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Juvenile angiofibroma (JA) is a benign, highly vascular tumor which is diagnosed on the

basis of clinical and imaging features. It has a characteristic pattern of spread
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Introduction

Juvenile angiofibroma (JA) is a rare benign vascular lesion of
the skull base that affects young adolescent males. The
management of JA is challenged by the abundant vascular
blood supply of the lesion, along with the complex anatomy
of the skull base and the young age of the affected popula-
tion. While minimal surgical approaches are accompanied by
high rates of residual or recurrent lesions, expanded external
approaches may result in facial growth disturbance in chil-
dren in addition to cosmetic and functional complications.
Despite its rarity, the management of JA has dramatically
evolved during the last decades, mainly due to the advent of
endoscopic approaches as well as advancement in preopera-
tive embolization techniques. In this article, we present an
overview of the main features of JA and current strategies in
its management.

Clinical Presentation

JA typically affects the male population, most commonly
between 9 and 19 years of age.! The most frequent symptoms
are nasal obstruction and epistaxis. Nasal obstruction may be
bilateral despite the unilaterality of the lesion, due to naso-
pharyngeal extension as well as deviation of the nasal
septum by the expansile lesion. Epistaxis is usually brisk
and intermittent. Purulent nasal discharge and facial pain
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commonly involving the pterygopalatine fossa and pterygoid base. The mainstay of
treatment is surgery, while radiotherapy is rarely used for the treatment of recurrent
lesion. Endoscopic endonasal surgery is currently the treatment of choice for small to
intermediate size |As, and is feasible even for advanced lesions; however, this should
only be practiced in well-experienced centers.

can be due to sinus drainage pathway obstruction, and
conductive hearing loss indicates obstruction of the eusta-
chian tube. Nasal endoscopy commonly shows a hypervas-
cularized lobulated mass with a smooth surface typically
bulging behind the tail of the middle turbinate, obstructing
the choana or completely filling the nasal fossa (~Fig. 1).
Advanced lesions can present with proptosis and facial
swelling due to orbital and infratemporal fossa (ITF) exten-
sion, respectively. Ophthalmoplegia due to cranial nerve
compromise is rare, but may complicate orbital apex and
cavernous sinus invasion.

Diagnosis

Diagnosis is made by typical clinical and imaging find-
ings, while tissue biopsy is unnecessary and may lead to
brisk hemorrhage. At imaging, JA appears as a highly
vascularized and expansile lesion centered on the pterygo-
palatine fossa (PPF) in both contrast-enhanced computer-
ized tomography (CT) and gadolinium-enhanced magnetic
resonance imaging (MRI); (=Fig. 2A). CT and MRI are
complementary in the diagnosis of JA, as CT emphasizes
skull base bony involvement while MRI is superior in the
demonstration of intracranial, orbital, and cavernous sinus
invasion. On both T1 and T2 weighted, unenhanced MRI, the
lesion shows flow-void spotty signals, due to enlarged blood
vessels.
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Fig.1 Endoscopicview of the right nasal fossa. Juvenile angiofibroma
(JA) obstructing the nasal cavity and protruding between the middle
turbinate (MT) and the nasal septum (NS). Abbreviation: IT, inferior
turbinate.

Perhaps the most important step in the diagnosis of JA is
understanding of its distinct pattern of spread, which should
guide the radiologist and clinician in differentiating this
tumor from other vascular and invasive lesions involving
the pediatric skull base, such as schwannoma, meningioma,
hemangioma, hemangiopericytoma, and sarcoma. JA origi-
nates from the superior margin of the sphenopalatine fora-
men where the sphenoid process of the palatine bone meets
the pterygoid base and the horizontal ala of vomer. The lesion
spreads in a submucosal and subperiosteal fashion, and
progresses not only through minor resistance regions, but
also through fissures and sutures and even directly to
cancellous bone by means of pressure erosion. Bony involve-
ment can have one of three patterns: (1) bone remodeling by
means of expansion, thinning, and displacement (anterior

displacement of the posterior maxillary wall, enlarged vidian
canal, and inferior orbital fissure [IOF]) (=Fig. 2A); (2)
cancellous bone invasion (pterygoid base) (=Fig. 3); and
(3) bone resorption and destruction (greater wing of sphe-
noid bone destruction by large tumor invading the middle
cranial fossa) (=Fig. 4). From the nasal cavity and nasophar-
ynx, JA has two characteristic pathways of spread: the more
common anterolateral route and the posterolateral route.
Anterolaterally, JA spreads anterior to the pterygoid plates to
the PPF, which is involved in more than 70% of cases®™*
(=Fig. 2). From the PPF, anterior progression of JA will
displace the posterior wall of maxillary sinus anteriorly.
Laterally, the tumor spreads through the pterygomaxillary
fissure to the ITF. Pushing posteriorly, the tumor erodes the
pterygoid plates and extends into the pterygoid fossa. Sphe-
noid sinus involvement usually follows erosion and expan-
sion of the vidian canal (~Figs. 3 and 4A, B). Superiorly JA
spreads through the IOF to involve the orbit and through the
superior orbital fissure (SOF) and foramen rotundum until it
reaches the cavernous sinus (~Fig. 4). A posterolateal route
of extension is less common, and consists of tumor spread
from the nasopharnx to the pharyngeal recess, and laterally
to the pterygoid fossa posterior to the medial pterygoid plate
or through erosion of the medial pterygoid plate (~Fig. 5).
From the pterygoid fossa, JA may progress to the paraphar-
yngeal space laterally, while superior extension will involve
the foramen lacerum and carotid canal. Intracranial exten-
sion occurs in 10 to 20% of cases, while intradural extension
is very rare.’ Intracranial extension may be classified as
medial or lateral to the cavernous sinus and internal carotid
artery (ICA), depending on the route of extension:® direct
erosion of the greater sphenoid wing to the middle cranial
fossa or progression through the IOF and SOF to the caver-
nous sinus. Less commonly, intracranial extension follows
direct erosion of the sphenoid sinus walls or, through the
ethmoid fovea and cribriform plate, reaching the anterior
cranial fossa.

Fig. 2 (A) Axial contrast-enhanced T1-weighted magnetic resonance (MR). Juvenile angiofibroma (JA) with typical extension into the
pterygopalatine and infratemporal fossa (black asterisk). The posterior wall of the maxillary sinus (MS) is pushed forward by the lesion (white
arrowheads). (B) Identification of the dissection plane cutting the posterior periosteum of the posterior maxillary wall (PMW) (white dotted line).
Inferior turbinate and medial maxillary wall have been removed to adequately expose the posterior maxillary wall. White dashed line: inferior
limit of the medial maxillary wall. Abbreviations: HA, hemostatic agent; NF, nasal floor; NS, nasal septum.
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Fig. 3 Coronal computed tomography (CT) (A) and T2-weighted magnetic resonance (MR) (B). Juvenile angiofibroma (JA) eroding the left
greater wing (GW) of the sphenoid (white asterisk). Abbreviations: FR, foramen rotundum; LPM, lateral pterygoid muscle; MPM, medial

pterygoid muscle; SPH, sphenoid sinus; VC, vidian canal.
Staging

Multiple staging systems have been proposed for JA
(=Table 1). These systems mainly depend on defining the
extent of tumor, skull base involvement, ITF extension, and
intracranial invasion. Since Sessions et al® first proposed a
staging system for JA in 1981, many other authors suggested
a staging system that can better assist in tumor classification
and treatment. The most commonly used staging systems are
those proposed by Andrews et al” and Radkowski et al.® A
staging system proposed by Onerci et al° attempted to better
define tumors amenable to endoscopic resection versus
tumors that are better managed by an external or combined
approach. In 2010, Snyderman et al'® proposed the Univer-
sity of Pittsburgh Medical Center (UPMC) staging system,
emphasizing the role of residual tumor vascularization by
the ICA following embolization and the route of intracranial
extension (medial or lateral to ICA and cavernous sinus) as
the most important factors for determining the feasibility of
endoscopic resection and the risk of residual or recurrent

tumor. Tumors in stages I and II receive their entire blood
supply from branches of the external carotid artery (ECA)
and are readily excised (following embolization) using endo-
scopic techniques with little morbidity. Stage III tumors are
intermediate risk and are characterized by skull base erosion
or lateral extension, but without residual vascularity. Stage
IV and V tumors are challenging to treat because of signifi-
cant blood supply from the ICA. Routes of intracranial
extension may be from the sphenoid sinus medial to the
cavernous sinus or lateral to the ICA through the orbital
fissures to the middle cranial fossa.'’

Preoperative Embolization

Preoperative embolization is used for all cases of JA except
the very small lesions. Advancements in preoperative embo-
lization has resulted in significant reduction in intraopera-
tive bleeding, and despite some reports of safe resection
without embolization'?'3 it is considered to be the standard
of care at most centers.*'® The most commonly used

Fig. 4 AxialT2-weighted (A) and contrast-enhanced T1-weighted magnetic resonance (MR) (B). Juvenile angiofibroma (JA) with intracranial
extension (black arrows) into the middle cranial fossa through the pterygoid erosion and inferior orbital fissure. Extension to the anterior portion
of the left cavernous sinus is also visible. Black asterisks: sphenoidal inflammatory tissue.
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MPM

Fig. 5 Axial (A) and coronal (B) contrast-enhanced T1-weighted magnetic resonance (MR). Juvenile angiofibroma (JA) with finger-like
retropterygoid extension (black asterisk). Through the bone of the pterygoid root, JA extents to the pterygoid fossa (PF) and follows the direction
of the medial pterygoid muscle (MPM) staying behind the auditory tube (ET). Endoscopic view of the right nasal fossa during the endoscopic
procedure (C, D). The transpterygoid approach allows to expose the pterygoid fossa and pull up (black dashed arrows) the retropterygoid
extension of the lesion. Abbreviations: LPM, lateral pterygoid muscle; MS, maxillary sinus; MSB, middle skull base; NPH, nasopharynx; SPH,

sphenoid sinus; VN, vidian nerve.

approach for embolization is transarterial embolization
(TAE). This technique most frequently uses particle material
(polyvinyl alcohol [PVA], microspheres, etc.) that is intro-
duced by a superselective catheterization of the feeding
vessel or vessels. Glue, coils, or more recently ethylene vinyl
alcohol copolymer (Onyx) are also used as embolic agents.
Early stage juvenile nasopharyngeal angiofibroma (JNA) has
a distinct blood supply from the ipsilateral ECA, most com-
monly the internal maxillary artery, ascending pharyngeal,
sphenopalatine artery, and descending palatine artery,
which can easily be embolized. Advanced lesions receive
multiple blood supplies from the ipsilateral ECA as well as
the contralateral one and from the ICA, most commonly
through the vidian artery, ophthalmic artery, and inferolat-
eral and meningiohypophyseal trunks. Supply from the ICA is
present in ~30% of cases when the tumor extends to the
sphenoid sinus, parapharyngeal space, orbit, or the intracra-
nial cavity.'*'” Embolization of ICA branches can be done by
temporary distal occlusion of the ICA, but carries significant
risk for stroke and other neurologic complications caused by
dislodgement of particles, and thus is highly discouraged.
The effectiveness of TAE depends on the ability to occlude all
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tumor feeders, which is limited in cases of multiple, small,
and tortuous vessels, previous operation with ligation of
main branches of ECA, and in cases of significant blood
supply from the ICA. Additionally, the presence of dangerous
extracranial-to-intracranial anastomoses and particle reflux
into the intracranial circulation may increase the risk of
neurologic complications. Direct intratumoral embolization
(DIE) has been introduced to overcome some of these limita-
tions. Although there are many reports on its efficiency,'-%?
the method has not been widely adopted. DIE relies on direct
intraparenchymal injection of an embolic agent such as Onyx
by percutaneous or endonasal injection. The injection is done
under fluoroscopic control to prevent reflux of injected
material to the main arterial system and ICA.

Surgical Treatment

The goal of surgical treatment is complete tumor removal
with minimal morbidity. When complete surgical resection
is not achieved, consideration for further intervention is
based on symptoms and the risk for critical neurovascular
structure involvement by the tumor. Large skull base residual
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Table 1 Staging systems most commonly adopted in the literature

Andrews et al’

| Limited to the nasopharynx and nasal cavity. Bone destruction negligible or limited to the sphenopalatine foramen

Il Invading the pterygopalatine fossa or the maxillary, ethmoid, or sphenoid sinus with bone destruction

11l « Invading the infratemporal fossa or orbital region without intracranial involvement

« Invading the infratemporal fossa or orbit with intracranial extradural (parasellar) involvement

\% e Intracranial intradural without infiltration of the cavernous sinus, pituitary fossa, or optic chiasm

« Intracranial intradural with infiltration of the cavernous sinus, pituitary fossa, or optic chiasm

Radkowski et al®

| * Limited to posterior nares and/or nasopharyngeal vault

* Involving the posterior nares and/or nasopharyngeal vault with involvement of at least one paranasal sinus

Il e Minimal lateral extension into the pterygopalatine fossa

Full occupation of pterygopalatine fossa with or without superior erosion orbital bones

Extension into the infratemporal fossa or extension posterior to the pterygoid plates

Erosion of skull base (middle cranial fossa/base of pterygoids)—minimal intracranial extension

Extensive intracranial extension with or without extension into the cavernous sinus

=}

Onerci et al

| Nose, nasopharyngeal vault, ethmoidal-sphenoidal sinuses, or minimal extension to pterygopalatine fossa

limited extension to the infratemporal fossa

Il Maxillary sinus, full occupation of pterygopalatine fossa, extension to the anterior cranial fossa, and

orbital region, cavernous sinus obliteration

1 Deep extension into the cancellous bone at the base of the pterygoid or the body and the greater wing of
sphenoid, significant lateral extension to the infratemporal fossa, or to the pterygoid plates posteriorly or

\% Intracranial extension between the pituitary gland and internal carotid artery, tumor localization lateral to
internal carotid artery, middle fossa extension, and extensive intracranial extension

Snyderman et al'®

pterygopalatine fossa

| No significant extension beyond the site of origin and remaining medial to the midpoint of the

Il Extension to the paranasal sinuses and lateral to the midpoint of the pterygopalatine fossa

1 Locally advanced with skull base erosion or extension to additional extracranial spaces, including orbit and
infratemporal fossa, no residual vascularity following embolization

v Skull base erosion, orbit, infratemporal fossa
Residual vascularity

Y Intracranial extension, residual vascularity
M: Medial extension
L: Lateral extension

lesions are associated with increased risk for recurrent
severe epistaxis and damage to critical neurovascular struc-
tures and warrant further intervention. Surgery for such
lesions can be hazardous and patients may be referred to
radiotherapy. As radiotherapy has the potential to be asso-
ciated with significant complications in a growing child, it is
reserved as last choice for unresectable lesions with a high
risk of recurrence.

Challenges in surgical treatment of JA include control of
intraoperative bleeding, addressing the different routes of
skull base spread of the tumor, and preventing morbidity.
Despite preoperative embolization, intraoperative hemor-
rhage is the hallmark of surgical treatment of large JAs, and a
surgical approach should provide adequate visualization in

a bloody surgical field as well as early control of vascular
supply. JA develops in a deep narrow space, namely, the
PPF, and spreads through the fissures and foramens of
skull base as well as through direct bone invasion, thus,
complex, and combined skull base approaches are often
warranted. Because children have a small intravascular
blood volume compared with adults, they have a reduced
tolerance to operative blood loss. Additionally, in young
patients, the potential for osteotomies to affect facial
growth should also be considered when planning the sur-
gical approach.

Depending on the tumor extension, different skull base
approaches are used. External approaches were the mainstay
of surgical treatment for decades, and these included the

Journal of Neurological Surgery—Part B Vol. 79 No. B1/2018
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transpalatal approach, Le Fort I osteotomies, lateral rhinotomy,
midfacial degloving, facial translocation, anterior craniofacial,
and lateral infratemporal/subtemporal approaches. The trans-
palatal approach has been largely abandoned as it affords poor
exposure for large tumors, resulting in a greater chance of
recurrence. However, Mishra et al?3 recently presented their
experience on the resection of 63 JAs using modified transpa-
latal approaches. A transpalatal-circumaxillary approach,
where the incision is extended to the retromolar area to expose
the pterygoid plates and PPF, was appropriate for tumors
involving the PPF and medial ITF, while a transpalatal-circu-
maxillary-sublabial approach, where the incision is extended
to include the sublabial region, was appropriate for tumors
involving the ITF, cheek, and even the temporal fossa. Straight
and angled endoscopes were used to visualize the sphenopa-
latine region and to ensure complete tumor resection. Mid-
facial degloving gained popularity over lateral rhinotomy due
to the avoidance of facial incisions and better cosmetic results.
Additionally, it provides access to the bilateral nasopharynx
and can be extended to control orbital and intracranial inva-
sion.2” The lateral infratemporal approaches, as proposed by
Fisch,>* are appropriate for tumors with extensive lateral
infratemporal, cheek, and temporal fossa invasion. Craniofacial
approaches are designed to control extensive intracranial
invasion.

External approaches are associated with high rate of
morbidity. These approaches usually involve extensive
osteotomies which are associated with increased blood
loss, increase operative time, and which may interfere
with the normal facial growth of the adolescent patient.
Facial scars are another concern of utmost importance.
Cerebrospinal fluid leak, facial and infraorbital nerve
damage, lacrimal dysfunction, facial deformities, trismus,
and dental malocclusion have been reported with transfacial
approaches.”2>:26

The Endonasal Endoscopic Approach: An
Overview

During the last decades, an endoscopic approach for the
resection of JA has gained increasing popularity due to its
obvious advantages over external transfacial approaches,
which include the avoidance of facial incisions, osteotomies,
and bone plating, which do not expose young patients to the
risk of craniofacial alterations. In addition, the magnified
field of view and angled view “behind the corner” may be
associated with more complete inspection of the resection
cavity and shorter hospitalization time. Early reports on the
exclusive use of endoscopic approach were restricted to
early stage JAs, which were confined to the nasal cavity,
nasopharynx, ethmoid, and sphenoid sinuses with limited
PPF extension (Radkowski et al® stages Ia-IIb, Andrews et al
(modified Fisch)’ stages I-11).2>27-3% Relapse rates were
similar to those achieved with external approaches or
even more favorable (0—15%8'38’39). Later on, some experi-
enced centers successfully expanded the indications to
more advanced lesions involving the ITF and parasellar
area.’>1640-43 1n 2010, Nicolai et al'* presented a series
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of 46 JAs that were treated exclusively by an endoscopic
approach after vascular embolization. In this series, 17 of 46
(37%) had Andrews et al’ stage Illa or IlIb disease. Feeding
vessels from the ICA were reported in 14 (30%) patients.
Mean intraoperative blood loss was 580 mL. In four (8.7%)
cases, suspicious residual disease was detected by MRI. All
four residual lesions involved the root of pterygoid. In one
patient, a residual lesion was successfully resected, while
the other three lesions remained stable during follow-up
by MRI.

Cloutier et al** compared their surgical outcomes based
on a 10-year experience on 72 patients, who were divided
into two groups based on year of resection: group 1 (2000-
2005) and group 2 (2005-2010). The rate of endoscopic
approach was significantly higher in group 2 than group 1
(82.9% vs. 45%). Approximately half of cases had advanced
disease (stage IIIA or higher according to Radkowski et al®),
with no significant difference between the two groups. The
rate of recurrence was 8.3% and did not differ between
groups. While massive and large tumors were treated
through an external approach during the earlier period, in
the second period all tumors were addressed endoscopically,
except in case of middle cranial fossa invasion or optic nerve
or ICA encasement.

Huang et al*® recently reported a single institutional case
series that compared outcomes between open and endo-
scopic approaches. The study included 162 patients, 96
treated by a transpalatal or transmaxillary approach, and
66 treated using a transnasal endoscopic approach, with or
without labiogingival incision. Approximately half of
patients who were treated by an open approach and 60%
of patients who were treated endoscopically had advanced
lesions (Radkowski et al® stage llc, Illa, and IIIb). Compared
with the open surgery group, the endoscopic surgery group
had a lower median blood loss and a lower number of
complications. The overall recurrence rate was 31.4%, with
no significant difference between groups.

Recently, a retrospective study on the experience of five
academic tertiary or quaternary care otolaryngology
departments reviewed a series of 72 males with advanced
stage JAs (Radkowski et al® stage IIIA or IIIB) treated via
endonasal/endoscopic approach.® Fifty-two (71.9%) and
18 (28.1%) patients had a Radkowski et al IIIA and Rad-
kowski et al IIIB tumor, respectively. Patients with massive
intracranial invasion were excluded. Seventy-one patients
underwent preoperative angiography and embolization,
and 14 (19.1%) showed feeders from the ICA. Mean hospital
stay was 6.1 days and the mean intraoperative blood loss of
1279.7 mL. Postoperative complications were reported in
five patients including trigeminal nerve (V2) anesthesia,
trigeminal neuralgia, transient abducens nerve palsy, and
palatal insufficiency. The mean follow-up was 37.9 months
(54 patients included), with 33.3% residual disease (18 of
54 patients). Two residual cases received radiotherapy and
one underwent surgical resection, while the majority was
followed by serial MRIs. All 18 cases remain asymptomatic
and periodic MRI showed no growth of the residual tumors
after a mean follow-up of 35.6 months.
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The Endoscopic Endonasal Approach:
Technical Notes

The key principle in the endoscopic approach to JA is to
expose the lesion as extensively as possible without trau-
matizing its surface to minimize bleeding. The resection of
large volume lesions can rarely be achieved in a single bloc
and it is preferable to disassemble the JA by first removing
the nasal-nasopharyngeal portion, and subsequently addres-
sing the deepest peripheral projections.

Bleeding control is mainly achieved by preoperative embo-
lization which is done 24 to 48 hours before surgery. Early
detection and control of the internal maxillary artery and
other feeding vessels reduce intraoperative bleeding. Even in
cases of feeding vessels from the ICA, which are not amenable
to embolization, these tributaries can be coagulated. A sub-
periosteal and submucosal plane of dissection should be
followed to minimize bleeding, as well as the use of a
monopolar electrocautery or diode laser to minimize bleed-
ing during tumor disassembly. Hemostatic materials should
be used to control venous bleeding from the cavernous sinus,
pterygoid plexus, and basilar plexus (=Fig. 2). Hemostasis is
also achieved by continuous irrigation with warm water (40-
45°C). For resection of large JAs, when extensive bleeding is
encountered, staging of the operation with delayed resection
of the skull base component should be considered to allow
patients to recover, equilibrate blood volume, and correct
hemorrhage-induced coagulopathies before addressing the
residual part of the lesion.

Exposure of the surgical field is made by first completing an
ethmoidectomy, sphenoidotomy, and a large middle antrost-
omy extended posteriorly to expose the crucial area of the
sphenopalatine foramen should be performed. By modulat-
ing the opening of the meatal wall of the maxillary sinus,
lateral exposure of its posterior wall can be effectively
increased (=Fig. 2). Medial maxillectomy can be anteriorly
enlarged by sectioning the lacrimal duct at the inferior limit
of the lacrimal sac or also removing the medial part of the
anterior maxillary wall with type D endoscopic medial
maxillectomy.*’ Moreover, the resection of the posterior
third of nasal septum allows exposure of the nasopharyngeal
portion of the lesion and enables easier use of the “4-hand 2-
nostril” technique. In this way, the assistant helps the
surgeon to maintain a proper cleavage plain by gentle trac-
tion on the lesion itself.

ITF dissection is achieved by incising the periosteum after
removal of the posterior maxillary wall. It is noteworthy that
the maxillary periosteum can be easily confused with the
surface of the JA, leading the surgeon along the wrong
surgical plane of dissection (=Fig. 2). Careful dissection
and continuous gentle traction also allow to progressively
pull out far lateral projections of JA that extend to the
infratemporal/temporal fossa. To minimize morbidity, spe-
cial attention must be paid to identify the maxillary nerve.
The dissection plane into the PPF is posterior with respect to
the palatine nerves; therefore, only in lesions with a small
lateral extension can the nerves be preserved. Moreover, it is
advisable to identify and clip the maxillary artery early, not

Juvenile Angiofibroma Safadi et al.

only to reduce intraoperative bleeding but also to prevent its
accidental damage during the procedure.

Extension to the nasopharynx commonly occurs following
the submucosal plane. By eroding the pterygoid process of
the sphenoid bone, JA can also invade the pterygoid fossa and
the upper parapharyngeal space (=Fig. 5). In this case, the
inferior turbinate and the medial wall of the maxillary sinus
should be resected to the floor of the nasal cavity to optimize
exposure.

Drilling of the basisphenoid and other bony areas involved
by the lesion is recommended to remove microscopic nests of
the lesion that may not be visible and prevent their regrowth.
JA has the tendency to invade the vidian canal and basi-
sphenoid, and extensive drilling of these areas is important
to avoid recurrence*® (=Fig. 6). Even if the vidian nerve is
sacrificed to ensure a radical resection at the site of origin of
the JA, patients rarely complain of dry eye.

As mentioned, cavernous sinus involvement can follow one
of two pathways: (1) through the IOF, orbit, and then SOF; (2)
following the maxillary nerve. Although at primary treat-
ment, JA does not commonly show tight adhesions with
adjacent neurovascular structures, whenever a portion of JA
is in close contact with the cavernous sinus or ICA, it should
be addressed as a last step after achieving wide exposure of
the critical area and possibly resecting the nasal-nasophar-
yngeal part of the lesion. The use of intraoperative navigation
and Doppler is mandatory to precisely identify the artery and
avoid its injury (~Fig. 6). The dissection of JA from ICA should
be cautiously performed with the help of small cottonoids to
avoid any direct traumatic pressure on the vessel. Until the
intervention is completed, the presence of an interventional
radiologist in the hospital who can manage uncontrolled ICA
bleeding is another precautionary measure that should be
considered. One should keep in mind that residual lesions in
critical areas such as the cavernous sinus may be followed
rather than aggressively approached, as they can remain
asymptomatic or even spontaneously regress.?>41-49

Intracranial extension is present in 10 to 20% of advanced
lesion; however, dural invasion is very rare’ (=~Fig. 4). This
fact translates into the need to combine gentle movements of
tumor traction and dissection from critical structures (i.e.,
ICA, cavernous sinus, dura) during skull base dissection and
obviate the need for craniectomy and intradural dissection
and complex skull base reconstruction techniques.

Identification of the posterior and inferior margin of the
lesion within the nasopharynx at the end of the surgical
procedure may be difficult due to several factors, including
poor visualization in a bloody surgical field. The use of two
rubber catheters passed transnasally to retract the palate
anteriorly can be used to isolate the posteroinferior naso-
pharyngeal attachment of the JA and to effectively remove
the mass from the mouth.

Light packing is placed in the nasal cavities for 24 to
48 hours and a third-generation cephalosporin is adminis-
tered starting the day before surgery until nasal packing is
removed. Cleaning of the surgical cavity is performed under
endoscopic control to remove clots and fibrin, and the
patient is instructed to perform daily irrigations of the
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Fig. 6 Axial contrast-enhanced T1-weighted magnetic resonance (MR) (A) and endoscopic view (B, C) of juvenile angiofibroma (white asterisks)
extending along the right vidian canal (white arrowheads). After removal of the vidian portion of the lesion, the endoscopic procedure is
completed by extensive drilling of the pterygoid root (B) till the foramen lacerum (C; dashed white circle). Abbreviations: LR, lateral recess; MSB,

middle skull base; NPH, nasopharynx; SPH, sphenoid sinus.

sinonasal cavity with saline solution to moisten secretions
and minimize crust formation.

Imaging surveillance after surgery is always required
because persistences or recurrences are typically localized
submucosally, and inaccessible to endoscopic evaluation.
Moreover, postoperative MRI within 72 hours after surgery
has shown to be effective in differentiating vascularized
nodules of persistence in the early postoperative period.
Imaging should be performed every 6 to 8 months for at
least 3 years after surgery. Persistent JAs, either intentionally
unresected due to unacceptable surgical hazard or detected
by routine follow-up scans, require close surveillance with
contrast-enhanced MRI to assess its possible growth before
establishing that treatment is actually required.

Endoscopic versus External Approaches

External and endoscopic approaches seem to have compar-
able outcomes regarding tumor recurrence and residual
tissue, and selecting an approach depends mainly on the
surgeon’s experience. Boghani et al®® recently published a
systematic review focusing on outcomes of endoscopic,
endoscopic-assisted, and open surgical approaches. A total
of 85 studies comprising 1,047 surgical cases were identified.
When analyzing studies reporting on aggregate of all
patients, they found that a purely endoscopic approach
had significantly fewer recurrences or residual tissue com-
pared with both endoscopic-assisted and open approaches.
However, there was no difference in recurrence rate when
they analyzed the individual patient data controlled for
Radkowski/Sessions grading. Regarding blood loss, there
was a significant difference between the endoscopic group
(average of 544 mL) and the open group (average of 1579.5
mL). In the endoscopic cases, patients with preoperative
embolization had significantly less blood loss (average of
406.7 mL) than nonembolized patients (average 828.3 mL).

Despite the advancements in endoscopic approaches,
endoscopic treatment of advanced JA with extensive skull
base and ITF involvement should only be practiced in highly
specialized centers, with surgeons experienced in endo-
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scopic approaches as well as adequate and dedicated equip-
ment and support of interventional radiology, neurosurgery,
and intensive care unit. External approaches should be
considered in JAs with large invasion of the skull base,
extensive vascular feeders from the ICA, or critical encase-
ment of ICA. The possibility of a combined endoscopic and
external approach should also be considered. Advanced JAs,
especially those with residual vascularity from ICA after
embolization, can show massive intraoperative bleeding
with a considerable increase in surgical risk and need for
intraoperative transfusion. In such a situation, it is wise to
consider a multistage treatment, a possibility that should be
preoperatively discussed with the patient. Another strategy
for very advanced JAs with critical intracranial extension and
unacceptable surgical hazard is to endoscopically resect the
extracranial portion intentionally leaving residual disease
and subsequently evaluate for “wait and see” monitoring or
surgical treatment based on the rate of growth as demon-
strated radiologically. The management of residual tumors
involving critical areas or neurovascular structures (i.e., ICA,
optic nerve, cavernous sinus, dura, cerebral arteries) should
always be carefully discussed considering the need for
external approaches due to the impact that adhesions could
have on the possibility to perform a safe dissection.

The Role of Radiotherapy

External beam radiation has been shown to be effective as
primary treatment as well as postsurgical treatment for
residual lesions, and most series report 80 to 85% local
control rates (complete resolution or asymptomatic residual
disease), although tumor involution may take up to 3
years-r’]‘56 (57-62). The radiation dose used was variable,
ranging between 3,000 and 5,500 cGy (more commonly
3,000-3,600 cGy). Despite the efficacy of radiotherapy, a
high rate of side effects as well as concern about radiation-
induced malignancy has limited its role. To minimize the
adverse effects of radiotherapy, more recently conformal
radiotherapy has been applied. Chakraborty et al°’ reported
on eight patients who were deemed inoperable owing to
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extensive intracranial/intraorbital extension or proximity to
optic nerve. They were treated by intensity-modulated
radiotherapy (IMRT) with a median dose of 39.6 (30-46)
Gy. Local control at 2 years was 87.5%. Although one patient
died1 month after therapy due to massive epistaxis, no long-
term complications were found other than chronic rhinitis.
Stereotactic radiosurgery using gamma knife was first intro-
duced by Dare et al’® who successfully treated two patients
for residual tumor after surgery. Alvarez et al® reported on
10 cases of advanced JNA (Andrews et al’ stage IV) who were
treated by a multimodal approach including surgery and
radiosurgery for residual tumor. They did not encounter
remarkable adverse effects.

Radiotherapy may have a role for residual or recurrence
lesions involving the critical neurovascular structures of the
skull base which are not suitable for surgical excision. In our
experience, radiotherapy has a very limited role in the
management of JA. As mentioned previously, a recent retro-
spective multicenter study on the management of 74
advanced JAs that were treated endoscopically, only 2 of
18 cases with residual tumor received radiotherapy.*® It is
important to differentiate true recurrent symptomatic
lesions from asymptomatic, nongrowing residual tissue.
Small tumor remnants or tissue enhancement detected on
MRI in asymptomatic patients may undergo involution after
time.?>4%:0 Therefore, further intervention, whether surgi-
cal or by radiation, should be carefully indicated for sympto-
matic and growing lesions only.
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