 
on either side of the trachea.

Intraorally, the tongue and floor mouth are 
present medial to the mandible and the pharyn-
geal space posterior to it.

Zygomatic body projection forms the face’s 
malar prominence with the maxilla anteromedi-
ally and orbits superomedially, forming the 
“zygomaticomaxillary complex” and “orbito- 
zygomatic complex.” The frontal bone lies supe-
rior to the orbits, with nasal and ethmoid bones 
medial to it, forming the “fronto-orbito-naso- 

ethmoid” complex in the midline. The complex 
has the frontal sinus, dura mater, and brain deep 
to it.

Intrabony vascular lesions are generally high 
flow in nature and occasionally demand extracor-
poreal curettage and fixation in uncontrollable 
bleeding cases.

7.2  Important Nerves of Head 
and Neck

The facial nerve (7th cranial nerve) is a motor 
nerve exiting the stylomastoid foramen in the 
skull base after having originated from the pons 
and having a long, tortuous course intracranially 
(Fig. 7.5). After its exit, it stems out—the poste-
rior auricular nerve, nerve to stylohyoid, and 
nerve to the posterior belly of digastric. It then 
proceeds forward to the posteromedial surface of 
the parotid gland, where it divides into temporo-
facial and cervicofacial branches just behind the 
retromandibular vein and before entering the 
gland. Within the gland, it lies in close proximity 
to the ECA, forms a plexus of nerves superficial 
to the ECA and retromandibular vein. It then 
gives its terminal branches over the face, namely 
temporal, zygomatic, buccal (upper and lower), 

* All Rights Reserved Brishank Pratop © 2021

Splenius capitis

Levator scapulae

Scalenus medus

Scalenus anterior

Carotid sheath

Prevertebral layer

Recurrent laryngeal nerve

Trachea

Pretracheal layer

Investing layerSternohyoid

Sternothyroid

Omohyoid superior belly

Sternocleidomastoid

Roots of ansa cervicalis

Sympathetic trunk

Roots of cervical
spinal nerve

Trapezius

Ligamentum nuchae

Fig. 7.3 Deep cervical fascia of the neck and its associations

S. R. Chandra et al.



109

marginal mandibular, and cervical. All these 
branches supply the facial musculature and are 
solely responsible for their animation. They usu-
ally anastomose with the terminal branches from 
the opposite side.

The facial nerve is the most common nerve at 
risk of being damaged during the management of 
vascular lesions of the face. Every effort is made 
to preserve these branches by the operating sur-
geon. Raising large flaps using the rhytidectomy 
approach is one of the recommended ways while 
surgically treating lesions of the cheek to avoid 
risk to the zygomatic, buccal, and marginal man-
dibular branches. Sometimes the plane of dissec-
tion is determined by the lesion, which may be 
involving the SMAS plane, in which case sacri-
fice of the facial nerve is inevitable (Fig. 7.6).

Various facial animation procedures can be 
done to compensate for this partially. Corset 
suturing is recommended by Nair et al., to pre-
vent long-term damage to the facial nerve in 
treating large low flow vascular lesions of the 
face and neck. The marginal mandibular nerve 
runs in the fascia over the facial vessels curving 
anteriorly to supply the lower lip. This can be 
protected when possible by ligating the facial 
vessels about 1–1.5 cm below the lower border of 
the mandible and swinging the upper part superi-
orly (Fig. 7.7).

The hypoglossal (12th cranial nerve) nerve is 
identified below the posterior belly of digastric 
muscle in the neck, and every effort is made to 
preserve it. Care is taken not to damage the nerve 
in this level during dissection around the deep 
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part of the submandibular gland and identifica-
tion of the deep part of the facial artery.

This nerve can be located by following the 
ansa cervicalis cranially over the carotid sheath.

The spinal accessory nerve is located in the 
upper part of the posterior triangle beneath and 
behind the sternomastoid, over the scalene mus-

cles. The great auricular nerve is a good land-
mark to preserve. The spinal accessory nerve is 
located about 1–1.5  cm below and behind the 
great auricular nerve (Fig. 7.8).

The terminal branches of the trigeminal 
nerve (5th cranial nerve) namely infraorbital 
nerve, inferior alveolar and mental nerves, 
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greater palatine and nasopalatine nerves, poste-
rior superior alveolar nerves are also encoun-
tered during surgical management of these 
lesions which if sacrificed or disturbed should 
be well consented for with the patient to avoid 
postoperative mishaps.

7.3  Arterial Supply of Head 
and Neck (Figs. 7.9, 7.10, 
and 7.11)

The arteries majorly of interest in the treat-
ment of extracranial vascular lesions are the 
external carotid artery and its branches. Of all 
the branches of ECA, the facial, lingual/facio-
lingual trunk, maxillary and superficial tempo-
ral arteries supplying areas in front of the 
auricle and posterior auricular, occipital arter-
ies supplying areas posterior to the auricle, are 
commonly encountered during treatment of 
these lesions.

The ophthalmic artery, the first major branch 
of the internal carotid artery intracranially, has 
terminal branches over the face via the supraor-
bital, supratrochlear, and lacrimal, dorsal nasal, 
and external nasal arteries supplying the central 
forehead, eyelids, and upper part of the nose.

The ECA is identified at its bifurcation from 
the CCA at the level of the upper border of the 
thyroid cartilage. The superior thyroid artery is 
sometimes seen at its origin and runs medially 
into the thyroid gland.
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The lingual artery can originate at the same 
level or slightly above the origin of the ECA, at 
the level of the greater cornu of hyoid bone and 
runs medially below the hyoglossus muscle, 
gives a sublingual branch to the anterior floor of 
the mouth, and continues further behind as the 
deep lingual artery to supply the lateral and pos-
terior tongue. Care is taken to try and preserve 
the lingual artery to prevent avascularity of the 
lateral tongue, especially if the lingual artery on 
the opposite side is compromised, which usually 
has collateral branches to take over the blood 
supply.

The facial artery, the 4th branch of the ECA, 
is given off anteromedially above the bifurcation. 
It sometimes is the conglomerate of facio-lingual 
trunk. The facial artery then courses deep through 
the posterior belly of the digastric muscle. 
Commonly it then lodges in a groove at the pos-
terior end of submandibular gland. It then runs a 
tortuous course between the submandibular gland 
and mandible, winding around the mandible at 
the anteroinferior angle of masseter to enter the 
face. It is easily identified and ligated here if nec-
essary. Over the face, the facial artery gives 
ascending palatine, inferior and superior labial, 
tonsillar, glandular, lateral nasal, submental, 

muscular, and angular arteries. Angular artery is 
the terminal branch of the facial artery, which 
gives anastomotic branches to the infraorbital 
artery (terminal branch of maxillary artery). It 
also anastomoses with the inferior palpebral and 
dorsal nasal branch of the ophthalmic artery 
forming a communication with the ICA.

The submental artery is encountered in the 
submental triangle during dissection of the ante-
rior neck, hyoglossus, and mylohyoid muscle.

The superior and inferior labial arteries are 
commonly compressed digitally to achieve a 
reduction in blood flow in vascular lesions involv-
ing the upper and lower lips, until they are excised 
and then released or ligated if necessary. It is a 
simple maneuver that is helpful during surgery 
and emergencies.

The maxillary and the superficial temporal 
arteries are the terminal branches of the ECA in 
the head and neck. In the facial region, the maxil-
lary artery branches out of the ECA at the neck 
of condyle and travels around the mandibular 
neck, through the pterygoid musculature and 
pterygopalatine fossa further giving terminal 
branches in the nasal cavity, palate, and infra- 
orbital region. The maxillary artery through its 
course gives various branches and sub-branches, 
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supply the bones of face, calvarium, dura mater, 
floor of middle cranial fossa, external ear, middle 
ear, and tympanic membrane.

The superficial temporal artery branches off 
the ECA again at the neck of the mandibular con-
dyle and enters the parotid gland, travelling 
upward toward the temporal area and scalp. It 
gives off a parotid branch and transverse facial 
artery within the parotid gland, zygomatic- orbital, 
middle temporal, anterior auricular branches at the 
level of zygomatic arch and anterior frontal, poste-
rior parietal as terminal branches higher above.

The posterior auricular artery branches from 
the ECA just above the bifurcation travels upward 
between the parotid gland and styloid process to 
reach behind the auricle, runs between the auricular 

cartilage and mastoid process, thereafter anasto-
mosing with the occipital artery. During its course, 
it supplies the sternomastoid, stylohyoid, digastric, 
posterior belly of occipitofrontalis, tympanic mem-
brane, skin over medial surface of auricle, and pro-
vides oxygenated blood to the facial nerve.

One of many branches can be enormous and 
significantly increased in size, especially high- 
flow lesions, with a palpable bruit being the most 
characteristic feature. The bruit is palpable or 
dopplerable with a hand-held device throughout 
the course of the lesion.

7.3.1  Vessel and Luminal 
Dimensions

Internal carotid artery (ICA)
Orbital and extracranial branches Outer diameter (mm) Inner diameter (mm)
Ophthalmic artery [1] 1.35–1.37 ± 0.16–0.18
    Orbital group
     Anterior ethmoidal artery [2] 0.88–0.92 ± 0.15–0.20
     Posterior ethmoidal artery [2] 0.63–0.66 ± 0.19–0.21
     Dorsal nasal artery [3, 4] 0.74–0.88 ± 0.12–0.26
     Supratrochlear artery [3, 4] 0.74–0.91 ± 0.17–0.20
     Supraorbital artery [4] 0.84 ± 0.16
     Superior and inferior medial palpebral arteries [4] 0.43 ± 0.13
     Lacrimal artery [5] 1.02–1.03 ± 0.16–0.17
       Superior and inferior lateral palpebral arteries, zygomati-

cofacial artery, zygomaticotemporal artery [6, 7]
    Ocular group
     Ciliary arteries
     Central retinal artery
     Muscular branches

External carotid artery (ECA)
Arteries and branches Outer diameter (mm) Inner diameter (mm)
Superior thyroid artery [8–11] 2.1–3.53 ± 1.17–1.4 1.4–1.9 ± 0.3–0.7
     Infrahyoid branch, superior laryngeal branch, 

sternomastoid branch, cricothyroid branch, glandular 
branches [12]

Ascending pharyngeal artery [13, 14] 1.4–1.54 ± 0.25–0.3
     Posterior meningeal artery, pharyngeal branches, inferior 

tympanic artery
Lingual artery [8–11] 2.2–3.06 ± 0.65–1.1 1.6–1.8 ± 0.4
      Deep lingual artery, sublingual artery, dorsal lingual 

branches, suprahyoid branch
Facial artery [8–11] 2.7–3.35 ± 0.68–1.6 1.9–2.2 ± 0.4–0.5
      Cervical branches: ascending palatine artery, tonsillar 

branch, submental artery, glandular branchesFacial 
branches: inferior labial, superior labial, inferior alar 
artery, lateral nasal artery, angular artery, forehead 
branch [15, 16]
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External carotid artery (ECA)
Arteries and branches Outer diameter (mm) Inner diameter (mm)
Occipital artery [17, 18] 1.9–2.6
     SCM branches, meningeal branch, occipital branches, 

auricular branch, descending branch [19]
Posterior auricular artery [20, 21] 0.7–1.2
     Stylomastoid artery, stapedial artery, auricular branch, 

occipital branch, parotid branch
Maxillary artery [10, 22–24] 3.2–3.67 ± 0.07 2.1–2.3 ± 0.3–0.7
     See table
Superficial temporal artery [9, 10, 25] 2–2.73 ± 0.51–1.4 1.7 ± 0.4–0.5
     Transverse facial artery, zygomatico- orbital artery, middle 

temporal artery, anterior auricular branch, frontal 
branches, parietal branch

7.3.2  Maxillary Artery Branches

Maxillary artery

Divisions and branches
Foramina Outer diameter 

(mm)
Inner diameter 
(mm)

Mandibular segment [23, 24] 3.67 ± 0.07 2.1 ± 0.7
     Deep auricular artery [23] Squamotympanic fissure 1.0 ± 0.09
     Anterior tympanic artery [23] Petrotympanic fissure 0.7 ± 0.002
     Middle meningeal artery [23, 24] Foramen spinosum 2.53 ± 0.38 1.2 ± 0.2
     Accessory meningeal artery [23] Foramen ovale 1.9 ± 0.22
     Inferior alveolar artery [23, 24] Mandibular foramen 1.3 ± 0.07 0.6 ± 0.1
      Mylohyoid arterya

      Mental artery Mental foramen
Pterygoid segment [23] 3.24 ± 0.2
     Anterior deep temporal artery [23, 24] 1.45 ± 0.10 0.7 ± 0.2
     Posterior deep temporal artery [23, 24] 1.48 ± 0.01 0.7 ± 0.1
     Masseteric artery [23] 1.03 ± 0.02
     Buccal artery [23, 24] 1.05 ± 0.07 0.6 ± 0.2
     Pterygoid branches [23] 0.7 ± 0.003
Pterygopalatine segment [23] 2.75 ± 0.04
     Descending palatine artery Greater palatine canal
      Greater palatine artery [23] Greater palatine foramen 0.71
      Lesser palatine artery Lesser palatine foramina
     Posterior superior alveolar artery [23, 24] Pterygomaxillary fissure 1.31 ± 0.07 1.0 ± 0.2
     Infraorbital artery [23, 24] Infraorbital foramen 1.3 ± 0.08 1.0 ± 0.3
      Anterior and middle superior alveolar 

arteriesb

     Sphenopalatine artery [23, 24] Sphenopalatine foramen 1.76 ± 0.48 1.2 ± 0.2
      Lateral posterior nasal branches
      Posterior septal branches
     Pharyngeal artery Pharyngeal (palatovaginal) 

canal
      Artery of the pterygoid canal (Vidian 

artery) [23]
Pterygoid canal 0.7 ± 0.005

aThe mylohyoid artery branches proximal to the mandibular foramen
bThe anterior and middle superior alveolar arteries branch from the infraorbital artery proximal to the infraorbital 
foramen
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7.3.3  Arterial Supply of the Neck

Subclavian artery
Arteries and extracranial branches
Vertebral artery
Thyrocervical trunk
     Inferior thyroid artery
       Inferior laryngeal artery, tracheal branches, 

esophageal branches, pharyngeal branches, 
glandular branches

     Transverse cervical artery
      Superficial branch, dorsal scapular artery
     Suprascapular artery
      Acromial branch
     Ascending cervical artery
Costocervical trunk
     Deep cervical artery, superior intercostal artery

7.4  Venous Drainage of Head 
and Neck (Fig. 7.12)

Veins of the head and neck drain into external 
and internal jugular veins. Most extracranial 
veins are named according to the accompanying 
arteries and areas they drain. The external jugu-
lar vein along with the vertebral vein drains into 
the subclavian vein. The internal jugular vein 
(IJV) and subclavian vein drain into the brachio-
cephalic vein, which then drains into the superior 
vena cava and right atrium of the heart.

Venous blood from the intracranial cavity is 
picked up by multiple sinuses, which drain ulti-
mately into the sigmoid sinus, which further 
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drains into the IJV before leaving the jugular 
foramen. The ophthalmic vein and facial vein 
give communications to the cavernous sinus, 
which then drains into the IJV via the sigmoid 
and petrosal sinuses. The superficial temporal 
vein also drains into the internal jugular vein.

The superior and middle thyroid veins drain 
into the IJV in the neck.

The facial vein and its communications are 
commonly in a plexus in most venous malforma-
tions and AVM of the face. The vein lies posterior 
to the facial artery over the face and then joins the 
anterior branch of the retromandibular vein at the 
lower pole of the parotid gland to become the 
common facial vein, which drains into the IJV.

The retromandibular vein is another important 
vein formed by the merger of superficial tempo-
ral and maxillary veins. This runs through the 
parotid gland, posterior to the ramus of mandible, 
gives anterior branch as described above and a 
posterior branch which meets the external jugular 
vein. The occipital and posterior auricular veins 
also drain into the external jugular vein from 
behind the ear.

Since veins are thin-walled, low in blood flow, 
and so many in number over the face, they have a 
potential to expand easily on head-down posture, 

which is usually the first sight of these lesions in 
most small-sized venous malformations.

7.5  Lymphatic Drainage of Head 
and Neck (Fig. 7.13)

Lymphatic malformations of the head and 
neck are commonly seen in children and young 
adults. They are sometimes disfiguring and cause 
skeletal deformations over the long term due to 
its pressure effects. The lymphatics of the head 
and neck are divided into superficial and deep 
systems.

The superficial system drains the scalp, face, 
and neck into occipital, mastoid, pre-auricular, 
parotid, facial, submandibular, submental, and 
superficial cervical nodes.

The deeper system collects lymph from the 
entire head and neck and drains within a vertical 
chain into the carotid sheath. The superior and 
inferior deep cervical nodes are primarily laryn-
geal, pre-tracheal, retropharyngeal, jugulodigas-
tric, jugular-omohyoid, and supraclavicular 
nodes. Efferent vessels from the above converge 
to form the jugular lymphatic trunks. The left 
jugular lymphatic trunk joins the thoracic duct at 
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the root of the neck to drain into the left subcla-
vian vein. The right jugular lymphatic trunk 
forms the right lymphatic duct at the root of the 
neck, which drains into the right subclavian vein.

Most lymphatic malformations are diffuse due 
to their widespread network in the head and neck. 
They are most times easily excised but quite 
incompletely. These lesions pose a challenge in 
areas close to the orbit, and alternate options to 
facilitate lymph drainage is sought recently. 
Good knowledge of the way our lymphatic sys-
tem works helps in treatment of these lesions.

7.5.1  Approaches to the Face 
for Vascular Tumors 
and Malformations

Surgery of the face is different from surgery in 
the rest of the body due to the prime reason of 
aesthetics; hence, the placement of an incision 
should be inconspicuous and involve scar man-
agement postoperatively. The muscles of facial 
expression lay below the skin and if the incision 
traumatize their nerve supply, it can have disas-
trous functional and cosmetic outcomes. Of 
importance are the sphincter muscles—orbicu-
laris occuli and orbicularis oris, as reconstruction 
of their dynamic function may be difficult. The 
surgeon must also be cognizant of the nerves 
exiting various foramina of the skull while plan-
ning their incisions and dissections so as to not 
disrupt sensory information to the skin. The coro-
nal approach is an excellent example of a hidden 
scar while providing almost entire visibility of 
the upper facial skeleton. Incisions are placed 
parallel to the direction of the hair so as not to 
transect the hair follicles. To prevent stretching of 
sensitive tissue due to traction, the incisions are 
made long enough. Closure of incision should be 
considered while planning incisions to avoid 
marginal necrosis or overlapping, hence 
 designing of incision plays a vital role in the suc-
cess of a surgery. Aging skin provides us with the 
resting skin tension lines which occur due to the 
skin’s adaptation to repetitive function and the 
elastic nature of the underlying dermis (Fig. 7.14).

Incisional wound closures are under the influ-
ence of elastin whereas excision wounds depend 
on collagen, this knowledge would minimize 
scarring [26]. These relaxed skin tension lines 
should never be crossed as they would leave 
behind a conspicuous scar which is unacceptable 
on the face. However, if an incision cannot be 
placed in the lines of minimal tension, it can be 
kept within an orifice such as nasal cavity, mouth, 
eyelid, or hair-bearing area to keep it inconspicu-
ous. The same purpose is served by placing inci-
sion at the junction of two anatomic landmarks 
such as aesthetic subunit of the face, e.g., nasola-
bial crease (Fig. 7.15) [27].

The face can be divided into specific “aes-
thetic units,” within which the skin has similar 
characteristics like color, thickness, subcutane-
ous fat, and texture. These units are separated by 
“aesthetic borders” which are hairline, eyebrows, 
philtrum, labiomental fold, nasolabial fold, and 
the vermillion (Fig. 7.15) [28]. These can also be 
further divided into smaller “aesthetic subunits” 
(Fig. 7.16) [28].
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The various incisions over the face are given 
keeping in mind these aesthetic units as described 
above (Fig. 7.17).

7.6  Approaches to Upper Face 
and Temporal Region

The forehead is limited by the hairline superiorly 
and the supraorbital margin, brow, and glabella 
inferiorly. The hairline, however, is an important 
but highly variable boundary between the scalp 
and the forehead [29].

The muscles in the forehead are the frontalis, 
the corrugator supercilii oblique and transverse, 
depressor supercilia, the procerus, and parts of 
orbicularis oculi. The movement of these muscles 
as in frequent frowning or as a person ages pro-
vides transverse lines on the forehead, while 
forming oblique and vertical lines between 
medial eyebrows. These lines are used to place 
incisions in a less conspicuous manner.
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Fig. 7.15 Aesthetic borders
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Fig. 7.16 Aesthetic subunits
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Fig. 7.17 Facial incisions based on aesthetic subunits
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7.6.1  Approaches to the Temporal 
Region (Fig. 7.18)

Laterally in the temporal region, vascular lesions 
over the temporalis muscle warrant a lateral 
approach. Of anatomic importance in this region 
is the temporal branch of facial nerve. A line 
drawn from a point 5 mm beneath the tragus to a 
point 15  mm above the lateral brow charts the 
course of this branch [30] and serves as an aid to 
the surgeon while operating in this area.

The superior attachment of the temporalis 
muscle is the temporal line which is on the fron-
tal and parietal bones. The superficial and the 
deep temporal fascia fuse with the periosteum of 
the central forehead at the temporal line. The 
frontal branch of the facial nerve travels within 
the temporoparietal fascia after its exit from the 
parotid gland [31]. Sharp dissection is done to 
transition the subperiosteal layer of the central 
forehead [30]. The superficial musculoaponeu-
rotic system (SMAS) layer in this region is the 
temporal fascia.

The deep temporal fascia is separated to 
superficial and deep by the temporalis muscle 
which attaches to the zygoma and infratemporal 
fossa (Fig. 7.2). Hence, lesions deep to the tem-
poralis muscle can be approached from the infra-
temporal fossa. Larger lesions superficial to the 
temporalis can be approached by a preauricular 
with Al-Kayat and Bramley extension [32], 

which is very versatile and provides access to a 
larger area while contributing to a cosmetic scar 
(Fig. 7.19). Since this incision is proximal to the 
facial nerve branches, the surgeon should 
approach this zone with caution. The approach 
has been elaborated in the chapter, including 
detailed information on the facial nerve in the 
area. The advantage of this incision is the aesthet-
ics and the visibility for the surgeon. This pro-
vides access to temporal region, malar area, and 
the temporomandibular region for which it was 
primarily designed.

7.6.2  Approaches to Parotid

Approach to the TMJ is done through a Blair [33] 
incision (later modified by Bailey) [34]. The 
superficial lobe of the parotid gland, enclosed in 
the parotid masseteric fascia overlaps the capsule 
of the TMJ in front of the external auditory 
meatus, hence the modified incision is used to 
access the intraglandular lesions (Type III) [35].

The facial flap is raised at the SMAS layer 
(Fig. 7.1). The Parotid fascia is left intact with the 
Auriculo temporal Nerve seen on its surface. For 
exposure of Facial Nerve, the dissection is kept 
on the surface of the tragal cartilage. The tail of 
the parotid is freed off the sternocleidomastoid 
muscle. The posterior belly of the digastric is 
traced superiorly to its insertion on the mastoid, 
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Fig. 7.18 Relations of 
facial nerve in temporal 
region (in mm)

S. R. Chandra et al.



121

beneath the SCLDM. The facial nerve is identi-
fied at this point approximately 1  cm deep and 
anterior to the tragal pointer. Brisk bleeding is 
encountered from small vessels overlying the 
main trunk of the facial nerve. Further dissection 
is carried out bluntly on the surface of the nerve 
keeping it in sight at all times.

The deep portion of the gland is found in areas 
beneath the nerve and over the masseter muscle. 
It also has a retromandibular portion [36]. 
Dissection here is complicated by the presence of 
the auriculotemporal nerve, superficial temporal 
vessels, and facial nerve. The superficial tempo-
ral artery is a terminal branch of the external 
carotid, bifurcating within the gland and is 
accompanied by the superficial temporal vein, 
the artery also is posteriorly accompanied by the 
auriculotemporal nerve. The other terminal 
branch of the external carotid is the maxillary 
artery, and both superficial temporal and maxil-
lary artery - the terminal arteries could be poten-
tial bleeders. Placing an incision close to 
cartilaginous part of the external acoustic meatus 
will reduce injury to the auriculotemporal nerve. 
Also, since temporal branch of the facial nerve is 
seen 8–35 mm anterior to the external auditory 
meatus, incisions in this zone are placed less than 

8 mm away. Since some surgeons use the nerve 
stimulator to identify branches of the facial nerve, 
vasoconstrictor injection should be subcutaneous 
and not deep. The incision is carried out through 
skin, subcutaneous tissue, and temporal fascia 
which is hypovascular. When bleeders are coagu-
lated, this flap along with the superficial temporal 
vessels and auriculotemporal nerve are retracted 
anteriorly to reach the parotid. The modified 
facelift approach is also used, and it has incisions 
in three regions including preaural, postaural, 
and hairline [37] (Fig. 7.20).

Post-auricular approach has better cosmetic 
outcomes and prevents injury to the auriculotem-
poral nerve. The incision is arc shaped and tran-
sects the external auditory canal, then the ear is 
reflected anteriorly, however, it presents a smaller 
access. Parotidectomy has been performed 
through a 4–5 cm incision in the postaural sulcus. 
However, this approach is for most small 
(Fig. 7.21) to medium size parotid tumors located 
in the mid and lower pole regions of the parotid 
gland [38]. VM within the parotid or preauricular 
region is tough to deal with this approach.

Deep lobe of the parotid if involved in the vas-
cular lesion would require a trans-parotid 
approach, trans-parotid approach with mandibu-
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Fig. 7.19 Preauricular 
with Al-Kayat and 
Bramley extension
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lotomy, trans-cervical approach, or a combined 
trans-parotid and trans-cervical approach [39]. 
The trans-cervical approach is for lesions with 
para-pharyngeal extension of the tumor. Frey’s 
syndrome is caused by damage to auriculotempo-
ral nerve, which innervates the skin of the tragus 
and the temple and it, gives secretomotor 
branches to the parotid gland. Damage to this 
nerve produces functional morbidity and should 
be prevented, discussion of which is beyond the 
scope of this chapter.

Bicoronal Approaches to the Cranium, cranial 
cavity, frontal, and orbital regions can be through 
the Bicoronal incision with elevation of the scalp. 
The bicoronal incision begins inferiorly in the 
preauricular crease bilaterally and is restricted to 
the inferior limit of the tragus. The incision in the 
preauricular skin crease is curved posteriorly onto 
the scalp. It is concealed within the hairline supe-

riorly. The scalp flap is raised at the relatively 
avascular loose areolar level easily and bluntly, 
modified depending on the location of the 
VM. Lesions on the bone may need a pericranial 
elevation. The exposure is obtained inferiorly 
from the Zygomatic root on either side, temporal 
region and parietal areas. Anteriorly the Frontal 
zone, Nasal bridge, and Superior Orbital rims can 
be exposed conveniently. The supraorbital fora-
men and its contents can be protected by staying 
subperiosteal . An osteotome can be used to free 
the Supra orbital Nerve from the foramen.

Lateral elevation of the flap is deep to the 
superficial layer of the deep temporal fascia, this 
protects the zygomatic and temporal branches of 
the facial nerve (Fig. 7.22).

7.6.3  Supra Orbital Approach

A commonly used approach in the upper face is 
the supraorbital approach, which provides access 
to the frontozygomatic area. The scar resulting 
from this incision is not conspicuous. The inci-
sion is placed within the eyebrow hair (Fig. 7.23) 
and made through the skin and subcutaneous tis-
sue till periosteum. There are no important neuro-
vascular structures in this region. If extended 
exposure is desired, incision can be extended into 
the crow’s feet line, lateral to the lateral canthus. 
It is vital to stay in the subperiosteal zone of dis-
section to avoid injury to the eyeball. Periosteum 
integrity should be maintained so as to avoid her-
niation of the lacrimal gland.

Fig. 7.20 Modified facelift incision (SMAS layer) for parotid and lesions of pre-auricular region

Fig. 7.21 Post-auricular approach
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7.6.4  Upper Eyelid Approach

Another approach that gained popularity due to its 
aesthetic outcome is the upper eyelid approach 
also known as the supra-tarsal fold approach. The 
incision follows the natural crease of the upper 

eyelid, which is present in most individuals 
(Fig. 7.24). Lateral extension of this incision into 
a crows feet skin crease allows good exposure. 
About 1  cm above the eyelid margin slanting 
downward and 6 mm above the lateral canthus lat-
erally. Once the incision is placed, a skin muscle 
flap is raised and the incision can be undermined 
until the periosteum to provide enhanced visual-
ization. This approach provides access to the 
upper bony orbit and can be used to excise tumors 
of soft tissue around the upper eye (Fig.  7.24b) 
while producing almost an invisible scar.

7.7  Approaches to the Midface

Midface is one of the regions of the face that has 
shown to have the most congenital problems 
[40]. The midface encompasses the cheek and 
nose aesthetic subunits. The most important fac-

a b

c d

Fig. 7.22 Bicoronal approach. (a) Schematic lateral view (b) Schematic frontal view (c) Bicoronal skin incision, and 
(d) Bicoronal flap elevated to expose LM in right fronto-orbital region

Fig. 7.23 Supraorbital approach with incision in the 
hairline
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tor to consider is the position of the lesion. If they 
can be approached and excised completely via an 
intraoral approach that should be the first choice 
for a surgeon. What aids in making that decision 
usually is whether the lesion can be accessed 
below or above a muscle or bone. Lesions involv-
ing the mandible or maxilla can most times be 
accessed intraorally and sometimes combined 
with other approaches for extended access.

7.7.1  Subciliary Incision

Subciliary incision with dissection exposes areas 
in the infraorbital and supra zygomatic zone 
(Fig. 7.25a–d). Vascular sacs present in this area 
are mostly VM. They are seen in the subcutane-
ous plane. Adhering to the infraorbital perios-
teum protects the Infraorbital neurovascular 
bundle. The vascular sac can be identified and 
dissected out.

7.7.2  Lateral Rhinotomy Incision

The first lateral rhinotomy incision was intro-
duced by Moure in 1902 [28]. The rhinotomy 
incision (Fig. 7.26) provides access to the nasal 
cavity, ethmoidal sinuses, maxillary sinuses, and 
nasopharynx. It has the advantage of creating a 
minimal cosmetic or functional disability. 

Intraoral extensions can be performed on a case- 
by- case basis, depending on the extent of the 
lesion. The incision line below the medial eye-
brow, along the deepest part of nasomaxillary 
groove and curves below the ala of the nose. If 
extension is desired the philtral ridge down the 
upper lip and intraorally. Once intraoral, a buccal 
sulcus incision till the first molar with dissection 
provides a wide exposure. The anterior and pos-
terior ethmoid arteries can be identified in or 
above the fronto-ethmoid suture. Lesions arising 
from these vessels can be identified here and the 
vessels may be ligated. The maxillary antrum can 
be accessed via this approach as well through the 
anterior maxillary wall and the antrostomy can be 
enlarged with ronguers to maximize visualization 
inside the antrum [41].

7.7.3  Nasolabial with Subciliary 
Extension

The surgical approach to lesions presents in the 
nasolabial region can be placed in the Nasolabial 
skin crease. Lesions beneath the skin and sub-
cutaneous plane, either superficial to or in 
between the paranasal muscles such as levator 
labii superioris, Zygomaticus major and minor 
can be exposed and excised. The scar is con-
cealed within the nasolabial skin crease 
(Fig. 7.27).

a b

Fig. 7.24 (a) Upper eyelid crease approach. (b) Excision of lesion in mid upper eyelid
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7.7.4  Weber–Fergusson Approach

The Webber–Fergusson’s incision and its modifi-
cations are used for approach to the anterior max-
illa [42] another approach is the Midface 
degloving incision [43]. The former incision 
remains a controversy. Gensoul (1893) was 
believed to have first described it and later popu-
larized by Weber and Fergusson. Another theory 
exists about it being first described Weber in 
German literature and later modified by 
Fergusson in English literature [44]. This stan-
dard technique, which follows the facial subunits, 
underwent various modifications depending on 

the extent of the tumor [45]. The various modifi-
cations of the weber-ferguson insicion for access-
ing the maxillofacial and skull base are [46]:

The Weber–Fergusson incision is suitable for 
superficial lesions which cannot be approached 
intraorally or when wide excision of the maxilla 
is required for type IV intraosseous lesions [35]. 
Due to the various modifications available, the 
incision has diverse utilities producing a less con-
spicuous scar.

The incision line is drawn through the vermil-
lion border, along the philtrum of the lip, extend-
ing around the base of the nose and along the facial 
nasal groove (Fig. 7.28). It then extends infraor-

a b

c d

Subciliary incision

Subcarsal incision

Infraorbital incision

Fig. 7.25 (a–d) Subciliary incision for exposure of VM in infraorbital and zygomatic region (a, b) incision marking 
(c) excision of lesion (d) Postoperative healing without obvious scar)
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bitally 3–4 mm below the cilium to the  lateral can-
thus. The intraoral part of the incision continues 
along the inner mucosal part of the upper lip pro-
ceeding laterally along the Gigivo buccal sulcus 
unto desired posterior extension. The soft tissue of 
the cheek is raised from the anterior surface of the 
maxilla, transecting the infraorbital nerves and 
vessels should the superior and lateral walls of the 
maxilla need to be approached.

The Lynch modification is used to approach 
tumors involving the frontal sinus. lateral exten-
sion up to the level of the lateral canthus, or infe-
riorly to be included in a lateral rhinotomy 
incision. The incision may be along the lower 
border of the eyebrow or in a skin crease along 
the upper eyelid. The incision is extended down, 
0.5 cm medial to the medial canthus.

The Dieffenbach modification is used for 
lesions occurring at the infraorbital margin, ante-
rior floor of orbit, and the zygomatic bone.

7.7.5  Intraoral Approach to Maxilla

Location of the lesion, access to the lesion, and 
need for reconstruction are usually three reasons 
to decide if an intraoral or extraoral approach is 
warranted. For example, lesions medial to the 
buccinator, can be accessed intraorally while if 

* All Rights Reserved Brishank Pratop © 2021

Fig. 7.26 Lateral rhinotomy incision

a b c

Fig. 7.27 (a–c) Nasolabial incision to expose the VM in the Sub Zygomatic area. Subciliary extension may be required 
for better access. (a) Incision (b) Exposure, (c) Post-operative
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lateral to the buccinator an extraoral approach 
would provide better access.

Relevant anatomy for the surgeon while per-
forming a maxillary intraoral approach is the 

infraorbital nerves and the buccal fat pad posteri-
orly. The infraorbital nerve supplies sensation to 
the ipsilateral upper lip, side and ala of the nose, 
and lower eyelid. This nerve must be preserved 

a

b c
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Fig. 7.28 (a–c) Dieffenbach’s modification of Weber–Fergusson’s approach. (a) Incision outline (b, c) Intraoperative 
incision and exposure
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while dissection from the maxilla to the orbital 
bone, as it exits the infra-orbital foramen less 
than a centimeter inferior to the orbital rim. The 
buccal fat pad will be discussed in the intraoral 
mandibular approach in detail, the surgeon needs 
to be cautious while incising around the maxil-
lary second molar. This approach can be used for 
intraosseous maxillary tumors.

Before infiltration, the upper lip midline is 
marked on the mucogingival junction to aid 
proper closure. Vestibular/sublabial incision is 
made as far as the first molar tooth in the sulcus 
with adequate attached gingiva for closure. The 
incision is made till the periosteum and then the 
bone is exposed subperiosteally (Fig.  7.29). 
Subperiosteal dissection is carried out till piri-
form aperture and strip its attachments to peri- 
nasal musculature, while posterior extend is till 
the pterygomaxillary fissure. While dissecting 
the nasal region injury to nasal mucosa should be 
prevented, bleeding can be expected in this zone 
which is easily controlled with packing. The dis-
section is extended superiorly till the orbital rim 
with caution around the infraorbital nerve. Even 
with cautious dissection, some amount of tempo-
rary paraesthesia can be expected. This approach 
exposes the entire maxilla for intraosseous 
lesions or even lesions of the nasal cavity and 
maxillary sinus. This gives access to lesions in 
the anterior nasal area and maxillary sinus. A 
Lefort 1 osteotomy with down fracture of the 
maxilla allows access to vascular tumors such as 

Nasopharyngeal Angiofibroma in the posterior 
maxillary space.

7.7.6  Midface Degloving Approach

This is an all-inclusive approach with no extra-
oral scar and hence an excellent choice for large 
tumors of the midface region (Fig. 7.30). Due to 
the nature of the incisions, it is performed under 
oro-endotracheal intubation. It begins with an 
intranasal incision which is made circumferen-
tially on the mucosa followed by a transfixion 
incision that spans the membranous septum, 
between the lower end of the cartilaginous sep-
tum and the medial crura of the lower lateral car-
tilages. Now an inter-cartilaginous incision is 
made to release the soft tissue from the upper 
lateral nasal cartilage and bone, this is done in a 
subperiosteal plane. Now, an incision is placed 
intraorally along the buccal sulcus till the molars 
(as in trauma or orthognathic surgery) and the 
entire midface can be raised till the infraorbital 
rim and glabella Access can be made via various 
osteotomies to the central cranial base as well if 
needed, from the frontal base down to the upper 
cervical spine [47]. The exposure obtained using 
the degloving approach is excellent and the 
absence of the resultant facial scar or deformity 
makes this a popular approach in the midface. 
Nasal obstruction and infraorbital paresthesia can 
result from this approach.

a b

Fig. 7.29 (a, b) Intraoral approach: Maxillary Vestibular approach
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7.8  Approaches 
to the Lower Face

7.8.1  Mandibular Vestibular 
Approach

Intraoral vascular lesions within the substance of 
the vestibule and deep to the SMAS/buccinator, it 
is wise to approach this intraorally via a vestibu-
lar approach. The anatomy to be aware of the 
mandibular vestibular approach are mental ves-

sels, facial vessels, mentalis muscle, and buccal 
fat pad. The mental nerve is of significance when 
accessing the soft tissue or bone anterior to the 
molar region. Mucosal incisions are made ante-
rior and posterior to this region, pass through 
submucosa and periosteum (Fig. 7.31). The nerve 
needs to be isolated while accessing this region. 
The facial vessels can be encountered in the infe-
rior border of the mandible and in this region, the 
only structure separating them from bone is the 
periosteum. Since the facial artery arises from the 

a

d e

b c
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Fig. 7.30 Midface degloving approach (steps a–e)
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external carotid, vascular lesions arising from 
this vessel must be ligated prior to accessing this 
lesion. The mentalis muscle is the elevator of the 
lower lip and chin and without proper 
 approximation will cause the chin to droop and 
expose the lower anterior teeth. This muscle is 
innervated by the marginal branch of the facial 
nerve and passes from the bony chin to the skin 
of the chin, hence can be transected in subperios-
teal dissections of this zone. The buccal fat pad is 
a unique structure, which has four extensions: 
buccal, temporal, pterygoid, and pterygomandib-
ular. The buccal extension is superficial and 
imparts fullness to the cheek while the rest are 
deeply seated. The parotid duct travels superficial 
to the fat pad and penetrates the oral mucosa 
through the fat pad and buccinator muscle to 
enter the oral cavity opposite the second molar. 
Intraoral incision should not be placed, if possi-
ble, higher than the occlusal plane of mandibular 
teeth, to prevent herniation of the buccal fat pad. 

The incision is placed with these structures in 
mind, on the sulcular mucosa extending all the 
way to the external oblique ridge. Exposure is 
achieved till the lateral border of the ramus of the 
mandible and even to the condylar neck and coro-
noid. It is to be noted that in edentulous mandible 
that incisions should be made on the alveolus, in 
older patients the resorption causes the mental 
nerve move closer to the superficial surface.

7.8.2  Visor Incision

Submandibular, submental, and cervical parts of 
the head and neck are accessible through the cer-
vical visor incision (Fig. 7.32). The flap is raised 
in a sub-platysmal plane all the way to the lower 
border of the mandible. The EJV can be identi-
fied and ligated at the level of the incision or 
raised off the flap. Investing layer of the deep cer-
vical fascia is exposed. Supra-platysmal dissec-

a b

c

Fig. 7.31 (a–c) Mandibular vestibular approach
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tion is required for lesions present in the 
subcutaneous plane. Care taken not to perforate 
the flap.

The marginal mandibular and cervical branch 
of the facial nerve can be identified deep to the 
investing layer of cervical fascia and is identified 
at the lower mandibular border emerging below 
the cervical fascia to cross the facial artery 
(Fig. 7.7). From here on the nerve is traced poste-
riorly into the lobe of the parotid gland.

Vascular lesions present in the subcutaneous 
plane (Type II), Submandibular Gland (Type III), 
Deep to Mylohyoid, and sternocleidomastoid 
(SCM), and supraclavicular region can be 
accessed. The posterior retraction of the SCM 
exposes the contents of the Carotid sheath (com-
mon Carotid Artery, IJV, and vagus nerve). 
Control of External Carotid can be achieved as 
well through this approach.

7.8.3  Submandibular Approach

These approaches are for lesions usually deep to 
the SMAS layer but superficial to the mylohyoid 
and facial muscles and cannot be accessed intra-
orally. The relevant anatomy to this region is the 
facial artery, facial vein, and the marginal branch 
of facial nerve (Figs. 7.7 and 7.33a). The facial 

artery, a tortuous branch of the external carotid, 
arises medial to the mandible, passes the sub-
mandibular salivary gland and circles around the 
lower border of the mandible, anterior to the mas-
seter, and is anterior to the facial vein. The facial 
vein is formed as a direct continuation of the 
angular vein which joins the retromandibular 
vein to form the common facial vein and drains 
into the internal jugular vein. The facial vein is 
not as tortuous as the artery. The marginal man-
dibular branch arises from the facial nerve when 
it divides in the parotid, extend inferiorly, and 
supply motor fibers to the facial muscles of the 
lower lip and corner of the mouth. Injury to this 
nerve results in facial asymmetry, deviation of 
the contralateral angle of the mouth, drooling of 
saliva, and difficulty of speech and chewing. 
Multiple variations have been mentioned in liter-
ature of this nerve. In a study by P.G. Balagopal 
et  al. [48], 161 of the 202 patients (79.7%) the 
nerve was a single division, formed of two 
branches in 26 (12.9%) patients, three branches 
in 14 (6.9%) patients, and four branches in one 
patient. In patients with a single branch, the nerve 
crossed the facial artery below the lower border 
of the mandible in 97/161 (60%) patients, at the 
lower border of the mandible in 42/161 (26%) 
patients and above the lower border in 22/161 
(14%) patients. The furthest distance the nerve 

a b

Fig. 7.32 The visor incision is an ample access to the neck, mandible, skull base and parotid areas. (a) skin incision 
(b) elevation of the skin and platysma flap elevation to the inferior border of the mandible
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has been reported from the lower border of the 
mandible is 1.5 cm and hence incisions for sub-
mandibular approach are always placed 1.5–2 cm 
away from the inferior border. Incisions to ligate 
the facial artery or vein at this location should 
follow a low cervical approach.

The layers encountered in this region are skin, 
subcutaneous tissue, platysma muscle which 
extends from subcutaneous tissue of periclavicu-
lar region to insert into symphysis menti and 
merge with orbicularis oris. Elevating a sub- 
platysmas flap will expose the superficial layer of 
deep cervical fascia and in this region, we can 
encounter the facial vessels and/or the marginal 
mandibular branch of the facial nerve. The facial 
vessels can be ligated if necessary or retracted 
anteriorly depending on the location of the lesion. 
The capsule of the submandibular gland and the 
submandibular node can also be encountered 
here. Further dissection leads to the mandibular 
periosteum at the lower border of the mandible 
and the pterygomasseteric sling, This avascular 
zone is sharply incised in the inferior border of 
the mandible.

7.9  Mandibular Access 
Osteotomy [35]

The incision is placed in the submandibular skin 
crease as described previously and extended ante-
riorly in a wavy curve toward the mid part of the 

chin, follows the submental skin crease laterally 
and continuing around the bulbous part of the chin 
onto the lower part of the face (Fig. 7.34a). The lip 
split may be done either medial to the corner of 
the mouth or carried closer to the midline of the 
lip with a stagger. Across the vermilion onto the 
labial mucosa and continued upward to the gingi-
val mucoperiosteum anterior to the desired oste-
otomy line. Lingual mucosal incision may be 
placed along the floor of the mouth, at its junction 
with the attached lingual muco periosteum or a 
lingual crevicular gingival incision is placed. The 
lingual mucoperiosteal incision at the junction of 
the floor and mucoperosteum has the risk of dam-
aging the submandibular duct, sublingual gland, 
and more importantly the lingual nerve. The lin-
gual incision is extended to the retromolar region 
around the last erupted tooth and continued buc-
cally at 45°. The mandible is split anterior to the 
mental foramina between two teeth (usually 
canine and premolar).

Prior to the osteotomy, a 4-holed plate is 
adapted on the desired split site, the osteotomy is 
initiated with a saw preferably to allow good 
osteosynthesis (Fig. 7.34b). The lingual mucosa or 
the mucoperiosteum is elevated with the lingual 
nerve in sight. Posteriorly the medial pterygoid is 
stripped off the mandible. Lateral traction to the 
mandible gives good visibility and eases dissec-
tion. Medial side of the ramus is visualized and the 
inferior alveolar neurovascular bundle can be seen 
before it enters the canal (Fig. 7.34d) Temporalis 

a b

Fig. 7.33 (a) Relationship of marginal mandibular nerve and facial vessels (b) Submandibular incision extended 
around chin unto the lip
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fibers from the anterior margin of the ramus are 
elevated using a monopolar cautery. This allows a 
good lateral and upward swing of the mandible.

The mandibulotomy allows access to lesions 
in the deep lobe of parotid, parapharynx, and 
infra-temporal fossa. Following access and 
excision of the lesion, after obtaining homeosta-
sis the mandible is swung back and plated. Two 
4-holed plates are used for fixation in this 
region. In case of intraoral defect caused by 
mucosal excision, a temporoparietal flap or 
radial forearm vascularized flap is used. The rest 
of the surgical wound is closed in layers with a 
vacuum drain in situ.

Incisions placed in the head and neck regions 
are objectively done bearing in mind good access 
is obtained for excision of the lesion and the scars 
are well concealed in skin creases or at junctions 
of aesthetic facial subunits. All wounds are closed 
in layers with underlying muscles restored to 
restore function. Skin sutures are placed with 4/0 
monofilament non absorbable sutures. 
Subcuticular sutures are preferred in straight-line 
wounds. The sutures are removed on the 7th post-
operative day.
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8.1  Introduction

Vascular lesions are a diverse group of anoma-
lies, presenting in different areas of the head and 
neck predominantly. These can be seen in chil-
dren and adults involving different layers of the 
face, oral cavity and deep visceral spaces. 
Management of this group of lesions is complex 
and governed by the age of presentation and ana-
tomical structures involved. Their treatment 
should be tailored as per the nature and extent of 
lesion as, ‘one size does not fit all’.

Neonates, infants and children up to the age of 
3 years are best managed with pharmacotherapy 
unless involving critical areas like airway, vital 
structures like eyes causing severe functional 
problems. Most other patients benefit from sur-
gery alone or surgery in combination with phar-
macotherapy, sclerotherapy or embolisation.

The role of various drugs and embolisation 
with their mechanism of action has been discussed 

elsewhere in the text, and surgical management 
alone will be dealt with in the rest of this chapter.

Unlike in the past, most low and high-flow 
vascular anomalies can be managed with surgery 
by either excision or debulking. Smaller-sized 
lesions are almost always excised completely. On 
the contrary, larger-sized lesions are mostly deb-
ulked and may require multiple procedures. 
External carotid artery (ECA) control and/or 
Endovascular embolisation is used to aid in pri-
mary haemostasis during surgical debulking of 
high-flow lesions [1].

8.2  Decision-Making

As in any surgical treatment, is the most impor-
tant aspect in the management of vascular lesions. 
This commences at the time of their presentation. 
In head and neck anomalies, surgery is chosen in 
the following situations:

 1. Presence of Functional problems such as 
breathing, speech or bleeding episodes.

 2. The Lesions present significant cosmetic 
challenge.

 3. Failure of all other treatment modalities which 
are less intrusive. Flow dynamics of the lesion 
dictate the surgical therapy. The Small low 
flow vascular malformations (venous/lym-
phatic/lympho venous) are treated either with 
sclerotherapy followed by surgery or surgery 
alone. Larger low flow lesions are subjected to 
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debulking or corseting [2] with or without 
sclerotherapy.

High-flow vascular lesions are subjected to 
either surgical debulking or excision assisted 
with intra-operative ECA control/pre-operative 
embolisation/both. These lesions can demand 

primary reconstruction if involving the aesthetic 
subunits of the face and oral cavity.

An algorithm has been designed as a guide for 
surgical intervention (Fig. 8.1a, b).

For simplicity, the author’s own anatomical 
classification [1] (Table  8.1) is followed as it 
makes the understanding of various surgical 

Vascular malfomrationsa

b

Venous/Lymphatic
Lymphovenous

US/Doppler US/
CT with contrast/MRI

Samll

Selerotherapy Complete excision

Large

Debulking/Corseting
+/–Selerotherapy

Hemangioma

RICH NICHInflantile

Complete
response
within 12
months

No further
treatment

Residual
telangictasia

Pulsed dye laser

Further surgerySclerotherapy

Incomplete or
no response

Surgical debulking/
excision after 2

years of age

Propanolol +/– Steroid therapy

Arterial/Arteriovenous

MRI/MR Angiography

DSA +/– Embolisation or
Embolisation followed by surgical

excision/debulking under ECA control
+/– Reconstruction with local/pedicled/free flaps

Fig. 8.1 (a) Algorithm for management of vascular malformations. (b) Algorithm for management of vascular 
malformations

S. C. Nair et al.



139

approaches and the rationale behind them more 
lucid and comprehensible. Also, the concept of 
‘corset suturing’ [2] will be explained with its 
specific indications.

The surgical anatomy has been explained else-
where in this book. It is very important to be famil-
iar with the various anatomical subunits of the face 
to define the extent and involvement of these 
lesions. Surgical approaches to these units are 
almost always kept along the skin tension lines 
leaving the final results aesthetically acceptable.

An understanding of the different layers and 
planes of dissection in the head and neck is impor-
tant to approach and treat these vascular anoma-
lies. Layers of the face (Fig. 8.2) from superficial 
to deep are skin, subcutaneous tissue, SMAS 
layer, parotid fascia (preauricular)/deep cervical 
fascia (submandibular), salivary gland (parotid 
and submandibular regions), muscle, periosteum 
and bone. The scalp has a loose areolar plane and 
all other tissues attached. The neck has vital struc-
tures like the carotid artery, jugular vein, spinal 
accessory nerve, cervical plexus and other mus-
cles superficial and deep to them. The surgical 
anatomy is discussed in detail in Chap. 7.

A knowledge of origin, insertion and course of 
these structures is indispensable for adequate 
understanding and surgical management of these 
lesions.

The key to successful excision is obtaining 
vascular control at the time of excision. There are 
different modalities a surgeon can use to achieve 
this.

 (a) Intra lesional embolisation is employed in 
low flow venous malformations using agents 
such as N-butyl cyanoacrylate [3]. This helps 
solidify the lesion within the venous pool 
(Fig. 8.13).

 (b) Endovascular embolisation is the use of 
absorbable/nonabsorbable agents ( PVA par-

ticles, Silicone beads , Ti coils) injected into 
the nidus of the lesion through feeder ves-
sels. More of this technique is discussed in 
detail in Chap. 6.

 (c) Feeder vessel ligation/control. The main 
feeder vessel to the maxillofacial region is 
the External Carotid Artery and its branches, 
control of blood flow would significantly 
reduce intra-operative haemorrhage.

8.3  Case Series

According to the author’s classification [1] 
(Table  8.1), vascular malformations are catego-
rised into five types depending on their anatomy 
and depth of location in the head and neck region. 
This is a good guide for selecting the type of sur-
gical management and reconstruction.

Type I These are superficial lesions involving the 
various layers of skin (epidermis/dermis) and/or 

Table 8.1 Anatomical classification of Vascular malfor-
mations (Figs. 8.2, 8.3, 8.4, 8.5, and 8.6)

Type I Mucosal/cutaneous
Type II Submucosal/subcutaneous
Type III Glandular
Type IV Intraosseous
Type V Deep visceral

Fig. 8.2 Facial layers (Superficial to deep)
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mucosa of the oral cavity. They arise from the 
papillary dermis. They could be either Vascular 
malformations, mostly low flow type that extends 
up to the skin or mucosa or superficial 
Hemangiomas. These lesions are easy to diagnose 
as they commonly present with a bluish discolou-
ration, associated with a well defined or diffuse 
swelling. The swelling in the case of involuted 
Hemangiomas is fibrofatty tissue. Such lesions, 
when involving critical structures like eyes, phar-
ynx and larynx, are challenging to examine and 
treat. Most of these lesions can be excised with 
the skin or mucosa to remove in toto. Care is taken 
to place incisions along the skin tension lines of 
the face and neck to avoid unaesthetic results. It is 
challenging to select these lines in young individ-

uals, and every attempt is made to lay the incision 
on prominent skin creases like nasolabial, mento-
labial, preauricular, lower skin crease of the neck. 
Tongue lesions, if well circumscribed are mostly 
excised in toto or debulked in a V-shaped fashion 
to achieve primary closure. Defect reconstruction 
can be managed with:

 1. Primary Closure
 2. Local advancement Flaps
 3. Regional pedicle Flaps
 4. Microvascular composite flaps.

Cases Selection
Case 1 (Fig. 8.3): Twenty-three-year-old female 
with an involuted lesion across the left cheek. 

a

c d

b

Fig. 8.3 (Case-1): Type I vascular lesion (a) Preoperative Left cheek involuted lesion (b) Excision with W-plasty (c) 
Closure (d) Post-operative
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Functionally asymptomatic but presenting with 
the cosmetic problem. The lesion was excised 
using a w-plasty with primary closure.

Case 2 (Fig.  8.4): Sixty-eight-year-old lady 
with a 3  ×  4  cm residual Hemangioma on the 
right infraorbital region. Caused superficial crust-
ing with ulceration. Images showed the depth of 
lesion restricted to the skin. Primary excision 
with cervicofacial flap used for advancement and 
closure of the defect.

Case 3 (Fig. 8.5): Thirty-eight-year-old male 
with involuted Hemangioma of the right infraor-
bital region extending to the upper lip. 
Cosmetically unacceptable requiring excision. 
The lesion was excised with reconstruction using 
a Delto Pectoral flap. Tubed pedicle divided after 
3 weeks.

Case 4 (Fig.  8.6): Fifty-nine-year-old male 
with a low flow Venous malformation involving 
the entire tongue. Macroglossia with difficulty in 

a b

c d

Fig. 8.4 (Case-2): Type I vascular lesion (a) Preoperative Residual hemangioma of right infraorbital (b) Excision (c) 
Cervicofascial advancement flap (d) Post-operative)

8 Surgical Management



142

speech and swallowing. Underwent MR scan to 
determine the posterior extent of the lesion. 
Patient underwent Anterior glossectomy (V-Y 
excision) with primary closure. Total excision 
these cases would leave morbid functional defects 
requiring extensive reconstruction.

Type II Lesions involve the submucosal or sub-
cutaneous tissues, which can sometimes be chal-
lenging to identify unless palpated and with the 

help of a Doppler or MRI scan. They present with 
a diffuse swelling over the face or oral cavity. 
These can again be low flow or high-flow lesions, 
with or without bruit. Small calcifications in low 
flow malformations can be palpated, and these 
are called phleboliths. These phleboliths can be a 
cause of pain and discomfort in many patients. 
Low flow venous and lymphatic lesions respond 
well to sclerotherapy. Bleomycin was found to be 
effective in the author’s practice. Resistant and 

a

c d e

b

Fig. 8.5 (Case-3): Type I vascular lesion (a, b) Preoperative involuted hemangioma right infraorbital (c) Excision of 
lesion (d) Deltopectoral flap reconstruction (1st stage) (e) Post-operative following flap division
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untreated lesions can be operated on with com-
plete excision and primary closure or defect 
reconstruction as necessary (Fig. 8.4). Any sur-
gery should be done after raising subcutaneous 
flaps along skin tension lines of the face. 
Commonly used incisions are—preauricular with 
neck skin crease or temporal extension, neck 

crease incision alone, nasolabial approach, coro-
nal approach, etc. Every attempt is made to main-
tain a sub-SMAS plane. There is always a risk of 
thinning the skin flap excessively, and care should 
be taken to avoid button-holing and avascular 
necrosis of the skin. The lesion is excised com-
pletely or debulked depending on the size. 

a

b c

d

Fig. 8.6 (Case-4): Type I vascular lesion (a) Preoperative venous malformation of tongue (b) Debulking (V-Y excision 
using satinsky clamps) (c) Closure (d) Post-operative
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Corseting is used for large low flow malforma-
tions, as will be described later on in this 
chapter.

Case 5 (Fig. 8.7): Thirty-eight-year-old female 
with low flow VM in the Buccal space anterior to 
the Parotid. Clinically swelling with occasional 
pain. MR scan showing the extent of the lesion in 
the Buccal space, superficial to Buccinator and 
deep to the skin. A diagnosis of low flow Venous/
lymphatic malformation was made. Blairs preau-
ricular incision with dissection along the SMAS 
layer. VM is totally excised. Closure with drains. 

Facial nerve functions are intact. Note the 
Phleboliths present within the lesion.

Case 6 (Fig.  8.8): Twenty-three-year-old 
healthy male with a swelling and sagging of his 
left side of the face. On palpation, there is a dis-
tinct thrill felt over the swelling in the nasolabial 
region. Scans detected a hi-flow arterial lesion. 
Feeders were seen arising from the Facial and 
Internal Maxillary artery.

Surgical excision was planned through an 
incision in the Naso Labial fold. Vascular control 
obtained with temporary clamping of External 

a

c

b

d

Fig. 8.7 (Case-5): Type II vascular lesion (a) Preoperative venous malformation of Right buccal space (b) Post contrast 
T2 weighted MRI image (c) Excision of lesion (d) Post-operative
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Carotid artery. The arterial malformation was 
excised along with redundant tissue. Facial skin 
excess was trimmed and sutured, allowing subtle 
facelift of the site. The incision scar was con-
cealed in the Nasolabial skin crease.

Type III Depending on the gland involved, 
lesions present with diffuse swelling of the pre-
auricular, submandibular, floor of mouth and thy-
roid regions. The lesion is excised completely or 
debulked based on the size. They are present with 
vascular networks within the glandular tissue. 
These lesions are treated either with complete 
excision of the involved gland or corseting, 
demanding multiple surgeries in the future 
(Fig. 8.4). Meticulous dissection with homeosta-
sis helps in reducing morbidity consequent to 
nerve damage. When Corseting is used with 
absorbable suture material like PDS, it allows 
faster recovery of the involved nerve.

Case 7 (Fig. 8.9): Twenty-five-year-old female 
with a preauricular swelling. First seen at birth 
with the gradual increase in size. Irregular sur-
face with bluish discoloured areas of overlying 
skin. Compressible with no palpable thrill. The 
outline of the swelling resembled the Parotid 
gland. An MRI showed presence of multicystic 
spaces within the Parotid gland. Aspirate drew 
colourless fluid, which was rich in lymphocytes. 
A diagnosis of Megacystic Lymphatic 
Malformation was made. A failed attempt at exci-
sion of the lesion was done at the age of 5. 

Subsequent injections of sclerosants were tried at 
different intervals.

Planned excision of the lesion with the super-
ficial parotid was done. The facial nerve trunk 
and its branches were identified, and the lesion 
peeled off the nerve. Primary closure done with 
drains in situ postoperatively.

Case 8 (Fig.  8.10): Twenty-two-year-old 
female with pulsatile compressible swelling left 
the submandibular area. Five years history with 
occasional pain. Clinical examination showed 
thrill and scan showing arterial malformation 
involving the submandibular gland. Under ECA 
control, the lesion was excised along with the 
submandibular gland.

Type IV Anomalies are intraosseous lesions. 
They may be confined within the bone or perfo-
rate bone to involve overlying soft tissues. 
Clinical appearance of a bony swelling, severe 
pain in the jaw or bleeding from the gingiva may 
be seen. It is not uncommon to find these patients 
coming to the emergency with significant bleed-
ing from an extraction socket on attempted 
extraction by a dentist. A CT with contrast/CT 
angiogram helps in revealing the true extent and 
nature of the lesion. Packing the area with gauze 
might be of little help in the emergency room. 
These patients presenting as an emergency will 
require endovascular embolisation followed by 
surgery. The lesions are treated with curettage or 
segmental resection of bone followed by recon-

a cb

Fig. 8.8 (Case-6): Type II vascular lesion (a) Preoperative 
arterial malformation of left cheek/upper lip (b) 3D 
Reconstructed image using VRT (c) Post-operative show-

ing healed left nasolabial crease incison) VRT Volumetric 
rendering technique
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struction. Curettage with intact walls encourages 
natural bone formation; Extracorporeal reim-
plantation of the curetted bone is possible in 
mandible or Zygoma (Fig.  8.12). Complete 
removal minimises the chances of recurrence. 
Segmental resection of mandible or maxilla war-
rants reconstruction. Alveolar lesions are resected 
with attached mucosa leading to smaller upper 
border defects. Local flaps can be used for soft 
tissue cover. In segmental defects of over 6 cm. 
Vascularised Fibula and iliac are the preferred 
donor sites of bone (Fig. 8.12).

Case 9 (Fig.  8.11): The 28-year-old patient 
reported complaints of mobility of teeth in her 
lower posterior quadrant and episodes of sponta-
neous bleeding from around the teeth. Panorex 
reveals mottled radiolucency of mandible from 
the midline to angle of the mandible , loss of 
alveolar bone with the mobile teeth splinted 
together with a wire. Her haemogram revealed an 
alarmingly low Hb of 6 gm % and correspond-
ingly haematocrit value. Contrast-enhanced CT 

showed a substantial arterial malformation 
involving the submandibular region extending 
into the mandibular medullary space.

She was planned for urgent surgical interven-
tion with vascular control using serial embolisa-
tion of all the branches of ECA sparing the 
Superficial temporal artery using Poly vinyl alco-
hol (PVA particles). Through a cervical incision, 
the submandibular area and the mandibular 
 cortical bone was exposed, the submandibular 
malformation was excised. The Mandible was 
osteotimised in the midline, the teeth extracted, 
and the lesion was curetted through bone win-
dows created on the buccal cortex.

Postoperative panorex, after 6 months showed 
the formation of good stock bone in the mandi-
ble. Further denture rehabilitation was done after 
3 months.

Case 10 (Fig.  8.12): The 16-year-old-male 
patient was brought into the ER with profuse 
bleeding from the mouth. There was an attempt at 
the extraction of a left mandibular molar, which 

a

d e f

b c

Fig. 8.9 (Case-7): Type III vascular lesion (a) Preoperative Left parotid lymphatic malformation (b) Incision (c) 
Exposure (d) Facial nerve dissection and excision of lesion (e) Excised specimen (f) Post-operative
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resulted in a profuse haemorrhage. The surgeon 
had thoughtfully plugged the socket by replacing 
the tooth back in it.

The patient required a tracheostomy to secure 
his airway, followed by exposure and clamping 
of his ECA. After partial control of the haemor-
rhage the mandible was excised. The lesion was 
curetted from the medullary space, and teeth 
within the lesion extracted. The scaffold of the 
mandible was then extracorporeally re-implanted 
and fixed with mini plates. This helped avoid the 
use of a microvascular bony reconstruction.

Type V Anomalies present with difficulty in 
swallowing/speech/deglutition, bleeding on 
expectoration and symptoms depending on the 
site of the lesion. These lesions may involve the 
oropharynx, the hypopharynx, infratemporal 
fossa or infraorbital areas of the head and neck. 
Laryngo Pharyngeal lesions are visualised using 
direct or indirect laryngoscopy, taking care not to 
puncture the lesions. These can sometimes be 
seen extending into the trachea or oesophagus. 
Asymptomatic lesions should be left alone and 
periodically monitored, symptomatic laryngeal 
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Fig. 8.10 (Case-8) Type III vascular lesion (a) Preoperative Right submandibular arterial malformation (b, c)-T1 
weighted MRI image and DSA image (d) Excision of submandibular gland (e) Post-operative
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Fig. 8.12 (Case-10): Bleeding following dental extraction- 
Extracorporeal currettage of high flow bony vascular lesion 
and fixation of mandible (a) Preoperative (b) intraoral (c) 

Post contrast MR angiogram of lesion (d) Ligation of main 
feeder (e) extracorporcal currettage and excision of dis-
eased bone (f) Fixation of mandible as free graft
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Fig. 8.11 (Case-9): Type IV vascular lesion (a) 
Preoperative Left mandible and submandibular arterial 
malformation (b) Preoperative OPG (c) Preoperative DSA 

image (d and e) pre and post embolisation (f) Intraoperative 
curettage of mandible (g) Postoperative OPG (h) 
Postoperative
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or oesophageal varies are dealt with using lasers 
or banding. Any surgery on these lesions has a 
risk of life-threatening bleed with challenges in 
achieving haemostasis, especially those involv-
ing the major blood vessels in the skull base area. 
Access osteotomies should be used liberally in 
these cases, not to compromise on the visibility 
and to aid in adequate haemostasis followed with 
excision of the lesion.

Access is obtained through:

 1. Mandibulotomy [3].
 2. Maxillary Le Fort Osteotomy [4]
 3. Orbital Osteotomy
 4. Zygomatic Osteotomy

Case 11 (Fig. 8.13): Thirty-four-year-old male 
presented with throbbing headaches and intact 
vision. Clinical appearance showed orbital dysto-
pia, reducible swelling in front orbital area with 
exophthalmos. No transmitted pulsations were 
elicited. CT Angiogram showed vascular dilated 

sacs in the supra orbital tissue with dilated supe-
rior ophthalmic vein.

The vascular sacs were injected with 
Cyanoacrylate glue under CT guidance. 
Subsequent angiograms failed to show any addi-
tional flow into the lesion. Through a coronal flap 
frontal craniotomy followed by superior orbitot-
omy was done to access and excise the coagu-
lated vascular sacs. Postoperative appearance 
after 6 months showed almost 90% correction of 
his dystopia and exophthalmos. Vision continued 
to be normal.

Case 12 (Fig.  8.14): Twenty-one-year-old-
male patient had swelling left preauricular 
(Parotid) area with difficulty in swallowing and 
OSA.  The symptoms worsened in the last few 
years. A 5  ×  7  cm reducible swelling outlining 
the Parotid gland was seen. Intraoral inspection 
showed bluish areas over a medially displaced 
left pharynx reducing the oropharyngeal space. 
CT with contrast revealed enhancing areas in the 
lateral and post pharyngeal space with the con-
siderable displacement of the medial pharyngeal 
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Fig. 8.13 (Case-11): Type-V vascular lesion (a) Preoperative left orbital vascular malformation (b) CT angiogram (c) 
Injection of cyanoacrylate glue (d) DSA image of lesion (e) Superior orbitotomy and excision of lesion (f) Postoperative
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wall. Diagnosed as low flow Venous malforma-
tion of Type III and Type V combination, the 
lesion was exposed with a Blair incision, VII 
Nerve and its branches identified superficial part 
of the lesion along with the superficial lobe of the 
Parotid was dissected, the deep part of the lesion 
accessed through a mandibular osteotomy with 
the lateral swing. The muscles are stripped along 
the medial part of the mandible. The lateral ptery-
goid and temporalis stripping provides adequate 
access and exposure to the lateral and posterior 
pharyngeal space. Total excision of the venous 
malformation was achieved. Mandible refixed 
using miniplates and drains placed in the lateral 

pharyngeal space. Postoperative images show the 
mandibular ramus defect caused by the expand-
ing VM.

8.4  Technique of External 
Carotid Artery (ECA)  
Control [1]

The ECA of the involved side is exposed through 
a cervical incision, usually in the visible skin 
crease of the neck. This incision may form part of 
the access for exposure of the lesion. The sterno-
cleidomastoid muscle is retracted posteriorly at 
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Fig. 8.14 (Case-12): Type V vascular lesion (a) 
Preoperative Left lateral pharyngeal venous malformation 
(b and c) Post contrast T1 weighted image (d) Exposure 

of lesion (e) Excision via access mandibulotomy and ECA 
control (f) Miniplate fixation of mandibulotomy site (g) 
Postoperative
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the level of greater cornu of the hyoid bone, 
exposing the carotid sheath. The external carotid 
closer to the carotid bifurcation is identified at 
this level. The vessel is snared with a vascular 
sling passed through a rubber catheter. Gentle 
strangulation of the vessel can be accomplished 
by advancing the catheter. Even in situations 
where presurgical embolisation has been done, 
this additional compression of the vessel serves 
to reduce blood flow to the lesion. Ligation of the 
ECA must be avoided as far as possible. 
Aggressive local control of bleeding may require 
control of the contralateral ECA, which happens 
when there is the extensive collateral blood sup-
ply to the lesion.

Case 13 (Fig.  8.15): Eighteen-year-old male 
patient with swelling of the angle of the jaw, 
mobility and bleeding from the gums surround-
ing his second molar. Panorex showed a radiolu-

cent area extending from the molar to the angle. 
CT Angio revealed hi-flow arterial lesion with 
feeders from the facial and lingual branches of 
ECA.

A planned exposure of the mandible ( notice 
bicortical swelling) along with exposure of ECA 
was done. ECA was cannulated and injected 
with a dye to reveal the extent of vascular blush 
using a C-arm. Further feeders, facial and lin-
gual were clamped using a vascular 3v clamp 
and reimaged with reinfection of the dye. There 
was considerable reduction in the vascular blush 
indicating a reduction in blood flow to the 
anomaly. The mandible was decorticated and 
the vascular pathology curetted along with the 
extraction of the mobile second molar. Post-
operative panorex after 6 months showed the 
satisfactory bone formation of the previous 
pathologic site.
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Fig. 8.15 (Case 13): Type IV vascular lesion showing 
ECA control (a) Preoperative AVM right mandible (b) 
Axial post contrast CT image (c) Pre operative OPG (d) 
ECA control and injection of radiopaque dye (e) intraop-

erative C-arm picture following dye injection before 
occluding of ECA (f) intraoperative C-arm picture follow-
ing dye injection and occlusion of ECA (g) Lesion expo-
sure (h) Currettage of lesion (i) Post operative OPG
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8.5  Combination of ECA Control 
with Intralesional 
Embolisation

Using Nectacryl for a AVM of the buccal space 
(Type II) lesion (Fig.  8.16): 38 year Male with 
pulsatile expansile swelling of the Buccal space 
of 10 year duration. The MRA demonstrates an 
AVM with a large venous pool. The feeders were 
Facial and Temporal branches of the 
ECA. Decision to control the ECA followed by 
intra lesions injection of the venous sac with 
Cyanoacrylate (Nectacryl) glue was done. The 
thrombosed Venous sac was successfully enucle-

ated from the Bucco temporal space. The postop-
erative results are demonstrative of the functional 
and cosmetic outcome.

8.6  Corset Suturing Technique [2]

Corset suturing is a proven technique in the man-
agement of large low flow venous malformations 
of the head and neck, especially in lesions where 
complete excision is not practically possible due 
to their size and approximation with important 
structures like internal carotid artery (ICA), com-
mon carotid artery (CCA), trachea, oesophagus, 
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Fig. 8.16 Combination of ECA control and intralesional 
embolisation using Nectacryl for AVM of left buccal 
space-Type II (a) Preoperative (b) Postoperative (c) 
Preoperative post-contrast MR angiogram (d) Flap mark-

ing (e) Exposure with ECA control (f) Intralesional injec-
tion of Nectacryl (g) Intraoperative radiograph post 
injection of sclerosant (h) Excision of sclerosed lesion (i) 
Intraoperative radiograph post-excision of lesion
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cervical spine, facial nerve, spinal accessory 
nerve, internal jugular vein and patients with sig-
nificant medical issues where reduced intra- 
operative time is paramount.

‘Corset’, is a garment worn to hold and train 
the torso into a desired shape for aesthetic or 
orthopaedic purposes (Fig. 8.17).

The procedure employed is raising a flap in 
the sub-SMAS or subcutaneous plane depending 
upon the type of lesion, followed by placement of 
a bioresorbable suture (polydioxanone) that runs 
in a continuous vertical looping fashion from 
subcutaneous to deep layer and from one end to 
another, incorporating the bulk of lesion within 
the sutures. The suturing is advanced at regular 
and equidistant intervals resulting in  compression 
of the vascular spaces and obstruction of afferent 
and efferent vessels. In large lesions, care is taken 
to make the loops of suturing parallel to each 
other, covering the whole lesion from superior to 
inferior and medial to lateral, obliterating the 
blood circulation within the tumour. The proce-
dure decompresses the lesion completely and 
reduces the risk of postoperative haemorrhage. 
Excess of skin flap is then excised and closure 
done primarily with a drain secured in the most 
dependent position, and skin sucked down to the 
underlying tissues. The final scar is fairly 
acceptable due to its initial design and position 
in adequate access. These lesions have been 

uncapsulated are rarely excised completely but 
improve the quality of life and reduce risk of 
mortality due to pressure symptoms on the air-
way and haemorrhage. In the authors’s experi-
ence, the use of corseting has proven to be 
beneficial, and life saving in these cases.

The excess skin flap is always excised to give 
a near-normal appearance. As emphasised previ-
ously, the use of adequate number of drains and 
meticulous hemostatic closure is imperative to 
achieve acceptable and aesthetic results.

Most large lesions require further excision and 
repeated debulking procedures as age advances 
until growth is complete. Large low flow lesions 
have a potential to be excised completely at a sec-
ond stage once shrinkage is achieved using the 
corset suturing technique.

Case 14 (Fig. 8.18): Male patient aged 34 with 
a diffuse swelling right cheek. Mild facial asym-
metry was seen at birth. Progressively increased 
in size. He had multiple therapeutic interven-
tions, including sclerosant injections and one 
attempt at the surgery which was abandoned due 
to profuse bleeding. MRI showed a diffuse lesion 
from his preauricular area extending unto the 
zygomatic arch superiorly and unto the nasola-
bial fold anteriorly.

Surgical approach through a preauricular inci-
sion with cervical extension was done with the 
elevation of a skin flap at the level of the superfi-
cial fascia. Considering the diffuse nature and 
extent of the lesion into the sub zygomatic area 
interlocking mattress sutures were played using 
Polydioxanone (PDS). Similar to the ties on a 
corset hence named corset suturing.

The objective being compression of the large 
vascular sacs into smaller ones. The redundant 
margin of the facial flap was excised and sutured. 
Post-operative result at the end of 6 months 
showed a considerable but not total reduction of 
facial swelling.

8.7  Complications

Usually related to the therapeutic technique used. 
Pain and short-term swelling is common and can 
occur with sclerosing agents. Life-threatening 

Fig. 8.17 Corset (schematic)
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complications may occur in lesions of the oro-
pharynx post-injection, causing airway distress.

Ulceration of overlying skin is also possible, 
especially in lesions that are close to the epider-
mis (Fig. 8.19). Anomalies on units such as lip, 
Pinna of the ear Fig. 8.20), Nasal tip are suscep-
tible to vascular ischemia and occasionally 
necrosis.

Pre-operative embolisation has a risk of 
patients developing thromboembolism due to 
uncontrolled passage of embolic material into the 
ICA.  Blindness due to retinal artery spasm or 
thrombosis. Therapeutic radiologic intervention 
must therefore be performed with utmost care 
and skill.

Apart from life-threatening haemorrhage and 
other complications such as haematoma , overly-
ing flap necrosis, there is a possibility of damage 
to branches of the Facial Nerve (Fig. 8.20). Facial 
Nerve identification and dissection, therefore, is 
mandatory.

Case 15 (Fig.  8.21): Thirty-two-year-old 
female 7 months into her gestation reported with 
postauricular bleeding. She was treated else-
where for a hi-flow arterial lesion of the right 
Pinna. She underwent pre-operative embolisation 
of her occipital and Superficial temporal arteries 
followed by injection of sclerosants into the 
anomalous Pinna. She also had circumferential 
transcutaneous sutures placed to control the 
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Fig. 8.18 (Case-14): Corset Suturing technique (a) Preoperative Venous malformation right check (b) Lesion exposure 
(c) CORSET SUTURING of lesion (d) Post operative
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bleed.This resulted in gradual ischemia with 
necrosis of the pinna.

The surgical decision was made to excise 
the ischemic Pinna with the surrounding flap 

leaving a raw surgical bed. Split skin graft was 
used to cover the surgical defect. She would 
require a prosthetic Ear rehabilitation in the 
future.

a b

Fig. 8.19 Ulceration of overlying skin, following injection of intralesional sclerosant (a) Pre opertaive VM of right 
mentolabial region (b) 3 weeks post intralesional propanolol injection

a b

Fig. 8.20 Transient Right facial nerve palsy (a) Pre opertaive VM of right check (b) Post operative Corset suturing
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8.8  Conclusion

Decision-making regarding surgical ablation of 
vascular lesions depends on symptomatic corre-
lation. In the presence of functional or cosmetic 
problems and if non-surgical techniques like 
pharmacotherapy or sclerosants have been tried 
and exhausted with little or no improvement, sur-
gery may be the only solution.

The diagnosis of hemangioma from a vascular 
malformation allows planning of the treatment. 
Most hemangiomas respond favourably to medi-
cal management [5], e.g Propranolol or other 
Beta-blockers. Partially involuted, residual 

lesions require surgical excision. VM, on the 
other hand, can be treated using intralesional 
sclerosants [5]. Bleomycin is the author’s favou-
rite. Non-responsive lesions would require ade-
quate vascular control followed by surgical 
excision. Considering the cosmetic challenge 
surgery can cause, incisions are placed in skin 
creases or aesthetic subunits of the head and 
neck, which conceal postoperative scars effec-
tively. A table showing the surgical solution 
depending on the type of lesion according to the 
authors’ classification. The algorithm also guides 
the clinician in the steps involved in the manage-
ment of the vascular anomalies.
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Fig. 8.21 (Case-15): Multiple interventions—Embolisation, sclerosants, surgery (a) and (b) Preoperative AVM of 
Right ear (c) Excision of lesion (d) Post excision defect (e) Post operative following advancement flap closure

S. C. Nair et al.



157

References

 1. Nair SC, Spencer NJ, Nayak KP, Balasubramaniam 
K.  Surgical management of vascular lesions of the 
head and neck: a review of 115 cases. Int. J.  Oral 
Maxillofac. Surg. 2011;40:577–83.

 2. Nair SC, Chawla JP, Shroff SS, Kumar B, Shah 
A.  Corseting: a new technique for the management 
of diffuse venous malformations in the head and neck 
region. Int. J. Oral Maxillofac. Surg. 2018;47:1534–40.

 3. Johnson AB, Richter GT.  Vascular anomalies. Clin 
Perinatol. 2018;45:737–49.

 4. Vaidya S, Tozer KR, Chen J. An overview of Embolic 
agents. Semin Intervent Radiol. 2008;25:204–15.

 5. Nair SC, Sridhar KR, Shah A, Kumar B, Shetty 
P.  Maxillectomy through mandibulotomy—a ret-
rospective clinical review. J Oral Maxillofac Surg. 
2011;69:2040–7.

8 Surgical Management



159© Springer Nature Singapore Pte Ltd. 2022 
S. C. Nair, S. R. Chandra (eds.), Management of Head and Neck Vascular Lesions, 
https://doi.org/10.1007/978-981-15-2321-2_9

Reconstruction

Janarthanan Ramu, Madangopalan Ethunandan, 
and Subramania Iyer

9.1  Introduction

Head and neck vascular malformations are com-
plex. Surgical resection and reconstruction are 
extremely challenging in these areas. The man-
agement depends upon the type of the lesion, 
flow in the lesion, and size of the lesion. 
Anatomically, the presence of major vessels, 
nerves, laryngeal and tracheal airway, oral cavity 
and esophagus makes the head and neck region a 
complex one for resection and reconstruction of 
vascular malformations. However, resection 
often proceeded by embolization of the lesion 
and its feeding vessels remain a mainstay of the 
treatment of these malformations.

Reconstruction of the defect after excision is 
essential to restore the form and function to pro-
vide cover for the major nerves and vessels, to 
restore the functions of the maxilla and mandible 
and, to avoid cosmetic disfigurement. Apart from 
these reasons, placement of normal healthy tis-

sues in the diseased area has a role in the preven-
tion of recurrences by changing the local 
hemodynamics.

Magnetic Resonance Imaging with MR angio-
gram is the best investigation to assess the extent 
of the lesion, the underlying neurovascular struc-
tures involvement and, to delineate the feeding 
vessels. High-resolution CT will be beneficial for 
the assessment of bony involvement. Digital sub-
traction Angiography (DSA) is particularly use-
ful for preoperative embolization of the lesion, 
and it also shows the vascular tree, which is help-
ful in selecting the vessels for anastomosis away 
from the diseased if free tissue transfer is consid-
ered. All these investigations will be helpful in 
identifying the patients who need reconstruction 
and counsel them preoperatively.

9.2  Indications 
for Reconstruction 
and Tissue Requirements

Small vascular malformations, especially of the 
neck, cheek or scalp will not need reconstruction. 
But when the lesion is large or affecting multiple 
regions of the head and neck in different planes 
reconstruction becomes mandatory after their 
excision. The surgical morbidity associated with 
the resection in the head and neck area 
varies from anatomical disintegration to vital 
functional disturbances like speech, mastication, 
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swallowing, speech, and facial expression. 
Provision of skin cover and providing the integ-
rity of mucosal lining becomes the priority goals.

When mandible or maxilla is involved, they 
will need radical resections. Reconstruction of 
these structures becomes mandatory to provide 
skeletal support as well as the best possible den-
tal and functional rehabilitation. Reanimating the 
facial units for the defects caused by accidental 
or purposeful damage to the facial nerve will 
have to be included in the goals of reconstruction 
in some lesions involving the parotid. Achieving 
aesthetically pleasing reconstruction by using the 
appropriate method and tissue is important, espe-
cially when a large amount of the skin and soft 
tissue is lost or the defects involve structures like 
nose or pinna.

Special points of consideration in the recon-
struction of defects following excision of vascu-
lar malformations include preparing the area for 
reconstruction as follows:

• Achieving secure hemostasis is mandatory to 
a successful reconstruction. Use of tools like 
harmonic scalpel, liberal use of ties, clips, and 
electrocautery may help in getting a bloodless 
bed for reconstruction. The author’s group has 
resorted to Cardio Pulmonary Bypass (CPB) 
to have bleeding control and to achieve 

bloodless field for complete excision of com-
plex malformations where resection could not 
be possible without its assistance (Fig.  9.1). 
Wound packing is one of the effective ways of 
controlling bleeding. Wound packing for at 
least 24–48  h after the excision may be the 
best option for securing a bloodless field for 
reconstruction.

9.3  Methods of Reconstruction

The options for reconstruction range from direct 
closure, skin grafting, locoregional flaps, free tis-
sue transfers and use of tissue expanders. The 
selection of these options varies depending upon 
the type of the defects, patient factors and sur-
geon factors.

9.3.1  Type of Lesion

Vascular malformations vary according to the 
type of vascular components capillary, arterial, 
venous, lymphatic or variable different combina-
tions of the above components. The presence of 
large arterial component or arteriovenous connet-
ion makes the physiology of the lesion high-flow, 
which makes the resection and reconstruction 

a b c

d e f

Fig. 9.1 (a, b) Large vascular malformation involving 
neck and shoulder (c) MRI angiogram showing the feed-
ers and extensive lesion (d) Cardiopulmonary bypass 

(CPB) assisted resection (e) Defect at 7 days post- excision 
and wound packing (f) Free anterolateral thigh flap for 
soft tissue cover at 6 months follow-up
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difficult. The pathological nature and fast-flow in 
these malformations may lead to a high chance of 
flap failure, and the recurrence rate makes the 
management complicated. In hemangioma, the 
role of surgery is mostly limited to removal of the 
residual deformed skin and subcutaneous tissue, 
and the objective is mostly aesthetic 
enhancement.

9.3.2  Type of the Defects

The defect components could be skin, mucosal 
lining, intervening soft tissue, as well as the bone.

9.3.2.1  Bony Defects
The goals of reconstruction are to maintain the 
continuity of bony defect, arch form, and alveolar 
height to achieve anatomical integrity and func-
tional restoration. The optimal reconstruction of 
the mandible and alveolar part of the maxilla 
requires vascularized bone grafts and osseointe-
grated implants. Apart from these, the manage-
ment of the orbital floor is a concern in the 
maxillary defect. The options for orbital floor 
reconstruction are placement of titanium mesh, 
non-vascularized bone graft, pedicled bone grafts 
like coronoid bone with temporalis and calvarial 
bone, and a free vascularized bone graft. In bony 
reconstruction, vascularized bone flaps are ideal 
as most of these patients are young helping to 
achieve good long-term results. Free fibula flaps 
are considered the gold standard in these recon-
structions. Pre-plating of the mandible may not 

be possible in all cases as these lesions can pres-
ent as expansile growth in the mandible. In such 
cases, virtual planning using CT images will 
guide us to get better outcomes in terms of oste-
otomy and plating.

9.3.2.2  Soft Tissue Defects
In major vascular malformations, the skin and 
entire subcutaneous tissue are involved. In the 
oral cavity, the lesion affects mucosa as well. 
Hence the soft tissue defect encountered usually 
will be large and may be through and through. 
Although preservation of facial muscles and 
facial nerves is important for functional signifi-
cance, it may need resection and plan of recon-
struction of the facial nerve should be considered 
(Fig. 9.2).

9.3.3  Timing of Reconstruction

The reconstruction can be carried out primary 
(immediately), delayed primary (within 7 days) 
or secondary (after 7 days). The key to successful 
reconstruction is perfect hemostasis. Any bleed-
ing beneath the reconstructed tissue is a risk for 
failure of the flaps. Up to 20% flap failure has 
been reported in patients undergoing immediate 
free tissue reconstruction following resection of 
head and neck arteriovenous malformations. The 
risk of bleeding is more with fast-flow malforma-
tions like arteriovenous malformations. It may be 
prudent to do wound packing immediately after 
resection to control hemostasis. This is followed 

a b c

Fig. 9.2 (a) Vascular malformation involving right parotid region (b) Intraoperative image showing the malformation 
(c) Intraoperative image showing preserved facial nerve post-excision

9 Reconstruction
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by reconstruction as a delayed primary or sec-
ondary manner, being ideal in reconstructing 
these malformations. The primary reconstruction 
may be carried out only if complete hemostasis is 
possible.

9.3.4  Options of Reconstruction

Similar to any oncologic reconstructions, the 
options vary from locoregional flaps to free tissue 
transfer. The methods chosen will depend on the 
size, site as well as age of the patient. Local tissue 
is preferable to achieve the best cosmesis in some 
parts of the face. Methods of using local tissue 
include direct closure and the use of local flaps. 
Regional flaps like deltopectoral, forehead, pecto-
ralis major flaps may be used in larger defects. 
But their usefulness is quite limited in the recon-
struction of these defects because the aesthetic 
and functional issues involved with these flaps are 
unacceptable in a benign condition like this. In 
certain scenarios like nasal defects where fore-
head flap gives better outcomes, similarly lip 
defects the better cosmesis will be by replacing 
like with like using the adjacent lip or opposite 
lip. Free tissue transfers may be needed in many 
head and neck vascular malformations as majority 
of these patients belong to young age group and 
only free tissue transfers often satisfy the tissue 
requirements. The choice of free flaps also helps 
to mitigate the donor site-related problems. The 
workhorse flaps were anterolateral thigh flaps and 
radial forearm flaps in soft tissue defects.

Direct closure is useful and possible in many 
situations where tissue laxity is not a concern. Lip 

defects upto one-third of the original lip size can 
be closed directly (Fig. 9.3). In tongue lesions, the 
expanded tongue can be excised in such a way, 
that allow us to directly close the defect, retaining 
the mobility and shape of the tongue.

9.4  Use of Tissue Expanders

The tissue expansion plays a vital role in the 
reconstruction of scalp, nasal defects and soft tis-
sue defects of the face. The problem with tissue 
expansion is the necessity of multiple stages. 
It may not be feasible to use the expander at the 
time of primary resection and may need to be 
expanded and reconstructed at a later stage. In 
these cases, the defect is allowed to be repaired 
suboptimally by direct closure or with skin graft 
initially. When the wound is well settled the 
reconstruction starts. In case of nasal defects, a 
medially based forehead flap is the best using the 
supratrochlear/supraorbital vessels in the pedicle. 
In large nasal defects, the tissue expander is 
placed under the proposed flap area in order to 
achieve the primary closure of the donor defect. 
Usually, for the forehead, a rectangular tissue 
expander is better suited for expansion. The inci-
sion for placement of the expander is chosen in 
such a way that it will be included in the incision 
for flap rising later on. The injection port is 
placed at an adjacent area, preferably on a bony 
surface aiding its detection and easy injection of 
saline later on. Expansion is usually started 2 
weeks later and continued till desired expansion 
of the flap area has been achieved. This may 
necessitate weekly or twice weekly injections for 

a b c

Fig. 9.3 (a) Preoperative image of vascular malformation with partial involvement of lower lip (b) Immediate postop-
erative image after excision and primary closure (c) At 1 year follow-up
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4–6 weeks. After this, the expander is removed 
and the flap transferred to the nose to resurface it. 
The donor area is primarily closed. Allowing 
another 3–4 weeks for the transferred flap to set-
tle down and the third step of surgery, i.e. The 
division of the pedicle and inset, is completed 
(Fig. 9.4).

9.5  Free Tissue Transfer 
in Reconstruction of These 
Defects

In larger defects with the requirement of com-
posite tissues, free flaps are the choice for 
reconstruction (Figs.  9.5 and  9.6). The advan-

tages of these flaps include the transfer of suit-
able tissue in large volumes in a single stage. 
The selection of the flap will depend on the tis-
sue requirement and the safety of its transfer. 
Usual choices are radial forearm or anterolateral 
thigh flaps for soft tissue alone defects and fib-
ula free flap for bony reconstruction. Radial 
forearm flap is a suitable choice for total lip 
reconstruction or facial resurfacing. In total lip 
reconstruction, the flap can be combined with 
reconstruction of the oral sphincter using fascia. 
Advantage of the radial forearm flap is the long 
pedicle which allows us to use the opposite side 
as the source vessel. Anterolateral thigh flaps 
are useful wherever a larger defect of soft tissue 
resurfacing is needed.

a b c

d e f

Fig. 9.4 (a) Vascular malformation involving the nose 
and upper lip (b) Preoperative planning for excision (c) 
Postoperative image after stage 1 excision and closure of 
upper lip, partial excision of nasal malformation and 

placement of tissue expander (d, e) Stage 2 excision of 
nasal malformation and planning of expanded oblique 
forehead flap for nasal defect (f) post-operative image at 
10 months
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a b c

d e f

Fig. 9.6 (a) Recurrent vascular malformation involving 
cheek, upper lip (b) CT angiogram showing the Abnormal 
vasculature (c) Intraoperative control of facial artery prior 

to excision (d) Defect post-excision (e) wound packing 
post-excision (f) Delayed primary free radial forearm flap 
cover

a

d

cb

Fig. 9.5 (a) Preoperative image of vascular malforma-
tion involving the lower lip (b) Immediate postoperative 
image after near-total excision (c) 2 weeks postoperative 

image after reconstruction with radial forearm free flap 
(d) Harvested radial forearm free flap
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Bony reconstruction can and should be attempted 
when the defect involves the mandible or the max-
illa. Fibula becomes an obvious choice due to its 
excellent bone stock as well as pedicle length.

9.5.1  Pedicle Selection in Free 
Tissue Transfer

The selection of normal vessels for anastomosis 
is crucial for the success of the free faps in these 
cases. The vessels on the same side may be 
unsuitable as the arteries are hypertrophied and 
the veins huge. The chance of anastomotic com-
plications was high in the diseased vessels. Hence 
they have to be chosen outside the area of the 
pathology, which may necessitate to go close to 
the origin of the vessel on the same side or even 
to use the opposite side vessels.

9.5.2 Prevention of Flap Failures

As discussed previously selection of a safe flap as 
well as the normal vessels as the recipients is 
most important in prevention of failure of free 
flaps in these defects. The chance of flap failure is 
still high mostly due to bleeding issues related to 
these malformations. Delaying the reconstruc-
tion by days or weeks after the excision prevents 
this.

9.5.3  Advantages of Free Tissue 
Transfer apart from its 
Reconstructive Benefits

Frequently post-excision, the microscopic 
lesions exist, which results in recurrence. There 
has been a report on the suppression of these 
malformations by placing a new vascularized 
tissue on the wound bed of the resected malfor-
mation. This concept of “regulatory flap” by 

use of free tissue changing the local hemody-
namics and suppressing the collaterals or 
microfistula formation which results in decrease 
in recurrences. The free tissue transfer also 
reduces the postoperative complications like 
seroma, pain, deformity, and functional 
problems.

9.6  Computersied Planning, 
Surgical Guides and Patient- 
Specific Implants

Technological advances have provided the clini-
cian with opportunities to meticulously plan the 
surgical resection and reconstruction in advance 
with the help of dedicated computer software. 
Intraoperative navigation and imaging provide an 
additional layer of control to determine if the pre- 
planned objectives have been achieved during the 
operation. Though these methods can be utilised 
for many surgical interventions, they are most 
useful for operations involving bony resections 
and complex three-dimensional reconstruction 
(Fig. 9.7a, b).

A dedicated CT scan with a minimum slice 
thickness of 1 mm and “zero” degree gantry tilt is 
obtained of the area of interest. The scans are 
uploaded to the local laboratory or commercial 
organisation, which has access to the relevant 
software. These same scans can also be used for 
intraoperative navigation, if so desired.

The clinician is able to plan the surgical resec-
tion on the computer with the knowledge of the 
clinical and imaging parameters (Fig. 9.7c). Once 
the clinician is happy with the resection, the 
planned segment is “removed” on the computer, 
and the ensuing defect “reconstructed by mirror-
ing” from the opposite (uninvolved) side 
(Fig.  9.7d). Modifications to the “mirrored” 
reconstruction can be incorporated to account for 
any residual lesion or other eventualities (e.g. 
muscle atrophy, enophthalmos, exophthalmos, 
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etc.). A stereolithographic model can be manu-
factured from the final plan and utilised to con-
struct a local or outsourced patient-specific 
implant using titanium mesh or sheet (Fig. 9.7e). 
Accurate restoration of premorbid anatomy and 
excellent aesthetic outcomes can be obtained by 
utilising patient-specific implants (Fig. 9.7f–h).

The same process can also be utilised for the 
creation of a “surgical guide”, once the surgical 
resection has been finalised (Fig.  9.8a). This 
guide can be used once the lesion is exposed and 
allows quick and accurate resection of the lesion 
with predetermined margins (Fig.  9.8b). The 
guide also allows the clinician to avoid critical 
structures determined in the planning process and 
can minimise the exposure required.

Various alloplastic materials are available 
through commercial organisations and can be uti-
lised for the reconstruction of complex three- 
dimensional defects. Each material has its merits 
and shortcomings, and the clinician will have to 
choose the most appropriate one based on the 
individual patient characteristics, need for cross- 

sectional imaging surveillance, radiotherapy, 
cost, etc. The illustrated case was reconstructed 
with PEEK (poly ether ketone) patient-specific 
implant (Fig. 9.8c).

The use of patient-specific alloplastic implants 
allows accurate and predictable reconstruction of 
complex three-dimensional defects, especially in 
the upper facial skeleton/peri-orbital region, 
which cannot be easily achieved with the use of 
autologous reconstruction. Mirroring allows the 
achievement of excellent symmetry, and the lack 
of an additional donor site helps reduce patient 
discomfort and surgical time. There is, however, 
a financial cost associated with the planning, cre-
ation of the surgical guide and patient-specific 
implant, which will principally be determined by 
the type and size of the implant and the complex-
ity of the planning process. Care should be exer-
cised with its use in patients with compromised 
soft tissue cover, potential risk of infection, espe-
cially when exposed to the sino-nasal or oral 
environment and those who have had or likely to 
have  radiotherapy.

Fig. 9.7 (a) Right Supraorbital intra-osseous VM of the 
frontal bone. (b) 3-D reformatted CT scan demonstrating 
location and extent of the lesion. (c) Virtual surgical plan-
ning with the 3D modeling of the “excision” of the lesion. 
(d) Virtual surgical ‘mirror modeling’ of the contralateral 

side for planning following “mirroring reconstruction” of 
defect. (e) Stereolithographic model with adapted tita-
nium mesh patient-specific implant. (f) Patient-specific 
implant in situ following resection

a b
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Fig. 9.7 (continued)
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Fig. 9.7 (continued)

a b

c

Fig. 9.8 (a) Computer planned surgical guide left supraorbital lesion. (b) Surgical guide in situ with predetermined 
resection margins. (c) Reconstruction with patient-specific PEEK implant in situ
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HEAD AND NECK VASCULAR MALFORMATIONS

Symptomatic

YES NO

OPERABILITY? ANNUAL FOLLOW UP

YES NO

Complete resection possible without reconstruction
(Consider Pre operative embolization in selected cases)

YES NO

Functional and Anatomic Recon-
struction possible?

Resection and primary closure Consider
delayed wound closure if hemostasis is doubtful

NOYES

Radical resection Defect
assessment for Tissue transfer Consider de-layed
reconstruction if hemostasis is doubtful Surgical:

Non surgical:

Combination treatment
Bony defect only or
Both soft tissue & bony defects

Soft tissue defect:

 

Flow chart for reconstruction of defects after resection of vascular malformations

9.7  Points to remember while 
undertaking reconstruction 
of defects after resection of 
major vascular 
malformations

• Assess the patient clinically, radiologically by 
MRI with MR angiogram.

• High-resolution CT will be helpful in sus-
pected bony lesions

• Pre operative embolization should be consid-
ered in selected cases like High-flow vascular 
malformations where temporary surgical 
occlusion of the feeding vessel is not possible 
during surgery

• Temporary clamping of the source vessel 
prior to the resection in will help in control-
ling the blood loss and also a clear surgical 
field for preservation of vitals structures like 
facial nerve

• Complete excision in the form of radical 
resection in all possible cases will drastically 
reduce the recurrence rate

• Compression wound packing and delayed 
wound closure or reconstruction to be consid-
ered in cases of incomplete hemostasis

• Delayed primary reconstruction would be an 
ideal time for tissue transfers

• Primary closure can be done ideally after 48 h 
of wound packing
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• Locoregional flaps gives better results in spe-
cific defects of small to moderate size (rota-
tion flap for scalp defects, lip switching/
estlander flap for lip defects, forehead flap for 
nasal defects)

• Free tissue transfers are ideal for moderate to 
large size defects and in bony defects

Palliative resection can be considered in patients 
at risk for impending life threatening bleeding

J. Ramu et al.
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Lasers and Nonsurgical Modalities
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10.1  Introduction

Vascular anomalies in the head and neck regions 
are among the common pathologies that maxil-
lofacial surgeons encounter in their clinical prac-
tice. While surgical excision is historically the 
mainstay treatment for most large, complex vas-
cular anomalies, nonsurgical therapies have 
developed as excellent alternatives for the treat-
ment of certain pathologic types (telangiectasia, 
capillary malformations) and as adjunctive tools 
for others (Figs. 10.1, 10.2, and 10.3). This group 
of treatments consists of medicinal use, laser 
therapy, radiographic-guided embolization, and 

sclerotherapy. More often than not, treatments 
involve a combination of the aforementioned 
techniques in order to achieve clinical response. 
Laser therapy in particular has emerged as one of 
the most promising fields behind its ability to 
selectively destroy the aberration while sparing 
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Fig. 10.1 Hemangioma of the lower lip

Fig. 10.2 Vascular malformation of the buccal mucosa
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normal nearby tissues. While still an evolving 
area, its practical application is currently limited 
against deeper and larger subcutaneous vessels. 
When appropriately selected and used, laser 
delivers excellent operative and cosmetic results. 
Despite the initial learning curve associated with 
safety, its ease of use and relatively benign post-
operative period make laser therapy a relatively 
comfortable and preferred type of procedure for 
most patients and clinicians. Case selection is 
extremely important, as not all vascular anoma-
lies are amenable to laser therapy, and not all 
types of laser are effective for one particular 
lesion. As laser technology continues to develop, 
current systems are quickly replaced by more 
effective and convenient models. The focus of 
this chapter will be the discussion of many com-
mon laser types, although by no means an exhaus-
tive list, used to treat vascular pathology in regard 
to their biophysics, clinical applications, and 
limitations. In addition, other therapeutic modali-
ties will be discussed as alternative or adjunctive 
treatment options to laser therapy.

10.2  History of Laser and Current 
Modalities

In 1916, Albert Einstein published the doctrine 
“Zur Quantum Theorie der Strahlen” (The 
Quantum Theory of Radiation) which provided 
the theoretical foundation for laser generation 
through the idea of stimulated emission. It was 
not until 1960 that the American physicist 
Theodore Maiman constructed and introduced to 

the public the first ruby diode laser. Just 1 year 
later, laser application gained a significant foot-
hold in the medical community when a derma-
tologist, Leon Goldman, began his research at the 
first biomedical laser laboratory at the University 
of Cincinnati. The development of laser contin-
ued steadily over the next decade with the intro-
duction of many types of laser in dermatologic 
surgery, such as the CO2, argon, and 
Nd:YAG.  These lasers emitted a continuous 
beam of energy capable of destroying target tis-
sues while simultaneously maintain hemostasis 
through its thermal power. As such, they were 
used as adjuncts in surgical treatment of highly 
vasculated organs. The practicality of these lasers 
was however limited due to the destructive nature 
of a high-powered, continuous wave of energy to 
both target pathologic and nearby healthy tissues, 
resulting in lacerated wounds and hypertrophic 
scarring. The search was then underway for a 
type of laser that would only target the desired 
structures. In 1981, Anderson and Parrish came 
forth with the theory of selective thermolysis. 
This groundbreaking theory centered around the 
potential of laser beam to selectively cause 
destruction to target tissue (chromophores) while 
sparing others by taking advantage of the varia-
tion in light absorption spectra [1].

To achieve this feat, laser was made to be dis-
continuous or pulsatile. Laser wavelength can be 
attuned to maximize absorption by the target tis-
sue and minimize absorption by competing con-
stituents. Hemoglobin absorbs light at wavelength 
peaks of 418, 542, and 577-nm, which makes the 
585- or 595-nm pulse dyed laser an extremely 
effective treatment for most superficial vascular 
malformations. Another important principle of 
selective thermolysis is the phenomenon of ther-
mal relaxation, which is defined as the time 
required for tissue to lose 50% of its heat via dif-
fusion. The duration of the beam, or pulse dura-
tion, must be shorter than the thermal relaxation 
time of the target tissue. This confines the heat 
emitted by the laser within the target and prevents 
dissipation to adjacent structures. On the other 
hand, the pulse duration must also be long enough 
for sufficient buildup of thermal energy within the 
target vessel lumen to be clinically effective. 

Fig. 10.3 Cavernous hemangioma of the tongue
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While selective thermolysis works well for super-
ficial and small types of vessels in the head and 
neck area, it has limited use in larger and deeper 
vessels. In these situations, laser wavelength must 
be modified to increase depth penetration, and 
pulse duration must be increased to allow enough 
time for temperature rise in larger vessels.

10.2.1  Flash Lamp Pumped Pulsed 
Dye Laser (585-nm, 595-nm)

Using a rhodamine dye dissolved in a solvent, 
the flash lamp pumps energy to produce yellow 
light at a distinct wavelength. The pulsed dye 
laser (PDL) is primarily used in the treatment of 
small, superficial vascular anomalies such as 
capillary malformations, superficial infantile 
hemangiomas, and telangiectasia. First-
generation PDL (wavelength at 577-nm) was 
introduced in the 1980s and replaced argon laser 
as a safer and more effective treatment for capil-
lary malformations. Current PDL today pro-
duces light at 585- or 595-nm with an increased 
depth of penetration, and most systems are 
equipped with a cooling device for added protec-
tion of nearby tissues. Delivered by fiberoptic 
technology, the energy generated is preferen-
tially absorbed by hemoglobin and oxyhemoglo-
bin, creating a thermal- induced damage and 
coagulative phenomenon within the blood ves-
sel. Thermal relaxation time for small cutaneous 
vessels (diameter of <100- um) is approximated 
to be 1- to 5-ms [2]. For this reason, the pulse 
duration of PDL is routinely kept at 0.45-ms. 
PDL is traditionally reserved for only superficial 
vascular lesions due to its maximum depth of 
only 1.2-mm [3]. Its limited depth can be partly 
due to the presence of melanin, a skin constitu-
ent that also absorbs light produced at this wave-
length. Due to an increased concentration of 
competing melanin, the laser has even poorer 
depth penetration in dark-skinned individuals or 
those with Fitzpatrick skin type IV and V.

Common side effects of PDL are erythema, 
edema, and purpura which can last up to 2 weeks. 
Purpura is caused by leakage of erythrocytes due 
to the rapid heat buildup and resulting photo-

acoustic damage to the vessel walls. Patients and 
parents must be forewarned and be prepared of 
this unappealing side effect, which is a common 
reason for discontinuation of therapy. With cur-
rent models of PDL permitting variable pulse 
duration, the longer pulse duration can generate a 
lower peak energy, and thus a slower and gentler 
thermal effect that does not cause vessel rupture. 
No purpura is noted with the use of long-pulsed 
PDL [4].

10.2.2  Frequency-Doubled 
Q-Switched Nd:YAG/KTP Laser 
(532 nm)

The frequency-doubled, Q-switched Nd:YAG 
laser, as described by its name and also known as 
KTP laser, utilizes a frequency doubling tech-
nique (second harmonic generation) to generate 
green light at 532-nm. This wavelength is well- 
absorbed by oxyhemoglobin and is taken advan-
tage of in application of selective thermolysis. 
Initially, a diode laser pumps the Nd:YAG crystal 
to produce a 1064-nm laser energy that is then 
made to focus onto a potassium titanyl phosphate 
crystal. This technique ultimately produces a sec-
ond light energy that is doubled in frequency and 
consequently halves the wavelength to 532-nm 
(λ = v/f; λ = wavelength, f = frequency, v = veloc-
ity of light).

Common parameter for the 532-nm laser is a 
pulse duration ranging from 1- to 50-ms and flu-
ence up to 40-J/cm2. The advantage of the 
frequency- doubled Nd:YAG laser lies in its lon-
ger pulse duration that allows for accumulation 
of sufficient thermal energy in large vessels. In 
comparison to flash-lamped pulse dye which is 
routinely set at 0.45-ms, the 532-nm laser is more 
effective at treating vessels that are >200-nm in 
diameter. The effectiveness of the 532-nm laser is 
conjected to be due to the reported thermal relax-
ation time of 1- to 10-ms in the 200-nm vessel 
size, which requires a longer pulse duration [5]. 
Additionally, when it was first introduced, the 
laser allowed for flexibility to adjust pulse dura-
tion and/or fluence as needed in order to achieve 
clinical response. In lesions refractory to PDL 
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treatment, the frequency-doubled Nd:YAG laser 
is a good alternative and should be offered to the 
patient. Another advantage of this type of laser is 
the absence of purpura, a bothersome side effect 
that frequently occurs in PDL treatment. The lon-
ger pulse duration applies a lower peak energy to 
the target, which eliminates the vicious thermal 
buildup that is responsible for vessel rupture.

Melanin in the skin absorbs the 532-nm light 
slightly better than at 585-nm. The frequency- 
doubled Nd:YAG laser is less effective in 
Fitzpatrick skin type IV and V due to the higher 
concentration of competing melanin, which may 
cause skin dyschromia and blistering after treat-
ment session. The vulnerability of melanin, cou-
pled with a longer pulse duration, necessitates the 
use of a cooling device perioperatively when 
using the 532-nm laser in order to protect the 
overlying tissue. Nevertheless, the laser still car-
ries a risk of damage to healthy tissues, in par-
ticularly a higher risk of scarring (18%) compared 
to the PDL-treated lesion (3%) [6].

10.2.3  Long-Pulsed Nd:YAG Laser 
(1064-nm)

Since it was first introduced in 1964, the 1064- 
nm Nd:YAG laser has remained a versatile tool 
for the cosmetic clinician and is originally devel-
oped for procedures such as hair removal and 
ablation of atrophic scar. The laser secured a 
position in the 1990s as a valuable alternative for 
the treatment of certain types of vascular anoma-
lies, which up until that point were only treated 
by shorter wavelength lasers. Utilizing a medium 
of impure yttrium-aluminum-garnet crystal that 
is doped by 1% neodymium ions, the laser emits 
light at a near-infrared wavelength of 1064-nm. 
With a much lower level of absorption from mel-
anin, the laser is able to extend the depth of pen-
etration to 5- to 6-mm, targeting deeper vessels 
that are unreachable by other lasers. The lack of 
absorption by competing melanin also allows for 
the use of the laser in patients with Fitzpatrick 
skin type IV and V. On the other hand, hemoglo-
bin and oxyhemoglobin have lower level of light 
absorption at 1064-nm. To compensate, energy 

fluence is increased up to 300 J/cm2 in order to 
generate a sufficient amount of thermal energy 
within the vessel lumen for the coagulation of 
blood. The pulse duration is routinely kept at 
0.1–300-ms at this high level of energy to avoid 
inadvertent thermal damage to the overlying tis-
sue. This also allowed for gentler heating of the 
vessel which prevents postoperative purpura.

Traditionally, the laser is applied by direct 
cutaneous contact with a fiberoptic cable. One to 
two passes are made over the lesion until blanch-
ing and/or shrinkage of the lesion is noted. Unsafe 
level of exposure to the skin or mucosa must be 
avoided by continuously moving the laser tip and 
avoid excessive overlapping passes. If the lesion 
is nodular, a glass slide can be used in an attempt 
to flatten the lesion to enhance the depth of laser 
penetration. In an inaccessible location such as 
the palate or floor of the mouth, a test tube with 
side window is an effective adjunctive tool. The 
fiberoptic is inserted through the window while 
the test tube compresses the lesion. In deeper and 
thicker vascular lesions, the interstitial technique 
is useful in order to protect the overlying mucosa 
or skin. The fiberoptic cable can be inserted into 
the lesion focus through a 14-gauge angiocatheter 
[7, 8]. The delivery of the laser energy is more 
selective with this technique that would have oth-
erwise cause extensive damage before reaching 
its target, decreasing the risk of tissue sloughing 
and duration of postoperative pain.

Success for the long-pulsed Nd:YAG laser in 
treating hemangiomas and vascular malforma-
tions is generally good, with reported rate of at 
least 50% improvement in 71.5–80% of all 
treated vascular lesions [9, 10]. Another study 
demonstrated a complete clearance rate of 77% 
intraoral lesions after a single session, and the 
persistent lesions cleared after an additional one 
to two sessions [11]. While an effective therapy, 
the window of safety in long-pulsed Nd:YAG 
laser is extremely narrow. Incidence of skin dam-
age is high with its application, including scar-
ring and blistering. A concomitant dynamic 
cooling device should always be used for addi-
tional epidermal and dermal protection. 
Conservative approach should be taken with mul-
tiple treatment sessions as opposed to an aggres-
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sive single session to avoid risk of collateral 
damage.

10.2.4  CO2 Laser (10,600-nm)

Prior to the advent of pulsatile, selective-targeted 
laser, the CO2 laser is considered a constant work-
horse for the surgeons in treatment of maxillofa-
cial pathologies. At an infrared wavelength of 
10,600-nm, the laser produces continuous light 
energy that is highly absorbed by water molecule. 
Considering that the human body approximates 
85% of water (mucosal tissue carriers an even 
higher proportion), it is an effective ablative tool 
capable of performing surgery in a bloodless 
manner. The thermal energy generated upon tis-
sue contact instantly cauterizes and seals off small 
blood vessels with a diameter up to 0.5-mm [12, 
13]. The laser can be carried out in either exci-
sional or vaporizing style by using it in a focused 
or defocused mode, respectively. The vaporizing 
mode, like the name suggests, instantly burns off 
the superficial layer of the target tissue, and mul-
tiple passes are required to remove the whole 
lesion. Careful pre-operative clinical and radio-
graphic evaluation must also be made to assess for 
the breadth of the lesion. CO2 laser in the vapor-
izing mode is frequently used in treating biopsy-
proven precancerous lesions due to the ease of use 
and benign postoperative healing period. A major 
drawback of the layer-by- layer technique is the 
uneven and unpredictable depth penetration (pos-
sibly due to variation in water concentration 
within the laser field) and thus a greater degree of 
control is needed by the surgeon to avoid any iat-
rogenic damage to important underlying anatomic 
structures. This mode should only be used if the 
target is known pathologically or biopsy-proven 
prior to the treatment session. If a concurrent 
biopsy is required, the focused mode should be 
used as a scalpel to excise the lesion with an 
understanding that the tissues near the laser mar-
gins are generally altered histologically and will 
not be of use to the pathologist. A morphological, 
histochemical, and immunocytochemical study 
demonstrated blisters, erosions, clefts of the epi-
thelium, as well as nuclei changes in specimens 

excised by CO2 laser [14]. It is recommended that 
the surgeon should account for this issue by fur-
ther extent the margins of laser excision to ensure 
that unaltered normal tissue is included in the sub-
mitted specimen.

Advantages of the CO2 laser includes 
decreased operative blood loss, shorter surgical 
time, and a relatively benign postoperative heal-
ing period. In regard to the latter, the CO2 laser 
creates an immediate wound site filled with 
charred flesh, which is later replaced by fibrinous 
tissue. One characteristic of the laser wound is 
the delayed and reduced inflammatory response 
that attribute to minimal postoperative swelling. 
Pain is subjectively reported to be minimal after 
laser therapy, possibly due to the lack of intense 
inflammatory response and the incineration of 
nerve endings. There is also a decreased amount 
of myofibroblasts, which are cells responsible for 
wound contracture and healing. Thus, CO2 laser 
causes significantly less scarring compared to 
conventional surgical treatment. This is extremely 
advantageous when treating pathology in certain 
anatomical regions such as the floor of the mouth. 
On the other hand, the healing process after laser 
treatment is also delayed due to the lack of con-
tracture as well as a lack of blood flow from laser 
cauterization. In spite of this, no suturing or 
dressing is necessary, and wound site is left to 
heal by secondary intention. The effects of CO2 
laser on tissues is dependent on duration of appli-
cation and selected energy power, which should 
be adjusted accordingly to the individual skin or 
mucosal integrity to avoid excessive damage.

10.2.5  Diode Laser (532-, 800-, 810-, 
940-, and 980-nm)

Perhaps one of the most widely used laser tech-
nology in modern maxillofacial surgery, the 
diode laser works via a solid-state semiconductor 
to emit light at varying intensity and wavelengths. 
The laser is conveniently housed in a portable, 
cost-effective unit system and is powered by 
standard wall electricity. In accordance to the 
principle of selective thermolysis, the pulsed 
mode at 532-nm works similarly to PDL and 
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allows for treatment of superficial vascular 
anomalies while sparing healthy nearby tissues. 
Unlike the PDL, the diode laser can deliver 
energy at a longer pulse duration (1–100-ms) and 
does not induce purpura due to the lack of rapid 
vaporization and vessel rupture [15]. At a wave-
length of 800–900-nm and approximately 3–5- 
W, the diode laser can penetrate the skin more 
deeply than PDL while maintaining selectivity 
for hemoglobin chromophores. This near- infrared 
setting is generally used to approach deep vascu-
lar lesions that are refractory to standalone PDL 
or KTP laser. The flexibility to adjust wavelength, 
power, and pulse duration allows the diode laser 
to be commonly used in an office environment 
for a diverse array of maxillofacial procedures, 
including treatments for superficial capillary 
malformations, telangiectasia, and deep venous 
malformations. The diode laser can closely emu-
late a number of aforementioned laser technol-
ogy by simply modifying its settings. When used 
in continuous mode, the laser can also be used 
effectively as a scalpel in excising highly vascu-
lated lesions such as fibrous hyperplasia while 
maintaining excellent hemostasis and avoiding 
the need for sutures [16].

10.3  Laser Application in Vascular 
Anomalies

10.3.1  Capillary Malformations

Capillary malformations (CM), frequently 
referred to as port wine stains, are observed in 
0.3–0.5% of infants as a pink macular or patch 

stain and tend to increase in size as the child 
grows [17]. A high suspicion for syndromic 
involvement and subsequent workup is necessary 
if CM occurs in the V1 dermatome (Sturge–
Weber), is associated with asymmetrical limb 
hypertrophy (Klippel–Trenaunay), or with acute 
onset sensory and motor disturbances (Cobb). 
CM occurs due to the absence of neural innerva-
tion to the aberrant vessels within the superficial 
papillary nexus, leading to a lack of sympathetic 
drive, blood-pooling, and resulting vessel dila-
tion. This pathologic behavior is hypothesized to 
be the reason for the high recurrence rate post- 
treatments. Most clinicians advocate for CM to 
be treated as early as possible to avoid increased 
growth and thickness of the lesion, which neces-
sitate the use of higher intensity laser and 
increased number of treatments. Additionally, 
early treatment of CM precludes the psychogenic 
burden placed on the young patients (Table 10.1).

Prior to the introduction of pulse dye laser 
(PDL), CM was frequently treated with argon 
laser with 60% success rate in adults. Argon laser 
was unsuitable in children due to severe pain 
experienced during treatment and the resulting 
high level of scarring in this age group. In adults, 
the high-intensity energy of argon laser is also 
associated with unacceptable side effects includ-
ing a significant rate of hypertrophic and atrophic 
scarring, hyper- and hypo-pigmentation [18]. 
When first introduced, first-generation PDL 
(577-nm) was effective for CM and permitted use 
in the infancy period. Second-generation PDL 
(585-nm, 595-nm) was even better and includes a 
dynamic cooling device (DCD) that cools the 
skin surface and reduces pain perioperatively. 

Table 10.1 Type of laser and its application in head and neck vascular pathology

Type of laser Wavelength Color Application in head and neck vascular pathology
Flash-lamped pumped 
pulsed dye laser (PDL)

585-nm, 595-nm Yellow Capillary malformations; superficial infantile 
hemangiomas; telangiectasia

Frequency-doubled 
Q-switched Nd:YAG 
(KTP) laser

532-nm Green Capillary malformations that are resistant to PDL, 
such as syndromic CMs that are larger and thicker; 
telangiectasia; venous malformations

Long-pulsed Nd:YAG 
laser

1064-nm Invisible Capillary malformations that are resistant to PDL, 
such as syndromic CMs that are deeper, larger, and 
thicker; telangiectasia; venous malformations

Diode laser 532-, 800-, 810-, 
940-, and 980-nm

Various Telangiectasia; venous malformations; excision of 
highly vascularized lesions such as fibrous 
hyperplasia

H. Q. Tran et al.



177

Treatments are routinely set with spot size of 
5–10-mm, energy fluence between 5 and 8 J/cm2, 
and pulse duration of 0.45-ms. Clinical end goal 
of each treatment session is the cessation of 
blanching in the aberrant region, or when the 
dark-purple coloration of purpura is noted. Slight 
overlap of laser field is attempted to avoid a retic-
ulated pattern of pigmentation. However, over-
lapping should be minimized to decrease 
inadvertent thermal damage to the healthy tis-
sues. Parents must also be informed that multiple 
treatments of PDL are frequently required to pro-
mote clearance. Multiple studies have shown that 
patients with CM require an average of 10 or 
more treatments to achieve clearance, with one 
treatment occurring every 2–4 weeks [19, 20]. 
The success rate is especially enhanced in 
patients with Fitzpatrick skin type I-III due to 
decreased concentration of competing melanin. 
Darker-skinned individuals may need to wait a 
longer period between treatments to allow reso-
lution of post-inflammatory pigmentation.

Partial or complete recurrence of CM is high, 
with study indicating recurrence rate of 3% 
within a 1-year period and 40% within a 3-year 
period [21]. Touch-up laser procedures can be 
offered to the patient when early signs of 
 recurrence are noticed. CM that are large and 
thick, such as those associated with Klippel–
Trenaunay syndrome, is generally refractory to 
traditional PDL treatment and necessitates the 
use of other lasers. For these types of CM (esti-
mated 20–30% of total cases), the frequency-
doubled and long- pulsed 1064-nm Nd:YAG are 
the better alternatives [22]. The longer pulse 
duration in these types of laser also allows for a 
slower and gentler buildup of thermal energy, 
preventing vicious rupture of the involved vessels 
and the resulting, unsightly purpura.

10.3.2  Infantile Hemangiomas (IHs)

While laser is an effective treatment for capillary 
malformations, its application in infantile hem-
angiomas is debatable among clinicians. 
Hemangiomas, as a group, affect approximately 
2.6% of newborns, particularly in 10% of 
Caucasians [23]. They are usually absent at birth 

but tend to appear shortly after and exponentially 
grow within the first year (proliferative phase). 
The majority of IHs begin the involution phase 
by 12 months of life, with 50% of these lesions 
involute by the age of 5, 70% by the age of 7, and 
90% by the age of 9 [24]. However, involuted IH 
can still leave heavy scars, persistent fibrofatty 
protuberance, and telangiectasia. Up to 80% of 
lesions that had not involuted by 6 years of age 
will leave behind some level of disfiguring rem-
nants [25]. It is also somewhat difficult to predict 
which lesion will have a benign clinical course, 
and which can negatively affect the patient’s 
quality of life. While the decision to treat for IH 
remains controversial, the conservative “watch 
and wait” approach is losing ground due to the 
associated complications observed in the past 
decades. Ulceration is the most frequent compli-
cation with growing IHs, and lesions occurring in 
esthetic zones create various social issues for the 
growing patients. It is not the authors’ intention 
in this chapter to support one particular approach, 
and it must be emphasized that at the moment 
there is no one-treatment-fits-all therapy for 
IH. In other word, treatment must be individual-
ized, and more often than not, a combination of 
therapies is necessary to achieve clinical 
response. Regardless, the goals in treating hem-
angiomas remain absolute, that is, to promote an 
uncomplicated clinical course and optimize reso-
lution of the disease.

In recent years, new advocates have come 
forth, albeit with skepticisms, with the idea that 
the most ideal period for IH to be treated is when 
the lesion has yet to begin its proliferative phase. 
This period is referred to as the precursor phase 
and is best treated with pulsed dye laser (PDL). 
At a setting of 595-nm, 7 J/cm2, 0.150–0.300-ms, 
PDL has been shown to induce an earlier involu-
tion course and prevent development of deeper 
lesions when used in this precursor period [23]. 
Outside of this window period, the application of 
laser in uncomplicated IH is uncertain. On the 
one hand, early signs of ulceration or potential 
functional impairment (airway and visual 
obstruction) are strong indications for the initia-
tion of treatment. If the hemangioma is in its pro-
liferative stage, medical intervention with 
propranolol or oral corticosteroid is first-line 
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therapy. PDL (595-nm, 7 J/cm2, 0.45 ms) should 
be initiated when the ulcerated lesion is nonre-
sponsive to medical treatment, as laser can induce 
healing, alleviate pain, decrease infection and 
bleeding [26]. In vitro study has positively dem-
onstrated the significance of PDL treatment in 
decreasing vascular endothelial growth factor 
(VEGF) expression, which is believed to be one 
of the key signals behind aberrant tumor growth 
[27]. Ablative laser (CO2, continuous Nd:YAG) is 
used in adjunct with surgical and medical thera-
pies when life-threatening situations arise such as 
obstructing subglottic hemangioma with poten-
tial for massive intraoperative hemorrhage. In the 
involuting period, PDL is an effective tool in 
treating unappealing remnants such as telangiec-
tasia and erythematous skin. The laser, however, 
cannot treat disfiguring lesions. While PDL does 
not offer contouring capability, it can help in 
decreasing the extent of wound size created by 
surgical therapy.

The most important factor in laser success lies 
in the location of the hemangioma within the skin 
layers (superficial, deep, or mixed). It is important 
to emphasize that PDL is only effective in super-
ficial lesions due to their maximal depth penetra-
tion of only 1.2-mm. Vessels that lie in the deeper 
level of dermis must be treated with the longer-
wavelength Nd:YAG. Tolerance to this alternative 
laser is significantly reduced, and the clinician 
must be mindful about overzealous treatments in 
deep or mixed lesion to avoid significant scarring, 
atrophy, and dyschromia. Compared to CM, PDL 
therapy in hemangiomas has yet to achieve the 
same success as a monotherapeutic modality due 
to its pathologic nature. The laser still has a thera-
peutic role in ulcerative IH and has been docu-
mented to be an excellent adjunct to other types of 
treatments (timolol maleate 0.5% gel, oral pro-
pranolol, and surgical excision) [28–30].

10.3.3  Telangiectasia

PDL and diode lasers are effective therapy for the 
treatment of facial telangiectasia because the 
involved vessels are generally small (0.1–1-mm) 
and lie in the superficial layer of the skin. In 
deeper and larger vessels, longer-wavelength 

lasers such as the Nd:YAG are the more preferred 
modes of therapy. Telangiectasia is a condition in 
which a small vessel (capillary, arteriole, or ven-
ule) is persistently dilated and visually appreci-
ated in the skin or mucosa. While a benign 
condition, the lesion can be esthetically unpleas-
ant when located in the head and neck areas such 
as nasal tip, cheeks, and chin. Associated symp-
toms such as burning pain and itching may 
accompany the lesion.

Common PDL setting used in the treatment of 
isolated telangiectasia is 585-nm, 5–7 J/cm2, and 
pulse duration of 0.45-ms. Concomitant use of 
cooling device or cryogen spray is recommended 
for analgesic and epidermal protection. The laser 
targets the telangiectasia with overlapping spots 
of 1-mm. Extensive spot overlap at this laser set-
ting runs the risk of damaging the overlying skin, 
including ulceration, blisters, and hyperpigmen-
tation. When there is a cluster of capillaries feed-
ing into a central arteriole in an arborizing pattern 
(spider angioma), all aberrant vessels must be 
completely eradicated by the laser to prevent 
recurrences. Clinical endpoint of PDL treatment 
is the disappearance of the involved vessels or 
when a light-colored purpura is noticed. 
Immediate dark gray coloration indicates damage 
to normal tissues and so a lower fluency should 
be adjusted. Generally, one to two treatments are 
needed for focal type of telangiectasia [31]. 
While PDL is effective in treating telangiectasia 
and erythema associated with rosacea, recurrence 
is observed to be high due to a chronic inflamma-
tory nature of the disease. In this case, laser ther-
apy is approached as a symptomatic rather than 
curative treatment. Oral pharmacologic agents 
(tetracyclines, macrolides, metronidazole, and 
isotretinoin) and topical gels (brimonidine tar-
trate, metronidazole, and azelaic acid) are also 
used for symptoms relief and to decrease chance 
of disease relapse. Telangiectasia associated with 
rosacea is commonly refractory to laser treat-
ment. Although its mechanism in treating rosacea 
is unclear, a daily 40-mg dose of modified-release 
doxycycline is an effective course of therapy with 
proven anti-inflammatory action [32]. 
Nevertheless, the most effective treatment of the 
disease is still by avoidance of trigger agents and 
other lifestyle modifications [33].
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The most significant side effects of traditional 
PDL treatment in telangiectasia are the postopera-
tive period of purpura that may last up to 2 weeks. 
As this side effect may understandably be unac-
ceptable for certain patient, longer-pulsed dye 
laser (595  nm, 6–40-ms, 7  J/cm2) or KTP laser 
may be used albeit with a diminished rate of clear-
ance and need for multiple laser passes and treat-
ment sessions [4, 34, 35]. The longer pulse 
duration also allows for increase in laser fluency 
up until the purpuric threshold. Telangiectasia 
treated with frequency-doubled Nd:YAG laser is 
reported to achieve a moderate success with clear-
ance rate of 66% in isolated telangiectasia and 
93.5% in spider angioma. The number of treat-
ment to achieve clearance ranges from 1 to 3 ses-
sions [36]. The rate of success in treating facial 
telangiectasia is even higher, most likely related to 
the thin layer of head and neck skin compared to 
that of the extremities. One study shows that 
93.9% of facial lesions achieved at least 75% 
clearance, and the remaining lesions requiring one 
more treatment to achieve clearance [37]. When 
this laser is used, clinical endpoint is set arbitrarily 
with blanching of vessel or when mild erythema is 
noted. No purpura should be seen when longer-
pulsed PDL is used. However, thicker telangiecta-
sia still requires the use of purpura-induced setting 
in order to achieve clinical response [38].

10.3.4  Venous Malformations

Venous malformations (VM) are a collection of 
thin-walled, slow-flowing anomalous vessels and 
have an estimate incidence of 1  in 10,000 [39]. 
Approximately 40% of VM occur in the head and 
neck area [40]. Like other types of vascular mal-
formations, they exist at birth but may not be clin-
ically diagnosable and instead grow proportionally 
with the rest of the body. Puberty, trauma, and 
pregnancy can dramatically trigger the increase in 
size of the lesion. VM are clinically soft, blue-
purple lesions that are compressible and can 
change in size depending on body position and/or 
Valsalva maneuver. The low flow of the lesion 
increases risk of thrombus formation and subse-
quent calcium deposition, which frequently lead 
to phleboliths capable of causing pain and swell-

ing [41]. Phleboliths can be visualized radio-
graphically as radiopaque or radiolucent lesions 
and can be confused with salivary calculi if 
occurred near major or minor salivary glands.

Treatment of VM is dependent on the size and 
location of the lesion. Conservative approaches 
such as compression and positional elevation is 
generally used for lesions in the extremity but 
may not be appropriate for those in the head and 
neck. Sclerotherapy is historically the treatment 
of choice for head and neck VM. Ethanol in abso-
lute concentration (100%) and in mixture 
(Ethibloc), bleomycin, and OK-432 are sclerosant 
agents that have yielded good results but carry 
high risk of damage and fibrosis to local struc-
tures. Additionally, systemic complications exist 
with the use of sclerosants such as renal and car-
diac toxicity. Care must be taken when treating 
patients with medical history of end-stage renal 
disease or arrhythmia. Alternatively, laser therapy 
has a valuable role in the treatment of VM, espe-
cially in locations where injection of sclerosants 
is deemed unsafe or when immediate ablative sur-
gery may sacrifice a large amount of tissues 
requiring reconstruction. Long wavelength lasers 
such as the Nd:YAG and diode lasers (810-nm) 
are generally used in VM of the head and neck 
because they have adequate skin/mucosal pene-
tration and good light absorption by deoxyhemo-
globin and oxyhemoglobin. Serial treatments of 
laryngeal VM by Nd:YAG laser have yielded sig-
nificant shrinkage and improvement in symptoms 
[42]. While recurrence of VM is high, because 
any remnant of abnormal vessel can grow and 
recanalize, the application of laser is still effective 
when being considered as a symptomatic type of 
treatment. Furthermore, laser therapy can be used 
as an adjunct to sclerosing or surgical therapy by 
debulking and reducing the size of the lesion, thus 
limiting the extent of surgical wound.

10.4  Conclusion

Laser therapy has proven to be a valuable instru-
ment in treating vascular anomalies when used 
with safety and precautions. The most advanta-
geous feature of laser is the ability to selectively 
target the aberrant vessels while sparing normal, 
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healthy tissues. While the principle of selective 
thermolysis lends the technology a way to main-
tain acceptable cosmetic and functional out-
comes, the same idea also limits it to a level of 
energy that may not be effective in more resilient 
pathologies. In an attempt to strike the right bal-
ance, laser technology has significantly pro-
gressed since its first introduction to the medical 

community. New systems and models are con-
tinuously presented, and an increasing number 
of clinicians are opting to receive training in 
laser treatments. As interest in the technology 
continues to grow, the future of laser therapy is 
undeniably promising due to current research 
and developments being done in the field 
(Figs. 10.4 and 10.5).
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Fig. 10.4 Depth of penetration by different types of lasers
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Fig 10.5 Laser therapy and effects on superficial vascu-
lar lesions. (1) Vascular abnormalities visibly seen on the 
skin. (2)The laser safely passes through the skin and the 
heat energy is absorbed by the blood vessels making up 
the thread vein, breaking down the vessels and causing it 

to coagulate. (3) Effective treatment allows the thread 
vein to collapse. (4) The collapsed vessels gradually 
breaks down and replaced by scar tissue. Drawings by Dr. 
Victoria A. Manon
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