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 The management of patients with an ophthalmic tumor presents particular 
challenges. Ophthalmic tumors are rare and diverse so that their diagnosis 
can be quite complex. Treatment usually requires special expertise and 
equipment and in many instances is controversial. The fi eld is advancing 
rapidly because of accelerating progress in tumor biology, pharmacology, 
and instrumentation. Increasingly, the care of patients with an ocular or 
adnexal tumor is provided by a multidisciplinary team, comprising of ocular 
oncologists, general oncologists, radiotherapists, pathologists, psycholo-
gists, and other specialists. For all these reasons, we felt that there was a 
continued need for a textbook of ophthalmic oncology, which would amal-
gamate knowledge from several different disciplines, thereby helping the 
various specialists to understand each other better and to cooperate more 
effi ciently eventually moving ophthalmic oncology in the realm of evidence-
based medicine. 

 As several important studies have been published in recent years, the 
 purpose of  Clinical Ophthalmic Oncology  (2nd edition) is to provide up-to-
date information of the whole spectrum of the eyelid, conjunctival, intraocu-
lar, and orbital tumors including basic principles of chemotherapy, radiation 
therapy, cancer epidemiology, angiogenesis, and cancer genetics. Several 
chapters authored by radiation oncologists, medical physicists, pediatric 
oncologists, hematologist-oncologists, and medical geneticists have been 
included to provide a broader perspective. 

 Although each section of  Clinical Ophthalmic Oncology  now represents a 
stand-alone volume, each chapter has a similar layout with boxes that high-
light the key features, tables that provide comparison, and fl ow diagrams that 
outline therapeutic approaches. Each chapter has been edited (with author’s 
approval) to present a balanced view of current clinical practice, and special 
attention has been paid to make the text easily readable. 

 The authors followed a tight timeline to keep the contents of the book cur-
rent. As we undertook this ambitious task of editing a multiauthor, multivol-
ume textbook, we were supported and guided by the staff at Springer: Sverre 
Klemp, Ulrike Huesken, Ellen Blasig, the staff at SPi Global, India. Jennifer 
Brown kept the seemingly chaotic process under control. 

  Pref ace   
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 It is our sincere hope that readers will fi nd as much pleasure reading this 
volume as we had writing and editing it. If you fi nd  Clinical Ophthalmic 
Oncology  informative, it is because (paraphrasing Isaac Newton), “we have 
seen further, by standing on the shoulders of the giants.” 

 Cleveland, OH, USA   Julian D. Perry, MD 
 Cleveland, OH, USA   Arun D. Singh, MD  
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1.1           Introduction 

    Examination of a patient with orbital disease 
should begin with a detailed history to discern the 
chronicity of symptoms, obtain past medical his-
tory such as systemic medical conditions or neo-
plasia, and review any corresponding imaging. 
Orbital examination techniques in the adult and 
child will help establish differential diagnoses 
and direct further studies.  

1.2    History 

 The history aids in establishing a probable diagno-
sis and in guiding the initial workup and therapy. 
Important historical elements will be discussed in 
the following chapters of this section.  

1.3    Examination 

1.3.1    External Examination 

 The examiner should inspect the patient visually, 
assessing the position and symmetry of periocu-
lar structures, such as the brows, eyelids, canthi, 
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surrounding soft tissues, and bony structures. 
Visual inspection should include observation for 
obvious globe deviation. Grossly visible changes 
in the periocular skin and preauricular or sub-
mandibular lymph nodes are noted.  

1.3.2    Pupils 

 All patients with suspected orbital disease should 
undergo the swinging fl ashlight test to determine 
the presence or absence of a relative afferent 
pupillary defect. In orbital disease, presence of 
an afferent pupillary defect may signal optic 
nerve compression or disruption of the visual 
system between the optic nerve head and the 
apex of the orbit. Optic nerve function is further 
characterized by testing of visual acuity, color 
plates, and confrontational fi elds. The efferent 
pupillary pathway should be tested as well. 
Anisocoria should be recorded as worse in light 
(parasympathetic defect) or in dark (sympathetic 
defect), and pharmacologic testing can be 
performed. 

 Tumors of the lateral orbit may impair ciliary 
ganglion function to produce a parasympathetic 
defect, whereas cavernous sinus or superior 
orbital fi ssure tumors may result in sympathetic 
dysfunction.  

1.3.3    Extraocular Motility 

 Ductions and versions should be tested in each 
patient. The cover–uncover test is performed in 
each cardinal position to measure any phoria or 
tropia. Patients with suspected restrictive disease 
may undergo forced duction testing. Classically, 
after a drop of topical anesthetic is placed, a 
cotton- tipped applicator soaked in 4 % lidocaine 
solution is applied to the muscle away from the 
direction of gaze limitation for approximately 
1 min. The anesthetized muscle is then grasped 
fi rmly with toothed forceps and rotated toward 
the direction of gaze limitation. Resistance indi-
cates a restrictive disorder. 

 If the patient is not amenable to such testing 
while awake, one can discern restrictive disease 

from paresis by looking for a “fl oating” saccade 
or basically the relative speed and comparison of 
the simultaneous saccades between the two eyes. 
Standing approximately 3–4 ft directly in front of 
the patient, the examiner should ask the patient to 
look at the examiner’s nose and then quickly look 
at his or her fi nger on an outstretched arm in the 
four main positions: left, right, up, and down. For 
example, if the patient has an abduction defi cit on 
the right from 6th nerve paresis, he or she will 
have a saccade that “fl oats” to the right, when 
compared to the fast adducting saccade on the 
left. If the abduction defi cit is due to restriction, 
the right eye abducting saccade will be limited by 
a sudden stop. 

 Fields of single vision and double vision 
can be mapped using a penlight; Finoff transil-
luminator, a.k.a. muscle light; or a kinetic 
perimeter.  

1.3.4    Eyelid Position and Function 

 Eyelid position is characterized by the marginal 
refl ex distances (MRD). The MRD1 represents 
the distance from the center of the upper eyelid 
margin to the corneal light refl ex measured in 
millimeters. The MRD2 represents the distance 
from the center of the lower eyelid margin to the 
corneal light refl ex. The action of the levator 
muscle (levator function) is measured as the 
extent of upper eyelid excursion from downgaze 
to upgaze with the brows fi xated. If present, 
scleral show is measured from each limbus to the 
corresponding eyelid margin with the eye in pri-
mary position. Upper eyelid ptosis (Fig.  1.1 ) may 
imply either mechanical involvement of the leva-
tor muscle or palsy, whereas eyelid retraction 
(Fig.  1.2 ) suggests proptosis, such as thyroid eye 
disease, or CNS disorder. The upper eyelid may 
be everted to inspect the palpebral lobe of the lac-
rimal gland (Fig.  1.3 ), especially in the presence 
of superotemporal fullness. Lymphoma can result 
in a salmon-colored conjunctival mass that is vis-
ible upon inspection of the fornix (Fig.  1.4 ). 
Orbicularis strength, Bell’s phenomenon, and 
lagophthalmos should also be evaluated as part of 
the cranial nerve exam detailed below.

S.X. Zhang-Nunes et al.
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1.3.5          Globe Position 

1.3.5.1    Proptosis 
 By evaluating the patient in the submental view 
(chin-up position), the examiner can qualitatively 
look for globe protrusion or retrusion relative to 
the canthal angle and the nasion (Fig.  1.5 ). To 
quantify the degree, three common exophthal-
mometry tools exist: the Hertel, which is most 
commonly used (Fig.  1.6 ); the Naugle, which is 
useful for patients with abnormal lateral orbital 
rims (Fig.  1.7 ); and the Luedde, which is more 
feasible to use in children (Fig.  1.8 ).

      The Hertel exophthalmometer quantifi es the 
anterior protrusion of the eye by measuring the 
distance in millimeters from the anterior lateral 
orbital rim to the front surface of the cornea. The 
reading is taken with a base measurement of the 
separation of the positioning arms of the tool to 

  Fig. 1.1    Right upper eyelid with ptosis. Note the right 
brow is also elevated due to the patient’s use of the fronta-
lis muscle in an attempt to lift the ptotic right upper eyelid. 
The left upper eyelid is also pseudo-retracted and would 
likely descend to a more normal position with ptosis cor-
rection on the right       

  Fig. 1.2    Bilateral upper and lower eyelid retraction, left 
greater than right from thyroid eye disease       

  Fig. 1.3    Prominent palpebral lobe of lacrimal gland, 
 visible beneath the upper eyelid       

  Fig. 1.4    Salmon-colored lymphoma in the inferior fornix       

a

b

  Fig. 1.5    Submental view of proptotic globes from 
Graves’ disease ( a ). Child with left proptosis from orbital 
dermoid ( b )       
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help reference subsequent measurements on the 
same device. The Naugle exophthalmometer 
measures anterior globe position relative to the 
superior and inferior orbital rims. This method 

provides a more accurate assessment in those 
with lateral rim fractures, iatrogenic reposition-
ing of the lateral rim, or orbital rim defects. The 
Luedde exophthalmometer measures globe pro-
trusion unilaterally from the lateral orbital rim. It 
consists of a clear bar with millimeter markers. 
The anterior corneal surface can be visualized 
through the bar to determine the millimeters of 
protrusion. This can be positioned on the lateral 
orbital rim without a device in front of the eyes 
and is easier to use in children who refl exively 
more away and close their eyes with the other 
tools.   

1.3.6    Hyperglobus or Hypoglobus 

 Orbital or periorbital neoplasms often displace 
the globe. Nonneoplastic conditions such as thy-
roid eye disease, trauma, and silent sinus syn-
drome may cause similar examination fi ndings, 
and further studies, such as maxillofacial com-
puted tomography, may be indicated. 

 Horizontal and vertical globe displacements 
are measured in millimeters from the central 
pupil to vertical midline and horizontal canthal 
line, respectively. 

 For vertical displacement, one can draw an 
imaginary line horizontally across a patient’s 
pupillary axis and determine if the pupil of the 
other eye is higher or lower, which could suggest 
hyperglobus (Fig.  1.9 ) or hypoglobus (Fig.  1.10 ), 
respectively. Care must be taken to ensure the 
patient’s head is in primary position, without any 
tilt, and that the line is parallel to the ground.

a

b

  Fig. 1.7    Naugle exophthalmometer. In patients with lat-
eral orbital rim defects, the Naugle can be used by resting 
the posts on the forehead and the maxillary prominence at 
the pupillary axis ( a ), aligning the  red mark  with the clear 
bar, and then recording the number at the anterior surface 
of the cornea ( b )       

  Fig. 1.8    In children, the clear Luedde ruler is placed at 
the lateral orbital rim, and the distance to the anterior cor-
neal surface is measured       

a

b

  Fig. 1.6    Hertel exophthalmometer. While resting the 
Hertel instrument on both lateral rims, the base number is 
recorded on the ruler for consistency ( a ), and the amount 
of exophthalmos is measured by aligning the  red bars  
then recording the number at which one sees the anterior 
surface of the cornea ( b )       
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1.3.7        Palpation 

 The examiner should palpate any abnormal areas 
for tenderness or a mass, assess the degree of 
resistance to retropulsion of each globe, and 
check for local adenopathy. The lacrimal gland 
area should be palpated for fullness and tender-
ness. Sensation to evaluate sensory nerve func-
tion is evaluated with tactile stimulation by touch. 
Areas of reduced sensation or hypesthesia are 
noted (see below CN V).  

1.3.8    Resistance to Globe 
Retropulsion 

 The examiner places both forefi ngers over the 
anterior portion of the globe with the eyelids 
closed and gently pushes posteriorly on the globe. 
The degree of resistance is recorded on a relative 
scale. Orbital mass lesions often produce increased 
resistance to manual globe retrodisplacement.  

1.3.9    Slit Lamp Examination 

 The slit lamp examination typically focuses on 
the corneal surface and the posterior pole in 
patients with a suspected orbital neoplasm. The 
corneal surface is evaluated for signs of exposure, 
and the posterior pole is evaluated for signs of 
ocular or optic nerve compression or congestion.  

1.3.10    Fundus Examination 

 Orbital mass lesions may result in choroidal 
folds, optic disc edema, pallor, or shunt vessels 
(Fig.  1.11 ).

1.3.11       Cranial Nerves V and VII 

 Sensation to light touch in each dermatome of the 
trigeminal nerve, V1–V3, may be tested using a 
tissue, including testing of the corneal blink 
refl ex. Each motor branch of the facial nerve is 
also evaluated. Loss of muscle function may be 
graded on a relative scale comparing the weak 
side to the normal side. Bell’s phenomenon 

a

b

  Fig. 1.9    A 23-month-old boy with left hyperglobus from 
desmoplastic small round cell tumor/round cell sarcoma, 
grade 3/3. Clinical appearance ( a ) and coronal MRI ( b )       

a

b

  Fig. 1.10    Right hypoglobus from large cavernous 
 hemangioma. Clinical appearance ( a ) and gross resected 
specimen ( b )       
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 testing is performed in all patients with lagoph-
thalmos by asking the patient to squeeze his or 
her eyes shut, while the examiner tries to open 
them to evaluate if the eye supraducts suffi ciently 
for corneal protection.  

1.3.12    Lacrimal System 

 Attention should be directed to the superotempo-
ral orbit to evaluate for fullness or tenderness of 
the lacrimal glands. Severe pain and rapidity of 
onset are more suggestive of a malignant process. 
The lacrimal secretory function can be measured 
using Schirmer’s testing. This can be performed 
typically by placing a small strip of fi lter paper in 
the lateral conjunctival sac of bilateral lower eye-
lids for 5 min with the eyes closed. Basal tear 
secretion can be tested after placing topical anes-
thetic to prevent tearing from irritation. Normal 
wetting is 15 mm or more, mild dryness 9–14 mm, 
moderate 4–8, and severe less than 4 mm. 

 A tumor or malignancy may also involve the 
lacrimal drainage system and present as tearing. 
The excretory drainage patency is determined by 
irrigation with or without a Jones test. Even in the 
absence of a tumor, lacrimal outfl ow obstruction 
alone can cause enlargement of the lacrimal sac 
and fullness in the medial canthal region. This 
more common benign lacrimal pathology usually 
begins below the medial canthus. Thus, if there is 
fullness in the medial canthal region that extends 
above the medial canthal tendon, the examiner 
should consider an imaging study. Pathology in 
the lining of the lacrimal sac such as lymphoma 
or inverted papilloma is diffi cult to distinguish 
from benign nasolacrimal duct obstruction in the 
absence of warning signals like bloody tears. 
Abnormal mucosa noted at the time of dacryo-
cystorhinostomy warrants biopsy.  

1.3.13    Nasal Endoscopy 

 Intranasal examination using an endoscope can 
detect intranasal disease causing secondary 
orbital or lacrimal signs.   

1.4    Special Issues in 
Examination of Children 

 The examination of the child with orbital pathol-
ogy requires more creativity and adjustments 
depending on age and cooperation. Asking the 
parent to hold or feed an infant often facilitates 
the physical examination. Usage of small toys to 
attract the attention of the child is often critical in 
evaluating ductions and versions. Through obser-
vation alone, the evaluator may gather important 
information regarding skin coloration, eyelid and 
globe position, external periocular soft tissue 
changes, ocular motility, and vision. The exami-
nation should also include observation of any 
changes of globe position with crying. 

 Patient cooperation, however, may limit the 
ability to perform a complete physical examina-
tion in the offi ce. Thus, some children require 
sedation or general anesthesia to complete the 
physical examination. Communication with the 

b

a

  Fig. 1.11    Orbital mantle cell lymphoma. Clinical appear-
ance with hyperglobus on the left ( a ). Note optic atrophy 
and choroidal folds ( b )       

 

S.X. Zhang-Nunes et al.
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pediatrician regarding suspected etiology helps 
to determine the need for additional systemic 
evaluation. Systemic workup may include sero-
logic testing, genetic studies, or imaging 
studies. 

1.4.1    Complete Eye Examination 

 Orbital tumors can affect sensory visual function 
by producing compressive or glaucomatous optic 
neuropathy, refractive errors, or keratopathy. Any 
cause of visual dysfunction in the pediatric group 
may produce amblyopia. Detailed visual assess-
ment can help localize an orbital tumor and deter-
mine whether amblyopia needs to be acutely 
addressed. In children, assessment requires a 
cycloplegic retinoscopy and refraction. Eyelid 
position and pupillary testing should be evalu-
ated prior to placing drops for dilation. Versions, 
ductions, and strabismus measurements should 
be noted. 

 In older children, color plates and visual fi elds 
may help to better characterize optic nerve func-
tion, especially if the examiner is considering an 
underlying glioma. In younger children, mea-
surement of visual evoked potential (VEP or 
VER) may be helpful in assessing optic nerve 
function. This test is one of many tools used to 
monitor optic nerve compression in fi brous dys-
plasia. Evaluation of stereopsis may help distin-
guish a long-standing tropia from strabismus due 
to a new orbital process. Comparison with old 
photos and history from the parents can be 
utilized. 

 A standard or portable slit lamp allows for the 
most detailed anterior segment evaluation. 
However, a penlight with or without a 20D lens 
for magnifi cation may be used. Conditions such 
as lymphangioma, neurofi bromatosis, or capil-
lary hemangioma may present with anterior seg-
ment fi ndings. Posterior pole examination 
follows and may reveal fi ndings such as choroi-
dal folds due to an orbital mass effect, optic disc 
pallor due to a glioma or other tumor compres-
sion, or orbital invasion from a primary intraocu-
lar tumor.  

1.4.2    Orbital Examination 

1.4.2.1    Globe Displacement 
 The examiner assesses globe position qualita-
tively with the child in the chin-up position. 
Although an exophthalmometer may provide an 
objective measure, patient cooperation may limit 
its accuracy. The Luedde device is particularly 
valuable for evaluation of globe position in chil-
dren, who often fi nd it less intimidating because 
it is smaller and placed on the side (Fig.  1.8 ). The 
Luedde instrument offers accurate measurements 
with the patient in the supine position and can be 
used during an examination under anesthesia.    

1.5    Summary 

 Each step of the examination aids in disease 
localization and characterization to ultimately 
help formulate a treatment plan.      

1 Examination Techniques
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2.1            Introduction 

 Orbital tumors represent approximately 0.1 % of 
all body tumors and approximately one-fi fth of 
all orbital diseases. Classifi cation schemes vary 
and stratify orbital tumors based on demograph-
ics, site of origin, anatomic location within the 
orbit, histopathologic features, clinical course, 
and imaging fi ndings. Defi ning orbital neoplasia 
presents diffi culties, as choristomas, hamarto-
mas, and infl ammatory lesions can present as 
space-occupying lesions and behave as benign 
and even malignant, neoplasms. In general, neo-
plasms of the orbit may be classifi ed as primary, 
secondary (infi ltration from an adjacent struc-
ture), or metastatic (from distant structures). 
Orbital neoplasia can be divided into histological 
categories that include benign, benign but locally 
aggressive, and malignant. In some cases, espe-
cially lymphoproliferative lesions, a spectrum 
from benign to malignant exists. 

 This chapter aims to classify orbital tumors 
on clinical grounds in order to provide a frame-
work to conceptualize space-occupying orbital 
lesions to determine an evaluation and treatment 
algorithm.  

2.2     Differential Diagnosis 
of Orbital Tumors 

 Masquerading processes, such as infectious and 
infl ammatory diseases, can resemble an orbital 
tumor and must be excluded during the workup 
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of a space-occupying orbital lesion. Many non-
neoplastic processes can be excluded based on a 
combination of demographic, clinical, and imag-
ing characteristics (Box  2.1 ).   

2.3       Clinicopathological 
Classifi cation of Orbital 
Tumors 

2.3.1     Cystic Lesions 

 Dermoid cysts are the most common cystic lesions 
of the orbit [ 1 ]. They represent congenital lesions 
that form from epithelial cells trapped beneath the 
surface epithelium during embryogenesis. They 
often occur along the orbital rim superotempo-
rally at the zygomaticofrontal suture, but they can 
occur at other bony sutures or in deeper orbital 
tissues. Other orbital cystic lesions include colo-
bomatous cyst, congenital cystic eye, meningo-
cele, and teratoma. Several other orbital neoplasms 
may present with cystic components (Table  2.1 ).

2.3.2        Vascular Lesions 

 Tumors arising from, or containing, signifi cant 
vascular components may be divided into no- 
fl ow (type 1), low-fl ow (type 2), and high-fl ow 
(type 3) lesions. Signifi cant overlap exists 
within these lesions, and current classifi cation 
schemes describe lower-fl ow lesions as venous 

or venous- lymphatic malformations containing 
microcysts or macrocysts. Treatment is based 
upon imaging and fl ow characteristics (Table  2.2 ).

2.3.3        Myogenic Tumors 

 Rhabdomyosarcoma represents the most com-
mon myogenic orbital tumor and the most com-
mon primary orbital malignant neoplasia of 
childhood. It accounts for 4 % of all biopsied 
orbital masses in children [ 1 ]. Rhabdomyosarcoma 
is believed to arise from primitive orbital mesen-
chymal elements.  

2.3.4     Lipomatous and Myxomatous 
Tumors 

 Lipomas are benign tumors of adipose tissue that 
occur only rarely within the orbit. Dermolipoma 
is a benign congenital lesion that often occurs as 
a part of Goldenhar’s syndrome. Liposarcoma, 
the most common soft tissue sarcoma in adults, 
has widespread distribution but occurs rarely in 
the orbit.  

   Box 2.1: Lesions That May Simulate an 

Orbital Neoplasm 

    Infectious
   Acute bacterial orbital cellulitis  
  Invasive fungal infection  
  Mycobacterial infection     

  Infl ammatory
   Idiopathic orbital infl ammation  
  Dysthyroid orbitopathy  
  Systemic vasculitides     

  Other
   Amyloidosis       

   Table 2.1    Orbital cystic tumors   

 Aneurysmal bone cyst  Meningoencephalocele 
 Colobomatous cyst  Mucocele 
 Congenital cystic eye  Optic nerve sheath cyst 
 Conjunctival epithelial 
cyst 

 Parasitic cysts (e.g., 
hydatid cyst) 

 Dermoid cyst  Respiratory cyst 
 Ductal cyst of the lacrimal 
gland 

 Teratoma 

 Meningocele 

   Table 2.2    Orbital vascular lesions   

 More common  Less common 

 Capillary hemangioma  Angiosarcoma 
 Cavernous hemangioma  Cholesterol granuloma 
 Hemangiopericytoma  Hemangioendothelioma 
 Lymphangioma (type 1)  Hemangiosarcoma 
 Varix (type 2)  Kaposi’s sarcoma 
 AVM (type 3)  Kimura’s disease 

 Vascular leiomyoma 
 Vascular leiomyosarcoma 

B.R. Costin et al.
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2.3.5     Primary Melanocytic Tumors 

 Primary melanocytic tumors of the orbit include 
melanoma, melanocytic hamartoma, and mela-
notic neuroectodermal tumor of infancy. 
Accounting for less than 1 % of primary orbital 
neoplasms, primary orbital melanoma arises 
from native orbital melanocytes that are located 
along ciliary nerves, optic nerve leptomeninges, 
and scleral emissary vessels. Approximately one- 
half of primary orbital melanomas are associated 
with pigmentary disorders, including nevus of 
Ota, ocular melanocytosis, and blue nevi [ 2 ].  

2.3.6     Tumors of the Lacrimal Gland 

 Classically, approximately one-half of all lacrimal 
gland tumors represent epithelial proliferations, 
and the remainder represents lymphoproliferative 
lesions. Of the epithelial proliferations, roughly 
half are pleomorphic adenomas (benign mixed 
tumors), and the remainder consists of malignant 
carcinomas, which include adenoid cystic carci-
noma, malignant mixed cell tumor, and mucoepi-
dermoid carcinoma. Nonepithelial lacrimal gland 
tumors consist of ductal cyst, lymphoma, and 
plasmacytoma (Table  2.3 ).

2.3.7        Tumors of the Lacrimal Sac 

 Epithelial tumors are the most common neo-
plasms of the lacrimal sac [ 3 ]. The most common 
benign and malignant epithelial tumors of the 
lacrimal sac are the papilloma and squamous cell 
carcinoma, respectively [ 3 ]. Malignant tumors 
outnumber benign tumors in this region [ 3 ].  

2.3.8     Lymphoproliferative Tumors 

 Lymphoid and leukemic tumors represent a com-
mon group of orbital neoplasm, and they may 
arise anywhere within the orbit (Chap.   12    ).  

2.3.9     Peripheral Nerve Tumors 

 Tumors arising from orbital peripheral nerves 
include neurilemmoma (schwannoma), neurofi -
broma, alveolar soft-part sarcoma, granular cell 
tumor, amputation neuroma, and malignant 
peripheral nerve sheath tumor. These tumors 
theoretically can arise from branches of orbital 
cranial nerves, sympathetic and parasympa-
thetic fi bers, and the ciliary ganglion, but most 
seem to arise from the ophthalmic division of 
the trigeminal nerve. The vast majority of orbital 
peripheral nerve sheath tumors are benign; only 
a few well- documented cases of malignant 
peripheral nerve sheath tumors have been 
reported [ 4 ].  

2.3.10     Optic Nerve, Meningeal, 
and Other Neural Tumors 

 Optic nerve and meningeal tumors consist mainly 
of optic nerve glioma, malignant optic nerve 
astrocytoma, and meningioma. Optic nerve gli-
oma presents with progressive visual loss and 
axial proptosis in childhood. Neurofi bromatosis 
(NF) affects children in up to 50 % of cases. 
Conversely, only a minority of patients with NF 
develop optic nerve glioma. 

 Meningioma represents a benign neoplasm 
arising from the arachnoid layer of the meninges. 
Other neural tissue tumors include primitive neu-
roectodermal tumor, primary orbital neuroblas-
toma, and primary orbital carcinoid.  

2.3.11     Fibrous Connective Tissue 
(Fibrohistiocytic Lesions) 

 These mass lesions, composed mainly of fi bro-
blastic cells, may present with similar clinical 

   Table 2.3    Tumors of the lacrimal gland   

 Epithelial  Nonepithelial 

 Adenoid cystic carcinoma  Ductal cyst 
 Pleomorphic adenocarcinoma  Lymphoproliferative 
 Pleomorphic adenoma  Plasmacytoma 
 Mucoepidermoid carcinoma 
 Myoepithelioma 
 Oncocytoma 
 Warthin’s tumor 

2 Classifi cation of Orbital Tumors
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and histological features. Examples include 
fi broma, fi brosarcoma, and fi brous histiocytoma.  

2.3.12     Histiocytic Tumors 

 Proliferative disorders of histiocytes comprise a 
spectrum of disease ranging from solitary infl am-
matory lesions to widely disseminated lesions 
that may exhibit malignant behavior. Variants 
include Langerhans’ cell histiocytosis, juvenile 
xanthogranuloma, Erdheim-Chester disease, 
sinus histiocytosis, and multinucleate cell 
angiohistiocytoma. 

 Langerhans’ cell histiocytosis consists of three 
disorders formerly referred to as eosinophilic 
granuloma, Hand-Schuller-Christian disease, and 
Letterer-Siwe disease. Eosinophilic granuloma 
typically occurs in the orbital region as a solitary 
lesion of bone.  

2.3.13     Primary Bone Tumors 

 Primary bone tumors of the orbit are a heteroge-
neous group of conditions that constitute less 
than 1 % of all orbital tumors. 

2.3.13.1     Benign Fibro-osseous Lesions 
 Osteomas are benign proliferations of bony tis-
sue that occur most commonly in the paranasal 
sinus bone, calvarium, and other facial bones. 
Orbital involvement typically results from inva-
sion from a tumor within the adjacent paranasal 
sinus bone and occurs most frequently in the eth-
moidal, frontoethmoidal, and frontal regions. 

 Fibrous dysplasia represents a benign prolif-
eration of fi brous tissue and woven bone. It has 
been described in three forms: monostotic, poly-
ostotic, and McCune-Albright syndrome. 
McCune-Albright syndrome consists of a triad of 
polyostotic fi brous dysplasia, precocious puberty, 
and cutaneous pigmentation occurring mainly in 
girls. The majority of cases with orbital involve-
ment occur in the setting of monostotic fi brous 
dysplasia, with the frontal bone followed by the 
sphenoid and ethmoid being bones most com-
monly affected. The disease presents with long- 
standing facial asymmetry, proptosis, and globe 

displacement. Slow growth often continues into 
adult life.  

2.3.13.2     Benign Cartilaginous Tumors 
 This rare group of tumors includes chon-
droma, osteochondroma, enchondroma, and 
fi brochondroma.  

2.3.13.3     Reactive Bone Lesions 
 Reactive bone lesions include cholesterol granu-
loma, aneurysmal bone cyst, giant cell granu-
loma, and brown tumor of hyperparathyroidism. 

 Cholesterol granuloma represents a foreign 
body reaction to cholesterol deposition following 
the breakdown of blood products. More com-
monly seen in the middle ear and temporal bone, 
it can rarely occur in the orbit, almost exclusively 
in the superolateral frontal bones.  

2.3.13.4     Bone Neoplasms 
 Orbital bone neoplasms consist of a variety of enti-
ties. Osteosarcoma is the most common primary 
bone neoplasm; however, orbital involvement is 
rare and the lesion usually has a maxillary focus. 
Most arise de novo, but some are secondary to 
Paget’s disease, fi brous dysplasia, or radiotherapy. 
Patients with familial retinoblastoma can develop 
osteosarcoma, even without a history of radiation. 

 Multiple myeloma and solitary plasmacytoma 
may involve the orbital bone. These lesions typi-
cally present with subacute pain and proptosis in 
patients over 50 years of age. 

 Most frequently occurring in the tongue and 
subcutaneous tissues, granular cell tumors may 
rarely involve the orbit, extraocular cell muscles, 
periorbital, and lacrimal sac [ 5 ]. Grossly, the 
lesions are well-encapsulated tumors composed 
of round- to oval-shaped cells with granular 
eosinophilic cytoplasm.  

2.3.13.5     Bone Vascular Tumors 
 Orbital intraosseous hemangioma presents as a 
slowly evolving painful mass. Malignant vascu-
lar tumor of orbital bone is also rare.  

2.3.13.6     Miscellaneous Bone Tumors 
 Other neoplasms, including intramedullary 
lipoma, intraosseous myxomas, and cartilaginous 
hamartoma can rarely affect the orbital bones.   

B.R. Costin et al.
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2.3.14     Metastatic Tumors 
to the Orbit 

 Metastatic cancers to the orbit spread to the orbit 
hematogenously, as there are no signifi cant lym-
phatics in the orbit. Metastatic orbital lesions 
account for approximately 12 % of orbital neo-
plasms, depending on age, and up to 3.3 % of all 
orbital lesions [ 6 ]. Nearly all systemic malignan-
cies have been reported to metastasize to the orbit. 

2.3.14.1     Adult Metastatic Disease 
 In adults, carcinomas that arise from the epithe-
lial structures of organs most commonly metasta-
size to the orbit [ 6 ]. Breast cancer may account 
for 42 % of all metastatic orbital lesions, fol-
lowed by lung (11 %), unknown primary (11 %), 
prostate (8.3 %), melanoma (5.2 %), gastrointes-
tinal tract (4.4 %), and kidney (3.2 %) [ 6 ]. Orbital 
metastatic disease may occur in the setting of 
both recognized and unrecognized systemic 
malignancy. In general, the more indolent sys-
temic malignancies are diagnosed prior to orbital 
metastasis, whereas early orbital metastasis 
occurs in patients with more aggressive prima-
ries. Orbital metastasis represents the presenting 
sign of systemic cancer in about 42 % of cases of 
systemic malignancy affecting the orbit [ 6 ]. 

 Average survival after orbital metastasis detec-
tion is approximately 9 months and even shorter 
for more aggressive primary malignancies, espe-
cially lung cancer [ 6 ,  7 ]. Patients with orbital 
metastases frequently complain of diplopia, ptosis, 
proptosis, eyelid swelling, pain, and vision loss. 
Metastatic breast carcinoma may produce enoph-
thalmos due to its scirrhous histological nature [ 8 ].  

2.3.14.2     Metastatic Lesions in Children 
 In children, orbital metastases are more likely to 
arise from embryonal neural tumors, such as neu-
roblastoma and sarcomas. Metastatic neuroblas-
toma is second only to primary rhabdomyosarcoma 
as the most frequent orbital malignancy of child-
hood [ 9 ]. Patients develop rapidly progressive 
exophthalmos and eyelid ecchymosis. Isolated 
primary orbital neuroblastoma is exceedingly 
rare [ 10 ]. Other childhood tumors that metasta-
size to the orbit include Wilms’ tumor, Ewing’s 
tumor, and medulloblastoma [ 9 ].   

2.3.15     Secondary Orbital Tumors 

 Secondary orbital tumors invade the orbital 
 tissues from adjacent sites, including the eyelids 
(e.g., squamous cell carcinoma), conjunctiva 
(e.g., melanoma), lacrimal sac (e.g., adenoid 
 cystic carcinoma), globe (e.g., retinoblastoma), 
paranasal sinuses (e.g., squamous cell carcinoma, 
sinonasal undifferentiated carcinoma), nasophar-
ynx (e.g., esthesioneuroblastoma), and brain 
(e.g., glioblastoma) [ 11 ,  12 ].   

2.4     Imaging Classifi cation 
of Orbital Tumors 

 Orbital tumors can be differentiated based on 
imaging characteristics in order to determine their 
etiology and behavior. In general, benign orbital 
tumors present as well-circumscribed lesions, such 
as cavernous hemangioma, fi brous histiocytoma, 
hemangiopericytoma, lipoma, neurilemmoma, 
and pleomorphic adenoma. Diffuse (plexiform) 
neurofi broma represents a notable exception to 
this generalization, as this benign tumor presents 
as a poorly circumscribed, diffuse lesion. 

 Malignant orbital tumors can present as well- 
circumscribed or poorly circumscribed lesions. 
Examples of the former include mesenchymal 
chondrosarcoma, optic nerve glioma, optic nerve 
meningioma, and rhabdomyosarcoma. Examples 
of the latter include adenoid cystic carcinoma, 
fi brosarcoma, lymphoma, pleomorphic adeno-
carcinoma, primary orbital melanoma, and most 
metastatic lesions. Some metastatic lesions, such 
as melanoma and renal cell carcinoma, represent 
exceptions to this generalization and may present 
as well-circumscribed lesions.  

2.5     Summary 

 Orbital tumors represent a heterogeneous group 
of neoplasms with varying classifi cation schemes 
to provide a framework for clinical evaluation. 
A combination of imaging, clinical, and demo-
graphic data may be used to narrow the differen-
tial diagnosis and to determine the appropriate 
evaluation and treatment.     

2 Classifi cation of Orbital Tumors
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3.1           Introduction 

    There are many aspects of history, examination, 
and imaging that aid in the differential diagnosis 
of orbital lesions in children. Common etiolo-
gies of orbital tumors differ signifi cantly between 
children and adults. For example, rhabdomyo-
sarcoma, one of the most common primary 
 pediatric orbital malignancies, rarely occurs in 
adults. 

 The potential morbidity – and in some cases 
mortality – of pediatric orbital neoplasia requires 
an understanding of common fi ndings and pre-
sentations to direct the evaluation. The history, 
physical examination, and diagnostic studies will 
limit the differential diagnosis, which then deter-
mines the need for biopsy and initial therapy 
(Table  3.1 ).

3.2       History 

 As with adults, the history begins with a descrip-
tion of the symptoms, severity, onset, and rate of 
progression. However, obtaining a detailed his-
tory in the pediatric patient presents unique chal-
lenges. The direct history depends upon the age, 
maturity, and verbal skills of the child. 

 In many cases, the bulk of the history requires 
input from the family. 

 The evaluator should remember that a child 
may deny, forget, or embellish important histori-
cal facts that can confound the evaluation of an 
orbital tumor. For example, a child injured with 
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a stick or toy may not disclose the cause, or a 
 history of otherwise insignifi cant periorbital 
trauma may obscure the workup of true orbital 
neoplasia. 

 Preverbal children cannot clearly communi-
cate subjective fi ndings such as pain, hypesthe-
sia, diplopia, or diminished visual acuity. In these 
cases, the evaluator uses nonverbal clues and 
physical fi ndings to focus the examination and 
develop the differential diagnosis. 

3.2.1    Presenting Symptoms 
and Complaints 

 As with adults, pediatric orbital neoplasia pres-
ents with a wide spectrum of symptoms, but 

many may be underreported in the nonverbal 
child (Table  3.2 ). Tumor location and histology 
determine the presenting symptoms and signs, 
which can be divided into sensory, motor, and 
structural or functional.

3.2.2       Rate of Onset 

 Pediatric orbital malignancies, such as rhabdo-
myosarcoma, often present with a subacute rate 
of onset that can be confused with orbital infl am-
mation or trauma. Orbital lymphangioma may 
produce sudden fi ndings due to intralesional 
bleeding and is sometimes precipitated by trauma, 
which confounds the physician evaluator. Benign 
tumors, such as dermoid cysts, fi brous dysplasia, 

   Table 3.1  
  Classifi cation and 
 differential diagnosis of 
orbital tumors in children   

 Benign  Benign Subtypes  Malignant 

 Developmental/
congenital 

 Dermoid  Superfi cial, deep  Retinoblastoma 
 Plexiform neurofi broma 
 Teratoma 
 Microphthalmos with 
cyst and congenital 
cystic eye 
 Cranial orbital 
cephalocele 

 Dural meningocele, 
encephalic 
encephalocele 

 Rathke pouch cyst 
 Acquired cystic  Mucocele 

 Lacrimal duct cyst 
 Lacrimal  Pleomorphic adenoma 

(rare in children) 
 Adenoid cystic 
carcinoma (bimodal 
peak, 40s and in 1st 
decade) 

 Infl ammatory  Ruptured dermoid 
 Idiopathic lacrimal 
gland infl ammation 
 Idiopathic orbital 
infl ammatory syndrome 

 Vascular  Venolymphatic 
malformations 

 Lymphangiomas, 
venous 
malformations, AV 
malformations 

 Capillary malformations  Capillary 
hemangiomas 

 Neural  Neurofi broma 
 Optic nerve glioma 
 Meningioma 

 Mesenchymal  Leiomyoma  Rhabdomyosarcoma 
 Adipose  Lipoma 

S.X. Zhang-Nunes et al.
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and gliomas, often present with slowly advancing 
symptoms. The growth rate of  capillary heman-
gioma is highly variable.  

3.2.3    Past Medical History 

 The past medical history importantly relates to 
several pediatric orbital tumors. For example, 
proptosis that occurs predictably in conjunc-
tion with viral illness may indicate an underly-
ing lymphangioma. Patients with lymphangioma 
may have airway or palatal lesions, and these 
may also increase during episodes of viral illness. 
Most patients with granulocytic sarcoma have a 
history of systemic leukemia. Large capillary 
hemangiomas are associated with Kasabach–
Merritt syndrome and visceral lesions. Orbital 
neuroblastoma is most often metastatic from the 
thorax. Diseases that may simulate an orbital 
neoplasm in children may be associated with 
underlying medical conditions. For example, 
orbital cellulitis often occurs in the context of 
underlying sinusitis.     

3.3     Examination 

 In addition to the systemic examination param-
eters detailed in Chap.   1    , attention can also be 
paid to Krohel’s 6 Ps of the orbital examina-
tion to help narrow the differential diagnosis 
(Box  3.1 ). 

 Complete eye examination aids in the differ-
ential diagnosis as detailed in Chap.   1    . 

 Orbital tumors frequently cause globe 
 displacement in children. Proptosis may be quan-
tifi ed by using the Luedde method of exophthal-
mometry. Hyperglobus and hypoglobus should 
be noted (Chap.   1    ). 

 Palpation yields information regarding tumor 
location, size, and shape. A dermoid cyst may 
feel fi rm, smooth, and rubbery; an orbital and 
eyelid neurofi broma may have a “bag of worms” 
consistency; and capillary hemangiomas are soft, 
spongy, and often blanch with palpation. Solid 
tissue malignancies may produce a high degree 
of resistance to globe retropulsion. 

3.3.1    Pulsation 

 Although rare, pulsations may occur with cer-
tain tumors in children, such as absence or hypo-
plasia of the sphenoid wing in the setting of 
neurofi bromatosis.  

   Table 3.2    Presenting features of common orbital tumors in children   

 Category  Entity  Common symptoms and signs 

 Infl ammatory  Ruptured dermoid  Acute onset, pain, proptosis if orbital 
 Congenital  Plexiform neurofi broma  Pulsating proptosis (absent sphenoid wing); painless, slow progression 

 Dermoid  Proptosis with orbital lesions; painless, slow progression 
 Teratoma  Progressive severe proptosis 

 Vascular  Capillary hemangioma  Slow progression, pain, and pulsation rare; blanches with palpation; 
proptosis if posterior 

 Lymphangioma  Painless proptosis but pain with intralesional bleed or upper respiratory 
infection; conjunctival involvement may aid diagnosis 

 Benign  Optic nerve glioma  Axial proptosis, slow progression; usually painless 
 Malignant  Rhabdomyosarcoma  Rapid onset, painless proptosis; discoloration of overlying skin 
 Metastasis  Leukemia (chloroma)  Unilateral or bilateral painless proptosis; rapid progression 

 Neuroblastoma  Abrupt progressive proptosis; bilateral eyelid ecchymoses 

   Box 3.1: The 6 Ps of the Orbital Examination [ 1 ] 

•     Proptosis  
•   Palpation  
•   Pulsation  
•   Periorbital changes  
•   Pain  
•   Progression    
 Modifi ed from Krohel et al. [ 1 ]. 
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3.3.2    Periorbital Changes 

 The overlying tissues may show visible signs to 
suggest the etiology of an orbital neoplastic pro-
cess. Neuroblastoma often presents with perior-
bital ecchymoses. Plexiform neurofi broma often 
presents with an S-shaped upper eyelid deformity 
with characteristic skin changes (Fig.  3.1 ). 
Lymphangioma and capillary hemangioma can 
be visible through the conjunctiva or in the eyelid 
(Fig.  3.2 ). Rhabdomyosarcoma often presents 
with periorbital discoloration similar to infl am-
matory signs (Fig.  3.3 ).

3.3.3         Head and Neck Examination 

 Examination of the sinuses, nasopharynx, and 
adjacent lymphatic drainage areas also helps to 
limit the differential diagnosis. Lymphangioma 
sometimes involves the roof of the mouth.   

3.4    Laboratory Evaluation 

 Laboratory analysis can augment the information 
gained from the history and physical examination 
and further narrow the differential diagnosis. 
Metastatic neuroblastoma often results in high 
levels of urine homovanillic acid (HVA) and 
vanillylmandelic acid (VMA). Peripheral blood 
smears may be useful in the evaluation of sus-
pected granulocytic carcinoma with orbital 
presentation.  

3.5    Diagnostic Imaging 

 The evaluation of some pediatric orbital tumors, 
such as dermoid cyst and capillary hemangioma, 
may not require orbital imaging. In many cases, 
however, imaging is essential to solidify the diag-
nosis, clarify the extent of the disease, and deter-
mine the surgical approach. 

 CT and MR imaging studies represent the 
mainstay of current techniques. Orbital ultra-
sound may be of value in determining the size of 
an orbital lesion or to assess the homogeneity or 
fl ow characteristics of a lesion. CT provides the 
best views of bone (Fig.  3.4 ), and MRI is better 
for evaluating soft tissue pathology and blood 
fl ow (Fig.  3.5 ).

    Orbital ultrasonography may be helpful to 
evaluate an orbital vascular process. A capillary 
hemangioma with medium to high internal refl ec-
tivity may be differentiated from a solid tumor 
with low refl ectivity [ 2 ]. Ultrasonography may 

  Fig. 3.1    Plexiform neurofi broma with characteristic 
S-shaped upper eyelid deformity       

  Fig. 3.2    Orbital lymphangioma visible through the 
conjunctiva       

  Fig. 3.3    Rhabdomyosarcoma presenting with periorbital 
discoloration similar to infl ammatory signs       
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also help guide fi ne-needle aspiration biopsy and 
can be used in conjunction with interventional 
radiology for sclerotherapy of orbital venolym-
phatic malformations [ 3 ].  

3.6    Biopsy 

 Confi rmation of the diagnosis may require sur-
gery. Surgical goals and planning are determined 
prior to surgery. Equipment and personnel are 
secured preoperatively for frozen section micros-
copy, microbiological studies, permanent biopsy 
specimens, ancillary testing, or other concomi-
tant procedures that may be performed while the 
child is under anesthesia, such as bone marrow 
biopsy or venous port placement. 

 Suspected rhabdomyosarcoma often requires 
biopsy to establish the diagnosis (Fig.  3.6 ). 
Further chapters discuss specifi c surgical 

approaches, goals, and treatments. The differen-
tial diagnosis determines the possible outcomes 
of frozen section results and the anticipated 
appropriate extent of surgical excision. An ade-
quate specimen should, when possible, provide 
tissue for frozen section and then additional tis-
sue for further testing, including microbiological 
testing, cell marker studies, or electron micros-
copy. For evaluation of the tumor margins, mark-
ing sutures aid in specimen orientation.

3.7       Summary 

 A detailed knowledge of specifi c pediatric orbital 
disorders and their common presentations pro-
vides the framework for developing an appropri-
ate differential diagnosis that in turn leads to 
appropriate workup and then management of 
orbital tumors in children. However, signs and 
symptoms of each tumor are not entirely specifi c, 
and the surgeon must be prepared to consider 
atypical presentations.     
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  Fig. 3.5    MRI of an orbital lymphangioma       
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4.1           Introduction 

 The different tissue types within the orbit and the 
variety of diseases leading to similar external 
signs can confound the diagnosis of an orbital 
neoplasm. The orbit contains all of the vital ante-
rior visual pathway structures and the supporting 
elements that move and nurture the globe. Vital 
structures surround the orbit, such as the anterior 
and middle cranial fossae, the paranasal sinuses, 
and high-fl ow vessels, including branches of the 
internal and external carotid arteries and the 
internal carotid artery itself. This astonishing 
variety and density of important tissues within 
and around the orbit can challenge even the expe-
rienced surgeon to determine the appropriate 
diagnostic and surgical plan. In order to treat 
orbital neoplasia, the surgeon must fi rst under-
stand orbital anatomy and then understand the 
spectrum of diseases that may affect the struc-
tures within the orbit. 

 Even when a presentation strongly suggests a 
specifi c diagnosis, the results of biopsy may 
reveal a surprising tissue diagnosis. Although 
specifi c lesions often present in certain locations 
within the orbit, signifi cant variation occurs. 
Similarly, while some neoplasms occur in certain 
age groups, age cannot be used to rule out any 
diagnosis. Even the histology of a particular 
lesion does not necessarily predict its benign or 
malignant clinical behavior. However, a focused 
differential diagnosis minimizes the morbidity 
and cost of the diagnostic workup and helps 
establish the diagnosis effectively and effi ciently. 
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A strong knowledge of the typical clinical and 
imaging features of orbital neoplasms as well as 
the spectra of possible presentations will allow 

the surgeon to create an effective differential 
diagnosis to begin the diagnostic algorithm 
(Table  4.1 ).

   Table 4.1    Common orbital lesions in adults. Anatomic location and appearance on imaging studies   

 Location  Lesion  Appearance 

 Optic nerve  Glioma  Fusiform ± nerve kinking 
 Meningioma  Circumferential enlargement 

 “Tram-track” appearance 
 Intraconal space  Cavernous hemangioma  Well-defi ned 

 Round or oval 
 May remodel bone 
 Does not destroy bone 

 Orbital cellulitis  Varies 
 Well-defi ned, focal disease 
 Diffuse infl ammation 
 May cause orbital abscess 

 Idiopathic orbital infl ammation  Varies 
 Focal infl ammation 
 Diffuse infl ammation 
 Does not destroy bone 

 Lymphoproliferative disease  Varies 
 Focal involvement 
 Diffuse involvement 
 May mimic other orbital neoplasms, infections, and 
infl ammatory conditions 

 Metastasis  Varies 
 Well-defi ned lesion 
 Diffuse lesion 
 May destroy bone 

 Extraocular muscles  Thyroid eye disease  Diffuse enlargement of the EOM 
 Spares the muscle tendon 
 Bilateral but may be asymmetric 

 Myositis due to idiopathic orbital 
infl ammation 

 Focal or diffuse enlargement of the EOM 
 Involves the muscle tendon 
 May be unilateral or bilateral 

 Metastasis  Focal or diffuse enlargement of one or more EOMs 
 May be unilateral or bilateral 

 Extraconal space  Infection  Focal or diffuse 
 Infl ammation  Focal or diffuse 
 Lymphoproliferative  Focal or diffuse 

 Lacrimal gland  Dacryoadenitis  Enlargement of the lacrimal gland 
 May be viral, bacterial, or rheumatologic 
 Bacterial infections may cause abscess formation 

 Pleomorphic adenoma  Well-defi ned 
 Round or oval mass 
 May remodel bone 
 Does not destroy bone 

 Adenoid cystic carcinoma  Varies 
 May be well- or poorly-defi ned 
 Often destroys bone 
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   Although the etiologies of common orbital 
tumors differ signifi cantly between children and 
adults, similar principles apply in developing a 
differential diagnosis. Similar to pediatric orbital 
tumors, specifi c elements of the history and the 
physical examination help establish a differential 
diagnosis, and the possible etiologies are further 
refi ned through appropriate imaging studies. 

 The advent of reliable and available imaging 
techniques over the past two decades has revolu-
tionized the diagnostic algorithms employed for 
the workup of adult orbital neoplasia. This chap-
ter will complement the chapter on differential 
diagnosis in children by focusing on technologi-
cal modalities to arrive at a focused differential 
diagnosis in adults.  

4.2    History 

 While orbital imaging often represents a fi nal 
common pathway for the workup of adult orbital 
tumors prior to obtaining a tissue diagnosis, sev-
eral elements of the history may help to point 
toward a differential diagnosis and determine the 
proper imaging study to obtain (Table  4.2 ). 

4.2.1     Rate of Onset 

 Rate of onset and progression may shed light 
on the pathology, albeit broadly (Table  4.3 ). 
In adults, most orbital tumors produce chronic 
signs and symptoms, while acute orbital signs 
typically result from causes other than neoplasia, 
such as infection, infl ammation, trauma, and 

 hemorrhage. However, an underlying neoplasm 
may also result in infl ammation, trauma, or hem-
orrhage. For example, an underlying vascular 
tumor may hemorrhage to produce an acute orbital 
compartment syndrome, a tumor within the lacri-
mal sac or lacrimal gland may result in secondary 
infection, mild trauma may rupture an underlying 
dermoid cyst to produce acute orbital signs, and 
metastatic and lymphoproliferative lesions may 
contain a signifi cant infl ammatory component.

4.3        Examination 

4.3.1    Nature of Proptosis 
and Dystopia 

 Because the orbital bones limit orbital volume in 
each dimension except anteriorly, exophthal-
mometry helps determine the presence of a 
space-occupying lesion. The pattern of the pro-
ptosis points to the lesion’s location and aides in 
the formation of a differential diagnosis. Axial 
proptosis usually signifi es an intraconal lesion, 
while non-axial anterior globe displacement typi-
cally suggests an extraconal process. However, 
posterior extraconal mass lesions may also cause 
axial proptosis. 

 Location  Lesion  Appearance 

 Lacrimal sac  Dacryocystitis 
 Orbital apex 
 Orbital bones  Osteoma 

 Sphenoid wing meningioma  Well-defi ned lesion 
 May contain calcifi cations 
 Hyperostosis of the associated bone 

 Fibrous dysplasia 
 Extrinsic lesions  Mucocele 
 Diffuse  Infection 

 Infl ammatory 

Table 4.1 (continued)

   Table 4.2    Important history features   

 Appearance and anatomic site 
 Rate of onset 
 Nature of proptosis and dystopia 
 Presence of pain, hypesthesia 
 Changes in vision 
 Restriction of gaze 

4 Differential Diagnosis in Adults
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 Dystopia, or displacement of the globe in the 
coronal plane, results from extraconal lesions. 
The direction of globe displacement is typically 
opposite the neoplasm. For example, inferonasal 
displacement of the globe is often due to a 
 condition such as a lacrimal gland tumor in the 
superotemporal quadrant. Similarly, a process 
occurring in the superonasal quadrant of the 
orbit, such as a mucocele, will produce infero-
temporal globe dystopia. 

 Sclerosing conditions, such as metastatic 
breast carcinoma, produce retrodisplacement of 
the globe resulting in enophthalmos.  

4.3.2    Presence of Pain 

 Pain in the absence of infl ammation often signi-
fi es malignancy or other more serious processes. 
Slowly growing benign lesions may grow quite 
large without producing pain, unless from expo-
sure keratopathy. On the other hand, malignan-
cies, such as adenoid cystic carcinoma and 
squamous cell carcinoma, may display tenden-
cies toward perineural invasion to produce pain.  

4.3.3    Changes in Vision 

 Changes in vision as a result of orbital neoplasia 
may occur from exposure keratopathy, induced 
astigmatism, choroidal folds, or optic nerve infi l-
tration or compression. These changes may occur 
in the setting of a benign or a malignant neoplasm 
and may occur acutely or chronically. Because of 
the protean causes and presentations of vision 
loss, vision loss alone does not often point to a 
particular diagnosis or group of diagnoses. 
Tumors residing in the orbital apex produce optic 
neuropathy more commonly than tumors occur-
ring more anteriorly within the orbit. Compressive 

optic neuropathy often produces a central sco-
toma with breakout to the periphery, while infi l-
trative or vascular optic neuropathy may produce 
an altitudinal-type defect. Static perimetry may 
occasionally be of value in determining a differ-
ential diagnosis, although characterization of 
optic nerve function is often more valuable as a 
way to follow tumor progression or treatment.  

4.3.4    Gaze Restriction 

 Orbital tumors may occasionally present with 
diplopia as the fi rst symptom. The motility dis-
turbance may be due to direct involvement of one 
or more extraocular muscles by the tumor, motor 
neuron dysfunction, or displacement of the 
orbital contents. Examination can often deter-
mine the type of motility disturbance, which may 
assist in developing the differential diagnosis. 
Schwannomas or neurofi bromas may involve CN 
III, IV, or VI. Malignant orbital neoplasms may 
infi ltrate these nerves to produce dysfunction, or 
benign neoplasms may compress these motor 
nerves. Profound ophthalmoplegia and loss of 
vision may be caused by lesions at the orbital 
apex [ 1 ].   

4.4    Diagnostic Imaging 

 Imaging studies show the location and tissue 
characteristics that ultimately determine the dif-
ferential diagnosis in most cases. The history and 
physical examination point to the choice of imag-
ing modality. Magnetic resonance (MR) imaging 
demonstrates soft tissue characteristics better and 
is often the study of choice for evaluation of 
orbital lesions. However, computed tomographic 
(CT) imaging studies may show subtle bony 
changes better, take less time, and are less costly. 

   Table 4.3    Rate 
of onset of common 
orbital lesions   

 Hours  Days  Weeks  Months  Years 

 Trauma  Infl ammatory  Infl ammatory  Neoplastic  Neoplastic 
 Hemorrhage  Infection  Neoplastic  Lymphoid  Degenerative 
 Infection  Trauma  Trauma  Vascular  Lymphoid 
 Foreign body  Hemorrhage  Lymphoid  Infl ammatory  Vascular 

 Vascular  Vascular  Degenerative  Infl ammatory 
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Given the ubiquity of these imaging techniques, 
techniques with less resolution, such as B-scan 
ultrasonography, have assumed less importance 
in the workup to determine the differential diag-
nosis of orbital neoplasms. Doppler imaging, 
however, may provide useful information regard-
ing fl ow characteristics of vascular lesions. 

 With respect to appearance on imaging, 
lesions may be broadly categorized as well cir-
cumscribed (i.e., round or oval) or diffuse (infi l-
trative). In general, well-circumscribed lesions 
are more likely to be benign such as a cavernous 
hemangioma, fi brous histiocytoma, lipoma, neu-
rofi broma, schwannoma or neurilemmoma, and 
pleomorphic adenoma. Conversely, malignancy 
more commonly presents with a diffuse infi ltra-
tive pattern such as adenoid cystic carcinoma, 
fi brosarcoma, lymphoma, pleomorphic adeno-
carcinoma, and most metastases among others. 

 However, important exceptions to this trend 
apply as well-circumscribed lesions may be 
malignant, as with mesenchymal chondrosar-
coma, optic nerve glioma, and some metastases 
(breast, renal cell, melanoma, and others). 
Lymphoma may also appear well circumscribed 
on imaging, as may a benign mixed tumor with 
foci of malignant transformation. Conversely, 
benign tumors, such as lymphangioma and plexi-
form neurofi broma, may demonstrate a poorly 
circumscribed appearance. Nonneoplastic pro-
cesses such as orbital cellulitis, idiopathic orbital 
infl ammation, sarcoidosis, and Wegener granulo-
matosis may also appear poorly circumscribed on 
imaging and can be confused with malignancy. 
Finally, some entities such as orbital infl amma-
tory disease can be either focal or diffuse. 

 In addition to demonstrating the boundaries 
of an orbital lesion, imaging can distinguish 
which orbital structures are involved to further 
refi ne the differential diagnosis. The locations 
within the orbit may also aid in creating the dif-
ferential diagnosis. Specifi c neoplasms often 
localize to a particular structure or location 
within the orbit, such as the optic nerve, the 
intraconal space, the extraocular muscles, the 
extraconal space, the lacrimal gland or lacrimal 
gland fossa, the nasolacrimal sac, the orbital 
apex, the orbital bones, areas extrinsic to the 
orbit, and multifocal orbital locations. 

4.4.1    Optic Nerve and Nerve Sheath 

 Lesions located in or around the optic nerve 
can represent glioma, meningioma, metasta-
sis, lymphoma or a leukemic infi ltrate, as well 
as infl ammatory conditions or infection. Optic 
nerve gliomas often have a fusiform appearance 
on imaging and may cause kinking or bending 
of the nerve if the tumor outgrows its space. The 
optic canal limits the growth of intracanalicular 
gliomas, but expansion of the canal may be seen 
on imaging in this case. Optic nerve meningio-
mas appear circumferentially enlarged on imag-
ing and may exhibit a “tram-track” pattern of 
enhancement on CT and MR imaging studies 
when the tumor circumferentially surrounds the 
nerve without affecting the nerve itself, due to a 
lower central density and higher peripheral den-
sity. Orbital meningiomas may occur unrelated 
to the optic nerve and arise from the meninges 
near the orbital apex and superior orbital fi s-
sure. Less common lesions of the optic nerve 
include ganglioneuromas, gangliogliomas, 
medulloepithelioma, subarachnoid carcinoma-
tosis, hemangioblastoma, hemangiopericytoma, 
and others [ 2 ].  

4.4.2    Intraconal Space 

 In the adult patient, lesions located within the 
muscle cone may represent infection (orbital cel-
lulitis with or without abscess), infl ammatory 
disease (idiopathic, sarcoidosis, Wegener granu-
lomatosis), venous-lymphatic malformations, 
hamartomas (cavernous hemangioma), heman-
giopericytoma, schwannoma, lymphoprolifera-
tive disease, angiosarcoma, metastases, and other 
conditions. Cavernous hemangiomas appear as 
well-defi ned, oval, or round masses on CT imag-
ing studies and typically reside within the intra-
conal space; however, larger lesions may extend 
extraconally. Bone remodeling may occur with 
long-standing cavernous hemangiomas, but bony 
destruction should raise suspicion for 
malignancy. 

 Metastatic lesions, protean in appearance and 
location on imaging studies, occur commonly 
and factor into many differential diagnoses. 

4 Differential Diagnosis in Adults
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 Infectious processes within the orbit range from 
diffuse infl ammation of the orbital tissues to frank 
abscess formation, which can occur at any location 
within the orbit. In the immunocompromised 
patient with a history of cancer, diffuse orbital dis-
ease may signal metastasis, but invasive fungal 
disease from organisms such as Mucor, Aspergillus, 
and Rhizopus should be kept in mind. Most orbital 
infection occurs in the context of underlying sinus 
disease, the presence of which helps determine the 
appropriate diagnostic technique. 

 Orbital infl ammation represents a broad spec-
trum of disease, and the condition may appear 
focal or diffuse on imaging. Focal infl ammation 
commonly involves the lacrimal gland or the 
extraocular muscles and may masquerade as 
malignancy. Diffuse infl ammation may involve 
the intraconal or extraconal compartments and 
mimic lymphoproliferative disorders, lymphoma, 
or metastasis. Infl ammatory disease rarely causes 
signs of bone destruction or globe indentation, 
and these imaging features should raise suspicion 
for a neoplastic etiology. 

 Retrobulbar hemorrhage may appear as a 
well-defi ned, hyperintense lesion on CT. Orbital 
varices have a variety of appearances on imaging 
but are typically well defi ned. A varix may be 
round, oval, tubular, cone shaped, or have a tan-
gled, “bag-of-worms” appearance, but they often 
enhance with IV contrast although fi lling can be 
partial due to thrombosis or phlebolith and a sedi-
mentation level can be seen.  

4.4.3    Extraocular Muscles 

 Lesions of the extraocular muscles can appear 
focal or diffuse and may be caused by nonneo-
plastic conditions such as thyroid eye disease or 
other infl ammatory diseases, trauma (intramus-
cular hematoma), and infection (extraocular 
muscle abscess). Neoplastic processes, such 
as lymphoproliferative disease, metastases, 
 dermatolipoma, and schwannomas, may appear 
to arise from an extraocular muscle on imaging 
studies. Myositis due to idiopathic infl ammation 
may mimic extraocular muscle infl ammation due 

to thyroid eye disease. However, in thyroid, 
 orbitopathy imaging typically demonstrates spar-
ing of the muscle tendon, whereas in other 
infl ammatory disorders, imaging shows tendon 
involvement. Metastasis and amyloidosis should 
also be considered in cases of bilateral enlarge-
ment of one or more extraocular muscles.  

4.4.4    Extraconal Space 

 Neoplastic lesions that may arise outside the 
muscle cone include metastasis, infection, 
 lymphoproliferative disease, meningioma, and 
schwannoma orbital. Infl ammatory diseases and 
hamartomas such as cavernous hemangioma 
may involve the extraconal space as well. 
Lymphoproliferative disorders, which range 
from benign reactive hyperplasia to lymphoma, 
may be focal or diffuse on imaging studies and 
may mimic other neoplasms, infl ammatory, and 
infectious conditions. 

 Schwannomas can arise either within or 
around the muscle cone and appear as well- 
defi ned ovoid or fusiform masses. They are typi-
cally located in the superior orbit and run along 
the course of the effected nerve. Due to this ten-
dency, these lesions often display elongation 
along the anterior-posterior axis on imaging stud-
ies. Schwannomas may contain cystic cavities, 
probably due to degeneration, and should be 
included in the differential diagnosis of cystic 
orbital lesions. 

 As with schwannoma, a solitary neurofi broma 
may occur in the superior orbit and appear as 
well-defi ned ovoid mass with elongation along 
and anterior-posterior axis along the course of the 
effected nerve. The term “solitary” neurofi broma 
is used to differentiate this entity from multiple 
neurofi broma in which two or more neurofi bro-
mas occur in the same orbit. 

 Less common extraconal lesions include 
fi brous histiocytoma and solitary fi brous tumors, 
leiomyosarcoma, liposarcoma, epithelial cyst, 
conjunctival dermoid cyst, parasitic cysts, 
malignant peripheral nerve sheath tumor, and 
others.  
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4.4.5    Lacrimal Gland and Lacrimal 
Gland Fossa 

 Nonneoplastic lesions of the lacrimal gland 
occur much more commonly than tumors but 
can mimic a tumor on imaging studies. These 
nonneoplastic lesions of the lacrimal gland and 
lacrimal gland fossa include infectious and 
infl ammatory dacryoadenitis. While most cases 
of infl ammatory dacryoadenitis remain idio-
pathic, IgG4-related orbital infl ammation may 
be responsible in approximately one-quarter of 
cases [ 3 ]. Infi ltrative etiologies include the 
spectrum of lymphoproliferative disorders – 
from benign reactive lymphoid hyperplasia to 
lymphoma, as well as amyloidosis, Wegener 
granulomatosis, Sjögren syndrome, and sar-
coidosis [ 4 ]. 

 Neoplasms of the lacrimal gland in the adult 
include benign lesions such as benign mixed 
tumor or pleomorphic adenoma, monomorphic 
adenoma, and oncocytomas. Malignant tumors 
include adenoid cystic carcinoma, pleomorphic 
adenocarcinoma, squamous cell carcinoma, 
mucoepidermoid carcinoma, and lymphoma [ 5 ]. 
Schwannomas of the lacrimal gland fossa may 
also occur and may be mistaken for an epithelial 
tumor on imaging. 

 Adenoid cystic carcinoma may vary in appear-
ance on CT from a poorly defi ned entity to a 
well-defi ned round or oval mass, but bone 
destruction is often present. Imaging studies of 
lacrimal gland tumors can help point to an epithe-
lial malignancy when bone erosion is present. 
Indenting of the globe, with bone remodeling, is 
more commonly seen in benign epithelial 
neoplasms.  

4.4.6    Lacrimal Sac 

 Lesions of the lacrimal sac include infectious 
dacryocystitis, papillomas, granulomatous condi-
tions such as Wegener granulomatosis and sar-
coidosis, lymphoproliferative disorders, and 
epithelial neoplasms. In this location, benign 
lesions far outnumber malignant lesions [ 6 ].  

4.4.7    Orbital Apex 

 Lesions located at the orbital apex may be 
 challenging to distinguish based on imaging 
studies. Both neoplastic and nonneoplastic con-
ditions may affect this region and include metas-
tases, infl ammation, granulomatous infl ammation 
(Tolosa-Hunt syndrome), hamartomas, venous 
and venous-lymphatic malformations, arteriove-
nous malformations, fi brous dysplasia, and sphe-
noid wing meningioma [ 1 ]. Disease processes 
involving the bones of the orbital apex include 
fi brous dysplasia, which may be monostotic or 
polyostotic, and Paget’s disease, which can rarely 
involve the greater and lesser wings of the sphe-
noid as well as the clinoid process.  

4.4.8    Orbital Bones 

 Evaluation of the orbital bones on imaging 
 studies provides important information regarding 
the behavior and extent of an orbital neoplasm. 
The bone itself may give rise to a tumor, or it may 
be involved secondarily with indentation, bone 
molding, erosion, infi ltration, or hyperostosis. 

 Primary orbital bone tumors include benign 
conditions such as osteoma, osteoblastoma, ossi-
fying fi broma, aneurysmal bone cyst, brown 
tumor, cholesterol granulomas, and fi brous dys-
plasia fi brous histiocytoma as well as malignan-
cies, such as osteosarcoma, chondrosarcoma, 
Ewing sarcoma, Paget’s disease, multiple 
myeloma, and plasmacytoma. Cavernous heman-
giomas may be arise within the sphenoid bone of 
the orbit or other orbital bones, giving a distinct 
appearance on imaging studies. 

 Fibrous dysplasia appears as an amorphous 
hyperdense type of bone that has a “ground- 
glass” appearance. On computed tomographic 
imaging studies, orbital bone osteomas appear as 
well-defi ned, round, or lobulated masses arising 
from bone, and the fi brous subtype of the tumor 
may have a ground-glass appearance reminiscent 
of fi brous dysplasia. Bone destruction is not typi-
cal. A long-standing mucocele can also present 
with similar bony changes. 
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 Osteosarcoma, on the other hand, appears 
irregular in appearance with bone destruction 
along with increased areas of calcium represent-
ing deposition of new albeit neoplastic bone. 
Osteosarcomas vary widely in amount of osse-
ous, cartilaginous, and fi brous tissues present, 
and the appearance of the tumor on imaging stud-
ies will vary accordingly. 

 Sphenoid wing meningiomas appear as rela-
tively well-defi ned lesions, which may contain 
areas of calcifi cation. While computed tomo-
graphic imaging studies may show thickened, 
hyperostotic sphenoid bone, MR imaging better 
shows cavernous sinus and intracranial involve-
ment for evaluation of this tumor. Ewing sar-
coma, which rarely occurs past the age of 30, 
appears as an irregular cystic mass with bone 
destruction on CT imaging studies. Fibrosarcomas 
of the orbit appear as lytic bone lesions on CT 
imaging studies and may erode through the para-
nasal sinuses and orbital walls. 

 Orbital bones may also be secondarily 
involved in certain infl ammatory conditions such 
as Wegener granulomatosis. Orbital intraosseous 
hemangioma and malignant vascular tumors of 
the orbital bones exist but are rare. Orbital tumors 
of cartilaginous origin include chondromas, 
osteochondromas, enchondroma, and fi brochon-
droma. Orbital dermoids that occur deeper in the 
orbit usually present later in life and may produce 
signifi cant bony changes, especially in the tri-
gone region of the greater wing of the sphenoid.  

4.4.9    Eyelid, Globe, Sinus, and Brain 

 Invasion of the orbit by neighboring periorbital 
pathologies is less common than intraorbital 
metastasis and primary orbital lesions. Neoplasms 
of the cranial vault, the paranasal sinuses, eye-
lids, and globe may all secondarily extend into 
the orbit. 

 In adults, ocular tumor extension into the orbit 
is uncommon due to the conspicuous effects on 
visual function and cosmesis, as well as the time 
course required for such lesions to extend into the 
orbit. Malignant melanoma may grow through 
the emissary vessels or into the optic nerve to 

produce microscopic or limited orbital disease, 
but signifi cant orbital extension in ocular mela-
noma typically only occurs in neglected cases. 

 Cutaneous and conjunctival neoplasia around 
the eye can invade the orbit in neglected cases, 
but also in cases where appropriate patient and 
physician vigilance has occurred. Tumors arising 
in the medial canthus are more likely to result in 
orbital extension due to the less robust orbital 
septum in this region. Certain aggressive tumors, 
such as sebaceous cell carcinoma, dermatofi bro-
sarcoma protuberans, and undifferentiated squa-
mous cell carcinoma, have a higher predilection 
for orbital invasion. Recurrent basal cell 
 carcinoma or basal cell carcinoma occurring in 
the medial canthus or in the setting of Gorlin’s 
syndrome may also grow to involve the orbit. 

 Orbital invasion from tumors of the paranasal 
sinuses occurs relatively commonly [ 7 ]. Tumors 
in this region often produce few symptoms, so 
both benign and malignant tumors may achieve 
signifi cant size prior to presentation. It is not 
uncommon for such tumors to grow unnoticed 
until they produce orbital signs and symptoms. 
Mucoceles and mucopyoceles may occupy 
an entire sinus cavity with intracranial exten-
sion prior to presentation. Mucoceles appear as 
relatively well-defi ned cystic masses within an 
opacifi ed paranasal sinus, often with adjacent 
bone erosion and remolding. Sinonasal carci-
nomas, including squamous cell carcinoma, 
nonkeratinizing carcinoma, and sinonasal undif-
ferentiated carcinoma, may erode into the orbit 
and through the medial canthal skin prior to pre-
sentation. Imaging studies reveal signifi cant bone 
destruction. Inverted papillomas of the paranasal 
sinuses, and even the lacrimal sac, may behave 
aggressively to produce orbital signs and bone 
destruction on imaging studies. Less commonly, 
ossifying fi broma, sinonasal fi brosarcoma, and 
schwannoma may arise primarily from a parana-
sal sinus and erode into the orbit. 

 Neoplasms arising within the nasopharynx, 
such as esthesioneuroblastoma and nasopharyn-
geal carcinoma, can also extend into the orbit, as 
can lesions from the cranial cavity, including 
meningocele, encephalocele, trigeminal schwan-
noma, and glioblastomas.  
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4.4.10    Diffuse Lesions 

 Several entities can involve contiguous orbital 
structures and may arise from any location within 
the orbit (Table  4.4 ). The more common condi-
tions that can present with this multifocal or dif-
fuse pattern include lymphoproliferative disease, 
idiopathic orbital infl ammation, amyloidosis, and 
IgG4-related orbital disease. Imaging studies 
may not differentiate these entities, but each has 
a typical anatomic predilection and constellation 
of imaging fi ndings.

       Conclusion 

 Specifi c elements of the history and the physi-
cal examination begin the process of formulat-
ing a differential diagnosis. These elements 

also determine appropriate imaging studies to 
further refi ne the list of possible etiologies. 
The imaging studies help guide the surgical 
plan for diagnosis and treatment.     
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   Table 4.4    Well-circumscribed lesions vs. diffuse lesions 
in the adult   

 Well-defi ned appearance  Poorly-defi ned appearance 

 Cavernous hemangioma  Orbital infl ammation 
 Fibrous histiocytoma  Metastatic lesions 
 Lipoma  Primary malignant tumor 
 Neurofi broma  Lymphoproliferative 

disorders 
 Schwannoma 
 Pleomorphic adenoma 
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5.1            Introduction 

 Ultrasonography, color Doppler imaging, CT, 
and MR imaging are the most important imaging 
tools for the clinician in the fi eld of orbital oncol-
ogy. Catheter diagnostic angiography has a lim-
ited role in the diagnostic approach of orbit 
lesions except for evaluating vascular abnormali-
ties suggesting the diagnosis of carotid- cavernous 
fi stula. The role of positron emission tomography 
with [2–18F] fl uoro-2-deoxy- d -glucose (FDG) in 
evaluation of orbital tumors is limited because 
FDG accumulates in extraocular muscles in pro-
portion to their contractile activities and decreases 
lesion conspicuity in regions with high physio-
logical tracer uptake.  

5.2     Techniques of Orbital 
Imaging 

5.2.1     Ultrasonography 

 Ultrasonography is a noninvasive simple, fast, 
and economical imaging technique allowing easy 
detection of an orbital lesion before any decision 
can be made if further evaluation with CT or MR 
imaging is necessary. However, it is limited by 
the requirement of skilled operators and because 
penetration of the deeper regions of the orbit at 
energy levels acceptable for the retina cannot be 
achieved (Table  5.1 ).

   Although A- and B-mode orbital ultrasonog-
raphy may provide good information about 
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acoustic inner texture of an orbital lesion, it is 
diffi cult to differentiate normal from abnormal 
tissues and it remains a semiquantitative approach 
for tissue characterization (refl ectivity and sound 
attenuation). Dynamic or real-time information 
represents one of the advantages of ultrasonogra-
phy over CT and MRI. The relationships of a 
pathologic process to the normal anatomic struc-
tures can be easily shown by evaluating the same 
section with different gaze directions, particu-
larly in cases of intraconal lesions. Extension to 
the orbital walls, especially when associated with 
erosion or destruction of bone, however, is better 
appreciated by CT. There are no studies of the 
relationship between refl ectivity and histopathol-
ogy in the orbit but most orbital lesions display 
less coarse and heterogeneous structures with 
lower refl ectivity than the normal orbital tissues 
(Fig.  5.1 ) [ 1 ,  2 ].

5.2.2        Color Doppler Imaging (CDI) 

 CDI has proved to be effective in the display of 
the normal orbital and intraocular vasculature, 
tumor vascularization, and echographic differen-
tiation of tumors from subretinal hemorrhage [ 3 ]. 
In patients with carotid-cavernous fi stula or dural 
cavernous arteriovenous malformations, CDI 
clearly demonstrates the dilated, arterialized 

superior ophthalmic vein with high-velocity 
blood fl ow toward the transducer [ 4 ]. In addition, 
CDI may be able to differentiate meningioma 
from glioma of the optic nerve. It may also be 
effective in confi rming the diagnosis of orbital 
varices by showing the dynamic changes through-
out inspiration and expiration [ 5 ].  

5.2.3     Computed Tomography 

 The basis of computed tomography (CT) is the 
measurement of different tissue absorption val-
ues (Hounsfi eld units) of a given tissue to neigh-
boring structures, following exposure to x-rays. 

   Table 5.1    Acoustic tissue properties in various orbital diseases [ 1 ,  2 ]   

 Tissue/disease 

 Acoustic properties 

 Refl ectivity at tissue 
sensitivity  Attenuation  Associated features 

 Normal orbital fat  Very high (95–100 %)  Medium  Multiple interfaces 
 Orbital infl ammation  High (60–95 %)  High 
 Neurofi broma  Medium to high  Low refl ectivity areas indicate mucoid 

spaces  Schwannoma 
 Cavernous hemangioma  Phleboliths 
 Hemangiopericytoma 
 Hematoma – abscess (acute)  Medium (40–60 %)  Low 
 Lymphangioma  Low  Cystic spaces 
 Optic nerve glioma  High or medium 
 Optic nerve sheath meningioma  High or medium 
 Mucocele  Low (5–40 %)  Low 
 Dermoid  High and low refl ectivity areas (fi ne 

hair, cartilaginous remnants)  Hematoma – abscess (chronic) 
 Lymphoma  Homogeneous at high sensitivity 
 Malignant tumor  Variable  Variable 

  Fig. 5.1    B-scan ultrasound of cavernous hemangioma 
displays a well-defi ned oval echogenic lesion deforming 
the globe       
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5.2.3.1     Conventional Computed 
Tomography 

 Conventional CT provides excellent detail of the 
eye, orbital soft tissues, and bony orbit and has an 
established role in the evaluation of orbital 
trauma and orbital diseases (Box  5.1 ). However, 
there are several drawbacks, including relatively 

long exposures times and increased radiation 
exposure (approximately 75 mGy of radiation). 
Although reconstructions in the sagittal and coro-
nal planes can be obtained from conventional CT 
data, these images are of poor quality under prac-
tical conditions (Table  5.2 ).

5.2.3.2           Helical Computed Tomography 
 CT studies have evolved to a spiral (helical) tech-
nique with multiple detectors or a rotating detec-
tor system. Helical CT, also known as spiral or 
volume acquisition CT, acquires data in a con-
tinuous fashion. With the use of image- 
reconstruction algorithms, multiple very thin 
sectioned and multiplanar computer-reformatted 
images can be produced that are superior to those 
obtained from standard incremental axial CT 
images. By producing planar and three- 
dimensional reformations with less motion arti-
fact than conventional CT, helical CT provides 
useful information in almost any plane. If bony 
involvement is clinically suspected, bone 

   Box 5.1: Indications of Orbital CT as a First 

Imaging Step 

•     Evaluation of patient with proptosis 
with suspicion of osseous, fi bro- osseous, 
and fi brous lesions  

•   Evaluation of patient with clinical 
 diagnosis of lacrimal gland lesion  

•   Evaluation of orbital trauma  
•   Detection of calcifi cation  
•   Contraindication for MRI (claustropho-

bia, metallic implants, allergy to con-
trast agent)    

   Table 5.2    Comparison 
of various imaging 
techniques   

 Technique  Comparison 

 Ultrasonography  Advantages  Disadvantages 
 Inexpensive  Requirement for skilled 

operator  Tissue characterization 
 Dynamic information 
 Evaluation of anterior 
orbital lesions 

 Computerized 
tomography 

 Availability  Ionizing radiation 
 Short examination time  Allergic reaction with contrast 

agents 
 Artifacts: 
  High-density foreign body 
  Positioning 
  Partial voluming 
  Beam hardening 

 Magnetic 
resonance 
imaging 

 High soft tissue contrast  Slow acquisition 
 Large imaging depth  Claustrophobia 
 No ionizing radiation  Obesity 
 Paramagnetic effects by:  Missile and thermal injuries 
  Methemoglobin 
  Protein 
  Melanin  Artifacts: 
   Gadopentetate 

dimeglumine 
  Motion 
  Wrap around 
  Bioinhomogeneity 
  Chemical shifts 
  Partial volume 
  Flow or pulsation 
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 algorithm reconstruction (bone window) should 
be used (Fig.  5.2 ) [ 6 – 8 ]. In addition, acquisition 
time is reduced, a great advantage with children 
and unstable patients [ 6 – 8 ].

5.2.3.3        Three-Dimensional (3D) 
Computed Tomography 

 Three-dimensional imaging, a computerized 
post-processing technique, allows unique topo-
graphic overview of selected anatomic or 
 pathologic structures that have been isolated (a 
process called segmentation) from the image tis-
sue volume [ 9 ]. For 3D CT imaging of the head 
and orbits, scanning technique with either 1.5-
mm contiguous slices or 1-mm slices at 1.5-mm 
slice incrementation is recommended. Due to 
partial volume averaging, the thin medial wall, 
the orbital fl oor, and the anterior wall of the max-
illary sinuses are not visualized, causing artifi cial 
holes often referred as pseudoforamina. Special 
processing techniques and sophisticated edge 
detection algorithms may be used to avoid these 
imaging artifacts. Low-contrast tissue segmenta-
tion like in tumor-muscle or tumor-neural tissue 

interfaces requires visual identifi cation and man-
ual separation [ 9 ]. Three-dimensional imaging of 
the orbit is a perfect technique to illustrate a wide 
variety of teratogenic (particularly craniofacial 
dysplasia and synostosis), pathogenic, traumato-
genic, and iatrogenic orbital abnormalities and to 
comprehend the extent and location of the pathol-
ogy in order to plan the surgical approach and 
facilitate comparison between preoperative and 
postoperative changes (Fig.  5.2 ). Computed 
tomography, while excellent for bony detail of 
the lacrimal drainage system, provides a limited 
soft tissue detail than MRI and suffers from 
image degradation in out-of-plane images.   

5.2.4     Magnetic Resonance Imaging 

 Magnetic resonance (MR) imaging is based on a 
physical phenomenon called nuclear magnetic 
resonance effect on the atomic nuclei, primarily 
hydrogen atoms of water molecules in human tis-
sues. MR images of patients are obtained by induc-
ing electromagnetic signals from the magnetic 

a b

c

  Fig. 5.2    Axial CT images of a right sphenoid wing meningioma. Helical CT showing a right hyperostotic sphenoid 
wing ( a ), bone windows ( b ), and three-dimensional scan ( c )       
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dipole movements of  1 H nuclei and then convert-
ing these signals into cross-sectional images. 

 Although CT and MR studies are complemen-
tary, MR imaging provides superior soft tissue 
contrast. Its multiplanar capability with outstand-
ing tissue contrast and the absence of ionizing 
radiation make MR imaging an especially suitable 
technique for imaging orbital structures (Box  5.2 ) 
[ 7 ,  10 ,  11 ]. Moreover, the superfi cial location of 
the eye and eyelids permits the use of surface coils 
which improve the display of anatomic details. 
Current MRI is often performed using 1.5 T units 
of magnetic strength. The overall scan time can be 
shortened by fast spin-echo sequences. Fat sup-
pression techniques are used to eliminate the 
extremely strong bright signal intensity from 
orbital fat which may overwhelm high signal 
intensities of enhancing surrounding lesions.     

5.3      Interpretation of Imaging 
Studies 

 Interpretation of imaging studies is facilitated 
by evaluating radiological characteristics such as 
anatomic location, appearance, content, post-
contrast enhancement features, and bone charac-
teristics [ 7 ,  10 – 15 ]. 

5.3.1     Location 

 CT provides similar information to MR imaging 
on the location and extent of a lesion in the ante-
rior orbital space, the globe, the intraconal- 
extraconal space, orbital fat, extraocular muscles, 
cavernous sinus, and temporal fossa. CT remains 
the imaging modality of choice in the evaluation 
of lesions located in the lacrimal gland fossa, the 
paranasal sinuses, and adjacent bony orbit. Due 
to superior soft tissue contrast resolution by MR 
imaging, it is the study of choice for lesions infi l-
trating the optic nerve, optic nerve sheath, and 
orbital apex.  

5.3.2     Appearance 

 An orbital lesion may be described as having a 
regular (round or oval) or irregular (infi ltrative) 
confi guration. Its margin characteristics may be 
well circumscribed or diffuse.  

5.3.3     Content 

 Information on the content of the lesion (cystic or 
solid; homogeneous or heterogeneous) could be 
obtained by both CT and MR imaging tech-
niques. Both imaging techniques also detect pres-
ence of fl uid/fl uid or fl uid/air levels. When lesion 
density is higher than that of the vitreous, CT 
images identify a lesion as solid. As wide range 
of tissue densities on CT scans or signal intensi-
ties on MR images relate to the internal architec-
ture and the presence of proteinaceous or blood 
products, it is not always possible to differentiate 
a solid from a cystic orbital lesion. MR images 
identify tissue compounds such as melanin, met-
hemoglobin, deoxyhemoglobin, ferritin, and pro-
teinaceous material. Punctate or conglomerate 
increased densities on CT scans or foci of signal 
void on MR scans may be seen in trauma, vascu-
lar tumors, optic nerve sheath tumors (meningi-
oma), epithelial lacrimal gland tumor, and 
malignant osseous tumors (osteosarcoma). In 
general, MR images provide more information 
about the content of the lesion than the CT 
images. However, CT is best suited for the detec-
tion of calcifi cation.  

   Box 5.2: Indications of Orbital MRI 

as a First Imaging Step 

•     Location and extent of orbital lesion  
•   Evaluation of orbital, intracanalicular, 

and prechiasmal optic pathways  
•   Evaluation of patient with proptosis 

(hemorrhagic, neoplastic, fi brosclerotic, 
mucinoid/cystic degeneration)  

•   Evaluation of patient with progressive 
bluish lid swelling (capillary hemangi-
oma versus lymphangioma)  

•   Evaluation of tumor response after 
radiotherapy or chemotherapy  

•   Evaluation of anophthalmic socket when 
orbital tumor recurrence is suspected  

•   Orbital trauma when ferromagnetic 
material is excluded  

•   Identifi cation of fi brovascular ingrowth 
within biocompatible implant    
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5.3.4     Contrast Enhancement 

 The pattern of contrast enhancement (present or 
absent; homogeneous or heterogeneous) of orbital 
lesions guides in forming a differential diagnosis. 
Enhancement characteristics of an orbital lesion 
are best identifi ed on post-contrast fat-suppressed 
T1-weighted images. No enhancement is docu-
mented in hemorrhagic process, dense scar tissue, 
collection of fl uid, or necrotic portion of tumors. 
Minimal contrast enhancement suggests a chronic 
or sclerosing orbital infl ammation, tissue fi brosis, 
or post-therapeutic scar tissue. Moderate to 
marked contrast enhancement is usually noticed 
in solid tumors as well as in acute infl ammatory 
orbital lesions. Linear enhancement surrounding 
a non-enhancing well- delineated lesion suggests 
the cystic nature of the lesion. Well-defi ned linear 
or void of signal within an enhancing lesion may 
suggest air, high blood fl ow vessels (artery or 
vein), fragments of cortical bone, or foreign body. 
Gadolinium- enhanced MR imaging has proven as 
the best- suited imaging modality for assessing the 
fi brovascularization tissue progression into 
porous orbital implants (hydroxyapatite and 
porous polyethylene).  

5.3.5     Bone Characteristics 

 Bone changes induced by an orbital lesion 
include cortical bony indentation and molding, 
bone erosion, bone lysis, bone infi ltration, and 
hyperostosis. The destruction of cortical bone is 
seen on CT as a loss of the highly dense cortical 
bone and on MR scans as a discontinuity of the 
linear signal void produced by the normal corti-
cal bone. CT with bone windows or 3D CT is 
almost always preferred to assess orbital disorder 
suspected to affect the bony orbit. 

5.3.5.1     Bone Molding 
 Molding of the bone by a well-circumscribed 
orbital mass highly suggests a congenital lesion 
(dermoid cyst, lymphangioma) or a slowly grow-
ing benign tumor (cavernous hemangioma, neu-
rofi broma, neurilemoma, and benign lacrimal 
gland tumor).  

5.3.5.2     Bone Erosion 
 Bone erosion is usually seen with more 
 aggressive infl ammatory lesions, primary 
tumors, and secondary tumors.  

5.3.5.3     Bone Lysis 
 Bone destruction or lysis is observed in very 
aggressive primary tumors, secondary malignant 
tumors, and infl ammatory lesions (idiopathic 
orbital infl ammation, eosinophilic granuloma).  

5.3.5.4     Bone Infi ltration 
 Tumor infi ltration of the bony orbit is best seen 
on CT with bone algorithm reconstruction and 
identifi ed on MR imaging as a discontinuity of 
cortical signal void and loss of high signal inten-
sity of the fat in the bone marrow.  

5.3.5.5     Hyperostosis 
 Hyperostosis is observed with benign osseous 
tumors (meningioma), malignant bone tumors 
(osteosarcoma), and metastatic tumors such as 
from prostate carcinoma. In general, osseous 
spiculation and inhomogeneous density are fi nd-
ings suggestive of a malignant tumor.    

5.4     Radiological Differential 
Diagnosis 

 Orbital tumors can be classifi ed into one of seven 
radiological patterns (well-circumscribed solid, ill-
defi ned solid, circumscribed cystic, enlarged optic 
nerve, enlarged lacrimal gland, enlarged extraocu-
lar muscles, and anomalies of the bony orbit) to 
obtain reliable differential diagnosis (Box  5.3 ).   

   Box 5.3: Six Radiological Patterns of Orbital 

Tumors 

•     Well-circumscribed solid tumor  
•   Ill-defi ned solid tumor  
•   Circumscribed cystic tumor  
•   Enlarged optic nerve  
•   Enlarged lacrimal gland  
•   Enlarged extraocular muscles  
•   Anomalies of the bony orbit    
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5.4.1      Well-Circumscribed 
Solid Orbital Lesions 

 The most frequent well-circumscribed orbital 
tumors are cavernous hemangioma, neurile-
moma, neurofi broma, fi brous histiocytoma, and 
hemangiopericytoma [ 10 – 15 ]. These tumors 
 usually present as a well-defi ned, oval-to-round 
intraconal orbital mass on MR imaging 
(Table  5.3 ).

   Cavernous hemangioma shows increasing 
homogeneous enhancement on delayed images 
owing to the pooling of the contrast material 
within the tumor. Tumor enhancement and delin-
eation are best evaluated on Gd-DTPA-enhanced 
T1-weighted images using fat suppression 
 techniques (frequency-selective presaturation 
techniques). Heterogenicity in tumor signal may 
be related to the presence of calcifi ed phlebo-
liths which produce signal void on T1- and 
T2-weighted images. Neurilemoma (schwan-
noma), neurofi broma, fi brous histiocytoma, and 
hemangiopericytoma may conceivably have 
identical non-enhancing MR characteristics 
of less common well-circumscribed orbital 
lesions such as lymphoproliferative disorder, 

metastasis from skin melanoma or carcinoid 
tumor,  capillary hemangioma, orbital varix, and 
 rhabdomyosarcoma (Fig.  5.3 ).

5.4.2        Ill-Defi ned Solid Orbital 
Lesions 

 The radiological differential diagnosis of 
 common solid ill-defi ned orbital lesions in chil-
dren includes capillary hemangioma, lymphan-
gioma, plexiform neurofi broma, idiopathic 
orbital infl ammation, and metastasis [ 10 – 16 ]. In 
adults idiopathic orbital infl ammation, metasta-
sis, primary orbital tumor, and lymphoprolifera-
tive disorder are more frequent causes. 

 There are no specifi c CT features of ill-defi ned 
orbital lesions but CT provides clues regarding 
the malignant nature or chronic behavior of an 
orbital mass if bone changes (molding, erosion, 
lysis, and hyperostosis) are identifi ed on bone 
windows scans. Radiolucency areas within the 
tumor may suggest necrotic changes. 

 The increased signal of an infl ammatory 
 process is related to its acute stage and its 
high  concentration of free water (Table  5.4 ). 

   Table 5.3    Magnetic 
resonance imaging 
features of well-
circumscribed orbital 
tumors on spin-echo 
sequences   

 Tumor 

 Lesion appearance  Degree of 
enhancement 
with Gd-DTPA 

 Signal intensity a  

 T1-WI  T2-WI 

 Cavernous hemangioma  Homo  Hetero/homo (late)  Homo 
 Iso/hyper  Iso/hypo  +++ 

 Neurilemoma  Hetero  Hetero  Hetero 
 Iso/hyper  Iso/hypo  +/+++ 

 Neurofi broma  Hetero  Hetero  Hetero 
 Iso/hyper  Iso/hypo  +/+++ 

 Fibrous histiocytoma  Hetero  Hetero  Hetero 
 Hyper/hypo  Hyper/hypo  ++++ 

 Hemangiopericytoma  Homo  Homo  Hetero 
 Iso/hyper  Iso/hypo  ++++ 

 Orbital varix  Homo/hetero  Homo/hetero  Homo/hetero 
 Iso/hyper  Iso/hypo  ++++ 

 Thrombosed varix  Hetero  Hetero  Hetero 
 Iso/hyper  Iso/hypo  −/+ 

 Orbital metastasis (skin 
melanoma, carcinoid) 

 Homo  Homo  Homo 
 Iso/hyper  Iso/hypo  +/+++ 

   a With respect to vitreous 
  Iso  isointense,  Hyper  hyperintense,  Hypo  hypointense,  Homo  homogeneous,  Hetero  
heterogeneous  

5 Imaging Techniques



38

By studying T2 relaxation times, it may be 
 possible to  differentiate muscle enlargement 
caused by infl ammatory edema from infi ltrative 
process. Malignant tumors and occasionally 

infl ammatory lesions may produce bone changes 
which appear as disruption of the regular signal 
void of the adjacent cortical bone or as a loss 
of the high signal of the marrow fat.

a b

c

  Fig. 5.3    Left orbital schwannoma. Axial CT image 
showing a well-circumscribed orbital mass ( a ). Coronal 
pre- contrast T1-weighted image. The lesion shows slight 

heterogeneous appearance ( b ). Axial post-contrast 
T1-weighted image displaying heterogeneous enhance-
ment ( c )       

   Table 5.4    Magnetic 
resonance imaging 
features of ill-defi ned 
orbital tumors on 
spin-echo sequences   

 Tumor 

 Lesion appearance  Degree of 
enhancement 
with Gd-DTPA 

 Signal intensity a  

 T1-WI  T2-WI 

 Orbital metastasis  Homo/hetero  Homo/hetero  Homo/hetero 
 Hyper Hypo +/+++  Iso/hypo  +/+++ 

 Capillary hemangioma  Homo/hetero  Homo/hetero  Homo/hetero 
 Iso/hyper  Iso/hypo  +++ 

 Lymphoid proliferative 
disorder 

 Homo  Homo  Homo 
 Hyper  Hypo  +++ 

 Primary orbital tumor  Homo/hetero  Homo/hetero  Homo/hetero 
 Hyper  Hypo  +/+++ 

 Acute idiopathic 
infl ammation 

 Homo  Homo  Homo 
 Iso/hyper  Iso/hypo  +++ 

 Chronic idiopathic 
infl ammation 
(sclerosing type) 

 Homo  Homo  Homo/hetero 
 Iso/hyper  Hypo  −/+ 

   a With respect to vitreous 
  Iso  isointense,  Hyper  hyperintense,  Hypo  hypointense,  Homo  homogeneous, 
 Hetero  heterogeneous  
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   Minimal and heterogeneous enhancement is 
usually observed in the sclerosing type of orbital 
infl ammation, and marked enhancement is 
observed in the acute type making their radio-
logical differentiation easier. However, MRI does 
not provide suffi cient histologic tissue specifi city 
to allow reliable differentiation between idio-
pathic orbital pseudotumor, benign reactive lym-
phoid hyperplasia, atypical lymphoid hyperplasia, 
and lymphoma.  

5.4.3     Well-Circumscribed Cystic 
Lesions 

 The differential diagnosis of cystic orbital lesions 
includes dermoid cyst, colobomatous cyst, tera-
toma, meningoencephalocele, lymphangioma, 
acquired inclusion cyst, chronic hematic cyst 
(cholesterol granuloma), mucocele, subperiosteal 
hematoma, and parasitic cyst [ 10 – 15 ,  17 ]. 

 Orbital CT offers excellent information 
regarding the cystic features of the lesion as its 
density is similar to that of the vitreous. However, 
cystic lesions with higher density (high content 
of protein, keratinaceous material, blood prod-
ucts) may simulate solid well-circumscribed 
orbital tumor. MR studies are more specifi c than 
CT in identifying tissue component within the 
cystic mass as well as the linear enhancement of 
the capsule surrounding the non-enhancing 
lumen of the cyst. On MR imaging the cystic 
lesions appear as well-defi ned, round-to-oval 

lesions with variable signal intensities depend-
ing upon the composition of their content 
(Table  5.5 ). Dermoid cyst may have a character-
istic dumbbell confi guration. Fat-fl uid level is 
characteristically seen in dermoid cyst. A fl uid-
fl uid level is suggestive of subacute hemorrhagic 
lymphangioma or hemorrhagic cyst with the 
superior aspect of the cyst containing the methe-
moglobin released from the lyzed erythrocytes 
and the dependent portion containing the settled 
cellular elements of the hemorrhage with intra-
cellular methemoglobin. The increasing concen-
tration of proteinaceous secretions in a mucocele 
produces a higher signal intensity of the lesion 
(Fig.  5.4 ).

5.4.4         Enlarged Optic Nerve 

 The differential diagnosis of an enlarged optic 
nerve includes juvenile pilocytic astrocytoma, 
malignant glioma, secondary tumor from intra-
ocular tumor (retinoblastoma, uveal melanoma, 
melanocytoma), CNS lymphoma or systemic 
metastatic disease, and optic neuritis [ 10 – 15 , 
 18 ]. In all these diseases, the optic nerve may 
assume a tubular, fusiform, and lobular confi gu-
ration. The differential diagnosis of an enlarged 
optic nerve sheath includes meningioma, menin-
geal spread of tumor, meningitis, arachnoidal 
cyst, hemorrhage, and CSF expansion as seen 
with pseudotumor cerebri or orbital apex 
compression. 

   Table 5.5    Magnetic 
resonance imaging 
features of cystic 
orbital tumors on 
spin-echo sequences   

 Tumor 

 Lesion appearance  Degree of 
enhancement 
with Gd-DTPA 

 Signal intensity a  

 T1-WI  T2-WI 

 Dermoid cyst  Hetero  Hetero  Lumen − 
 Iso/hyper  Iso/hypo  Capsule, septa + 

 Epithelial cyst  Homo  Homo  Lumen − 
 Iso/hyper  Iso/hypo  Capsule, septa + 

 Mucocele  Homo  Homo  Lumen − 
 Iso/hyper  Iso/hypo/hyper  Capsule, septa + 

 Hemorrhagic cyst/
lymphangioma 

 Hetero  Hetero  Lumen − 
 Iso/hyper  Iso/hypo/hyper  Capsule, septa + 

   a With respect to vitreous 
  Iso  isointense,  Hyper  hyperintense,  Hypo  hypointense,  Homo  homogeneous, 
 Hetero  heterogeneous  
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 The pattern of enhancement of enlarged optic 
nerve allows differentiation between an optic 
nerve lesion and an optic nerve sheath lesion. In 
optic nerve lesions the enhancement is within the 
optic nerve, whereas the enhancement is eccen-
tric surrounding a hypointense optic nerve. The 
characteristic kinking and buckling of the 
enlarged optic nerve is highly suggestive of juve-
nile pilocytic astrocytoma (optic nerve glioma). 
On pre-contrast T1-weighted images, juvenile 
pilocytic astrocytoma (JPA) appears isointense 
with respect to the cerebral gray matter (Fig.  5.5 ). 
The tumor may be surrounded by reactive arach-
noid hyperplasia which shows a slightly hypoin-
tense signal. On T2-weighted images, fusiform 
JPA demonstrates relatively high signal intensity, 
whereas large lobulated tumors tend to show a 
more heterogeneous signal. The peripheral 
hyperintense portion (perineural arachnoid glio-
matosis or arachnoidal hyperplasia or CSF accu-
mulation) surrounds a central linear core of lower 
signal intensity (compact proliferation of glial 
cells). On post-contrast studies, JPA shows vari-
able enhancement which can be traced through 
the optic canal to the chiasm and optic tracts 
when it involves the intracranial portion of the 
optic nerve. The non-enhancing peripheral por-
tion of the tumor, which is hyperintense on 
T2-weighted images, probably represents arach-
noidal hyperplasia or an ectatic subarachnoid 
space around the optic nerve. The perineural 
arachnoid gliomatosis shows enhancement. 

Involvement of the optic nerve with retinoblas-
toma or melanoma cells, lymphoproliferative tis-
sue, and metastatic process are best detected on 
post-contrast MR studies. In these cases, the pat-
tern of enhancement within the optic nerve may 
be localized or diffuse.

   The intensity pattern of optic nerve sheath 
meningioma on pre-contrast MR studies is vari-
able and the tumor may appear isointense, 

a

b

  Fig. 5.5    Enlarged optic nerve on coronal post-contrast 
T1-weighted images. Enhancing pattern of juvenile pilo-
cytic astrocytoma within the right optic nerve ( a ). Rim- 
like enhancing left optic nerve sheath meningioma ( b )       

a b

  Fig. 5.4    Left ethmoidal mucocele with bilateral pansi-
nusitis. Coronal CT with bone window suggesting the 
rupture of the medial orbital wall ( a ). Coronal pre-con-

trast T1-weighted image. The cystic lumen shows high 
signal intensity due to the high proteinaceous content ( b )       
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hypointense, or hyperintense with respect to the 
optic nerve on T1- and T2-weighted images. On 
post-contrast fi lms, the tumor shows marked 
enhancement which characteristically take a rim 
or eccentric pattern surrounding the non- 
enhancing optic nerve. A small intracanalicular 
or intracranial extension of the tumor is best 
identifi ed on post-contrast T1-weighted images 
with fat suppression techniques. Calcifi cation 
shows a low signal intensity on T1- and 
T2-weighted images without enhancement with 
Gd-DTPA. 

 On CT, the tubular or globular enlargement 
seen with an optic nerve sheath meningioma is 
nonspecifi c. Tram tracking, sign in which the 
denser and thicker optic nerve sheath outlines a 
central lucency representing the residual optic 
nerve, is characteristic but is not specifi c to optic 
nerve sheath meningioma.  

5.4.5     Enlarged Lacrimal Gland 

 Lacrimal gland lesions may be classifi ed as non- 
epithelial and epithelial. The non-epithelial lacri-
mal gland lesions include infl ammation and 
lymphoid tumors, whereas the epithelial lesions 
included dacryops, pleomorphic adenoma, and 

malignant epithelial tumors (adenoid cystic 
 carcinoma) [ 10 – 15 ]. 

 Orbital CT is more specifi c than MRI in the 
detection of calcifi cation within the enlarged lac-
rimal gland and in the evaluation of bone destruc-
tion in the lacrimal gland fossa. On MRI, among 
the non-epithelial lesion of the lacrimal gland, 
the infl ammatory process (dacryoadenitis) usu-
ally appears more ill-defi ned than a lymphoid 
infi ltrate which can mold to the globe (Table  5.6 ). 
The epithelial tumor of the lacrimal gland usually 
presents as a well-circumscribed mass in the lac-
rimal gland fossa and produces bone scalloping 
of the frontal bone. Adenoid cystic carcinoma 
may have an irregular, relatively well-defi ned, or 
infi ltrative pattern with possible evidence of bone 
destruction.

   Calcifi cation within the enlarged lacrimal 
gland is highly suggestive of adenoid cystic car-
cinoma and appears as hypointense areas on T1- 
and T2-weighted images without enhancement 
on post-contrast scans.  

5.4.6     Enlarged Extraocular Muscles 

 The extraocular muscles can be enlarged by 
infectious, infl ammatory, neoplastic, vascular, 

   Table 5.6    Magnetic 
resonance imaging features 
of lacrimal gland lesions on 
spin-echo sequences    Tumor 

 Lesion appearance  Degree of 
enhancement 
with Gd-DTPA 

 Signal intensity a  

 T1-WI  T2-WI 

 Dacryops  Homo  Homo  – 
 Iso/hyper  Iso/hypo 

 Lymphoid 
proliferative disorder 

 Homo  Homo  Homo 
 Hyper  Hypo  +/+++ 

 Acute idiopathic 
infl ammation 
(dacryoadenitis) 

 Homo  Homo  Homo 
 Iso/hyper  Iso/hypo  +++ 

 Chronic idiopathic 
infl ammation 
(sclerosing type) 

 Homo  Homo  Homo/hetero 
 Iso/hyper  Hypo  −/+ 

 Pleomorphic adenoma 
(Benign mixed tumor) 

 Homo  Homo  Homo 
 Iso/hyper  Iso/hypo  +++ 

 Adenoid cystic 
carcinoma 

 Homo/hetero  Homo/hetero  Homo/hetero 
 Hyper  Hypo  +/+++ 

   a With respect to vitreous 
  Iso  isointense,  Hyper  hyperintense,  Hypo  hypointense,  Homo  homoge-
neous,  Hetero  heterogeneous  
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and degenerative processes (Table  5.7 ). Such 
involvement is usually best seen on post-contrast 
coronal CT and MR images [ 13 – 16 ]. In thyroid- 
associated orbitopathy, the belly of the extraocu-
lar muscles is expanded, and unlike idiopathic 
myositis, the tendinous attachment to the globe is 
usually spared [ 19 ]. Neoplastic infi ltration (rhab-
domyosarcoma, metastasis, lymphoma) may 
involve the extraocular muscle focally or dif-
fusely with occasional sparing of the inserting 
tendon. Tumor necrosis may produce heteroge-
neous signal intensities. Focal or multifocal nod-
ularity of the extraocular muscle(s) is highly 
suggestive of metastatic disease (Fig.  5.6 ) 
[ 13 – 16 ].

5.4.7         Anomalies of Bony Orbit 

 CT remains the imaging modality of choice for 
the evaluation of bone abnormalities (scallop-
ing, deformity, hyperostosis, expansion, and 
bone marrow invasion) as well as osseous, 
fi bro- osseous, and fi brous tumors [ 10 – 15 ,  20 ]. 

The fact that cortical bone has a signal void 
 permits bone to be demarcated from adjacent 
tissues on MR imaging. Good contrast is there-
fore available between bone and orbital fat, 
muscle, and brain. However, cortical bone may 
not be clearly defi ned when it lies adjacent to 
structures in which signal is not generated such 
as air, rapidly fl owing blood, dura, or 
calcifi cation. 

   Table 5.7    Magnetic 
resonance imaging 
features of enlarged 
extraocular muscles 
on spin-echo 
sequences   

 Entity/tumor 
 Extent of 
involvement 

 Lesion appearance  Degree of 
enhancement 
with Gd-DTPA 

 Signal intensity a  

 T1-WI  T2-WI 

 Thyroid orbitopathy  Uni/bilateral  Homo  Homo  Homo 
 Single/multiple  Hyper  Iso/hypo  +/+++ 
 Tendon (+) 

 Idiopathic myositis  Uni/bilateral  Homo  Homo  Homo 
 Single/multiple  Hyper  Iso/hypo  +/+++ 
 Tendon (+) 

 Rhabdomyosarcoma  Unilateral  Homo/hetero  Homo/hetero  Homo/hetero 
 Single/multiple  Iso/hyper  Iso/hypo 
 Tendon (+/−) 

 Metastasis  Uni/bilateral  Homo/hyper  Homo/hetero  Homo/hetero 
 Single/multiple  Hyper  Hypo  −/+++ 
 Tendon (+/−) 

 Lymphoma  Uni/bilateral  Homo  Homo  Homo 
 Single/multiple  Hyper  Hypo  +++ 
 Tendon (+/−) 

 Carotid-cavernous 
fi stula 

 Unilateral  Homo  Homo  Homo 
 Multiple  Hyper  Hypo  +++ 
 Tendon (−) 

   a With respect to vitreous 
  Iso  isointense,  Hyper  hyperintense,  Hypo  hypointense,  Homo  homogeneous,  Hetero  
heterogeneous  

  Fig. 5.6    Focal enlargement of the left lateral rectus mus-
cle by metastatic carcinoid from the lung. The necrotic 
tumor does not enhance       
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 Osteosarcoma appears as an ill-defi ned mass 
with a heterogeneous, hyperintense signal with 
respect to the vitreous and gray matter on 
T1-weighted scans. On T2-weighted images, the 
tumor has a heterogeneous lower signal intensity. 
After Gd-DTPA injection, osteogenic sarcoma 
demonstrates heterogeneous enhancement. 
Replacement of the cortical bone and fat marrow 
and orbital and cranial extension are best identi-
fi ed on post-contrast fat-suppressed T1-weighted 
images. CT scans demonstrate an irregular, inva-
sive, and destructive tumor with lytic and scle-
rotic changes associated with focal areas of 
calcifi cation. 

 Fibrous dysplasia displays sclerotic, homoge-
neous, dense, and ground-glass appearance on 
CT but alternate areas of lucency and increased 
density can also be identifi ed. On MR imaging 
fi brous dysplasia shows very low signal intensity 
on T1- and T2-weighted images. 

 Aneurysmal bone cysts of the orbit appear as 
multicystic, loculated masses associated with bone 
destruction and possible extension to the adjacent 
sinuses. These tumors have heterogeneous signal 
intensities and fl uid-fl uid levels refl ecting the vari-
ous stages of evolution of the hemorrhagic con-
tent. Orbital CT scans show irregular expansion 
and destruction of bone associated with a mildly 
enhancing loculated cystic mass. 

 The major role of MR in evaluation of second-
ary orbital tumors from the paranasal sinuses is to 
delineate the extent of the infi ltrative tumor pro-
cess within the orbit, the sinuses, and the brain. 
These malignant tumors are fairly cellular and 
usually show a low signal intensity on 
T1-weighted images and increased signal on 
T2-weighted images with respect to orbital fat.   

5.5     Summary 

 Ultrasonography, color Doppler imaging, CT, 
and MR imaging are the most important imaging 
tools for the clinician in the fi eld of orbital 
 oncology. Although orbital ultrasonography 
may  provide good information about acoustic 
inner texture of an orbital lesion, it is diffi cult to 
differentiate normal from abnormal tissues. CT 

 provides excellent detail of the eye, orbital soft 
tissues, and bony orbit and has an established 
role in the evaluation of orbital trauma and orbital 
diseases. Although CT and MR studies are com-
plementary, MR imaging provides superior soft 
tissue contrast. Interpretation of imaging studies 
is facilitated by evaluating radiological charac-
teristics such as anatomic location, appearance, 
content, post-contrast enhancement features, and 
bone characteristics. Moreover, orbital tumors 
can be classifi ed into one of seven radiological 
patterns (well-circumscribed solid, ill-defi ned 
solid, circumscribed cystic, enlarged optic nerve, 
enlarged lacrimal gland, enlarged extraocular 
muscles, and anomalies of the bony orbit) to 
obtain reliable differential diagnosis.     
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6.1            Introduction 

    Nonspecifi c orbital infl ammation (NSOI) is a 
term used to describe nonmalignant infl amma-
tion of the orbit characterized by a polymor-
phous lymphoid infi ltrate with varying degrees 
of fi brosis, without a known local or systemic 
cause [ 1 ]. The emphasis is on lack of fi nding 
a known cause. Orbital infl ammation itself is 
not a diagnosis, but rather a description of a 
tissue response to some underlying problem, 
such as infection, irritation, or injury, which 
has triggered the immune system. The injured 
cells release chemical factors stimulating the 
infl ammatory response which is character-
ized by symptoms of pain, redness, swelling, 
warmth, and possible dysfunction of the tissues 
involved. In the case of the orbit, it is infi ltra-
tion of orbital soft tissues by chronic infl amma-
tory cells that causes fi ndings such as proptosis, 
eyelid swelling, chemosis, pain, diplopia, or 
visual loss. Every effort must fi rst be made to 
identify a specifi c cause of the infl ammation. 
Navigating through the differential diagnosis 
of diseases that can cause or simulate orbital 
infl ammation is challenging; however, adher-
ing to a methodical history and exam will help 
facilitate the process (Table  6.1 ). Only once all 
other specifi c etiologies have been eliminated 
can one conclude with the diagnosis of nonspe-
cifi c orbital infl ammation, which only means 
that the causative pathogen or trigger could not 
be identifi ed.
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6.2        Historical Perspective 

 Recognition of this entity dates to the late 1800s 
and early 1900s, when several authors reported 
patients with all the fi ndings consistent with a 
presumed tumor of the orbit, but either who were 
subsequently noted to experience unexpected, 
spontaneous improvement or who, upon surgical 
exploration and biopsy of the orbit, were found 
to have benign infl ammation rather than malig-
nancy. Hence, the term “orbital pseudotumor” 
was coined [ 2 ]. The clinical description of a 
benign process masquerading as a malignant one 
was appropriate for that era, but, unfortunately, 
the term has become entrenched in medical 
 literature despite modern breakthroughs in 
 imaging, immunopathology, and molecular tech-
niques that allow for ever-increasing diagnostic 

specifi city. The modern term nonspecifi c orbital 
 infl ammation (NSOI), or alternatively idiopathic 
orbital infl ammation, more accurately refl ects 
both our current understanding of this disease 
process and the acknowledgement that known 
causes were otherwise excluded [ 3 ].  

6.3     Pathogenesis 

 Although the exact pathogenesis of NSOI 
remains unknown, it is generally believed to be 
an immune-mediated process. Wladis docu-
mented the molecular differences between nor-
mal orbits and those of patients affected by NSOI, 
showing that six cytokines are upregulated in 
NSOI, in particular IL-12, TNF-alpha, and IFN- 
gamma       [ 4 ]. Furthermore, in comparing orbital 
biopsy specimens from patients with suspected 
NSOI to control orbital adipose specimens from 
those with noninfl amed orbits, Wladis identifi ed 
toll-like receptors (TLRs), a class of proteins that 
play a key role in the innate immune system [ 5 ]. 
The presence of TLRs has been associated with 
other infl ammatory diseases, such as rheumatoid 
arthritis and multiple sclerosis. NSOI has been 
associated with a number of systemic immuno-
logic disorders including Crohn’s disease, sys-
temic lupus erythematosus, rheumatoid arthritis, 
diabetes mellitus, myasthenia gravis, and anky-
losing spondylitis. Some authors have proposed a 
post-infectious etiology since NSOI has been 
reported following viral illness in both adult and 
pediatric studies [ 6 ].  

6.4     Clinical Features 

 Rapid onset of pain associated with periorbital 
swelling and chemosis is the most common clini-
cal presentation. However, recognizing that there 
is high variability in the symptoms and clinical 
fi ndings of NSOI, which are very much dictated 
by the degree and anatomic location of the 
infl ammation present, is important in the clini-
cian’s ability to recognize this disease [ 7 ]. If 
acute in nature, NSOI may mimic infectious 
orbital cellulitis. Anterior orbital infl ammation 

   Table 6.1    Differential diagnosis of orbital infl ammation   

  Specifi c etiology  
 Thyroid-associated  Thyroid-associated orbitopathy 

(TAO) 
 Infectious  Bacterial: tuberculosis, syphilis 

 Fungal: mucormycosis, 
aspergillosis 
 Parasitic: echinococcosis, 
cysticercosis 

 Vasculitic  Wegener’s granulomatosis 
 Polyarteritis nodosa 
 Hypersensitivity angiitis 
 Systemic lupus erythematosus 
 Giant cell arteritis 

 Granulomatous  Sarcoidosis 
 Xanthogranulomatous 
 Foreign body granuloma 
 Erdheim–Chester disease 

 Sjögren’s syndrome 
  Noninfl ammatory disorders with secondary 
infl ammation  
 Neoplasia  Lymphoproliferative disorders 
 Vascular disorders  Dural fi stula 

 Cavernous sinus arteriovenous 
fi stula 
 Cavernous sinus thrombosis 

  Nonspecifi c etiology  
 Other diagnoses 
excluded 

 Nonspecifi c orbital infl ammation 
(NSOI) 
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localized to the lacrimal gland may present with 
an S-shaped lid deformity and chemosis 
(Fig.  6.1 ). The swelling in anterior orbital infl am-
mation may be dramatic, but vision is often 
spared. Conversely, infl ammation localized to the 
orbital apex may present more insidiously with 
optic neuropathy and motility defi cits despite a 
quiet anterior orbit, mimicking a neoplasm or 
cranial nerve palsy (Fig.  6.2 ). Widespread orbital 
infl ammation may also manifest as uveitis or 
papillitis (Fig.  6.3 ). While pain or discomfort is 
commonly thought to be the hallmark feature of 
this disease, atypical cases may occur in which 
pain is absent.

     Nonspecifi c orbital infl ammation may be sub-
classifi ed by onset: acute (within hours or days), 
subacute (days to weeks), chronic (weeks to 
months), relapsing, or recurrent. 

 Nonspecifi c orbital infl ammation may be 
 subclassifi ed by anatomic location, with any 
number or amount of orbital tissues affected. The 
most common anatomic patterns may involve (1) 
one or more extraocular muscles, (2) one or both 
lacrimal glands, (3) anterior orbit, (4) apical 
orbital and perineural involvement, or (5) diffuse 
orbital infl ammation. Infl ammation localized to a 
specifi c anatomical site may acquire its own 
name, such as  dacryoadenitis  (infl ammation 
localized to the lacrimal gland) or  orbital myosi-
tis  (infl ammation localized to one or more extra-
ocular muscles)   . 

 Compared to the adult population, NSOI in 
the pediatric population tends to manifest bilater-
ally more commonly and with elevated ESR, 
eosinophilia, and uveitis. The latter of which 
appears to portend a poor outcome [ 8 ].  

a c

b

  Fig. 6.1    Anterior orbital infl ammation with S-shaped lid 
deformity ( a ). MRI reveals marked enlargement of lacri-
mal gland ( b ). Orbital biopsy shows lacrimal gland with 
focally dense chronic infl ammatory cells, both lympho-

cytes and plasma cells, and with focal periductal fi brosis 
( c ). Note absence of giant cells or lymphoepithelial 
lesions. No overt evidence of lymphoproliferative disor-
der was shown by fl ow cytometry       
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6.5     Clinical Subtypes 

6.5.1     Orbital Myositis 

 Orbital myositis consists of infl ammation 
involving one or more extraocular muscles 
in one or both orbits. Diplopia and pain 

 exacerbated by eye movement are the presenting 
signs. Examination may reveal restriction of 
motility and positive forced ductions. Recurrence 
of orbital myositis is not uncommon and may 
involve the same or  different extraocular 
 muscles in the same orbit or in the contralateral 
orbit [ 9 ].  

a b

  Fig. 6.3    Diffuse orbital infl ammation. Patient with painful proptosis and limited motility of left eye ( a ). Orbital CT 
reveals periocular and retrobulbar involvement of multiple tissues ( b )       

b

a c

  Fig. 6.2    Apical orbital infl ammation. Patient with pain-
ful proptosis and optic neuropathy. Although the perior-
bital area and anterior segment are quiet ( a ), neuroimaging 

reveals an infi ltrating lesion involving the orbital apex on 
a CT scan ( b ) and MRI ( c )       
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6.5.2     Orbital Apex Syndrome 

 Infl ammation centered in the posterior orbit may 
appear as an orbital apex syndrome, with oph-
thalmoplegia, optic neuropathy, and proptosis. 
The patient may present with visual loss and 
 cranial nerve defi cits, while the anterior orbit 
may or may not be involved. Imaging reveals a 
diffuse, infi ltrative lesion in the apex surrounding 
the optic nerve (Fig.  6.2 ). It is crucial to eliminate 
other causes in such cases, because the differen-
tial diagnosis includes neoplasm, such as lym-
phoma, or infection, such as aspergillosis or 
mucormycosis.  

6.5.3     Sclerosing Orbital 
Infl ammation 

 A distinct sclerosing form of orbital infl amma-
tion has been identifi ed which is characterized 
by dense fi brous replacement. Long believed to 
represent the chronic end stage of the disease, it 
is now thought to represent a distinct clinico-
pathologic entity. This sclerosing form has been 
shown to be histologically similar to other fi bro-
proliferative disorders such as multifocal fi bro-
sclerosis, a systemic disseminated fi brosing 
process that includes Riedel’s thyroiditis, medi-
astinal fi brosis, sclerosing cholangitis, and 
fi brosis of the parotid gland, lacrimal gland, and 
lung [ 10 ]. Kovacs suggests that fi brosis forma-
tion in these disorders is mediated by the aber-
rant production of fi brogenic cytokines such as 
platelet-derived growth factor (PDGF) and 
transforming growth factor-B (TGF-B), which 
ultimately results in permanent alteration in 
 tissue structure [ 11 ].  

6.5.4     Nonsarcoid Granulomatous 
Infl ammation 

 Another distinct form of NSOI is one which dis-
plays granulomatous infl ammation similar to sar-
coidosis but is not associated with systemic 
sarcoidosis [ 12 ].  

6.5.5     Immunoglobulin G4-Related 
Disease and Orbital 
Infl ammation 

 Since 2003, IgG4-related disease (IgG4-RD) 
has been recognized as a systemic fi broinfl am-
matory condition characterized by mass-forming 
infl ammatory reactions involving almost any 
organ  system, in which the tissues are infi ltrated 
by IgG4-positive plasma cells. It is usually, but 
not always, associated with elevated serum IgG4 
concentrations. In the orbit, chronic sclerosing 
dacryoadenitis, characterized by bilateral lacri-
mal gland involvement and a dense lymphoplas-
macytic infi ltration, has been suggested to be an 
IgG4-related disease [ 13 ,  14 ].

  Stone explains that although IgG4 is 
 traditionally thought of as an anti-infl ammatory 
immunoglobulin, it appears to actually play a sig-
nifi cant role in certain immune-mediated condi-
tions and that the identifi cation of IgG4-RD has 
unifi ed a large number of medical conditions pre-
viously thought to be limited to specifi c and sin-
gle organ systems into a cohesive picture of 
systemic infl ammation, linked by similar histo-
pathologic characteristics [ 15 ].   

6.6     Diagnostic Evaluation 

6.6.1     Imaging 

 Neuroimaging plays a critical role in evaluating 
presumed NSOI. Although high-resolution 
orbital computerized tomography (CT) may 
demonstrate variable enhancement after admin-
istration of iodinated contrast material, contrast- 
enhanced magnetic resonance imaging (MRI) 
with fat saturation is the imaging study with the 
highest yield and should be performed when 
available. Subtle edema of the retrobulbar fat is 
often one of the earliest changes seen in NSOI. 
Orbital MRI typically shows a reticular pattern 
of orbital fat that is isointense to muscle in both 
T1- and T2-weighted images. In contrast, orbital 
cellulitis will be hyperintense to muscle in T2 
[ 16 ]. Kapur has suggested diffusion-weighted 
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imaging as a method to distinguish NSOI from 
cellulitis and lymphoproliferative disease [ 17 ] 
(Fig   .  6.4 ).

   Classically, orbital myositis, a specifi c orbital 
infl ammation and the most common cause of 
muscle enlargement, demonstrates tendon thick-
ening in addition to extraocular muscle belly 
enlargement. Infl ammation in TAO is generally 
tendon sparing. However, cases of orbital myosi-
tis  without  tendon involvement have been 
reported [ 18 ], and 8 cases of thyroid-associated 
orbitopathy  with  tendon involvement in a series 
of 125 patients were reported by Simon [ 19 ]. 
Therefore,  extraocular muscle and tendon 
 morphology may be highly suggestive but not 
pathognomonic in differentiating orbital infl am-
mation as either NSOI or TAO (Fig.  6.5 ).

6.6.2        Laboratory Testing 

 Since there is an association between NSOI and 
other systemic conditions such as rheumatologic 
disease and IgG4-related disease, the typical 
 laboratory workup for suspected NSOI should 
include complete blood count (CBC), electrolytes, 
sedimentation rate (ESR), antinuclear antibody 
(ANA), anti-ds DNA, antineutrophil cytoplas-
mic antibody (ANCA), angiotensin- converting 
enzyme (ACE) level, rapid plasma reagin (RPR), 
thyroid function tests (TFTs), and serum IgG4.  

6.6.3     Biopsy 

 Orbital biopsy can play a powerful role in the 
diagnosis of NSOI. Although many authors have 
advocated empiric steroid treatment while 
 reserving orbital biopsy for atypical, nonsteroid- 
responsive, or recalcitrant cases of presumed 
orbital infl ammation, such an approach may lead 
to delay in diagnosis of other causes of infl am-
mation because even malignancy can respond 
favorably to steroids initially [ 20 ]. Biopsy, on 
the other hand, allows defi nition of specifi c dis-
ease, identifi cation of systemic implications, and 
more directed therapeutic treatment plans. 
Rootman found 50 % of biopsied infl ammatory 
lacrimal gland lesions were associated with sys-
temic  disease, including Wegener’s granuloma-
tosis, sclerosing infl ammation, Sjögren’s 
syndrome, sarcoidal reactions, and autoimmune 
disease [ 21 ]. Except for two classic clinical sce-
narios, orbital biopsy should be considered 
whenever medically feasible. These two clinical 
scenarios are orbital myositis and orbital apex 
syndrome, as described above. In these cases, 
characteristic clinical and radiographic fi ndings 
may strongly support the presumed diagnosis, 
and the risk of biopsy must be weighed against 
the risk of a missed diagnosis. However, recur-
rent orbital myositis or orbital apex syndrome, or 
those unresponsive to treatment, may warrant 
orbital biopsy.  

  Fig. 6.4    Orbital myositis. MRI, coronal view, shows dif-
fuse retrobulbar fat edema and thickening of all extraocu-
lar muscles in right orbit       

  Fig. 6.5    Thyroid-associated orbitopathy. Although ten-
don spring is expected, in this case, muscle belly enlarge-
ment and tendon involvement of the left medial rectus 
muscle are evident       
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6.6.4     Histopathology 

 Histopathology in the acute phase of NSOI typi-
cally reveals a diffuse polymorphous infi ltrate 
composed of mature lymphocytes, plasma cells, 
macrophages, eosinophils, and polymorphonu-
clear leukocytes. Vasculitis of small arteries may 
occasionally be found [ 1 ]. In the subacute and 
chronic phases, an increasing amount of fi brovas-
cular stroma is seen.   

6.7     Treatment 

6.7.1     Corticosteroids 

 As the specifi c pathogenesis of NSOI remains 
unknown, management is directed toward the 
common consequences of the infl ammatory cas-
cade: tissue infl ammation and destruction. High- 
dose systemic corticosteroids, therefore, are 
considered the fi rst line of therapy for NSOI, at 
starting doses of 60–80 mg prednisone per day. 
The response to steroids is typically rapid, over 
1–2 days, although it may not be sustained, and 
requires a slow taper over weeks to months to 
avoid recurrence. A slow taper consists of reduc-
ing prednisone by 10 mg/day every 1–2 weeks. 

 However, failure to respond to steroids, depen-
dence on steroids, and steroid intolerance are not 
uncommon [ 22 ,  23 ]. In addition, the side effects 
of weight gain, mood swings, insomnia, and gas-
tric distress are common even with short- term 
therapy.  

6.7.2     Steroid-Sparing Agents 

 Avoiding steroid-associated complications via 
alternative therapies may be desirable, and a mul-
tidisciplinary approach that utilizes the expertise 
of rheumatologists and/or oncologists is benefi -
cial in organizing such treatment plans. 
Alternative therapeutic options include antime-
tabolites, such as azathioprine (Imuran), metho-
trexate (Rheumatrex), mycophenolate mofetil 
(CellCept), and lefl unomide (Arava); T-cell 

inhibitors, cyclosporine and tacrolimus; and 
alkylating agents, cyclophosphamide and 
chlorambucil. 

 Recently, several reports have shown promise 
for biologic agents that have more targeted 
actions than steroids and are associated with 
fewer systemic side effects, although some of 
which are potentially life threatening and require 
careful monitoring. In particular, Garrity and 
Miguel found symptomatic and clinical 
 improvement in patients treated with infl iximab 
after failure to respond to conventional treatment 
or experiencing recurrent orbital infl ammation 
[ 24 ,  25 ].  

6.7.3     External Beam Radiation 

 NSOI is moderately radiosensitive. External 
beam radiation is often reserved for steroid 
 failure, relapse, or contraindication, in doses 
ranging from 10 to 30 Gy. In a series of 26 
orbits referred for relapse after steroid treatment, 
steroid  resistance, or steroid contraindication, 
Lanciano reported complete response in 87 % 
of patients with soft tissue swelling, 82 % with 
proptosis, 78 % with extraocular muscle 
 dysfunction, and 75 % with pain [ 26 ]. 

 Careful patient selection, coordination with an 
experienced radiation therapist, and treatment 
planning are essential to maximize effi cacy and 
minimize side effects. Some patients receiving 
radiation experience increased orbital infl amma-
tion, which may be relieved by a short course of 
oral corticosteroids.  

6.7.4     Surgery 

 Incisional biopsy plays an important role in 
establishing a correct diagnosis in presumed 
NSOI, but the treatment afterwards is generally 
medical. Only occasionally may surgical debulk-
ing be an effective alternative to medical and 
radiation therapy for localized lesions. For the 
most severe cases of orbital infl ammation in 
which there is irretrievable loss of vision and 
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uncontrollable pain, the surgical option of exen-
teration may be considered.   

6.8     Prognosis 

 Although rapid resolution of pain and recovery of 
vision with steroid treatment is the common clin-
ical course, the risk of recurrence is high. In a 
series of 24 patients, Maalouf reported a recur-
rence rate of 55 % [ 27 ], and in a series of 21 
patients, Mombaerts reported a recurrence rate of 
52 % [ 23 ]. Yuen reported a treatment failure rate 
of 37 % in a series of 65 patients [ 22 ].  

6.9     Future 

 In the future, the ever-changing, often vague 
nomenclature used to describe noninfectious, 
nonmalignant orbital infl ammation used pres-
ently and in the past will be replaced by designa-
tions that describe a key pathological or 
molecular feature. As this evolution of eliminat-
ing the “nonspecifi c” from this disease proceeds, 
it will likely bring more insight into the exact 
pathophysiology of orbital infl ammation and 
provide an opening for the use of targeted bio-
logic immunomodulatory therapy, expanding 
and improving our current arsenal of treatment 
beyond steroids.     
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7.1            Introduction 

 Orbital vascular lesions may be neoplastic such as 
capillary and cavernous hemangioma, which 
expand by cellular proliferation, or anomalies rep-
resenting varying types and degrees of vascular 
dysgenesis, or  malformations . Until recently, no 
consensus existed among ophthalmologists to clas-
sify the types of lesions falling under the malfor-
mation category. In response, The Orbital Society 
created a classifi cation system for orbital vascular 
malformations in 1999 to establish a standardized 
classifi cation system and to reduce clinical confu-
sion surrounding the management of these entities 
(Table  7.1 ) [ 1 ]. This system classifi es malforma-
tions based on hemodynamic behavior as opposed 
to their morphologic characteristics emphasizing 
the features most important to their management. 
Clinical and imaging fi ndings are used to assign 
orbital vascular malformations as  no fl ow ,  venous 
fl ow , or  arterial fl ow , and the term “lymphangi-
oma” was identifi ed as inaccurate as these lesions 
both lack a true neoplastic origin. Under the new 
classifi cation system, they are “no-fl ow” malfor-
mations, which are hemodynamically isolated.

   Exciting treatments have been developed for 
both orbital vascular neoplasms and malforma-
tions. The use of beta-blockers for orbital and 
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 periocular capillary hemangiomas and the treat-
ment of cystic malformations with sclerosing 
agents represent alternatives to surgical excision 
[ 2 – 4 ]. These treatments are encouraging as they 
may mean a less invasive future in the treatment 
of orbital vascular lesions and a shift away from 
surgical excision.  

7.2     Orbital Vascular 
Malformations 

7.2.1     Introduction 

 Vascular development occurs during the retiform 
stage of embryogenesis, at approximately day 48 
of development, and orbital vascular malforma-
tions result from errors during this stage. Examples 
include isolated lesions as well as numerous 
congenital syndromes, including Sturge-Weber, 
Osler-Weber-Rendu, Wyburn- Mason, Klippel-
Trénaunay, and Blue-rubber- bleb-nevus (BLEB) 
syndrome. Vascular malformations grow with age, 
never spontaneously involute, and are comprised 
of ectatic venous, arteriovenous, or lymphatic ves-
sels, lined with fl at endothelial cells. The Orbital 
Society’s hemodynamic classifi cation divides 
vascular malformations into three categories by 
fl ow characteristics: no fl ow (type 1), venous fl ow 
(type 2), and arterial fl ow (type 3).  

7.2.2     No-Flow (Type 1) Vascular 
Malformations 

 No-fl ow (type 1) malformations consist of 
lym phatic or combined lymphatic and venous 

channels, which are hemodynamically iso-
lated from systemic circulation. Lymphatic 
and venolymphatic malformations typify type 
1 no-fl ow lesions. Lymphatic malformations 
are  thin- walled, ectatic channels lined with fl at 
endothelium without evidence of smooth muscle. 
These lesions contain serous fl uid, lymphocytes, 
cholesterol clefts, and evidence of old hemor-
rhage. Spontaneous hemorrhage frequently 
occurs into these channels creating blood-fi lled 
“chocolate” cysts. 

7.2.2.1     Clinical Features 
 No-fl ow malformations occur as 3 % of all orbital 
tumors and over half of these lesions are diag-
nosed at birth (59 %) with the rest usually pre-
senting within the fi rst few years of life. Unilateral 
proptosis or swelling is the primary symptom in 
76 % of patients [ 5 ]. Proptosis classically wors-
ens with respiratory infections and prolonged 
head-down positioning. Other presentations 
include spontaneous hemorrhage, orbital infec-
tion, ptosis, and strabismus. The spontaneous 
hemorrhage typical of type 1 no-fl ow malforma-
tions has a high rate of complications, including 
permanent loss of vision.  

7.2.2.2     Diagnostic Evaluation 
 Imaging studies of type 1 lesions show no venous 
or arterial fl ow (Fig.  7.1 ). Gadolinium-contrasted 
MRI optimally enhances the cystic compart-
ments of these lesions, which can be located 
intraconally, extraconally, or both. Old and new 
hemorrhages appear as fl uid levels. Angiography 
reveals displacement of normal veins around the 
lesion without fi lling. Direct injection of con-
trast material into a no-fl ow lesion using image 

   Table 7.1    Diagnostic 
features of orbital vascular 
lesions   

 Type  Flow 

 Imaging 

 Treatment 
 Doppler US 
angiography 

 CT 

 MRI 

 Lymphangioma 
(type I) 

 No fl ow  No fl ow  No enhancement  Debulking 
 Fluid levels 

 Varix (type II)  Venous 
fl ow 

 Venous fl ow  Contrast 
enhancement 

 Sclerotherapy, 
ligation, and 
excision  Flow voids 

 AV malformation 
(type III) 

 Arterial 
fl ow 

 Arterial fl ow  Contrast 
enhancement 

 Embolization then 
debulking 

 Flow voids 
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guidance techniques and fl uoroscopy confi rm 
hemodynamic isolation without evidence of 
venous outfl ow channels.

7.2.2.3        Differential Diagnosis 
 The differential diagnosis of type 1 no fl ow 
includes capillary hemangioma, venous malfor-
mations, rhabdomyosarcoma, fi brosarcoma, and 
lymphoma. Spontaneous hemorrhage into type 1 
lesions can mimic other types of retrobulbar 
hemorrhages.  

7.2.2.4     Treatment 
 Management often involves a multidisciplinary 
approach, including an interventional radiologist 
and orbital surgeon. Treatment options include 
surgical debulking and sclerotherapy, with the 
latter modality becoming more and more appeal-
ing for fi rst-line treatment [ 3 ]. Direct sclerother-
apy uses stereotactic image-guided needle 
placement into the targeted cystic malformation. 
After contrast fl uoroscopy confi rms correct nee-
dle placement and lack of venous drainage chan-
nels, the sclerosing agent is injected. Aspiration 
of the sclerosing agent collapses the cysts, and 
subsequent fi brosis seals the malformation. 
Effective agents include hypertonic saline, ethyl 
alcohol, sodium tetradecyl sulfate, ethanolamine 
oleate, and OK-432, but no comparisons exist 
[ 6 ]. Treatments appear successful in maintaining 
long-term closure. 

 If corneal exposure is present, tarsorrha-
phy may be benefi cial, but persistent proptosis 
or compromised vision may require surgical 

excision or even orbital decompression. Acute 
 hemorrhage causing compressive optic neuropa-
thy requires emergent surgical decompression 
or surgical debulking. The surgical approach to 
extraconal lesions depends primarily on lesion 
location. Resection of intraconal lesions carries 
signifi cant risk due to neurovascular adhesions, 
and these lesions should be debulked only when 
absolutely necessary. Complete excision of type 1 
lesions is rare as these malformations frequently 
extend through the orbital soft tissue planes. 
Intraoperative visibility is often hindered when 
these thin-walled lesions rupture and collapse 
during surgery. Injection of intraluminal fi brin 
sealant prior to excision may improve visibility 
and hemostasis [ 7 ]. After the cysts are debulked, 
remaining tissue can be vaporized with CO 2  laser, 
which may also improve hemostasis and reduce 
recurrences.   

7.2.3     Venous-Flow (Type 2) 
Malformations 

 Type 2 venous-fl ow vascular malformations con-
sist of venous and mixed venolymphatic chan-
nels. Unlike type 1 lesions, which are isolated 
from systemic circulation, type 2 lesions are in 
communication with the venous system. 
Increased venous pressure may or may not cause 
the malformation to distend depending on the 
extent of the communication. Histopathology of 
type 2 malformations reveals large, thin-walled 
vessels within fi brous stroma. These channels are 
endothelial lined and contain smooth muscle. 

7.2.3.1     Clinical Features 
 The Orbital Society distinguishes type 2 venous- 
fl ow malformations into three subclasses: non- 
distensible venous, distensible venous, and 
distensible combined venous and lymphatic mal-
formations. Clinically, type 2 non-distensible 
venous malformations behave similar to type 1 
lymphatic malformations with frequent episodes 
of spontaneous hemorrhage and thrombosis. 
Doppler and contrast imaging show evidence of 
venous fl ow and lesions with signifi cant venous 
communication require greater caution due to the 
higher risk of venous thrombosis and bleeding. 

  Fig. 7.1    Coronal CT imaging study shows lobulated 
appearance of lymphangioma (type 1 vascular lesion). 
Note surgical absence of lateral wall       
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Type 2 distensible venous malformations have a 
more direct communication with the venous sys-
tem and typically exhibit higher fl ow. As such, 
these lesions exhibit spontaneous hemorrhage and 
thrombosis less frequently than malformations 
with lower fl ow. Type 2 distensible venolymphatic 
malformations exhibit both types 1 and 2 fl ow 
characteristics, and the impact of any venous-fl ow 
characteristics on the clinical management of this 
subtype emphasizes the type 2 classifi cation.  

7.2.3.2     Diagnostic Evaluation 
 Color Doppler and directional ultrasound detect 
venous fl ow within type 2 lesions and CT and MRI 
reveal diffuse contrast enhancement (Fig.  7.2 ). CT 
scan may show distensibility, bony hypertrophy, 
and even intraosseous extension. MR imaging best 
delineates these lesions and may reveal fl uid levels 
within combined malformations. MR angiography 
detects the venous fl ow through distensible lesions 
but is less successful detecting low-speed fl ow in 
the non- distensible subtype, and low-speed venous 
fl ow occasionally requires direct invasive fl uoros-
copy or CT angiography.

7.2.3.3        Treatment 
 Surgical management for type 2 venous-fl ow 
malformations in the orbit is notoriously diffi -
cult. Intralesional Nd:YAG laser, delivered by 
optical fi ber, has been recommended as a less 
invasive technique [ 8 ]. Other treatment options 
include irradiation, electrocoagulation, cryother-
apy, and compression. These techniques may be 
used alone or preoperatively in order to reduce 

hemorrhagic complications. Recent advances in 
guidance technology have reduced the risks of 
sclerotherapy, which provides a less invasive 
treatment for symptomatic venous malforma-
tions. Sclerotherapy for venous malformations 
requires a detailed preprocedural evaluation by 
the interventional radiologist. Unlike sclerother-
apy for cystic type 1 lymphoid malformation, 
type 2 lesions in communication with the venous 
system are at signifi cantly greater risk for com-
plications from severe bleeding. Inadvertent scle-
rosis of the ophthalmic vein and cavernous sinus 
results in immediate thrombosis, orbital compart-
ment syndrome, and vision loss. Percutaneous 
image guidance methods can be used alone or in 
combination. X-ray fl uoroscopy is often com-
bined with duplex ultrasound. New methods 
include CT image fusion and frameless stereotac-
tic guidance in combination with x-ray fl uoro-
scopic monitoring of the injection. Introducing 
sclerosing agent into the normal venous drainage 
system should be avoided [ 9 ,  10 ]. 

 Sclerosing agents induce immediate thrombo-
sis of these channels by destroying the lesion’s 
endothelial lining, and inciting an infl ammatory 
reaction and fi brosis occurs within several weeks. 
The process works best with smaller-caliber ves-
sels and early treatment may offer greater suc-
cess. Patients receive post-procedural IV steroids 
to prevent excessive infl ammatory edema and an 
orbital compartment syndrome. Larger lesions 
often recanalize and require multiple sessions 
every 3–6 weeks. Resistant lesions may ulti-
mately require surgical treatment [ 11 ].  

7.2.3.4     Surgery 
 Surgical excision of venous malformations car-
ries a high risk of severe complications, including 
nerve damage, bleeding, inadvertent ophthalmic 
vein and cavernous sinus thrombosis, orbital com-
partment syndrome, and vision loss. Complete 
excision is diffi cult because these lesions often 
encase critical neuromuscular structures. 

 Certain precautions can minimize the risk 
of severe intraoperative bleeding. In addition 
to sclerotherapy, fi brin sealant embolization 
prior to excision may signifi cantly reduce fl ow. 
Maintaining normothermia, hypotension, and 
elevation of the surgical fi eld above the level of 

  Fig. 7.2    Coronal Gd-DTPA-enhanced MRI shows bilat-
eral contrast-enhancing lesions consistent with type 2 vas-
cular lesions       
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the heart further reduces risk. Matched blood and 
platelet donor products should be available for 
higher fl ow lesions.   

7.2.4     Arterial-Flow (Type 3) 
Vascular Malformations 

 Orbital arteriovenous malformations (AVM, type 
3) display arterial-fl ow hemodynamics character-
ized by anterograde shunting of blood into the 
venous system. This congenital malformation 
begins as a slowly enlarging communication 
between carotid artery branches and orbital veins. 
Without intervening capillary beds, this low- 
resistance nidus recruits multiple arteries and 
drains through multiple dilated veins. Often, both 
internal and external carotid branches act as 
feeder vessels. Histologically, the muscularis 
layer of the involved arteries and veins appears 
abnormal. 

7.2.4.1     Clinical Features 
 AVMs typically present in children with pro-
gressive swelling, proptosis, redness, and pain. 
A bruit may be audible and pulsatile proptosis is 
characteristic. Painful swelling occurs on Valsalva 
maneuver and symptoms may be worse in the 
morning and improve during the day. Prolonged 
ocular ischemia may cause glaucoma and vision 
loss via progressive venous hypertension or dimin-
ished peak retinal arterial pressure from shunting. 
Venous hypertension may cause arterialization of 
conjunctival vessels reminiscent of changes seen 
with carotid-cavernous fi stula (Fig.  7.3 ).

   Although these malformations typically dis-
play slow growth, acute aggravation of symp-
toms may occur after spontaneous orbital 
hemorrhage, and this presentation may mimic an 
acquired AV shunt. The older demographic and 
certain angiographic characteristics may help to 
distinguish acquired shunts from congenital 
malformations.  

7.2.4.2     Diagnostic Evaluation 
 Directional ultrasound and color Doppler imag-
ing show anterograde arterialized fl ow through 
dilated venous drainage channels. Angiography 
remains the standard for diagnosis and evaluates 

the internal and external carotid arterial systems, 
as well as the orbital venous system (Fig.  7.4 ).

7.2.4.3        Treatment 
 Surgical excision of type 3 arterial-fl ow lesions 
risks bleeding and potentially exsanguination. 
Preoperative endovascular embolization and glu-
ing of the lesion signifi cantly reduces the risks of 
ligation and surgical debulking. This technique 
employs a venous approach to avoid inadvertent 
embolization of critical ocular vessels. Provocative 
lidocaine testing can confi rm radiologic position-
ing of the catheter distal to central retinal artery 
(CRA) and posterior ciliary arteries. Due to the 
rapid development of collateral circulation and 
infl ammation, excision generally takes place 
within 24–48 h after embolization. Incomplete 
excision may result in rapid recurrence through 
recruitment of collateral vessels [ 12 – 14 ].    

7.3     Infantile Capillary 
Hemangioma 

7.3.1     Introduction 

 In 1982, Mulliken and Glowacki proposed a 
classifi cation of vascular anomalies by cellular 
activity, separating actively proliferating hem-
angiomas from inactive congenital vascular 
malformations [ 15 ]. Infantile capillary heman-
giomas represent the most common vascular 
lesion in children. Lined by plump propagating 
endothelial cells, capillary hemangiomas consist 

  Fig. 7.3    External photograph demonstrates severe arteri-
alization and proptosis of the right eye in a patient with 
type 3 orbital vascular lesion       
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of  hamartomatous capillaries in communication 
with normal vascular channels. Increased inci-
dence in females, hormonal growth patterns, and 
immunohistochemical markers suggest placental 
origins of these benign growths.  

7.3.2     Clinical Features 

 Orbital infantile capillary hemangiomas typically 
present within the fi rst few months of life with pro-
gressive unilateral swelling and proptosis, often 
with a visible dark-blue anterior orbital compo-
nent. Superfi cial extensions of lesions typically 
blanch on compression and the patient’s parents 
may report expansion of the lesions upon cry-
ing. Large lesions may affect vision by causing 
astigmatism, corneal exposure, optic neuropathy, 

or amblyopia and may require therapy. Although 
considered a sporadic condition, a familial form 
may be underreported and family history should be 
obtained. Multiple hemangiomas should alert the 
clinician to systemic syndromes involving anoma-
lies of the heart and intracranial posterior fossa. 
Hemangiomas associated with the Kasabach-
Merritt syndrome carry high mortality due to plate-
let sequestration coagulopathy and high-output 
heart failure. Hemangiomas involving the naso-
pharynx may cause airway obstruction [ 16 – 19 ].  

7.3.3     Diagnostic Evaluation 

 These lesions are characterized hemodynamically 
by dilated infl ow and outfl ow channels on imag-
ing (Table  7.2 ). Ultrasound reveals an irregular 

a b

  Fig. 7.4    MRI of orbital AVM shows enhancing lesion with fl ow voids ( a ). Angiography of orbital AVM demonstrates 
communication to the internal and external carotid arteries ( b )       

   Table 7.2    Salient 
diagnostic fi ndings 
of infantile capillary 
hemangioma    Clinical 

 Imaging 

 Treatment  US  Angiography 

 CT 

 MRI 

 Presentation 
(<age 1) 

 Irregular 
lesion with 
low internal 
refl ectivity 

 Early blush 
with late 
staining 

 No bone 
involvement 

 Observation, 
laser, steroids 

 Spontaneous 
involution 
(age 4–7) 

 Contrast 
enhancement 
with late 
staining  Superfi cial 

component red 
 Deep component 
blue 
 Expansion with 
crying 
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lesion with low internal refl ectivity. In the pro-
liferative phase, CT and MR imaging reveal a 
lobulated, well-circumscribed, enhancing lesion 
without orbital bone involvement. MR imaging 
shows hypointensity to fat on T1-weighted images 
and hyperintensity to fat on T2-weighted images. 
Angiography shows early blushing with late lob-
ular parenchymal staining. Urine analysis may 
detect elevated levels of basic fi broblast growth 
factor (bFGF) and matrix metallo proteinase 
(MMP) during active enlargement of infantile 
capillary hemangioma. These markers can moni-
tor for involution or treatment progress [ 20 ].

7.3.4        Differential Diagnosis 

 The differential diagnosis of infantile capillary 
hemangioma includes lymphatic or venous mal-
formations, which never involute. Other entities 
include orbital cellulitis, orbital dermoid, rhabdo-
myosarcoma, hemangiopericytoma, and meta-
static neuroblastoma.  

7.3.5     Treatment 

 Most infantile capillary hemangiomas benefi t 
from conservative observation due to a high rate 
of spontaneous involution. Life-threatening, 
visually impairing, and disfi guring lesions 
require treatment. Although laser treatments, 
immunomodulating topical creams, steroid injec-
tion, and surgical management were used in the 
past, topical and systemic beta-blockers have 
come to the clinical forefront in the treatment of 
capillary hemangioma [ 2 ,  21 ,  22 ]. 

 Localized intralesional steroid injection often 
induces the involutional phase and hastens regres-
sion. Molecular studies revealing similarities to 
wound healing may help explain the responsive-
ness to steroids [ 23 ]. Although a variety of steroid 
formulations have been effective, no conclusive 
comparisons rate their success. Many surgeons 
use a mixture of triamcinolone and betametha-
sone with good success [ 24 ]. However, injection 
into orbital lesions carries the serious risk of reti-

nal arterial embolization and blindness. Slow 
injection under low pressure may prevent retro-
grade arterial fl ow and minimize this complica-
tion [ 25 ]. Simultaneous dilated funduscopy 
during injection may detect emboli to allow for 
immediate discontinuation of the infusion. 
Ultrasound needle guidance can help monitor for 
retrograde fl ow [ 24 ,  26 ]. Other complications 
include adrenal suppression, skin depigmentation, 
orbital fat necrosis, and localized calcifi cation 
[ 27 ]. Posterior sub-Tenon’s steroid infusion may 
reduce such systemic risks [ 28 ]. Systemic steroids 
(3 mg/kg/day for at least 6 weeks) can induce 
regression in life- threatening lesions causing glot-
tic compression or high- output heart failure. 
Unresponsive lesions may benefi t from alpha-2a 
interferon [ 29 ]. In recent years several centers 
have reported the use of systemic β-blockers for 
the treatment of infantile hemangioma, with very 
promising results (Volume 2 Chapter   9    ).  

7.3.6     Prognosis 

 These lesions exhibit a rapid growth phase over 
the fi rst few months followed by a gradual invo-
lutional phase and regression over 4–7 years.   

7.4     Cavernous Hemangioma 

7.4.1     Introduction 

 Cavernous hemangioma, the most common 
benign orbital tumor in adults, is characterized as 
a hamartoma, but these lesions may behave as 
low-fl ow arterial-side vascular malformations. 
Recent cases showing coexistence of cavernous 
hemangioma with venous malformations have 
raised the possibility that these hamartomas share 
the same pathogenesis with vascular malforma-
tion [ 30 ,  31 ]. 

 Cavernous hemangioma consists of an encapsu-
lated network of large-lumen channels connected 
to the normal arterial and venous system by small 
infl ow and outfl ow channels. The endothelium 
appears fl attened and stains positively for factor 
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VIII-related antigen. The channel walls contain 
multiple layers of spindle cells staining positive for 
smooth muscle actin. Recent evidence of proges-
terone receptors within these spindle cells may 
help explain the increased incidence in women and 
aggravation of symptoms during pregnancy [ 32 ].  

7.4.2     Clinical Features 

7.4.2.1     Symptoms 
 Patients typically present as middle-aged adults 
with slowly progressing, painless proptosis. 

 Often they are detected incidentally when 
imaging studies are performed for unrelated 
headache or trauma (Fig.  7.5 ). Vision may be 
diminished due to compressive optic neuropathy 
or an induced hyperopic shift. Some patients 
complain of diplopia.

7.4.2.2        Signs 
 Examination may reveal signs of compressive 
optic neuropathy, axial proptosis, strabismus, 
choroidal folds, or disc edema.   

7.4.3     Diagnostic Evaluation 

 CT scanning typically reveals a well- 
circumscribed, multiloculated, intraconal mass. 
Lesions appear hypo- or isointense on T1-weighted 
images and hyperintense on T2-weighted images. 
Early images on angiography may show slow 
patchy enhancement, while later stages typically 
show more homogeneous pooling. Imaging may 
detect intracranial or cavernous sinus extension. 
Technetium-99m-labeled red blood cell scintigra-
phy can confi rm the diagnosis, showing the com-
bination of large blood volume with low fl ow [ 33 ].  

a b

c d

  Fig. 7.5    Cavernous hemangioma. A 69-year-old woman 
underwent CT of the head following a bicycle accident. 
Incidental intraconal orbital mass was identifi ed ( a ) in 
addition to opacifi ed left maxillary sinus. Patient had no 
orbital signs on examination with visual acuity of 20/20. 

MRI revealed an intraconal circumscribed mass inferona-
sal to the optic nerve without signs of compression ( b , 
T1). The lesion enhanced following administration of 
contrast ( c , T1 fat suppressed and  d , T2 fast suppressed)       
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7.4.4     Differential Diagnosis 

 The differential diagnosis of cavernous hemangio-
mas includes all etiologies for slowly progressing 
axial proptosis: meningiomas, lymphangioma, 
hemangiopericytoma, and schwannoma.  

7.4.5     Treatment 

 Patients without signifi cant symptoms should be 
followed to detect evidence of progression. 
Many lesions stabilize and never require sur-
gery, but patients must understand the urgency 
for immediate evaluation with symptoms of 
progression. 

 Surgical indications for symptomatic patients 
include proptosis, diplopia, compressive optic 
neuropathy, and gaze-evoked amaurosis. 

 Lateral orbitotomy remains the standard 
approach to most intraconal cavernous hemangi-
oma, which typically lie lateral to the optic nerve 
[ 34 ]. Intraconal lesions located adjacent to the 
globe can be accessed using a transconjunctival 
approach. Hemangiomas may be decompressed 
prior to excision or removed en bloc with tempo-
rary muscle disinsertion and use of a cryoprobe 
[ 12 ,  35 ]. Apical tumors or larger lesions located 
superior to the optic nerve may require better 
exposure from a transcranial approach.  

7.4.6     Prognosis 

 Excisional surgery should result in a cure for 
symptomatic lesions.   

7.5     Hemangiopericytoma 

7.5.1     Introduction 

 Hemangiopericytomas are characterized by a 
spectrum of pericyte proliferation. Histopathology 
often shows a mixed pattern of ovoid cells and 
sinusoidal space formations creating the classic 
“staghorn” vascular pattern (Fig.  7.6 ). Varying 
levels of cellular atypia underlie the less benign 

nature of this lesion, which may malignantly 
transform or metastasize.

7.5.2        Clinical Features 

 Hemangiopericytoma typically presents in 
middle- aged adults as slowly progressing unilat-
eral proptosis, often with pain and vision loss. 
Other signs and symptoms depend on tumor 
location. Frequent intracranial extension and 
invasion into sinus cavities may produce addi-
tional associated symptoms.  

7.5.3     Diagnostic Evaluation 

 Ultrasound reveals an encapsulated and well- 
defi ned solid mass with low internal refl ectivity. 
Orbital hemangiopericytoma has been reported 
to undergo cystic changes within necrotic zones 
and may resemble the echographic appearance of 
lymphangiomas. On MRI, T1-weighted images 
reveal a well-defi ned hypointense mass to fat. 
T2-weighted studies show less lesion defi nition. 
CT imaging often detects bony changes around 
these contrast-enhancing lesions. Angiography 
typically reveals early tumor blush with rapid 
washout of contrast. Diagnosis of this lesion 
requires histologic confi rmation.  

7.5.4     Differential Diagnosis 

 The differential diagnosis for hemangiopericy-
toma includes meningiomas, lymphangioma, 
cavernous hemangioma, and schwannoma.  

7.5.5     Treatment 

 Although the majority of these lesions are benign, 
the high rate of malignant transformation and 
recurrent disease mandates aggressive en bloc 
excision with wide margins. Adjunctive radiation 
therapy may be of benefi t although conclusive 
studies are diffi cult due to the rarity of this tumor 
[ 36 ,  37 ].  
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  Fig. 7.6    Hemangiopericytoma. Clinical appearance of 
proptosis and hypoglobus ( a ). Coronal ( b ) MRI showing a 
circumscribed enhancing mass. Funduscopic examination 
revealed choroidal folds ( c ). Low-power photomicro-
graph demonstrating a well-circumscribed cellular lesion 
( d ). Medium-power photomicrograph revealing relatively 

uniform spindle cells without a recognizable growth pat-
tern. Small areas of densely pink “ropey” collagen are 
seen, as is a branched “staghorn” blood vessel ( e ). CD34 
stain is diffusely and strongly positive in the spindle cells 
( f ) ( d ,  e ,  f  Courtesy of Thomas Plesec, MD, Cleveland, 
Ohio, USA)         

a b
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7.5.6     Prognosis 

 The spectrum of aggressiveness of a particular 
lesion is diffi cult to predict as even more histo-
logically benign lesions may result in clinically 
invasive disease or malignant transformation. 
The elusive nature of this entity warrants aggres-
sive surgery and often adjuvant therapy.   

    Conclusion 

 Classifying orbital vascular malformations by 
hemodynamic categories permits proper treat-
ment. Overlap with hamartoma creates further 
confusion regarding classifi cation but the clin-
ical and radiologic features assist in establish-
ing the diagnosis and directing treatment.     
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8.1            Introduction 

    Benign orbital tumors represent a broad spectrum 
of tumors (Chap.   2    ). In addition, orbital infl am-
mation and infection may clinically simulate an 
orbital neoplasm (Chap.   6    ). In a recent survey of 
1,264 consecutive patients with suspected orbital 
tumor referred to an ophthalmic oncology center, 
64 % of the lesions were benign [ 1 ]. 

 Benign orbital tumors may be congenital 
or more frequently acquired. Benign tumors 
more commonly are of vascular (Chap.   7    ), neu-
ral (Chap.   9    ), meningeal, fi brolytic, and osse-
ous origin. Benign tumors may also arise from 
the lacrimal gland (Chap.   10    ) and lacrimal sac 
(Chap.   11    ). The details of clinical examination 
(Chap.   1    ) and imaging techniques (Chap.   5    ) sup-
plement contents of this review. Benign orbital 
tumors not covered under other chapters are 
reviewed herein.  

8.2     Conjunctival Epithelial Cysts 

8.2.1     Introduction 

 Conjunctival orbital cysts are usually secondary 
to previous trauma or surgery and are generally 
observed in adults, even when they are primary in 
nature. Rarely, they may present in neonates [ 1 ].  

8.2.2     Clinical Features 

 Non-pulsatile proptosis is the usual manifestation 
in adults and in children, although worsening of 
the proptosis on crying has been noted in a neo-
nate with an orbital cyst [ 1 ].  

8.2.3     Differential Diagnosis 

 In adults, the differential diagnosis includes 
dermoids and lymphangiomas. In neonates and 
children, the differential diagnosis includes 
orbital teratoma, colobomatous cyst, lymphatic 
malformations, dacryoceles, and meningocele/
encephalocele.  

8.2.4     Diagnostic Evaluation 

 With improvement in image resolution of routine 
prenatal ultrasonography and ultrafast fetal mag-
netic resonance imaging, it is possible to detect a 
wide range of fetal ocular abnormalities such as 
cataract, microphthalmos, dacryocele, and reti-
noblastoma. Orbital cysts have similarly been 
detected during routine prenatal ultrasonography 
(Figs.  8.1  and  8.2 ). MRI will show no solid com-
ponent or calcifi cation within the lesion.

8.2.5         Treatment 

 Surgical removal of the whole of the cyst or par-
tial removal is usually curative.   

8.3     Dermoid and Epidermoid 
Cysts 

8.3.1     Introduction 

 Dermoid cysts are the most common orbital 
cysts, representing up to 5 % of all orbital tumors 
[ 2 ]. Epidermoid cysts have a single layer of kera-
tinized or nonkeratinized epithelium without evi-
dence of adnexal structures. Most epidermoid 
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cysts are traumatic in origin [ 3 ]. Dermoids, on 
the other hand, are choristomas with adnexal 
structures such as hair, sebaceous glands, and 
lipid. They arise from ectodermal nests pinched 
off at suture lines. Clinically, dermoid and epi-
dermoid cysts may present very similarly and so 
are now usually differentiated by location: super-
fi cial or deep. Histopathology of dermoids may 
show hair, keratin, sebaceous glands, macro-
phages, lipid globules, multinucleated giant cells, 
and calcium.  

8.3.2     Clinical Features 

 Most dermoid cysts are present in infancy 
with a well-defi ned, round periorbital mass. 
Approximately 60 % of all dermoids arise supe-
rotemporally from the frontozygomatic suture; 

25 % arise superomedially from the frontolacri-
mal suture (Fig.  8.3 ) [ 4 ]. Others may arise from 
frontoethmoidal sutures and in the deep tempora-
lis fossa [ 5 ]. A few may arise from the sphenozy-
gomatic suture.

   The cysts are usually less than 2 cm in diam-
eter and cause little ocular displacement. They 
are smooth, fi rm, nontender, and nonfl uctuant. 
Many are not intraorbital but sit on the frontozy-
gomatic suture or just behind the orbital rim. 
Mild lateral upper eyelid ptosis is often seen. 
Deeper dermoids may be seen along the medial 
and lateral orbital walls. These deeper dermoids 
remodel bone over many years. They may cause 
extraorbital expansion of the cyst into the tempo-
ral fossa or into the intracranial cavity [ 6 ]. Such 
patients may present with proptosis on mastica-
tion [ 7 ]. Deeper cysts often present later, in the 
third or fourth decade. Other presentations of 

a b

c

  Fig. 8.1    Ultrafast    magnetic resonance imaging image of 
the fetus. Right parasagittal view shows an orbital cyst 
( arrows ) resulting in marked proptosis ( a ). Coronal ( b ) 
and axial ( c ) views show an orbital cyst resulting in atten-

uation of the optic nerve. Note absence of any solid com-
ponent. The globe is of normal size and shape (Reproduced 
with permission from Singh et al. [ 1 ])       
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deep cysts include proptosis and displacement of 
the eye opposite to the site of the cyst. Most 
patients will not have diplopia or visual problems 
as the cysts are of long duration [ 8 ]. 

 Patients may present with discomfort because 
of leakage. Asymptomatic leakage of lipid and 
keratin may lead to infl ammation and adherence 
of the dermoid cyst to neighboring structures. 
Intermittent lid swelling with localized redness 
and pain may be seen. Chronic infl ammation 
may be seen even in asymptomatic patients. 
Ruptured dermoids may present with a fi stula to 
the skin [ 9 ].  

8.3.3     Differential Diagnosis 

 Superomedial lesions may be confused with 
retention cysts and orbitofrontal mucoceles. 
Medial dermoids must be differentiated 

from encephaloceles. Deep midline intrana-
sal  dermoid cysts may present like discharg-
ing lacrimal sac mucoceles in children. Unlike 
mucoceles, the dermoids present with a central 
cutaneous dimple. 

 Deep superotemporal dermoids should be dif-
ferentiated from lacrimal gland tumors radio-
graphically, as dermoids often are isodense to fat 
and produce bony changes only in proximity to 
the frontozygomatic suture. Ultrasound may help 
confi rm the cystic nature of the dermoid, although 
debris within the cyst may make the distinction 
diffi cult.  

8.3.4     Diagnostic Evaluation 

 On CT scans, the majority of orbital dermoids 
have some adjacent bony changes, which are 
rounded and well defi ned (Fig.  8.3 ). A well- defi ned 

a b

c

  Fig. 8.2    Marked    proptosis of the right globe at birth ( a ). 
A    5 × 4 mm rectangular piece of the cyst wall was 
removed via anterior transconjunctival orbitotomy ( b ). 
Histopathologic examination revealed cyst wall lined by 
squamous epithelium with mild focal keratinization ( c , 

hematoxylin and eosin, original magnifi cation ×40). 
Subsequent orbital excision and biopsy of the orbital cyst/
mass revealed teratoma (Reproduced with permission 
from Singh et al. [ 1 ])       
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wall is seen with a center of fat density. Some will 
show calcifi cation and fl uid levels. In the presence 
of previous rupture, the margins may be irregular. 
The presence of a tunnel, channel, or cleft through 
the adjacent wall is noted in as many as a third of 
cases [ 10 ]. Many patients have a blind pit or cleft 
in the bone. Irregular bony margins suggest rupture 
with granulomatous distribution of the adjacent 
bone. Posterior masses may show bony pressure 
effects. Ultrasonography may be used for an ante-
rior cyst.  

8.3.5     Treatment 

 Surgical aim is to completely remove the dermoid. 
Dermoids presenting in childhood are removed 
soon after presentation to avoid traumatic rupture. 
Most can be safely removed via an anterior or 

anterolateral orbitotomy. An upper eyelid skin 
crease approach with appropriate distraction of the 
incision can be used for removal of most supero-
lateral dermoids. The cryoprobe may be used to 
provide traction during the dissection around the 
wall. While the plane of dissection is easier to fol-
low if the cyst is intact, sometimes, especially for 
large cysts, decompression of the cyst is necessary 
to allow complete excision. If an inadvertent rup-
ture of the cyst should occur, the area should be 
irrigated with an antibiotic solution, and the con-
tents and lining should be meticulously removed. 

 Deeper superotemporal and inferotemporal 
cysts can be accessed via a lateral orbitotomy 
with removal of the lateral orbital wall [ 11 ]. 
A transfrontal craniotomy approach is used 
when cysts extend intracranially and for cysts at 
the apex of the orbit. Dumbbell tumors with 
extension into the temporal fossa are removed 

a

c d

b

  Fig. 8.3    Dermoid cyst. A 75-year-old male presented 
with left proptosis and hypoglobus with double vision of 
several months duration ( a ). CT scan demonstrated thin-
ning of the superotemporal orbital wall ( b , coronal view) 

and a cystic lesion ( c , axial view). The cyst wall is lined 
with stratifi ed epithelium and there is keratin within the 
lumen ( d )       

 

8 Benign Orbital Tumors



72

fi rst from the orbit. The temporal component and 
the bony canal are subsequently removed. The 
bony tunnel should be cored out to remove the 
connecting stalk in dumbbell tumors.   

8.4     Intradiploic Arachnoid Cyst 

8.4.1     Introduction 

 Arachnoid cysts are congenital outpouchings 
within the arachnoid membrane fi lled with cere-
brospinal fl uid (CSF). Occasionally, these cysts 
occur in the intracranial intradiploic space, the 
majority of which have been reported following 
head trauma and associated with posttraumatic 
skull fractures in children. While the majority of 
intradiploic arachnoid cysts described in the lit-
erature have been traumatic in origin, there have 
been several reported nontraumatic cases. These 
nontraumatic cystic lesions are presumed to be 
congenital, with CSF pulsating through a dural 
defect into the intradiploic space and leading to 
gradual enlargement with thinning of the inner 
and outer tables of bone. Given the low pressure 
of CSF pulsations, Thomas and Rout have specu-
lated that the lesions must be initiated before ossi-
fi cation of the cranium since normal CSF pressure 
would not likely cause intradiploic expansion in 
otherwise intact bone. Although these nontrau-
matic cases are presumed to be congenital, these 
cysts are generally identifi ed in older patients.  

8.4.2     Clinical Features 

 Patients may present with local pain or diffuse 
headache or proptosis. Sometimes, these lesions 
are identifi ed as incidental fi ndings when imag-
ing is performed for non-associated symptoms. 
The majority of these lesions have been identi-
fi ed in the occipital bone and the frontotemporal 
region. Figure  8.4  illustrates a case in a child 
where the sphenoid bone was involved.

  Fig. 8.4    Intradiploic cyst. External chin-up photograph 
demonstrates gross axial proptosis of the right eye ( a ). 
The eye otherwise appears normal. Axial non-contrast CT 
image demonstrates marked expansion and remodeling 
centered in the greater wing of the sphenoid. There is also 
an immediately adjacent arachnoid cyst overlying the 
right temporal lobe ( b ). Axial T2-weighted image con-
fi rms the presence of a middle cranial fossa arachnoid cyst 
and demonstrates fl uid signal intensity in the cyst similar 
to that within the remodeled and expanded greater wing of 
sphenoid ( c ). External photographs show progressive 
right orbital fullness, most evident superior to the lateral 
brow, dating 2006 ( d - A ), 2008 ( d - B ), 2010 ( d - C ), and 
current 2011 ( d - D )         

a

b
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8.4.3        Differential Diagnosis 

 In the pediatric population the differential for 
calvarial lesions includes epidermoid or dermoid 
cyst, eosinophilic granuloma, aneurysmal bone 
cyst, lymphatic or vascular malformations, cystic 
fi brous dysplasia, multiple myeloma, giant cell 
tumor, metastatic disease, rhabdomyosarcoma, 
Ewing sarcoma, osteogenic carcinoma, and 
osteogenic sarcoma.  

8.4.4     Diagnostic Evaluation 

 On CT scans, osseous expansion and remodel-
ing is seen. MRI scans show no enhancement 
and no solid component of the mass and will 
follow CSF signal intensity on all pulse 
sequences [ 12 ].  

8.4.5     Treatment 

 Surgical treatment of these lesions consists of 
craniectomy or craniotomy with fenestration of 
the cyst, excision of its pedicle, and repair of the 
dural defect, sometimes combined with implants 
to replace bony defects.   

8.5     Mucocele 

8.5.1     Introduction 

 Mucoceles occur mostly in adults; 60 % affect 
the frontal sinus, while 30 % occur in the ethmoid 
sinus, and 10 % occur in the maxillary sinus. 
They result secondary to an obstruction of the 
ostium of the affected sinus. Mucoceles may 
result from facial fractures, nasal or sinus sur-

d
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Fig. 8.4 (continued)
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gery, paranasal osteomas, chronic polyposis, or 
congenital abnormalities [ 13 ]. Mucoceles in 
childhood suggest underlying cystic fi brosis.  

8.5.2     Clinical Features 

 Obstruction of the normal sinus ostia will create 
entrapment of the secretory epithelium, accumu-
lation of mucous, pressure on the surrounding 
bony structures, thinning of the bony walls, and 
extension through the wall into the adjacent orbit, 
nasopharynx, or cranial cavity [ 14 ]. Mucocele 
may develop slowly with subacute exacerbations 
mimicking orbital cellulitis. Extension of the 
mucocele into the orbit will result in proptosis or 
other globe displacement, ptosis, a palpable 
superonasal mass, diplopia, headache, orbital 
pain, or visual impairment (Fig.  8.5 ). Orbital 
apex involvement may lead to orbital apex syn-
drome with deep orbital pain, headache, and 
visual impairment.

8.5.2.1       Frontoethmoid Mucocele 
 Clinical features are dependent upon the location 
of the sinus involved. Frontoethmoid mucocele 
may present with superomedial fullness, infero-
lateral displacement, epiphora, hypertelorism, or 
fi stula [ 15 ]. Hypertelorism, seen more often in 
bilateral mucoceles, may be associated with cys-
tic fi brosis.  

8.5.2.2     Sphenoid and Posterior 
Ethmoid Sinus Mucocele 

 Sphenoid and posterior ethmoid sinus mucocele 
may cause visual changes and proptosis.  

8.5.2.3     Maxillary Mucocele 
 A maxillary mucocele usually causes proptosis 
but may cause enophthalmos secondary to ero-
sion of the fl oor of the orbit [ 16 ].   

8.5.3     Diagnostic Evaluation 

 CT scans show a well-defi ned homogenous 
mass isodense with brain. Cystic contents 

 completely fi ll the enlarged sinus and displace, 
rather than destroy, the bony margins (Fig.  8.5 ). 
The bone thins and the mucocele becomes part 
of the orbit.  

8.5.4     Treatment 

 Management involves complete surgical removal 
of the lining and reestablishment of normal drain-
age or obliteration of the sinus. The optimal oblit-
eration technique remains controversial. Methods 
include use of muscle, fat, and alloplastic materi-
als. Repair of the bony defect is rarely required. 

a

b

  Fig. 8.5    Frontal mucocele. A 38-year-old female with a 
2-week history of left periorbital pain and diplopia on 
upgaze ( a ). CT scan demonstrating left frontal mucocele 
with opacifi cation of the frontal sinus and erosion of the 
superomedial orbital wall ( b ). The orbital component is 
well defi ned and rounded. The orbital structures are dis-
placed inferiorly and laterally       
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Displacement of the globe often improves after 
effective treatment [ 17 ].   

8.6     Sinonasal Inverted 
Papilloma 

8.6.1     Introduction 

 Primary inverted papilloma of the lacrimal sys-
tem is unusual; most inverted papillomas arise 
from the lateral nasal wall and the maxillary and 
ethmoid sinuses and rarely from the frontal and 
sphenoid sinuses.  

8.6.2     Clinical Features 

 Primary nasolacrimal system papillomas and sec-
ondarily invading sinonasal inverted papillomas 
present with epiphora and a medial canthal mass. 

Orbital extension of inverted papilloma occurs in 
2–3 % of cases.  

8.6.3     Diagnostic Evaluation 

 CT scans reveal soft tissue attenuation in the lacri-
mal sac and nasolacrimal duct with bone remodel-
ing and thinning and expansion of the nasolacrimal 
duct (Fig.  8.6 ). Associated changes will be seen in 
the adjoining sinuses when the primary origin is 
from the sinus. The lesion is a benign polypoid pro-
liferation of the sinonasal mucosa, but the behavior 
is locally aggressive. Bony destruction with intra-
orbital and intracranial extension may be seen [ 18 ].

8.6.4        Treatment 

 The etiology of inverted papilloma is not well 
characterized: DNA viruses such as human 

a b
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  Fig. 8.6    Inverted papilloma. A large exophytic tumor at 
the caruncle ( a ). CT scan showing a diffuse mass in the 
caruncular region and the nasolacrimal duct ( b ). Ribbons 

of respiratory epithelium enclosed by basement mem-
brane which grows into the subjacent stroma with micro-
mucous cysts ( c ,  d )       
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 papilloma virus (HPV) types 6 and 11 and the 
Epstein- Barr virus have been identifi ed in the 
lesions. HPV presence indicates a higher like-
lihood of both malignancy and recurrence. 
Traditionally, these lesions have been approached 
via a medial maxillectomy through a lateral rhi-
notomy incision or midface degloving. Total 
resection with adequate margins has been the 
standard of care. Many cases are now effectively 
treated using endoscopic approaches, avoiding 
external incisions [ 19 ]. Recurrence of the tumor 
has been reported to range from 27 to 71 %. 
Malignant transformation into carcinoma occurs 
in about 10 % of cases.   

8.7     Cholesterol Granuloma 

8.7.1     Introduction 

 Nomenclature for cholesterol granuloma has 
changed from previous terms, including hematic 
cyst, hematoma, hematocele, chocolate cyst, 
blood cyst, subperiosteal hemorrhage, and orbital 
cholesteatoma. A cholesterol granuloma is not a 
true cyst, as it lacks an epithelial lining. 

 Cholesterol granulomas are seen mostly in 
men in their fourth or fi fth decade in the supero-
temporal orbital wall and sometimes in the 
zygoma. Although factors causing elevated 
venous pressure, blood clotting diseases, and 
other causes have been invoked, it is now recog-
nized that most cholesterol granulomas are 
caused by previous trauma [ 20 ]. Hematogenous 
debris accumulation creates an osmotic gradi-
ent with resultant absorption of fl uid and 
increased volume. An anticoagulant effect 
caused by high concentrations of fi brinogen 
degradation products may also result in recur-
rent hemorrhage.  

8.7.2     Clinical Features 

 The patient usually presents with a superolateral 
mass developing over weeks to years, causing 

inferior globe displacement, proptosis, and lim-
ited upgaze with diplopia in upgaze (Fig.  8.7 ). 
The patient may rarely have blurred vision. 
Headache or pain in the region of the mass may 
also occur.

8.7.3        Diagnostic Evaluation 

 CT scans reveal a well-defi ned, nonenhancing 
osteolytic lesion with bone erosion and some-
times intralesional bone fragments. The mass is 
usually homogenous and isodense with the brain 
[ 21 ]. The smooth margins contrast with the moth- 
eaten appearance seen with malignant tumors 
such as plasma cell myeloma. These lesions do 
not transgress the frontozygomatic suture. The 
differential diagnosis includes dermoid cyst and 
lacrimal gland carcinoma.  

8.7.4     Treatment 

 Surgical evacuation of the lesion via a percutane-
ous approach is usually curative. There is usually 
a yellow-brown viscous material within the cav-
ity containing friable tissue and loose bone. The 
bone itself may be yellow. The fl uid is altered 
blood in various stages of degeneration and orga-
nization. Bone wax may be used to control ooz-
ing that occurs from the bony lining. Occasionally, 
a drain may be necessary at the end of the proce-
dure. It is not necessary to pack the cavity. 
Recurrence is rare and when seen usually indi-
cates subtotal curettage [ 22 ].   

8.8     Orbital Cephalocele 

8.8.1     Introduction 

 Cephaloceles are protrusions of brain tissue 
through bony defects. An encephalocele is a pro-
trusion of the parenchymal brain. A meningocele 
has protrusion of dura, while a mixture of brain 
and meninges is a meningoencephalocele. All 
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cephaloceles retain some attachment to the brain 
by a cord or stalk of tissue. These are often asso-
ciated with other congenital facial anomalies 
involving the midline structures.  

8.8.2     Clinical Features 

 Cephaloceles may be anterior, basal, or posterior. 

8.8.2.1     Anterior Cephalocele 
 Anterior cephalocele is the commonest, present-
ing as a paranasal mass located at the nasofrontal- 
orbital junction. The lesion may be soft or fi rm 
and is usually painless.  

8.8.2.2     Basal Cephalocele 
 Basal cephalocele is associated with a defect in 
the cribriform plate and present with a midline 

mass. The patient may have a broad nasal root, 
hypertelorism, and inferolateral globe displace-
ment. The basal cephalocele may be confused 
with a mucocele and may also present as bilateral 
nasolacrimal duct obstructions [ 23 ].  

8.8.2.3     Posterior Cephalocele 
 Posterior orbital cephalocele is less common; 
they herniate through a foramen or a dehiscence 
in the sphenoid bone and may present with pul-
satile proptosis, optic nerve atrophy, and strabis-
mus [ 24 ].   

8.8.3     Diagnostic Evaluation 

 CT scans show a homogenous lesion, isodense 
with the brain. Dermoid and teratoma show more 
fl uid content. Mucocele is usually present below 

a b
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  Fig. 8.7    Cholesterol granuloma. A 42-year-old female 
presents with left hypoglobus and a tender mass over the 
superolateral left orbital rim. History of trauma to the left 
orbit 6 months previously ( a ). Expansion of the diploic 

space of the left frontal bone is seen ( b ). Osteoid material 
with vascular channels ( c ). Older cholesterol granulomas 
would show frank cholesterol granulomas and lipid-laden 
histiocytes       
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the medial canthal tendon, while cephalocele is 
located above the tendon.  

8.8.4     Treatment 

 Management involves excision of the extracra-
nial extension and stalk and repair of the dural 
and bony defect. Surgical repair involves a com-
bined craniofacial and neurosurgical approach 
with correction of other facial deformities [ 25 ].   

8.9     Neurofi broma 
and Neurilemmoma 
(Schwannoma) 

8.9.1     Introduction 

 Neurofi bromas are twice as common as schwan-
nomas in the orbit and, together, constitute 4 % of 
all orbital tumors. Isolated, solitary neurofi bro-
mas usually present in middle age and are in 
90 % of instances unassociated with neurofi bro-
matosis. Plexiform neurofi bromas may involve 
any of the cranial, sympathetic, and parasympa-
thetic nerves in the orbit. Schwannomas are well- 
defi ned, encapsulated, slowly growing tumors 
that develop as eccentric growths from peripheral 
nerves. They are usually solitary and may also be 
associated with neurofi bromatosis.  

8.9.2     Clinical Features 

 Most neurofi broma and neurilemmoma manifest 
as a solitary mass, frequently in the upper quad-
rants. They are solid, isolated, circumscribed, 
slow-growing masses leading to displacement 
and local expansion of the orbit with associated 
anesthesia, paresthesia, and hypesthesia [ 26 ,  27 ]. 
In more superfi cial locations, the tortuous 
enlarged nerves produce a characteristic “bag of 
worms” feel, and the overlying skin may be 
thickened (elephantiasis neuromatosa). When 
intraconal, the tumor presents with proptosis, lid 
swelling, posterior indentation of the globe, and 
diplopia in extremes of gaze (Fig.  8.8 ). Apical 

tumors may extend through the superior and infe-
rior orbital fi ssure. Defects in the greater wing of 
sphenoid may be seen.

8.9.3        Diagnostic Evaluation 

 Neurofi broma and neurilemmoma are homog-
enous, well-circumscribed tumors with a den-
sity similar to brain on CT scans with contrast 
enhancement. CT scans demonstrate bony expan-
sion and may show superior orbital fi ssure expan-
sion [ 28 ]. MRI shows isointensity to vitreous on 
T1-accentuated images and hypointensity to vit-
reous on T2-weighted sequences (Fig.  8.8 ).  

8.9.4     Differential Diagnosis 

 The differential diagnosis of neurofi broma 
includes all causes for slowly progressing axial 
proptosis: meningioma, lymphangioma, fi brous 
histiocytoma, hemangiopericytoma, and cavern-
ous hemangioma. On MR imaging, the lesion is 
indistinguishable from cavernous hemangioma, 
fi brous histiocytoma, and hemangiopericytoma.  

8.9.5     Treatment 

 Although solitary orbital neurofi broma and neu-
rilemmoma may be easily excised, the involved 
nerve is, by necessity, sacrifi ced. Therefore, care 
should be taken to identify the involved nerve as a 
sensory nerve rather than a motor nerve. Solitary 
neurofi broma and neurilemmoma are seen during 
surgery as well-defi ned, fi rm, circumscribed, rub-
bery, gray masses with little vascularity. Plexiform 
neurofi broma is vascular and diffusely intertwined 
with normal tissues. Complete surgical resec-
tion is rarely possible. When indicated, resection 
of plexiform neurofi broma is best approached 
through transfrontal craniotomy. Bleeding is 
always a problem. Repair of bony defects is nec-
essary in the presence of pulsating proptosis. 
Complications can include bleeding, hematoma, 
cerebral edema, recurrence of pulsating proptosis 
and secondary socket, and orbital deformities.   
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8.10     Solitary Fibrous Tumor 

8.10.1     Introduction 

 Solitary fi brous tumor (SFT) is a spindle cell 
tumor which arises most commonly from the 
pleura. The fi rst case of SFT was described as 
recently as 1994 [ 29 ].  

8.10.2     Clinical Features 

 Clinical presentation is like that of a hemangi-
oma or hemangiopericytoma with proptosis, 
globe displacement, double vision, and vision 
changes (Fig.  8.9 ). Although orbital SFT typi-
cally follows a benign course, evidence of local 
invasion and malignancy may be seen. Although 
usually confi ned to the orbit, extraorbital exten-
sion has been described [ 30 ].

8.10.3        Diagnostic Evaluation 

 On imaging, the lesions usually appear well 
defi ned and may appear encapsulated with mild 
to moderate enhancement. Clinically, they are 
diffi cult to distinguish from hemangiopericyto-
mas. Generally, there is no bony erosion although 
a few cases of bony erosion and extension of the 
tumors have been described. T2-weighted MRI 
images may reveal a hypointense or a hyperin-
tense mass, depending upon the density of the 
fi brous matrix. Ultrasonically, SFTs have low 
refl ectivity with moderate sound attenuation. 
There has been controversy regarding the classi-
fi cation of SFT and orbital hemangiopericytoma 
as discrete entities due to overlapping histologic 
characteristics. Immunohistochemical studies 
help to distinguish SFT from other tumors, as 
it generally displays positivity for CD34, CD99, 
and bcl-2. Although hemangiopericytomas may 

a

c d

b

  Fig. 8.8    Schwannoma. A 51-year-old female presents 
with left blurred vision, hypoglobus ( a ), and proptosis ( b ). 
MRI (T2-weighted image) shows a well-circumscribed 
apical superior orbital mass hyperintense to fat ( c ). Note 

spindle- shaped nuclei in whirling or fascicular pattern 
within eosinophilic glassy cytoplasm ( d , H&E original 
magnifi cation ×200)       
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also be positive for CD34, CD99, and bcl-2, 
hemangiopericytomas are usually focally or less 
intensely immunopositive. Staghorn vascular 
patterns are often seen in SFT and in heman-
giopericytoma. Epithelial membrane antigen 
and smooth muscle actin may occasionally be 
expressed, while SFT is usually negative for 
S100 and cytokeratins [ 31 ]. Histologic fea-
tures suggestive of aggressive behavior include 
a high mitotic rate of more than 4 mitoses per 
10 high- powered fi elds, necrosis, hypercellu-
larity, nuclear pleomorphism, and high MIB-1 
labelling.  

8.10.4     Treatment 

 Defi nitive management of SFT of the orbit is 
complete removal. In the presence of subtotal 

excision, close follow-up is indicated. Recurr-
ence is usually seen in the presence of subtotal 
resection.   

8.11     Meningioma 

8.11.1     Introduction 

 Meningiomas constitute 20 % of adult and 2 % of 
childhood intracranial tumors.    Primary meningi-
oma, which affects a younger age group, arises 
within the orbit and may arise from the optic 
nerve sheath or the orbital surface of the sphe-
noid bone. The secondary type extends into the 
orbit from an intracranial source. These second-
ary tumors arise from the sphenoid ridge, the 
basofrontal region, the suprasellar area, the olfac-
tory groove, and the paranasal sinuses [ 32 ]. Most 

a b

c d

  Fig. 8.9    Solitary fi brous tumor. A 37-year-old male who 
presents with a 3-week history of pressure behind the 
right eye with right proptosis and a headache. MRI show-
ing an enhanced right medial orbital tumor ( a ,  b ). Tumor 

marked by cellularity and multiple small slit-like staghorn 
spaces ( c ). Benign-appearing vascular endothelial cells 
with some oval to spindle-shaped cells consistent with 
pericytes. No dysplastic features noted ( d )       
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adult meningiomas are seen in the fi fth decade 
with females being affected 75 % of the time. 
Previous ionizing radiation and neurofi bromato-
sis type 2 are predisposing factors. Only primary 
optic nerve sheath meningioma is discussed in 
this chapter.  

8.11.2     Clinical Features 

 Patients may present with proptosis, decreased 
visual acuity, disc pallor, eyelid edema, distur-
bance of ocular motility, headaches or orbital 
pain, and seizures (Fig.  8.10 ). Chemosis is often 
seen. Some patients will have “boggy edema” of 
the eyelids. The more medial sphenoidal ridge 
tumors cause cranial nerve palsies, visual defi -
cits, and venous obstructive signs. Proptosis is 

less prevalent in secondary meningiomas. A mass 
may be palpable in the temporal fossa when lat-
eral expansion of    meningiomas of the greater 
wing of the sphenoid bone occurs. Occasional 
bilateral meningiomas have been reported. Visual 
fi eld testing as well as CT or MR imaging may 
help to judge progression of the tumor.

8.11.3        Diagnostic Evaluation 

 CT and MRI are both useful imaging modalities 
[ 33 ]. CT imaging often shows hyperostosis, and 
calcifi cation is seen in 25 % of the cases (Fig.  8.10 ). 
MRI shows a hyperintensity lesion against the 
isointense brain on T1-weighted sequences allow-
ing delineation of intracranial meningiomas, espe-
cially when gadolinium enhancement is used.  

a

c d

b

  Fig. 8.10    Sphenoidal    wing meningioma invading orbit. A 
58-year-old male presented with bump on temple, decreased 
vision, and right-sided headaches ( a ). Right optic disc was 
edematous ( b ). CT scan demonstrated a right sphenoidal 

wing hyperostosis with a well-defi ned and homogenous 
soft tissue mass extending into the orbit ( c ). Histopathology 
shows parallel interlacing bundles of elongated cells. 
Whorled meningothelial cells are also present ( d )       
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8.11.4     Treatment 

 It is believed that meningioma in patients younger 
than 20 years are more aggressive and require ear-
lier surgical intervention. Observation is warranted 
in older patients and where vision is not at risk. 
Observation is particularly warranted in meningi-
omas of the optic nerve where surgical resection is 

associated with high morbidity due to injury to the 
vascular supply of the optic nerve with 94 % of 
patients reporting worsened vision postoperatively 
[ 34 ]. When the tumor is close to or abuts the globe, 
local radiation delivery may be diffi cult. In such 
cases, observation is also indicated (Fig.  8.11 ).

   Major indications for surgery are disfi guring 
or severe proptosis, temporal fullness, orbital 

  Fig. 8.11    Optic nerve sheath meningioma. A 38-year-
old female presents with left proptosis and left hypoglo-
bus ( a ). Fundus shows disc swelling ( b ). Ultrasonography 
shows an orbital mass abutting the globe ( c ). MRI shows 
mass involving the optic nerve, but the optic nerve cannot 
be made out distinctly from the mass ( d , T1 and  e , T2). 

CT scan shows absence of calcifi cation in the mass ( f ). 
Histopathology shows a characteristic pattern of menin-
gothelial meningioma. Note the whorls and nests of tumor 
cells ( g , H&E 100×). Meningothelial cells have round to 
oval nuclei with intranuclear vacuoles. Mitotic activity    is 
low ( h , H&E 400×)         

a d

b

c
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congestion, and impaired vision [ 35 ]. Aggressive 
excision or debulking of sphenoid wing tumors 
may allow improvement in cosmesis, alleviate 
compressive symptoms, and postpone visual loss 
[ 36 ]. Most patients undergoing surgical resection 
of sphenoidal ridge meningioma develop recur-
rences over several years requiring further sur-
gery. Recurrence, residual, and cavernous sinus 
disease may be treated with radiotherapy [ 37 ]. 
Stereotactic radiosurgical techniques allow more 
accurate delivery of radiation.   

8.12     Teratoma 

8.12.1     Introduction 

 Teratoma, formerly called teratoid cysts or tera-
toid tumors, is a tumor composed of tissues 
derived from more than one germ layer and usu-
ally from all three. They are rare tumors, usu-
ally seen at birth or in the neonatal period. 
Rarely, they may be seen in adolescents and 
adults [ 38 ].  

e

g h

f

Fig. 8.11 (continued)

8 Benign Orbital Tumors



84

8.12.2     Clinical Features 

 A typical teratoma presents as a rapidly bulging 
eye with marked orbital distortion in an infant. The 
mass may be soft or solid. The tumor enlarges rap-
idly and may present with marked orbital and facial 
changes. The persistent enlargement of this neo-
plasm is attributed to mucus secretion from the 
embryonic intestinal tissue. While malignant tera-
tomas are seen, most teratomas are benign [ 39 ,  40 ].  

8.12.3     Diagnostic Evaluation 

 The differential diagnosis includes orbital hem-
angioma, lymphangioma, rhabdomyosarcoma, 
retinoblastoma, metastatic tumors (neuroblas-
toma and leukemia), microphthalmos with cyst, 
congenital cystic eyeball, unilateral congenital 
glaucoma, cephalocele, and plexiform neurofi -
broma (Table  8.1 ). CT imaging shows orbital 
enlargement with focal calcifi cation in the lumen 
of the tumor. Erosion of the greater wing of sphe-
noid bone may be seen. The defi nitive diagnosis 
of an orbital teratoma is made by histopathology 
which shows gut-like structures, the sine qua non 
for diagnosis of a teratoma.

8.12.4        Treatment 

 Although vision preservation is rare, surgery 
should remove the tumor but retain the eye if 

possible to encourage orbitofacial development. 
In more severe tumors, enucleation is neces-
sary. Recurrent teratomas may undergo malig-
nant degeneration. Therefore, close follow-up is 
necessary.   

8.13     Fibrous Histiocytoma 

8.13.1     Introduction 

 Fibrous histiocytoma is the most common mes-
enchymal orbital tumor in adults, seen most com-
monly in middle-aged adults. They may be 
benign, locally aggressive, or malignant. Fibrous 
histiocytoma is defi ned as a proliferating, com-
plex admixture of fi broblasts and histiocytic-like 
cells of biphasic nature in a fi brous or collage-
nous matrix of varying proportion, associated 
with minor contents of lymphocytes, macro-
phages, capillaries, lipid, and reticulin [ 41 ].  

8.13.2     Clinical Features 

 These tumors, presenting most commonly with 
an upper nasal quadrant mass, are seen mostly in 
middle adult life. They are slow-growing, rela-
tively fi rm masses. Patients present with propto-
sis, a mass effect, decreased vision, double 
vision, pain, eyelid swelling, and ptosis.  

8.13.3     Diagnostic Evaluation 

 CT scans show a well-defi ned, irregular mass of 
uniform density. Bony erosion and enlargement 
of the orbit are seen with recurrent or malignant 
tumors. Ultrasound shows a well-defi ned mass 
with a smooth round or oval contour. Cystic cavi-
ties may be identifi ed within the tumor.  

8.13.4     Differential Diagnosis 

 Superotemporal tumors may mimic a lacrimal 
gland tumor. CT scan appearance of the tumor 
may resemble neurofi bromas, schwannomas, or 

   Table 8.1    The differential diagnosis of orbital teratoma   

 Category  Subcategory  Diagnosis 

 Congenital anomaly of the 
globe 

 Congenital cystic eyeball 
 Microphthalmos with cyst 
 Congenital glaucoma 

 Congenital anomaly of the 
orbit 

 Cephalocele 

 Orbital 
tumor 

 Primary  Hemangioma 
 Lymphangioma 
 Rhabdomyosarcoma 
 Plexiform neurofi broma 

 Secondary  Retinoblastoma 
 Metastatic  Neuroblastoma 

 Leukemia 
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cavernous hemangiomas. Histopathologically, 
benign fi brous histiocytoma must be differenti-
ated from locally aggressive and malignant vari-
ant [ 42 ].  

8.13.5     Treatment 

 Surgical excision via an orbitotomy is indicated. 
Complete excision is recommended as complete 
resection of the tumor results in a high rate of 
recurrence. Grossly, the tumor appears as a lobu-
lated, well-circumscribed, fi rm, grayish white to 
yellow tan mass. Histopathology shows cart-
wheel bundles of elongated fi broblasts with 
spindle- shaped uniformly staining nuclei set in a 
dense fi brous stroma. The majority of tumors fall 
in the benign or intermediate group. However, 
aggressive tumors may spread locally some years 
after initial diagnosis. Malignant change may 
occur (Chap.   13    ).   

8.14     Osteoma 

8.14.1     Introduction 

 Primary osteomas of the orbit, although rare, are 
the most common bony tumor of the orbit. They 
are well-defi ned benign tumors of bone. Most are 
seen in the superonasal orbit and arise second-
arily from the frontal sinus, ethmoidal sinus, and 
junctions [ 43 ].  

8.14.2     Clinical Features 

 Osteoma is essentially an overgrowth of bone and 
present as rock hard mass without pain. Most are 
solitary and asymptomatic (Fig.  8.12 ). However, 
larger lesions may cause proptosis and globe dis-
placement. The patient may present with head-
aches. Chronic sinusitis or mucocele may result in 
frontal or frontoethmoid lesions. Frontal sinus 

a

c d

b

  Fig. 8.12    Osteoma. CT scan showing a well-circum-
scribed radiodense mass in the medial wall of the left orbit 
( a , axial view) ( b , coronal view). Typical appearance of 

the resected osteoma ( c ). Osteoma is composed of com-
pact bone devoid of fi brovascular stroma ( d )       

 

8 Benign Orbital Tumors

http://dx.doi.org/10.1007/978-3-642-40492-4_13


86

osteoma present with proptosis and downward 
displacement of the eye; ethmoidal osteomas pro-
duce a more lateral shift of the eye. Gardner syn-
drome is an autosomal dominant familial polyposis 
of the large bowel associated with osteoma of the 
skull or jaws and epidermal and sebaceous cysts 
of the subcutaneous tissues [ 44 ]. Some osteoma 
present with gaze-induced visual loss.

8.14.3        Diagnostic Evaluation 

 CT scans show a sharply circumscribed, very 
dense, rounded, or lobulated mass arising from 
bone (Fig.  8.12 ). Fibrous osteoma has a low- 
density, ground-glass appearance similar to 
fi brous dysplasia or ossifying fi broma. The adja-
cent paranasal sinus may be opacifi ed from sec-
ondary drainage obstruction.  

8.14.4     Treatment 

 If osteoma is symptomless, it may be followed 
[ 45 ]. Resection is indicated when secondary 
complications arise. Sphenoidal mass is resected 
endoscopically to prevent encroachment of the 
optic canal [ 46 ]. Recurrence is rare. Histologically, 
osteoma may be classifi ed as compact, cancel-
lous, and fi brous.   

8.15     Fibrous Dysplasia 

8.15.1     Introduction 

 Fibrous dysplasia is a benign, developmental dis-
order characterized by proliferation of fi brous 
 tissue. It is a hamartomatous malformation 
thought to be an arrest of bone maturation at the 
woven bone stage. The fi brous tissue replaces 
and distorts medullary bones. Three forms have 
been described: monostotic, polyostotic, and 
McCune- Albright syndrome. 

8.15.1.1     Monostotic Fibrous 
Dysplasia 

 Monostotic fi brous dysplasia usually involves 
one bone around the orbit. The monostotic type 
accounts for 80 % of cases. The frontal bone is 
most frequently affected, followed by the sphe-
noid and ethmoid [ 47 ].  

8.15.1.2     Polyostotic Fibrous 
Dysplasia 

 Polyostotic fi brous dysplasia involves multiple 
bones.  

8.15.1.3     McCune-Albright 
Syndrome 

 McCune-Albright syndrome is a constellation of 
polyostotic fi brous dysplasia, sexual precocity, 
and cutaneous pigmentation [ 48 ].   

8.15.2     Clinical Features 

 Although fi brous dysplasia progresses slowly, 
sudden exacerbation of disfi gurement may be 
seen over weeks. Symptoms depend upon the 
anatomic site of the affected bone, the number of 
bones affected, the rate and duration of tumor 
growth, and the soft tissues compressed or dis-
placed or distorted. Anterior tumors affecting the 
frontal, ethmoid, or maxillary bones displace the 
globe in the direction opposite to the involved 
bone. Unilateral progressive proptosis and globe 
displacement sometimes occur with limitation of 
ocular movement and diplopia (Fig.  8.13 ). 
Nasolacrimal duct obstruction may be seen. 
Patients may also present with persistent head-
aches or discomfort and compression at the 
orbital apex with involvement of III, IV, and VI 
and visual loss [ 49 ]. The optic chiasm may also 
be affected.

   Secondary sphenoid sinus mucoceles may 
occur with sudden loss of vision because of com-
pression of the optic nerve. Patients may develop 
an intralesional hemorrhage or a secondary 
aneurysmal bone cyst, both of which can cause 
compression of the optic nerve. Slow compres-
sion of the optic canal or at the chiasm may also 
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  Fig. 8.13    Fibrous dysplasia. Clinical appearance at age 
14 years ( a ), 18 years ( b ), and 21 years ( c ). Bone-window 
CT showing typical ground-glass appearance of fi brous 
dysplasia ( d ,  e ,  f ). Pattern of dense fi brous connective tis-
sue in between spicules of woven bone ( g , H&E 40×). The 

 light pink  is the fi brous connective tissue – it contains 
immature osteoprogenitor cells. The  dark pink  is imma-
ture woven bone. At higher magnifi cation you can easily 
make out chondrocytes in the immature osseous structure. 
Of note, there are no osteoblasts ( h , H&E 200×)       
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result in chronic visual loss. Malignant transfor-
mation (in less than 1 % of cases) to osteogenic 
sarcoma, fi brosarcoma, or chondrosarcoma may 
occur if prior radiotherapy has been adminis-
tered [ 50 ].  

8.15.3     Diagnostic Evaluation 

 CT scans show increased bone thickness. 
Increased fi brous content makes the bone look 
more lucent in appearance and may show a cystic 
appearance; a more prominent osseous compo-
nent gives a ground-glass or sclerotic character. 
Mixed pattern of alternating sclerosis and radio-
lucency is often seen. The orbital contour is nar-
rowed and adjacent sinuses are replaced with 
dense bone.  

8.15.4     Differential Diagnosis 

 Differential diagnosis includes hyperostotic 
meningioma which will show an associated 
enhancing soft tissue component (best visualized 
on MRI). Other conditions to be considered 
include Paget’s disease and cystic bone lesions, 
such as Langerhans cell histiocytosis. Although 
juvenile ossifying fi bromas have been distin-
guished from fi brous dysplasia, such fi bromas 
may occur in the presence of fi brous dysplasia 
(Fig.  8.14 ) [ 51 ].

8.15.5        Treatment 

 There has been much debate about whether surgi-
cal intervention before the patient is symptomatic 
is useful. As the complications of major craniofa-
cial surgical intervention are signifi cant, surgery 
is only indicated for gross deformity, functional 
defi cits, pain, or sarcomatous transformation. In 

the presence of optic canal compression, resec-
tion and reconstruction are indicated. However, 
as most patients with fi brous dysplasia will 
remain asymptomatic during long-term follow-
 up, expectant management has been recom-
mended in asymptomatic patients even in the 
presence of radiological evidence of apical com-
pression of the optic nerve [ 52 ].   

8.16     Aneurysmal Bone Cyst 

8.16.1     Introduction 

 Aneurysmal bone cyst is a reactive lesion of 
bone. Aneurysmal bone cyst may arise in the 
orbit secondary to trauma or as a result of local 
vascular disturbance. In 30 % of cases, the cyst is 
associated with an underlying bone lesion, such 
as fi brous dysplasia, non-ossifying fi broma, or 
giant cell tumor [ 53 ]. The orbital roof is most 
commonly involved.  

8.16.2     Clinical Features 

 Patients present with proptosis, displacement of 
the globe, and diplopia secondary to cranial nerve 
palsy (Fig.  8.15 ). There may be pain and local 
swelling. The patient may present with refractive 
changes. Compressive optic neuropathy and 
visual loss are rare.

8.16.3        Diagnostic Evaluation 

 CT scans show an irregular lytic bone lesion 
with cortical destruction (Fig.  8.15 ). A fl uid 
level may be seen within the cavities due to 
hemorrhage with settled blood products. The 
margins of the tumor may show calcifi cation. 
MRI scans show a multicystic mass with 
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 associated bone destruction. Fluid-fi lled levels 
may be seen with varying levels of signal inten-
sity, depending upon the state of the blood 
within the cyst [ 54 ].  

8.16.4     Treatment 

 Complete surgical curettage is usually cura-
tive. The prognosis is usually excellent. Visual 

  Fig. 8.14    Fibroma arising from fi brous dysplasia. Left 
hypoglobus and proptosis with superonasal mass at age 15 
years ( a  and  b ). Right optic nerve swelling with evidence 
of compression of the right optic nerve ( c ). T1-weighted 
MRI scan shows typical low signal in the ethmoid and 
sphenoid sinus, typical of fi brous dysplasia ( d ). At low 

magnifi cation you can see fascicles of dense irregular 
fi brous connective tissue ( e , 40× and  f  200×). These fi nd-
ings are consistent with a dense fi broma. Normal bone is 
seen on the far left with marrow space, osteoblasts, and 
vessels. Fibrous dysplastic bone is on the right ( g , 40×)         

a
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Fig. 8.14 (continued)
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  Fig. 8.15    Aneurysmal bone cyst. Eleven-month-old 
child with 3-week history of right proptosis and nasal 
obstruction ( a ). CT scan shows expansile lytic mass ( b ). 
MRI with contrast shows fl uid levels with heterogenous 

signal intensity. Fresh blood is hyperintense on 
T2-weighted images ( c ). Trabeculated bone with cavern-
ous spaces fi lled with thick fi brous septa, blood, and cel-
lular areas ( d )       
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compromise is very rare. Radiation, used in the 
past, is inadvisable because of potential risk of 
radiation- induced sarcoma.      
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9.1           Introduction 

 Primary tumors of the optic nerve include ante-
rior visual pathway gliomas and optic nerve 
sheath meningiomas. Both are relatively rare 
lesions that result in signifi cant visual morbidity. 
Together they account for less than 4 % of all 
orbital tumors. There has been controversy about 
the natural history and appropriate management 
of these lesions, resulting from small sample 
sizes and short follow-up periods. Other tumors, 
such as gangliogliomas and primary lymphomas, 
have also been described but are extremely rare 
(Table  9.1 ).

9.2       Anterior Visual Pathway 
Glioma 

 Optic pathway gliomas (OPG) are uncommon 
benign lesions classifi ed as pilocytic astrocyto-
mas. They represent 1.5–4 % of all orbital tumors 
and 50–55 % of all primary optic nerve tumors 
[ 1 ,  2 ]. 

9.2.1    Clinical Features 

9.2.1.1    Age Distribution 
 Gliomas have been described in patients from 
birth to 79 years of age. However, 71 % of cases 
occur in children in the fi rst decade of life and 
90 % within the fi rst two decades. The overall 
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mean age at presentation is 8.8 years for all optic 
gliomas.  

9.2.1.2    Sex Distribution 
 The sexual distribution for all optic pathway glio-
mas shows approximately equal numbers of 
males and females. For gliomas confi ned to the 
optic nerve, 65 % occur in females, compared to 
35 % for males. For tumors involving the optic 
chiasm, there is no sex predilection.  

9.2.1.3    Location 
 About 20–25 % of optic gliomas are confi ned to 
the optic nerve alone, but in three-quarters of cases 
the chiasm is involved [ 3 ,  4 ]. Of the tumors that 
involve the chiasm, 40 % eventually extend into the 
adjacent hypothalamus or third ventricle. Several 
studies have shown that the orbital optic nerve is 
involved more frequently in patients with NF1 
(21.5 %) than in those without NF1 (5.5 %) [ 5 ].  

9.2.1.4    Association with 
Neurofi bromatosis Type 1 

 Optic pathway gliomas may be sporadical or 
 syndromic, the latter mostly associated with neu-
rofi bromatosis type 1. The reported incidence of 
neurofi bromatosis type 1 (NF1) among patients 
with optic gliomas varies from 10 to 70 %, with 
an overall incidence of 29 % [ 1 ]. Although some 
reports have shown no difference in the course 
and prognosis of optic pathway gliomas with and 
without NF1, others have suggested a more indo-
lent course and a better prognosis in patients with 
OPG and NF1 [ 6 – 8 ]. 

 When associated with NF1 the glioma may 
present at a somewhat later age and show pro-
gression for a long time, justifying regular oph-
thalmological monitoring of this population over 
a long period [ 9 ,  10 ].  

9.2.1.5    Signs and Symptoms 
 The specifi c fi ndings of optic pathway gliomas 
depend principally on the location of the tumor. 
Regardless of location, 85 % of patients lose 
some vision, with about 25 % retaining good 
vision between 20/20 and 20/40. About 60 % of 
patients show vision of 20/300 or worse. 

 Proptosis is a presenting sign in 95 % of 
patients with an optic nerve glioma (Fig.  9.1 ). 
With gliomas of the optic chiasm, proptosis is 
much less common, seen in fewer than 20 % of 
patients, and all with concomitant intraorbital 
involvement. Limitation of ocular motility is seen 
infrequently with optic gliomas. It is reported in 
30 % of intraorbital lesions and 20 % of gliomas 
involving the chiasm. Pain and headache are pres-
ent in up to 30 % of patients with chiasmal tumors. 
Other rare symptoms seen with CNS invasion 
include nystagmus, spasmus nutans, seizures, 
hypothalamic signs, and hydrocephalus. On fun-
duscopic examination 60 % of patients demon-
strate some degree of optic atrophy. Disc edema, 
primarily associated with intraorbital gliomas, is 
seen in half of such cases. Disc edema occurs in 

  Fig. 9.1    External photograph of a child with a left orbital 
optic nerve glioma showing axial proptosis       

   Table 9.1  
  Diagnostic features 
of optic nerve tumors   

 Lesion  Mean age  Sex  Location  Prognosis 

 Optic nerve glioma  8.8 years  F = M  ON, OC, MB  Vision = fair to good 
 Life = 36 % mortality 

 Malignant optic glioma  48 years  65 % M  OC +/− ON  Vision = blindness 
 Life = 100 % mortality 

 Optic sheath meningioma  41 years  60 % F  ON  Vision = poor 
 Life = 0 % mortality 

   ON  optic nerve,  OC  optic chiasm,  MB  midbrain  
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only 20 % of patients with chiasmal tumors, and 
in these cases the tumor is usually contiguous 
with the intraorbital optic nerve (Box  9.1 ).

9.2.2           Diagnostic Evaluation 

 Imaging studies reveal enlargement of the optic 
canal in up to 80 % of patients with a glioma 
involving the optic nerves. Enlargement and 
J-shaped excavation of the sella turcica may be 
associated with chiasmal gliomas but are reported 
in only 25 % of patients. 

9.2.2.1    Computed Tomography 
 Computed tomography (CT) imaging typically 
demonstrates enlargement of the optic nerve and/
or chiasm. Contrast enhancement ranges from 
imperceptible to moderate but generally is less 
than with sheath meningiomas. Typical optic gli-
omas show a well-outlined fusiform swelling of 

the optic nerve (Fig.  9.2 ), but occasionally they 
may be more rounded or even tubular. 
Calcifi cation occurs only occasionally.

9.2.2.2       Magnetic Resonance Imaging 
 Magnetic resonance imaging (MRI) has proved 
superior to CT for evaluation of chiasmal, hypo-
thalamic, and optic tract lesions. Gliomas dem-
onstrate normal to slightly prolonged T1 
relaxation times, which image isointense to 
slightly hypointense compared to normal optic 
nerve. The T2 relaxation time is prolonged, giv-
ing a hyperintense image on T2-weighted 
sequences.   

9.2.3    Histopathology 

 Although optic gliomas were formerly consid-
ered congenital nonneoplastic hamartomas with 
self-limiting growth, their histologic features, 
rates of growth, rare malignant potential, and a 
clear tendency to invade the leptomeninges show 
that these tumors are true neoplasms that have the 
ability to invade locally. 

 Optic gliomas arise from supporting  astrocytes 
of the optic nerve and along the visual pathway. 
Most are classifi ed as benign pilocytic astrocyto-
mas in which proliferating neoplastic astrocytic 
cells predominate. Proliferating astrocytes may 
extend through the pia mater into the arachnoid 
and subarachnoid space, where they provoke an 
exuberant reactive proliferation of fi brovascular 
tissue and meningothelial cells. This so-called 
arachnoidal hyperplasia may extend beyond the 
limits of the tumor itself, simulating tumor exten-
sion. Enlargement of optic gliomas may occur as 
a result of proliferation of neoplastic cells, reac-
tive arachnoidal proliferation, or an accumula-
tion of extracellular, PAS- positive mucosubstance 
secreted by the astrocytes.  

9.2.4    Treatment Options 

 Anterior visual pathway gliomas are neoplasms 
with the potential to spread into contiguous areas 
of the optic nerve, chiasm, and adjacent brain. 

   Box 9.1: Optic Pathway Glioma 

•     Early visual loss 88 %  
•   Optic disc swelling 35 %  
•   Optic disc atrophy 59 %  
•   Proptosis, orbital tumors 94 %; chias-

mal tumors 22 %  
•   Nystagmus 24 %  
•   Hypothalamic signs 26 %  
•   Increased intracranial pressure 27 %    

  Fig. 9.2    Axial CT scan shows a fusiform glioma of the 
left optic nerve       
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They appear at an early age, grow slowly for a 
few years, and vision generally stabilizes in most 
cases. However, indolent growth can be seen in 
up to 40 % of cases. Although the best treatment 
options are still evolving, an algorithm for the 
management of patients with optic pathway glio-
mas is suggested (Fig.  9.3 ). As with most medi-
cal decisions, treatment must be individualized 
based on patient symptoms, fi ndings, and clinical 
course [ 11 ].

9.2.4.1      Observation 
 Long-term survival shows a good prognosis even 
in patients followed conservatively without inter-
vention [ 12 – 15 ]. After an initial period of deteri-
oration, vision tends to stabilize in nearly 80 % of 
cases. There is little difference in visual outcome 
or survival in patients undergoing treatment ver-
sus observation alone [ 1 ]. However, signifi cant 
progression of tumor can occur in some patients 
despite clinically stable visual acuity for many 
years.  

9.2.4.2    Surgery 
 Until recently, surgery was considered the treat-
ment of choice for optic nerve gliomas. Today 
most authorities limit the indications for surgery 
to resectable tumors involving the orbital or 
intracranial optic nerves or for direct inspection 
or biopsy of the chiasm. Once vision is lost, sur-
gery can be benefi cial for severe proptosis or 
orbital pain. Where vision is present, surgical 
intervention carries a very signifi cant risk of 
visual morbidity and mortality.  

9.2.4.3    Radiotherapy 
 The role of radiotherapy has been a subject of 
debate for decades. Some studies have failed to 
show any benefi t of radiotherapy on long-term 
survival, visual acuity, or both [ 1 ]. However, 
other studies showed improvement or stability 
in visual acuity after treatment and better 
progression- free survival interval [ 16 ,  17 ]. 
Overall, the data suggest a possible benefi t. Any 
potential benefi t must also be tempered by the 

Glioma

Optic chiasm Midbrain

Progression Stable

>10 years <10 years<10 years

ChemotherapyObservationObservation Surgery

Posterior
progression StableStable

Optic nerve

Visual loss,
proptosis

Irradiation

Progression

  Fig. 9.3    Proposed management algorithm for treatment of anterior visual pathway glioma       
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adverse effects of radiotherapy on the central ner-
vous system in younger children. Several cases of 
malignant transformation have been reported fol-
lowing radiotherapy.  

9.2.4.4    Chemotherapy 
 Several reports have suggested a role for chemo-
therapy in the management of optic pathway gli-
omas. Most studies show stabilization of vision 
and/or tumor regression in 50–65 % of treated 
patients [ 18 – 21 ]. Although this is not much bet-
ter than for tumors observed  conservatively, che-
motherapy may be useful for young children 
with progressive lesions in order to delay the 
potential complications of radiotherapy.   

9.2.5    Prognosis 

 A review of the literature shows that for all 
patients with optic pathway gliomas in all loca-
tions and with all forms of treatment, including 
observation, tumor recurrence or progression 
occurs in 38 % of cases [ 1 ]. The overall tumor- 
related mortality is 36 % with a mean follow-up 
of 11 years. However, with longer follow-up 
intervals of 25–30 years, the prognosis for sur-
vival may be considerably worse. The outlook for 
vision is actually rather good. About 55 % of 
patients retain stable vision or show some 
improvement. Only 45 % show progressive loss 
of vision. One case has been reported of sponta-
neous malignant transformation [ 22 ]. Spon-
taneous regression has been reported [ 23 ]. 

9.2.5.1    Glioma Confi ned 
to the Optic Nerve 

 For gliomas initially confi ned to the optic 
nerve and treated conservatively or incompletely 
excised, recurrence or progression is seen in 
17 %. The mortality rate is 12 %, typically from 
intracranial extension. The prognosis for vision, 
however, is good, with over 90 % remaining sta-
ble over many years. With optic nerve tumors 
treated by complete surgical excision or partial 
excision plus radiotherapy, the mortality rate 
drops to zero. The same is true for tumors that 

progress but remain confi ned to the optic nerve. 
Obviously, the prognosis for vision in such cases 
is poor after surgery.  

9.2.5.2    Gliomas with Extension 
to the Chiasm 

 Gliomas that extend to the chiasm but that do not 
invade the adjacent hypothalamus or third ven-
tricle show results similar to those for untreated 
optic nerve tumors. Chiasmal gliomas left 
untreated or that are partially excised show a 
mortality rate of 17 % over a mean follow-up 
period of 10 years. As with optic nerve tumors, 
death results from extension into the hypothala-
mus or third ventricle. Recurrence or progression 
of tumor after partial excision is seen in 64 % of 
cases. Visual prognosis in this group is good, 
with 80 % remaining stable. In patients with chi-
asmal tumors radiotherapy may delay progres-
sion to some extent. Mortality in this group is 
22 %, and recurrence or progression of tumor is 
seen in 43 % of cases. Prognosis for vision is 
similar to that of untreated patients, with 68 % 
remaining stable or demonstrating a slight 
improvement.  

9.2.5.3    Gliomas with Extension to the 
Chiasm and Hypothalamus 

 In patients with chiasmal tumors plus hypotha-
lamic or third ventricle involvement at the time 
of presentation, the prognosis for life is mark-
edly reduced. The mortality rate is 50 % or more 
over 15 years. For patients who received radio-
therapy, recurrence or progression is noted in 
52 %, but the mortality rate is somewhat better, 
at 43 %.    

9.3    Malignant Optic Nerve 
Glioma 

 In 1973 Hoyt et al. [ 24 ] described fi ve cases of 
optic pathway glioma in adults which had an 
aggressive behavior and a uniformly fatal out-
come. To date less than 50 additional cases have 
been reported in the literature, all confi rming the 
original concept of the disease. 

9 Optic Nerve Tumors



98

9.3.1    Clinical Features 

9.3.1.1    Age Distribution 
 Malignant optic pathway gliomas have been seen 
in patients from 6 to 79 years old but occur most 
commonly in middle age. The mean age at pre-
sentation is 48 years.  

9.3.1.2    Sex Distribution 
 This disease has a distinct sexual predilection, 
with 65 % occurring in males and 35 % in 
females.  

9.3.1.3    Location 
 In all described cases, the optic chiasm is the 
major site of origin. In all cases except one [ 25 ]. 
the disease is bilateral with both optic nerves also 
involved. In only 23 % of cases does the tumor 
extend to the intraorbital portion of the nerve. In 
nearly half of patients, the tumor extends poste-
rior to the optic tracts, hypothalamus, or temporal 
lobe [ 1 ].  

9.3.1.4    Signs and Symptoms 
 All patients present with rapidly progressive loss 
of vision, fi rst in one and then in the second eye. 
In 63 % of cases, both eyes may be affected at 
presentation. Initially the condition may be mis-
diagnosed as optic neuritis. Bilateral blindness 
typically results within a matter of months. Optic 
disc edema is seen in most patients, and, if they 
survive long enough, optic atrophy results. 
Orbital signs are uncommon, as most tumors are 
confi ned to the intracranial compartment. 
Proptosis and ophthalmoplegia are seen in only 
20–25 % of cases (Box  9.2 ).     

9.3.2     Diagnostic Evaluation 

 Enlargement and enhancement of the optic chi-
asm on CT or MRI is the most common fi nding, 
seen in 80 % of cases. One or both optic nerves 
may also be involved along their intracranial por-
tions. The fi nal diagnosis is usually made only 
after tissue biopsy.  

9.3.3    Histopathology 

 Histopathology shows malignant astrocytes with 
pleomorphic nuclei and areas of vascular prolif-
eration and necrosis. Subpial extension along the 
optic pathways is seen. There is invasion into the 
optic chiasm and nerve and into adjacent areas of 
the brain.  

9.3.4    Treatment 

 To date no treatment has proved effective in 
slowing the progression of this disease. Neither 
surgery nor radiotherapy up to 60 Gy has signifi -
cantly altered the prognosis [ 26 ].  

9.3.5    Prognosis 

 Prognosis for vision is dismal, with all patients 
progressing to profound visual loss within months 
of initial presentation. The prognosis for life is 
equally dismal, with a nearly 100 % mortality rate. 
The mean survival rate is typically less than 1 year.   

9.4    Optic Nerve Sheath 
Meningioma 

 Meningiomas are the second most common brain 
neoplasms after gliomas. They represent 15–20 % 
of all intracranial tumors in adults and 2 % of 
intracranial tumors in children [ 27 ]. Although 
most orbital meningiomas are extensions from 
intracranial sites, primary orbital meningiomas 
have been documented and account for 1.3 % of 
all meningiomas. 

   Box 9.2: Malignant Optic Glioma 

•     Very rapid loss of vision to blindness 
over weeks to months  

•   Optic disc swelling 43 %  
•   Optic disc atrophy 31 %  
•   Proptosis 23 %  
•   Ophthalmoplegia 19 %  
•   Other neurologic signs 35 %    
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9.4.1    Clinical Features 

9.4.1.1    Age Distribution 
 Despite several reports of orbital meningiomas 
occurring with high frequency in young individu-
als, most series confi rm that this is a disease pri-
marily of middle age. On imaging studies, 
meningiomas may be confused with arachnoid 
proliferation associated with optic gliomas in 
young patients. The mean age for presentation of 
optic sheath meningioma is 41 years, and only 
4 % of patients are under 20 [ 27 ,  28 ].  

9.4.1.2    Sex Distribution 
 It has long been recognized that meningiomas 
occur more frequently in females. When large 
series are examined the ratio has tended to equal-
ize, but there does appear to be a slight female 
preponderance of approximately 60 %.  

9.4.1.3    Laterality 
 A slight predilection for the right optic nerve has 
been reported in several studies. Others have not 
confi rmed these fi ndings. However, when larger 
series are examined 52 % of sheath meningiomas 
occurred in the right optic nerve, 42 % in the left, 
and 6 % were bilateral [ 27 ]. Interestingly, among 
bilateral cases 60 % are canalicular meningio-
mas, compared to all sheath meningiomas 
together, where canalicular tumors account for 
only 8 %.  

9.4.1.4    Sites of Origin 
 For optic sheath meningiomas 94 % are unilateral 
and 6 % bilateral. In about 8 % of cases the 
meningioma is confi ned to the optic canal. 
Among these canalicular tumors there is a sig-
nifi cant propensity toward bilaterality, 65 % 
being unilateral and 35 % bilateral. About 4 % of 
optic sheath meningiomas show focal tumor 
invasion of the optic disc, sclera, choroid, and 
retina. Tumor may enter the globe along penetrat-
ing vascular channels. Dutton [ 27 ] noted that 18 
of 475 cases of primary orbital meningioma arose 
ectopic to the optic nerve sheath. The exact etiol-
ogy of such lesions remains uncertain, and it is 
possible that in some cases they represent other 
lesions mistaken for meningiomas.  

9.4.1.5    Association with 
Neurofi bromatosis Type 1 

 The incidence of NF1 in patients with sheath 
meningiomas is unclear because most studies in 
the past failed to mention the occurrence. Of the 
studies that specifi cally examined for NF, 9 % of 
patients were affected. This is considerably 
lower than the 29 % association with optic glio-
mas but still signifi cantly higher than the 0.3–
0.5 % incidence of NF in the general 
population.  

9.4.1.6    Signs and Symptoms 
 The most frequent presenting symptom of optic 
sheath meningioma is loss of vision, seen in 97 % 
of cases. In about 45 % visual acuity is 20/20–
20/40, and in only 25 % is it counting fi ngers or 
worse. Visual loss usually takes place over sev-
eral years. In bilateral cases, visual loss in the 
two eyes may be separated in time by 2–30 years. 
Visual fi eld defects are noted in 83 % of patients. 
Most commonly these include peripheral con-
striction; central, centrocecal, and paracentral 
scotomas; altitudinal defects; and increased size 
of the blind spot. Proptosis is found on initial 
examination in 65 % of patients (Fig.  9.4 , 
Box  9.3 ). It is seen less frequently in patients 
with canalicular lesions, as they typically have 
signifi cant visual loss while the tumor is still very 
small. Limitation of ocular motility is variable 
but may be seen in more than half of patients. 
Upgaze is commonly severely impaired, possibly 
because of stiffening of the optic nerve from the 
relatively fi rm tumor.

  Fig. 9.4    External photograph of a patient with a right 
orbital optic nerve sheath meningioma demonstrating 
proptosis       
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   Chronic disc edema is an early fi nding in 48 % 
of patients. Optic atrophy, which may be subtle, 
is a somewhat later fi nding, noted in two-thirds of 
cases at presentation. Both edema and atrophy 
may be seen together, and overall 98 % of patients 
will show one or the other of these two fi ndings. 
The association between optic sheath meningio-
mas and optociliary shunt vessels has long been 
considered a key fi nding suggestive of optic 
sheath meningiomas. However, chronic disc 
edema and congestion of the central retinal vein 
usually precede the fi rst appearance of shunts by 
several years, and the shunts usually disappear as 
optic atrophy becomes complete. In fact, opto-
ciliary shunt vessels are relatively infrequent 
with sheath meningiomas, being seen in only 
30 % of reported cases. Because shunts tend to 
appear some years after symptoms begin and 
involute as optic atrophy is complete, this proba-
bly does not indicate their true incidence.     

9.4.2     Diagnostic Evaluation 

9.4.2.1    Computed Tomography 
 Plain orbital radiographs and tomography 
through the optic canals demonstrate enlarge-
ment of the optic foramen in less than 30 % of 
cases. CT scanning demonstrates enlargement of 
the optic nerve in 97 % of examinations. The 
most common pattern is diffuse tubular enlarge-
ment, but a globular or fusiform shape may be 
seen also. Tram-tracking, a radiographic sign in 
which the denser and thickened optic nerve 
sheath outlines a central lucency representing 
the residual optic nerve, is a characteristic 
of sheath meningioma (Fig.  9.5 ). Contrast  studies 
generally show moderate to marked enhance-
ment. Calcifi cation, an important  fi nding, may 

help differentiate meningiomas from optic 
 gliomas. It is seen in 20–50 % of patients.

9.4.2.2       Magnetic Resonance Imaging 
 Magnetic resonance imaging shows a thickening 
of the nerve and sheath contrasted against orbital 
fat, and there is increased signal intensity com-
pared to normal nerve on both the T1- and 
T2-weighted sequences.   

9.4.3    Histopathology 

 Optic meningiomas arise from meningothelial 
cap cells of the arachnoid villi that lie along the 
intraorbital optic nerve. Two histologic patterns 
are seen. In the meningothelial or syncytial pat-
tern, polygonal cells are arranged in sheets sepa-
rated by vascular trabeculae. In the transitional 
pattern, spindle-shaped or oval cells are arranged 
in a concentric whorl formation. Psammoma 
bodies are seen more commonly in the transi-
tional pattern and contain the calcifi cations noted 
on radiologic studies. Meningioma typically 
remains indolent over many years. As the tumor 
grows within the subarachnoid space, it com-
monly encircles the optic nerve. Compression 
results in obstruction to axoplasmic fl ow, disc 
edema, dilatation of optociliary shunt channels, 
and eventually demyelinization and optic atro-
phy. Tumor cells may also invade through the 
dura and into surrounding orbital tissues. 
Although they do invade along the intracranial 
optic nerve to the chiasm, meningiomas do not 
invade the brain.  

  Fig. 9.5    Axial CT scan shows a tubular optic nerve sheath 
meningioma with tram-tracking. The involved sheath 
enhances brightly, with the uninvolved optic nerve centrally       

   Box 9.3: Optic Nerve Sheath Meningioma 

•        Slowly progressive visual loss 96 %  
•   Optic disc swelling 48 %  
•   Optic disc atrophy 66 %  
•   Proptosis 65 %  
•   Decreased ocular motility 47 %  
•   Optociliary shunt vessels 30 %  
•   Increased intracranial pressure 27 %    
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9.4.4    Treatment 

 The most appropriate therapy for optic sheath 
meningiomas has been a matter of some contro-
versy. For sheath meningiomas that extend to the 
intracanalicular or intracranial portions of the optic 
nerve, the decision regarding treatment becomes 
less complex. The major rationale for treatment is 
the perceived risk of spread to the contralateral 
optic nerve. The actual risk of tumor spread from 
one optic nerve to the other remains unknown, but 
based on the high incidence of  bilaterality with 

canalicular tumors and on  documented unilateral 
tumors with progressive posterior extension, it 
may be very real. Because vision in such cases will 
eventually be lost, treatment to prevent possible 
extension to the contralateral side is justifi ed. In 
most cases radiotherapy may slow or halt tumor 
progression. However, in cases of treatment fail-
ure, surgical excision should be considered. Newer 
treatment options have gained considerable sup-
port over the past decade, and these are changing 
the approach to management. A proposed treat-
ment algorithm is shown in Fig.  9.6 .

Intraorbital
optic nerve

Vision

Tumor stable
Tumor

progression Tumor stable Tumor
progression

Intracanalicular
or intercranial

Meningioma

Treatment
failure

SurgerySevere proptosis;
pain

SurgeryTreatment
failure

Observation Radiotherapy

RadiotherapyNo vision

  Fig. 9.6    Proposed management algorithm for treatment of optic nerve uninvolved optic nerve centrally, sheath 
meningioma       
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9.4.4.1      Observation 
 For meningiomas confi ned to the intraorbital 
optic nerve, when vision remains and symptoms 
and radiographic fi ndings are stable, observation 
without treatment is appropriate [ 28 ]. The only 
possible exceptions that justify surgery are small 
anterior tumors and cases in young children, 
where biopsy for diagnosis may be indicated. 
Progressive visual loss is expected in most cases, 
but some patients may remain stable for many 
years. The prognosis for life is excellent, and 
there have been no tumor-related deaths reported 
for this disease.  

9.4.4.2    Surgery 
 Some have considered surgical excision neces-
sary to prevent intracranial extension. This may 
be possible for some small anterior orbital lesions 
[ 29 ] or even with some posterior tumors [ 30 ], but 
in general the morbidity is high and loss of vision 
is a very common sequela due to disruption of 
vascular supply to the optic nerve. Once blind-
ness results, surgical extirpation may be neces-
sary for relief of disfi guring proptosis, orbital 
pain, or intraocular complications. Incomplete 
excision has been associated with diffuse orbital 
invasion and intracranial spread to the chiasm. 
The risk of such spread outweighs the potential 
benefi t of attempted resection. Attempts to 
decompress the optic nerve by opening the dural 
sheath have proved disappointing and have 
resulted in massive orbital invasion requiring 
exenteration following surgical decompression. 
For lesions in the optic canal, canal decompres-
sion with dural sheath release may preserve sight 
in some cases [ 31 ].  

9.4.4.3    Radiotherapy 
 For lesions that show progression by worsening 
symptoms or radiographic fi ndings, radiotherapy 
would be an appropriate option. In the past radio-
therapy was considered ineffective; however, 
more recent reports using newer techniques sug-
gest that in appropriate doses radiotherapy can be 
effective [ 32 ]. Fractionated stereotactic radiother-
apy may offer a promising refi nement with fewer 
complications [ 33 ]. The optimum total dose 
appears to be in the range of 50–55 Gy. Stability 

or improvement of vision has been reported in 
50–95 % of cases. Similar results are being 
reported with the use of three-dimensional con-
formal fractionated radiation [ 34 ]. Complications 
of radiotherapy are reported in up to 15 % of 
cases and include new visual fi eld defects, central 
retinal artery occlusion, and encephalopathy. 
More recently, staged fractionated robotic 
CyberKnife radiosurgery with 20 Gy has given 
local control with visual improvement in 80 % of 
patients [ 35 ].   

9.4.5    Prognosis 

 Patients with optic sheath meningiomas have an 
excellent prognosis for life. There are few, if 
any, documented cases of tumor-related death. 
The prognosis for vision, however, is poor. 
Without treatment, in most patients visual loss 
progresses slowly but inexorably to blindness in 
the affected eye. However, in some cases a spon-
taneous improvement in vision or visual fi eld 
has been reported. Surgery offers little addi-
tional benefi t and in most cases accelerates the 
process of visual loss. Rarely, a small anteriorly 
situated tumor may be excised with preservation 
or improvement of vision. Radiotherapy may 
stabilize or improve visual symptoms in some 
cases.      
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10.1            Introduction 

 While 9–15 % of orbital tumors arise in  lacrimal 
gland, infl ammatory or infi ltrative diseases – 
such as sarcoidosis, Wegener’s granulomatosis, 
IgG4 disease, or other (nonspecifi c) dacryoad-
enitis – comprise two-thirds of lacrimal gland 
masses and can present with signs and symptoms 
similar to tumors [ 1 ,  2 ]. Often a fi rm diagnosis 
can be reached only with tissue biopsy. 

 Infl ammatory lesions typically present with 
acute or subacute symptoms that can include a 
painful, tender swelling in the lacrimal gland 
area, an “S-shaped” deformity of the upper eye-
lid, or conjunctival redness and injection 
(Fig.  10.1 ). Lymphomas tend to produce chronic, 
painless globe displacement, although some 
present with infl ammatory features, which por-
tend a worse prognosis [ 3 ].

   Benign or malignant tumors can present simi-
larly, and both enter the differential diagnosis for 
many lacrimal masses. Most primary tumors of 
the lacrimal gland, of which half are benign, are 
epithelial in origin; however, other very rare 
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benign tumors – such as hemangiopericytoma, 
neurilemmoma, neurofi broma, lymphangioma, 
and other vascular malformations – can be cen-
tered on the gland. In addition to a thorough 
 history and examination, high-resolution imag-
ing plays a key role in establishing an appropriate 
treatment plan.  

10.2     Epidemiology 

 Almost all benign lacrimal gland tumors are 
pleomorphic adenomas (Table  10.1 ) [ 4 ], and 
adenoid cystic carcinoma is the commonest 
malignant epithelial tumor [ 5 ]. Carcinoma aris-
ing in prior pleomorphic adenoma (“malignant 
mixed tumor”) represents the second most com-
mon lacrimal gland malignancy [ 1 ,  5 ,  6 ], whereas 
mucoepidermoid carcinomas, primary adeno-
carcinomas, and squamous carcinomas are rare. 
Lymphoma, associated with systemic disease in 
a minority, accounts for about 10–14 % of all 
lacrimal gland masses [ 1 ,  2 ], while metastases to 
the lacrimal gland are very uncommon; the lat-
ter tend to mimic the primary lesion, most such 
masses being fast growing and associated with a 
poor prognosis.

10.3        Clinical Features 

 Pleomorphic adenomas present from childhood 
[ 7 ] to old age, with a peak incidence in middle 
age and without a signifi cant gender bias [ 4 ]. 

Likewise, malignant epithelial tumors present at 
a similar age to pleomorphic adenomas have a 
peak incidence in the fourth decade and do not 
have a gender bias [ 5 ]. 

10.3.1     Symptoms 

 Patients with lacrimal gland tumors typically 
present with upper eyelid swelling or mass, but 
other features depend on the size, site, and nature 
of the lesion. Tumors in the palpebral lobe are 
rarer than orbital lobe tumors and, because of the 
anterior location, tend to present earlier with a 
palpable upper eyelid mass or an alteration in lid 
contour [ 8 ]. Patients with pleomorphic adenomas 
generally have a slowly progressive, uninfl amed 
mass that has been present for over a year or have 
a facial asymmetry noted by others (Fig.  10.2 ). 
Larger tumors may also cause limitation of eye 
movements with diplopia or visual disturbances 
due to distortion of the globe by the fi rm tumor 
mass, with or without choroidal folds [ 4 ,  5 ].

a b

  Fig. 10.1    S-shaped deformity of the right upper lid caused by subacute dacryoadenitis ( a ). CT showing right lacrimal 
gland enlargement with molding around the globe ( b )       

   Table 10.1    Common primary lacrimal gland tumors   

 Types  Nomenclature 

 Benign tumors  Pleomorphic adenoma 
 Myoepithelioma a  

 Malignant 
tumors 

 Adenoid cystic carcinoma 
 Malignant mixed tumor (carcinoma 
arising within pleomorphic adenoma) 
 Mucoepidermoid carcinoma 
 Adenocarcinoma 

   a Rare  
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   Pain occurs rarely with pleomorphic adenoma 
or lacrimal lymphoma, but primary malignant 
tumors of the lacrimal gland are characterized by 
a short history and persistent pain. Lacrimal 
gland carcinoma tends to spread posteriorly 
along the lateral orbital wall, displacing the lat-
eral rectus inferomedially, with microscopic 
invasion of the orbital fat and a propensity for 
perineural spread. Later in the disease it tends to 
breach orbital periosteum, with spread to the 
bone and temporalis fossa, or extend through the 
superior orbital fi ssure into the middle cranial 
fossa.  

10.3.2     Signs 

 Anterior enlargement of the gland occurs pri-
marily with adenomas of the palpebral lobe: 
such adenomas are palpable in the lateral aspect 
of the upper lid and tend to be very hard in 
 consistency – like a “chickpea.” Occasionally 

palpebral lobe enlargement presents as a promi-
nent gland in the upper fornix [ 8 ]. In contrast, 
orbital lobe tumors are often diffi cult to palpate 
– being set deep in the lacrimal fossa posterior to 
the orbital rim – and are characterized by pro-
gressive hypoglobus and relatively little propto-
sis, often passing unnoticed by the patient or 
relatives for years [ 4 ]. 

 Malignant infi ltration of cranial nerves at the 
superior orbital fi ssure or in the cavernous sinus 
causes episcleral congestion, ptosis, diplopia, and 
periorbital sensory disturbance; indeed, in the 
presence of a lacrimal gland mass, persistent pain 
and sensory disturbance are strong predictors of 
malignancy. The rate of growth, although faster 
than for benign tumors, varies amongst different 
malignancies: adenocarcinomas progress rapidly, 
well-differentiated mucoepidermoid carcinomas 
have a relatively slow course, and the relentless 
growth of adenoid cystic carcinoma varies from 
extremely slow to slowly  progressive [ 5 ]. 
Lacrimal gland metastases tend to follow the 

a

c

b

  Fig. 10.2    Facial asymmetry due to pleomorphic ade-
noma of the right lacrimal gland ( a ). CT showing marked 
enlargement of the right lacrimal gland with indentation 

of the globe ( b ). Epithelial cells centrally with eosino-
philic cytoplasm and myoepithelial cells surrounding 
ducts showing clear lumen ( c , hematoxylin and eosin)       
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course of the parent tumors, while the generally 
indolent lymphomas may be primary orbital dis-
ease or part of a systemic condition [ 3 ].   

10.4     Diagnostic Evaluation 

 Multi-slice or helical computed X-ray tomogra-
phy (CT), the prime technique for providing high-
resolution orbital images free of motion artifact, is 
invaluable in the differentiation of lacrimal gland 
masses. Bone changes are poorly shown on mag-
netic resonance imaging, and this modality is less 
useful than CT with lacrimal gland lesions, where 
an appreciation of the contour and quality of the 
adjacent lateral orbital wall is essential [ 9 ]. 

10.4.1     Benign Tumors 

 Pleomorphic adenomas appear as well-defi ned, 
but sometimes nodular and non-homogenous, 
lesions that show moderate enhancement with 
intravenous contrast (Fig.  10.2 ). Palpebral lobe 
tumors lie anterior to the orbital rim, whereas 
expansion of the lacrimal fossa with preservation 
of intact cortical bone is seen in many cases of 
orbital lobe adenomas, the latter frequently fl at-
ten the globe, and discrete fl ecks of calcifi cation 
are distinctly rare [ 4 ].  

10.4.2     Malignant Tumors 

 Malignant lesions are less defi ned, with infi ltra-
tion into surrounding tissues, and “pitting” ero-
sion of the cortical bone within the fossa is not 
uncommon (Fig.  10.3 ). Calcifi cation occurs in 
about one-third of carcinomas [ 5 ] but is diffuse 
as compared to pleomorphic adenomas; lympho-
mas and metastases are only very rarely calcifi ed. 
In contrast to hard adenomas that fl atten the 
globe, rapidly growing and softer lesions (such as 
carcinomas and lymphomas) mold around the 
globe, and carcinomas also tend to displace the 
lateral rectus inferomedially as they extend back-
wards along the lateral orbital wall.

10.5         Pathology 

 As pleomorphic adenomas and adenoid cystic 
carcinomas account for most lacrimal gland 
tumors, only their features will be discussed; 
details of other tumors can be found elsewhere in 
the literature [ 6 ]. 

10.5.1     Pleomorphic Adenoma 

 Pleomorphic adenomas are typically solitary, 
lobulated, fi rm, grayish-white masses, and micro-
scopic examination shows sheets, cords, or 
masses of epithelial cells that are of ductal origin 
(Fig.  10.2c ). The “pleomorphic” appearance 
arises from epithelial metaplasia giving myxoid 
and pseudocartilaginous areas. Tiny tumor buds 
lie within the “pseudocapsule” of compressed 
neighboring tissues, and this probably accounts 
for tumor recurrence where the resection margin 
is insuffi cient.  

10.5.2     Adenoid Cystic Carcinoma 

 Adenoid cystic carcinomas are gray-white, some-
what soft lesions that, although often showing 
macroscopic sparing of muscles and bone, will 
often have some areas of adherence to orbital fat 
or Tenon’s fascia. Microscopic examination 
shows small hyperchromatic, basophilic cells 
with varying amount of stroma (Fig.  10.3c ), and 
fi ve subtypes have been described: cribriform 
(most common), tubular, solid (basaloid), scle-
rosing, and comedo-carcinomatous. The basaloid 
pattern is least common but associated with the 
most aggressive behavior [ 5 ].   

10.6     Differential Diagnosis 

 The sudden onset of a painful, swollen, and ten-
der lacrimal gland is likely to be of infl ammatory 
or infectious origin (bacterial or viral), rather 
than a tumor. Lacrimal gland swelling persisting 
for more than a few weeks and poorly responding 
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to anti-infl ammatory agents might, however, sug-
gest underlying carcinoma and should be further 
investigated with orbital imaging and, if appro-
priate, biopsy. 

 Differentiation of benign adenoma from pri-
mary malignancy is the key to appropriate surgi-
cal planning, as pleomorphic adenoma requires 
intact excision, whereas malignancy necessitates 
incisional biopsy [ 10 ]. Prior to high-resolution 
imaging, a clinical scoring was proposed to dif-
ferentiate the two groups (Table  10.2 ) [ 4 ] – this 
being based on duration of symptoms and the 
presence of pain; painless lesions of over 
10 months’ duration were typically pleomorphic 
adenomas (although the differential diagnosis 
included lymphoma, sarcoidosis, and chronic 
mild dacryoadenitis), whereas malignant tumors 
had a shorter history relative to their size, as well 
as persistent pain and paresthesia. Although this 
algorithm results in a minority of glands (having 

been thought to be adenomas) being excised 
intact [ 11 ], this result – the inadvertent, but intact, 
excision of a nonfunctioning gland – is a mere 
inconvenience as compared with the problems of 
dealing with pervasively recurrent pleomorphic 
adenoma [ 10 ]. Although fi ne-needle aspiration 
biopsy, widely used for salivary tumors, can reli-
ably diagnose pleomorphic adenoma [ 12 ], such 
foreknowledge has limited practical value in the 
fi nal clinical management.

   The advent of high-resolution CT has now 
become the major determinant in management of 
lacrimal gland masses: A well-circumscribed 
tumor should be treated like a pleomorphic ade-
noma, whereas incisional biopsy should be 
 carried out if the mass molds to the globe or 
where there is radiologic evidence of bone inva-
sion or intraorbital extension. A diagnosis of 
malignant transformation within a pleomorphic 
adenoma (malignant mixed tumor) should be 

a

c

b

  Fig. 10.3    Adenoid cystic carcinoma of the right lacrimal 
gland with destruction of the lateral orbital wall bone 
( a , bone window). Soft tissue invasion of the right 

 temporalis fossa through lateral wall defect ( b ). Typical 
cribriform appearance ( c , hematoxylin and eosin)       
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considered when a patient with long-standing 
symptoms develops a dramatic acceleration of 
symptoms, especially if accompanied by recent 
pain [ 13 ].  

10.7     Treatment 

10.7.1     Pleomorphic Adenoma 

 Pleomorphic adenomas should be excised intact 
with a cuff of normal tissue and handling with 
sharp instruments should be avoided. Palpebral 
lobe tumors are readily resected through an upper 
lid skin crease incision, although some tumors 
may be accessible through the upper conjunctival 
fornix. Orbital lobe tumors can be resected 
through a skin crease incision, which can be 
extended into the lateral canthal rhytids where lat-
eral osteotomy is required. Avoidance of capsular 
breach, with tumor mobilization on an island of 
intact periosteum and a buffer of normal tissue at 
the isthmus between the orbital and palpebral 
gland, gives an excellent chance of long- term cure 
[ 14 ]. If intraoperative spillage of cells occurs, the 
breach should be treated by surgical isolation, 
cautery of the capsular breach, and lavage of the 

operative fi eld; cyanoacrylate glue may be applied 
to minor capsular breaches during surgery. 
Excision of the orbital lobe alone, with preserva-
tion of palpebral lobe, reduces the incidence of 
dry eye and secondary corneal disease [ 4 ]. 

 If a pleomorphic adenoma has been inadver-
tently biopsied, which is distinctly rare with con-
temporary imaging, the biopsy tract and the 
tumor should be meticulously excised as recur-
rence of pleomorphic adenoma is typically infi l-
trative and may otherwise necessitate extensive 
tissue resection or even exenteration [ 10 ,  15 ,  16 ].  

10.7.2     Adenoid Cystic Carcinoma 

 A group of patients with this tumor, selected for 
craniofacial resection as being “better progno-
sis candidates with lesser disease,” fared no 
better than another group judged unsuitable for 
major surgery [ 5 ], and others have reported 
similar  outcomes [ 17 ]. These fi ndings might, 
indeed, suggest that disruption of the orbital 
walls actually seeds tumor into cranial bone 
and thereby worsens the outlook for this aggres-
sive tumor. Current evidence therefore favors 
tumor debulking followed by 55–60 Gy of 

   Table 10.2    Management plan for a mass within the lacrimal gland   

 Characteristics 

 Score 

 −1  +1 

 Clinical  Duration of acute 
symptoms 

 <10 months  >10 months 

 Persistent pain  Present  Absent 
 Sensory loss  Present  Absent 

 Radiologic (features on thin 
slice CT images) 

 Well-defi ned mass  Present  Absent 
 Molding of mass to globe 
or along lateral orbital 
wall 

 Present  Absent 

 Tumor calcifi cation  Present  Absent 
 Invasion of bone  Present  Absent 
 Duration of symptoms in 
relation to tumor size 

 Present  Absent 

 Therapeutic recommendation  Total score  Probable diagnosis  Type of biopsy 
 −8 to +2  Carcinoma  Incisional 
 −6 to +2  Malignant mixed tumor  Incisional or excisional 
 +3 to +8  Pleomorphic adenoma  Total excision  without  

prior biopsy 

  Adapted from Rose and Wright [ 4 ]  
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 fractionated external beam irradiation, this 
probably delaying tumor recurrence and improv-
ing survival; [ 5 ] the areas irradiated should 
include the superolateral soft tissues of the orbit, 
lacrimal fossa, lateral orbital wall, and the 
orbital apex to include the superior orbital fi s-
sure as well as anterior cavernous sinus. 
Although brachytherapy with locally implanted 
radioactive plaques or seeds might give local 
disease control, it fails to treat the superior 
orbital fi ssure and cavernous sinus where recur-
rences from perineural spread tend to arise and 
for this reason has little or no role in the man-
agement of malignant lacrimal gland disease. 

 Chemotherapy alongside exenteration and 
radiotherapy delays tumor recurrence and improves 
survival [ 18 ,  19 ], although it remains unclear which 
parts of the regime carry effi cacy [ 20 ]. Two or three 
cycles of intra-arterial cisplatin (delivered via the 
external carotid artery) – with concomitant intrave-
nous doxorubicin) – are given over a few weeks 
prior to orbital exenteration, this dual chemother-
apy leading to a marked reduction in tumor size 
and, thereby, facilitation of surgery [ 18 ,  19 ]. 
External beam radiotherapy is administered after 
orbital exenteration and, where tolerated, the intra-
venous chemotherapy consolidated to a total of six 
cycles.  

10.7.3     Malignant Mixed Tumor 

 Malignant mixed tumors – that is, malignancy 
(generally adenocarcinomas) arising within a 
preexisting pleomorphic adenoma – can be 
treated by local excision followed by irradiation. 
Primary adenocarcinomas of the lacrimal gland 
are very rare and progress rapidly to involve 
other orbital tissues, the temporalis fossa, and the 
cranium and are generally treated with resection 
followed by radiotherapy [ 5 ,  17 ,  21 ,  22 ].  

10.7.4     Metastatic Tumors 

 Metastatic deposits in the lacrimal gland carry a 
poor prognosis, and their treatment, generally 
palliative, refl ects that of the primary tumor and 

generally necessitates palliative orbital irradia-
tion and, where appropriate, chemotherapy.   

10.8     Prognosis 

10.8.1     Pleomorphic Adenoma 

 Intact excision of lacrimal gland pleomorphic 
adenomas would appear curative [ 14 ] and imper-
ative in most cases, as these benign tumors 
undergo malignant transformation in up to 20 % 
of cases after 20 years – especially after incom-
plete excision [ 23 ].  

10.8.2     Carcinomas 

 The prognosis for primary epithelial carcinomas 
of the lacrimal gland is guarded and is deter-
mined by the cell type. Adenoid cystic carcino-
mas are characterized by late recurrence, often 
with distant metastasis, but perineural spread and 
direct seeding into the cranial diploe is thought to 
be responsible for intracranial recurrence after 
extensive local resections [ 5 ].    The median 
disease- free period is about 2–4 years after treat-
ment [ 5 ,  17 ,  21 ], and the basaloid variant carries 
a particularly poor prognosis [ 5 ,  17 ,  24 ]. Although 
addition of chemotherapy might improve this 
poor prognosis [ 18 ,  19 ], the assessment of “cure” 
for this tumor is very diffi cult as late recurrence 
is common – being reported as late as 24 years 
after presentation [ 6 ].  

10.8.3     Systemic and Metastatic 
Tumors 

 The prognosis for lacrimal gland lymphoma 
depends on multiple factors: systemic dissemina-
tion is more likely in patients with orbital or lac-
rimal gland involvement as well as patients with 
prior systemic disease [ 3 ]. Where ophthalmic 
symptoms have been present for more than a 
year, systemic dissemination is less likely [ 3 ]. 
Histologic classifi cation of infi ltrating cells is a 
further determinant for morbidity, the 5-year 
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mortality rate varying from 12 % for marginal 
zone lymphoma to 53 % for diffuse large B cell 
lymphoma [ 25 ].   

10.9     Genomics 

 Genetic anomalies have been demonstrated in 
relation to adenoid cystic carcinoma of lacrimal 
gland [ 26 ], but more recent investigations for this 
tumor in other sites have demonstrated a fusion 
oncogene between MYB and NFIB, with a trans-
location between chromosome 6q22-23 and 
chromosome 9p23-24 [ 27 ]. This fusion oncogene 
possibly leads to an overexpression of MYB tar-
get proteins – these being associated with modu-
lation of cellular apoptosis, cell cycle control, 
cell growth and adhesion, and angiogenesis – and 
future therapeutic options could be aimed at 
altering these responses.  

    Conclusion 

 High-resolution CT scanning has improved 
the ability to differentiate between pleomor-
phic adenoma and other lacrimal gland 
masses, but the prognosis for lacrimal gland 
carcinoma remains poor, despite advances in 
diagnosis and treatment of other malignan-
cies. Orbital irradiation after debulking of lac-
rimal malignancies seems to give the best 
disease-free interval, while combined intra-
arterial and intravenous chemotherapy might 
improve the outcome for these tumors. Cranio-
orbital resection does not appear to prolong 
life, probably because of the propensity of 
adenoid cystic carcinoma to perineural spread 
or micrometastasis.     
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11.1            Introduction 

 Tumors of the lacrimal drainage system, espe-
cially the lacrimal sac, are rare, and since the fi rst 
publications reporting such tumors by Spratt, 
Duke-Elder, Radnot and Gall, and others [ 1 – 7 ], 
only about 700 cases have been reported in the 
medical literature in the last 110 years; about fi ve 
new cases are reported per year worldwide. 
Despite their rarity, physicians should be aware 
of the clinical features of lacrimal sac tumors, as 
many are life-threatening and early diagnosis and 
appropriate treatment can save lives. These 
tumors often masquerade as a chronic infl amma-
tory process. Due to the rarity of lacrimal sac 
tumors, large clinical studies with statistically 
meaningful data are unavailable, and we learn 
about the biological behavior, management, and 
prognosis of these tumors only from case series 
and case reports.  

11.2     Clinical Features 

 Lacrimal sac tumors are usually diagnosed in 
adults, with average age in the 50s and with 
benign tumors appearing about a decade ear-
lier than malignant tumors [ 1 – 9 ]. Tumors in 
the lacrimal sac have also been reported in 
children and infants [ 9 – 11 ]. Although a series 
from China report that men are more commonly 
affected [ 8 ,  12 ], most series show no signifi cant 
gender difference in the incidence of lacrimal 
sac tumors [ 1 – 7 ,  9 ,  13 ]. Various series report 
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 malignancy in 50–95 % of lacrimal sac tumors 
and an epithelial origin in about three-quarters 
of tumors [ 1 – 9 ,  12 ,  13 ]. 

 Most lacrimal sac tumors present with symp-
toms of dacryostenosis and/or dacryocystitis due 
to obstruction or partial obstruction of the drain-
age [ 8 ,  9 ,  14 ]. Thus, most patients complain of 
epiphora as well as redness, swelling, and puru-
lent discharge. Due to the similarity of symp-
toms, lacrimal sac tumors are often found 
inadvertently at the time of dacryocystorhinos-
tomy (DCR) for presumed dacryostenosis. This 
is the reason that DCR specimens should always 
be submitted for pathologic evaluation [ 15 ]. 

 The main sign of lacrimal sac tumors is the 
development of a mass in the area of the lacrimal 
sac (Fig.  11.1 ); the appearance of a mass above 
the medial canthal tendon level is most typical. In 
benign tumors the typical mass grows slowly and 
is elastic in consistency, with distinct margins, 
and is freely movable under the skin. On the 
other hand, most malignant tumors grow faster, 
and the mass is fi rm, noncompressible, and fi xed 
to the underlying tissue. Fistulous tracts can 
develop. Bleeding from the puncta, either sponta-
neously or on applying pressure to the lacrimal 
sac, epistaxis, or dark bloody nasal discharge 
may occur in some patients, especially those with 
epithelial tumors [ 9 ]. Some patients with a malig-
nant tumor complain of pain [ 7 ].

   In advanced cases of malignancy, ulceration 
over the mass can be seen and involvement of the 

preauricular, submandibular, and cervical lymph 
nodes can be diagnosed. In some cases, regional 
lymph node involvement appears before discov-
ery of the primary tumor. When a tumor grows 
signifi cantly to involve the orbit, proptosis and 
limitation of ocular motility may develop. Local 
invasion of the face, nose, ethmoid and maxillary 
sinuses, and palate, as well as intracranial exten-
sion, can occur [ 2 ].  

11.3     Diagnostic Evaluation 

 In one series of 377 DCR specimens [ 15 ], lacri-
mal sac neoplasms resulting in chronic lacrimal 
drainage obstruction occurred in 4.6 % of cases; 
in 2.1 % they were not suspected before surgery. 
Therefore, in every case of a mass in the lacri-
mal sac area that causes obstruction, lacrimal 
sac tumor should be suspected. Infl ammatory 
response in this area does not rule out the diag-
nosis of a tumor. In such patients, history of 
blood- stained tears or epistaxis should increase 
the suspicion. 

 Imaging studies are important in evaluation of 
lacrimal sac tumors [ 2 ,  3 ,  8 ,  9 ,  14 ]. CT scan 
shows a solid mass over the lacrimal sac area and 
may display dilatation of the lacrimal fossa and/
or bony erosion or destruction of the lacrimal 
fossa and, in advanced cases, invasion into neigh-
boring structures (Fig.  11.2 ). Dacryocystography 
(DCG) may reveal a fi lling defect of the sac 

  Fig. 11.1    A man with a transitional cell carcinoma of the 
lacrimal sac of the left eye presenting with a mass that 
reaches a level above the medial canthal tendon (Courtesy 
of Dr. Mary A. Stefanyszyn)       

  Fig. 11.2    A CT scan shows a mass over the left lacrimal 
sac area (Courtesy of Dr. Mary A. Stefanyszyn)       
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lumen or a distended sac with uneven or mottled 
contrast media or delay in draining of the contrast 
material (Fig.  11.3 ). In cases of benign tumor or 
early stages of tumor, the lacrimal drainage sys-
tem may be patent, such that negative results do 
not rule out a tumor. Ultrasound of the lacrimal 
sac area can also be used, and some experts have 
found magnetic resonance imaging (MRI) to be 
superior to computed tomography for imaging of 
the lacrimal sac, as MRI provides better tumor 
defi nition and determination of the cystic or solid 
nature of the mass [ 11 ].

    Since most patients with lacrimal sac tumors 
present with symptoms and signs of dacryocysti-
tis, the main differential diagnosis includes acute 
or chronic dacryocystitis. Infl ammatory disorders 
of the lacrimal sac, such as granulomas or granu-
lation tissue, or infectious processes due to tuber-
culosis or fungus, should also be included in the 
differential diagnosis. 

 The fi nal diagnosis can be ascertained only by 
histopathological examination, for which exci-
sional biopsy is preferred. If the entire tumor 

 cannot be removed, deep incisional biopsy is 
essential since the tumor periphery may show 
only infl ammatory response, leading to misdiag-
nosis. When a patient with suspected lacrimal sac 
tumor has involvement of the nasal cavity, biopsy 
via the nasal route is possible.  

11.4     Histopathological 
Classifi cation 

 Lacrimal sac tumors are divided into two major 
groups: epithelial tumors, which constitute the 
majority of the lacrimal sac tumors, accounting 
for about 75 % of all reported cases, and non- 
epithelial tumors, which account for the remain-
ing 25 % [ 8 ,  9 ,  15 – 18 ]. All types of reported 
lacrimal sac tumors, common and rare, are listed 
in Tables  11.1  and  11.2 .

    Often it is diffi cult to establish whether a 
tumor arises primarily in the lacrimal sac, rather 

  Fig. 11.3    Dacryocystogram reveals a mottled defect in 
the right lacrimal sac as compared to the smooth outline of 
the left lacrimal sac (Courtesy of Dr. Mary A. Stefanyszyn)       

   Table 11.1    Histopathological classifi cation of epithelial 
tumors of the lacrimal sac   

 Benign 
  Papilloma 
   Squamous papilloma 
   Transitional cell papilloma 
   Mixed-cell papilloma 
   Papilloma unspecifi ed 
  Oncocytoma 
  Pleomorphic adenoma (mixed tumor) 
  Mucocele 
  Cysts 
  Cylindroma 
 Malignant 
  Papilloma with carcinoma 
  Carcinoma 
   Squamous cell carcinoma 
   Transitional cell carcinoma 
   Mixed squamous/transitional carcinoma 
   Oncocytic adenocarcinoma 
   Mucoepidermoid carcinoma 
   Adenoid cystic carcinoma 
   Adenocarcinoma 
   Adenocarcinoma ex-pleomorphic adenoma 
   Eccrine adenocarcinoma 
   Undifferentiated carcinoma 
   Secondary tumors 
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than from other parts of the nasolacrimal system, 
nose, paranasal sinuses, cutaneous adnexa, con-
junctiva, or caruncle, with subsequent spread to 
the sac [ 7 ]. The lacrimal sac tumors, epithelial 
and non-epithelial, reported in the literature are 
believed to arise primarily in the lacrimal sac. 

 The lacrimal drainage system is composed of 
the canaliculus, which is lined by nonkeratinized 
stratifi ed squamous epithelium, and the lacrimal 
sac and nasolacrimal duct, which are lined by 
stratifi ed columnar (transitional) epithelium. The 
transitional epithelium contains mucous glands 
and is histologically similar to the epithelium lin-
ing the nasal passages and paranasal sinuses. 

 The origin of most benign and malignant epi-
thelial tumors is in the epithelial lining of the 
lacrimal sac and therefore can be either squa-
mous or transitional type [ 5 ,  7 ,  9 ]. The papil-
loma may exhibit an exophytic growth pattern, 
growing towards the sac lumen, or an inverted 
pattern, growing towards the stroma. The latter 
tends, more than the former, to be more inva-
sive, to recur, and sometimes to undergo malig-
nant change. Some of the papillomas may show 
foci of carcinoma, evidence that they may be 
the source for the development of carcinomas. 
Marked infl ammation is often seen in the stroma 
of the papillomas. Human papilloma viruses 
(HPV) type 6 or 11 have been found in lacrimal 
sac papillomas and carcinomas [ 19 ]. 

 Squamous cell carcinomas may range from 
well-differentiated tumors with keratin pearls 
and intercellular bridges to poorly differentiated 
tumors. Transitional cell carcinoma may show a 
papillary pattern and be composed of cylindrical 
epithelial cells (Fig.  11.4 ). Goblet cells may be 
seen. Both types of carcinomas invade the lacri-
mal sac wall and produce a hard mass.

   Most other epithelial tumors of the lacrimal 
sac, benign and malignant, are of glandular origin 
and are similar to those found in glands such as 
the lacrimal and salivary glands. The most com-
mon benign tumors in this group are the onco-
cytoma and pleomorphic adenoma and, among 
the malignant tumors, oncocytic  adenocarcinoma 
and adenoid cystic carcinoma. Epithelial tumors 
with a basal cell component were also reported 
[ 20 ]. The existing mixed glands with serous and 
mucous cells in the lacrimal sac as well as in the 
nasolacrimal duct wall are the origin of these 
tumors [ 16 ]. 

 Non-epithelial tumors of the lacrimal sac con-
stitute about one-quarter of the lacrimal sac 
tumors; of these, about half are mesenchymal 
tumors, one-quarter melanomas, and one-quarter 
lymphoproliferative tumors. Only a few neural 
tumors were reported [ 17 ]. The mesenchymal 
tumors appear at a relatively young age, com-
pared to other groups of lacrimal sac tumors. 

 In the recent literature, fi brous histiocytoma 
is the most common mesenchymal tumor of 
the lacrimal sac, but it does not appear in the 

   Table 11.2    Histopathological classifi cation of non- 
epithelial tumors of the lacrimal sac   

 Mesenchymal—fi brous tissue tumors 
  Benign 
   Fibrous histiocytoma 
   Lipoma 
   Juvenile xanthogranuloma 
  Malignant 
   Malignant fi brous histiocytoma 
 Mesenchymal—vascular tumors 
  Benign 
   Hemangiopericytoma 
   Cavernous hemangioma 
   Capillary hemangioma 
   Angiofi broma 
   Hemangioendothelioma 
   Glomus tumor 
  Malignant 
   Kaposi’s sarcoma 
 Melanocytic tumors 
  Benign 
   Nevi 
  Malignant 
   Melanoma 
 Lymphoproliferative tumors 
  Benign reactive lymphoid hyperplasia 
  Malignant lymphoma 
  Leukemic infi ltrate (granulocytic sarcoma) 
  Plasmacytoma 
 Neural tumors 
  Neurofi broma 
  Neurilemmoma (schwannoma) 
 Infl ammatory pseudotumors 
 Secondary tumors 
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 earlier  literature, probably because it was rec-
ognized only in the past 40 years. These tumors 
are composed of cells resembling fi broblasts and 
histiocytes and contain xanthomatous cells and 
multinucleated giant cells. Most fi brous histio-
cytomas that were described in the lacrimal sac 
are benign, and some are locally aggressive. No 
malignant fi brous histiocytomas of the lacrimal 
sac were reported. 

 Among the very rare vascular tumors of the 
lacrimal sac, the most commonly reported is 
hemangiopericytoma, which shows a vascular 
pattern of sinusoidal spaces, among which are 
solid areas of spindle-shaped cells. Even benign- 
appearing lesions have the potential to metasta-
size. Other types of hemangiomas are reported 
as individual cases and include capillary hem-
angioma, cavernous hemangioma, angiofi broma, 
hemangioendothelioma, and Kaposi’s sarcoma. 

 It is diffi cult to classify the lymphoprolifera-
tive tumors of the lacrimal sac reported in the lit-
erature, due to their rarity and frequent 
classifi cation system changes. In recent publica-
tions it appears that most lymphomas in this 
region are of the non-Hodgkin’s B-cell type [ 10 , 
 11 ,  14 ]. The common types are diffuse large 
B-cell lymphoma (DLBCL) and MALT lym-
phoma [ 21 ]. Leukemic infi ltrates in the lacrimal 
drainage system are probably more frequent than 
reported [ 10 ]. Multiple myeloma of the lacrimal 
sac may also occur. 

 Melanoma of the lacrimal sac, like melano-
mas of other mucous membranes, has a poor 
prognosis and is probably the most malignant 
tumor of the lacrimal sac [ 17 ]. It originates in 
melanocytes in and under the epithelial lining of 
the lacrimal sac; most are composed of epitheli-
oid melanoma cells. 

 Neural tumors of the lacrimal sac are 
extremely rare. They originate from adjacent 
neural elements and invade the lacrimal sac wall. 
The medical literature contains reports of two 
neurilemmomas and two neurofi bromas. 

 Secondary tumors of the lacrimal sac may 
originate either from adjacent structures such as 
the nose, paranasal sinuses, orbit, conjunctiva, 
and skin or as metastases, although the latter are 
rarely confi ned to the lacrimal sac alone.  

11.5     Treatment 

 The treatment of lacrimal sac tumors depends on 
the histological typing, malignancy, and the extent 
of its invasion through the lacrimal sac to adjacent 
tissue [ 2 ,  8 – 14 ]. The treatment of choice is com-
plete surgical removal of the tumor. When epithe-
lial and mesenchymal tumors are confi ned to the 
lacrimal sac, dacryocystectomy is performed, and 
this usually suffi ces for benign tumors. Intact 
excision of the tumor with the periosteum of the 
fossa and supplemental external irradiation can be 

  Fig. 11.4    Histological 
picture of transitional cell 
carcinoma of the lacrimal 
sac, showing cylindrical 
epithelial cells. Some goblet 
cells are seen among the 
epithelial cells (hematoxylin 
and eosin, original magnifi -
cation ×40) (Courtesy of Dr. 
Mary A. Stefanyszyn)       

 

11 Lacrimal Sac Tumors



120

added if the tumor is malignant. Deep incisional 
biopsy, with or without frozen section, is per-
formed when the mass is found, by imaging, to 
extend beyond the lacrimal fossa, or when lacri-
mal sac malignancy is clinically obvious. The 
defi nitive therapy is determined according to the 
histopathological diagnosis. In some cases, 
biopsy can be taken through nasal endoscopy. 

 Extension of tumors, mainly premalignant 
and malignant, down the nasolacrimal duct 
accounts for recurrences and failure of therapy; 
therefore, lateral rhinotomy, which offers a 
greater chance of cure, should be performed. 
More extensive surgical excision of the canalic-
uli and nasolacrimal duct, together with the sac, 
may be needed in certain cases. When the tumor 
extends beyond the lacrimal drainage system to 
adjacent tissue, more radical surgery is needed. 
This may include exenteration of the orbital tis-
sue, paranasal sinus resection, and cervical 
lymph node dissection. Postoperative radiother-
apy is recommended for malignant epithelial 
tumors, with a suggested tumor dose of approxi-
mately 60 Gy. Recurrent lesions may be treated 
with further surgery or radiotherapy (Figs.  11.5  
and  11.6 ).

    The primary treatment of lacrimal sac lym-
phoma, after incisional or excisional biopsy, 
consists of radiotherapy with or without che-
motherapy, with a favorable response in most 
patients. Malignant melanoma of the lacrimal sac 
has a poor prognosis, and various treatments such 

as extensive surgical resection, radiotherapy, or 
chemotherapy may delay recurrence but usually 
do not improve survival.  

11.6     Clinical Course 

 The outcome in cases of lacrimal sac tumor 
depends on the stage at the time of diagnosis, the 
histopathological features of the tumor including 
its growth pattern, and the appropriateness of 
treatment. Ni and his colleagues [ 8 ] offered four 
stages for the evolution of lacrimal sac tumors: 
Stage 1, in which there are symptoms and signs 
but no defi nite tumor mass is seen or palpable; 
Stage 2, in which obvious tumor formation is 
confi ned to the sac; Stage 3, in which the tumor 
extends beyond the lacrimal sac to adjacent 
structures such as the orbit or paranasal sinuses; 
and Stage 4, which is marked by evident 
metastases. 

 Malignant tumors of the lacrimal sac display 
three types of growth [ 8 ]: along the surface of 
the epithelium, protruding toward the lumen as 
papillary growth, and infi ltrating the wall of the 
sac as solid cell nests. There are three main 
modes of tumor spread [ 8 ]: direct extension is 
the most common, to adjacent structures such as 
the orbit, nasolacrimal duct, paranasal sinuses, 
and the skull; lymphatic metastases mainly to 
the submandibular, preauricular, and cervical 

  Fig. 11.5    A woman with squamous cell carcinoma of the 
left lacrimal SCC presenting with irreducible hard mass 
and a history of chronic dacryocystitis (Courtesy of Dr. 
Mary A. Stefanyszyn)       

  Fig. 11.6    The same woman of Fig.  11.5  following exten-
sive surgical resection of the tumor and postoperative 
radiation, soon after the radiation. Tumor is not seen but 
redness, dryness, and scaling skin are evident (Courtesy 
of Dr. Mary A. Stefanyszyn)       
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glands; and remote, most probably hematoge-
nous spread—the most common site is to the 
lung. 

 Benign papillomas of the lacrimal sac often 
recur, especially those with an inverted pattern, 
which show recurrence rates of 10–40 % [ 14 ]. 
Most of the papillomas that recur do not reveal 
malignant changes [ 7 ]. Low-grade carcinomas 
have variable cure rates depending on the extent 
of the disease and the treatment. Recurrence rate 
of invasive squamous cell and transitional cell 
carcinoma appears to be about 50 % with up to 
50 % of those being fatal, although some series 
reported a much better outcome. 

 Recurrence and mortality rates of non- 
epithelial lacrimal sac tumors vary [ 9 ,  14 ,  17 ]. 
Benign fi brous histiocytoma has a good progno-
sis if completely excised, while the malignant 
potential of hemangiopericytoma can be unpre-
dictable. Lymphoid lesions respond to radiother-
apy and chemotherapy and have variable 
prognosis depending on the extent of the disease 
and the type of the tumor. The most dismal prog-
nosis is that of malignant melanoma, which is 
often fatal in a short period of time in spite of 
aggressive treatment.     
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12.1            Introduction 

 Orbital and adnexal lymphoma (OAL) includes a 
heterogeneous group of lymphomas, the majority 
of which are low-grade, indolent, B cell, non- 
Hodgkin’s lymphomas (NHLs) [ 1 ]. By defi ni-
tion, OAL affects structures including the eyelids, 
conjunctiva, lacrimal apparatus, extraocular mus-
cles, and the orbit. Disease may be limited to a 
single, localized tumor, or it may be multifocal. 
Overlap with ocular adnexal sites is common 
(10–20 % of cases), and coexisting uveal involve-
ment has been observed [ 2 – 6 ]. Moreover, OAL 
can affect regional, central, and peripheral lymph 
nodes as well as other distant extranodal sites. 
The 10-year, disease-specifi c mortality is approx-
imately 5–10 % [ 7 ]. Many of the advances in 
understanding OAL were initially demonstrated 
in systemic lymphoma (Box  12.1 ).   
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12.2       Epidemiological Aspects 

 OAL is a rare disease, likely representing as 
many as 8 % of all extranodal NHLs [ 1 ]. Its inci-
dence is approximately 0.2 per 100,000 [ 8 ]. 
There is a slight female predilection (60 % of 
cases in most series) [ 9 – 11 ]. It affects most eth-
nic groups although there is signifi cant geo-
graphic variation among systemic lymphoma, 
with the white population in the United States 
showing the highest incidence. The overall inci-
dence of systemic lymphoma is increasing, 
although corresponding information does not 
exist for OAL [ 12 ]. 

 Among ophthalmic tumors, OAL comprises 
6–8 % of orbital and 10–15 % of adnexal lesions 
[ 13 – 16 ]. Localized, ocular-only disease is pres-
ent at diagnosis in 60–80 % of cases, while the 
remainder have systemic involvement at the time 
of ophthalmic presentation [ 17 ,  18 ]. Bilateral 
disease is observed in 10–15 % of individuals 

with ocular-only lymphoma [ 19 ]. Among 
affected ocular sites, the frequencies of involve-
ment are conjunctiva 20–33 %, orbit/lacrimal 
gland 46–74 %, and eyelid 5–20 % [ 7 ,  20 ]. 
Distinction between these sites can be diffi cult, 
and combined involvement may be underre-
ported [ 11 ,  21 ]. 

 Many cases previously diagnosed as benign 
reactive lymphoid hyperplasia (BRLH) are now 
considered malignant lymphoma using current 
diagnostic techniques [ 22 ]. Retrospective studies 
of patients diagnosed with BRLH have revealed 
that up to 80 % are now classifi ed as malignant 
lymphoma [ 22 ]. At present, BRLH represents a 
minority of cases and is a diagnosis of 
exclusion.  

12.3     Etiology and Pathogenesis: 
B Cell Biology and 
Lymphomagenesis 

 The largest advances in understanding lymphoma 
pathogenesis and etiology as well as classifi ca-
tion derive from the refi ned immunophenotypic 
(IPA) characterization of lymphocyte surface 
markers combined with concurrent advances in 
understanding of the molecular genetic of lym-
phocyte biology. This has resulted in a mechanis-
tic hypothesis for lymphomagenesis which 
connects specifi c lymphoma types to different 
precursor cells and genetic events. Lymphoma 
classifi cation, diagnosis, and pathogenesis are 
intertwined with their immunopathology and 
molecular biology. 

 The relationship between stages of lympho-
cyte development and their associated lymphoma 
types, which are based on IPA, is shown in 
Table  12.1  [ 23 ]. Tumors arise from germinal cen-
ter cells (follicular lymphoma), cells of the man-
tle zone (mantle cell lymphoma), or memory B 
cells (extranodal marginal zone lymphoma), all 
of which have undergone antigen exposure. From 
a molecular genetic standpoint, during normal 
lymphocyte maturation, errors may occur in 
which an antigen receptor gene region is juxta-
posed to an oncogene region resulting in deregu-
lation of the oncogenic region. Less often, a 

   Box 12.1: Important Aspects of Ocular 

Adnexal Lymphoma 

•     OAL consists primarily of fi ve types of 
lymphoma, the most common of which 
is the extranodal marginal zone type.  

•   The diagnosis depends on pathology, 
immunophenotypic analysis, and 
molecular genetic studies.  

•   Updated lymphoma classifi cations allow 
excellent diagnostic accuracy.  

•   Treatment of local disease consists of 
radiation and other local modalities with 
good local control but variable long- 
term prognosis.  

•   Low-grade tumors with systemic involve-
ment are treated by observation or local 
methods.  

•   Chemotherapy is used for high-grade 
disease with systemic involvement.  

•   Infection and chronic infl ammation may 
play a role in lymphomagenesis, and 
new treatment modalities may be 
directed at them.    
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novel oncogenic protein is formed by fusion of 
two other genes. Chromosomal translocations 
underlying these alterations are well described in 
up to 90 % of systemic lymphoma [ 24 ,  25 ]. 
Limited data suggests that these translocations 
are less common in OAL [ 26 ,  27 ].

   The theory that lymphoma develops due to 
errors occurring during normal lymphocyte 
response to infection or infl ammation is referred 
to as the infection/infl ammation/mutation (IMM) 
model of lymphomagenesis. This has been cor-
roborated in two ways. One is the recognized 
association of lymphoma with chronic antigen 
stimulation and infection, immune suppression, 
and autoimmune disease [ 28 ]. The prototypic 
example of the IMM model is gastric extranodal 
marginal zone lymphoma in which an organ the 
endogenous mucosal-associated lymphoid tissue 
(MALT) develops lymphoma in response to 
chronic  H. pylori  infection. With the recent 
understanding that most OAL are also extranodal 
marginal zone lymphoma/MALT lymphomas, 
studies have shown evidence of DNA from infec-
tious agents including  C. psittaci  and  H. pylori  in 
OAL [ 29 ,  30 ]. Infection as an underlying etiol-
ogy for OAL shows variation among geographic 
regions and also within different series in the 
same geographic location [ 29 ,  31 ,  32 ]. Treatment 
implications of this are discussed below. 

 In addition to its therapeutic implications, 
perhaps the most important consequence of the 
IMM model is that it explains why the ocular 
adnexa, which has little if any endogenous lym-
phoid tissue, has lymphoma as its most com-
mon neoplasia. Similar mechanisms may occur 
in RLH. Based on the relative infrequency of 
OAL, there may be other factors required for 
lymphomagenesis.  

12.4     Classifi cation 

 OAL represents the malignant end of the 
 spectrum of ocular adnexal lymphoproliferative 
 disorders. As previously noted, BRLH and 
reactive lymphoid hyperplasia (RLH) with 
atypia represent a minority of cases and together 
comprise benign and intermediate forms of the 
disease, respectively [ 33 ,  34 ]. OAL is a local-
ized form of lymphoma which has been inte-
grated into the schema of lymphoproliferative 
diseases described in two major classifi cation 
systems, the Revised European–American 
Lymphoma classifi cation in 1994 [ 35 ] and the 
2008 World Health Organization (WHO) 
Classifi cation of Tumors of Hematopoietic and 
Lymphoid Tissue [ 36 ]. 

 OAL can be divided by the type and site(s) of 
tissue involvement. The vast majority of OAL are 
of the non-Hodgkin’s B cell type. Despite the 
extensive numbers of systemic lymphoma sub-
types, most OAL belong to one of fi ve subtypes: 
extranodal marginal zone (EMZL or MALT lym-
phoma), follicular lymphoma (FL), diffuse large 
B cell lymphoma (DLBCL), mantle cell lym-
phoma (MCL), and lymphoplasmacytic lym-
phoma (LPL) (Table  12.2 ) [ 11 ,  17 ,  37 – 44 ]. The 
vast majority, approximately 80 %, are of the 
EMZL type in most series [ 1 ].

   OAL is termed solitary if it is the only site 
involved, secondary when contiguous sites are 
involved, and systemic if remote sites are 
involved. OAL is solitary in 60–80 % of cases at 
the time of presentation [ 17 ,  37 ,  39 ,  44 ]. The rate 
of progression to systemic involvement can only 
be accurately identifi ed using current criteria 
since the misclassifi cation was so high prior to 
the use of the WHO classifi cation.  

    Table 12.1    Immunophenotypic expression of ocular adnexal lymphoma   

 Type  Precursor cell  CD3  CD5  CD10  CD20  CD23  CD43  CD79  Bcl-2  Bcl-6  Cyclin D1 

 EMZL  Memory B cell  −  −  −  +  −  +  +  −  −  − 
 FL  Centrocyte  −  −  +  +  +/−  −  +  +  − 
 MCL  Mantle cell  −  +  −  +  −  + 
 LPL  Memory B cell  −  +  −  +  + 
 DLBCL  Centroblast  −  −  +  +  + 

   EMZL  extranodal marginal zone lymphoma,  FL  follicular lymphoma,  MCL  mantle cell lymphoma,  LPL  lymphoplas-
macytic lymphoma,  DLBCL  diffuse large B cell lymphoma  
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12.5     Clinical Features 

12.5.1     Symptoms 

 Subjective complaints in OAL are broad and may 
include lacrimal gland, orbital, and conjunctival 
mass or apparent eyelid mass, exophthalmos, 
pain, or diplopia. Many lesions are asymptom-
atic. If the lacrimal gland is involved, dry eye 
symptoms may occur.  

12.5.2     Signs 

 OAL have site-specifi c presentations which 
affect how the diagnosis is made. In the conjunc-
tiva, lesions present typically with salmon or 
fl esh pink color (Fig.  12.1a ). Clinical appearance 
does not allow distinction of benign from malig-
nant lymphoproliferative disease. In the orbit, 
lacrimal gland, and eyelid, the lymphoma 
 presents as a mass, which if palpable, is typically 

   Table 12.2    Distribution of various types of ocular adnexal lymphoma   

 Author  Year  Patients 
 EMZL 
(%) 

 Follicular 
(%) 

 Mantle 
zone 
(%) 

 Lymphoplasmacytic 
(%) 

 Diffuse 
large B 
cell (%) 

 Plasmacytoma 
(%)  T cell 

 White  1995  43  Not done 
 Nakata  1999  44  77  –  4  2  14  –  – 
 Jenkins  2000  192  54  11  2  24  8  <1 
 McKelvie  2001  70  63  17  3  11  1 
 Shields  2001  117  Not done 
 Mannami  2001  43  86  –  2  –  12  – 
 Bhatia  2001  47  17  53  26 
 Coupland  2003  230  59  12  3  4  13  4  3 
 Fung  2003  98  57  18  4  7 
 Sharara  2003  17  47  12  18  6  18  – 
 Cho  2003  57  98  2 
 Sullivan  2005  69  35  22  1  4  7  3  6 
 Rosado  2006  62  89  –  –  –  <1  –  – 
 Ferry  2007  353  52  23  5  1  8  –  <1 
 Oh  2007  128  75  –  3  1  5  1  4 
 Hatef  2007  43  44  21  1  –  21  –  <1 
 Rootman  2011  122  60  12  1  4  4  –  – 
 Watkins  2011  57  28  2  5  –  4  4  5 
 Zanni  2012  41  63  10  5  5  17  –  – 
 Total  1,833  17–98  11–53  1–18  4–24  1–26  1–4  1–6 

a b

  Fig. 12.1    Conjunctival lymphoma with typical salmon color and diffuse margins ( a ). After radiation treatment there is 
complete resolution of the mass ( b )       
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fi rm. Mobility is variable depending upon 
 attachment to other structures. Diplopia may 
occur upon how rapidly the mass develops. 
Exophthalmos and decreased retropulsion of the 
globe may be the only clinical signs. Secondary 
ptosis may also occur. Involvement of the naso-
lacrimal drainage system can occur (Fig.  12.2 ). 
Compression or invasion of the optic nerve can 
lead to vision loss. During orbital biopsy, OAL 
appears as a white to pink mass refl ecting its leu-
kocytic and vascular characteristics.

12.6          Diagnostic Evaluation 

 Evaluation of OAL involves characterization of 
the lesion and staging. Biopsy should be obtained 
by open methods to allow suffi cient material for 
multiple special studies: pathology, lymphocyte 
immunophenotypical analysis, and molecular 
genetic studies to identify gene rearrangements 
indicative of clonality and/or translocations. 

12.6.1     Local Imaging Studies 

 Imaging studies of the orbit play an important 
role in OAL but are performed at different times 
depending on the presentation. With conjunctival 
disease, the lesion is frequently biopsied fi rst, 
and imaging of the orbit follows to assess orbital 
involvement. With orbital and lid disease, the 
orbit is usually imaged to optimize the biopsy 
process. Contrast-enhanced CT and MRI scans of 
the orbits will show enhancing lesions which can 

be discrete or diffuse (Figs.  12.3  and  12.4 ). 
Lymphoid lesions typically mold to structures 
such as the globe or bony orbit. Neuroimaging 
will reveal orbital lesions in up to 50 % of clini-
cally unsuspected cases [ 21 ]. Paranasal sinus 
involvement is not uncommon.

    It is important to emphasize the frequency 
of overlap that occurs between OAL and uveal 
lymphoma [ 2 – 6 ]. For this reason, ancillary 
 imaging studies such as B-scan ultrasonogra-
phy and angiography are useful in character-
izing the full extent and laterality of disease. 
This is particularly important in cases with 
subtle  extra-scleral extension (ESE) or occult 
 involvement of the fellow eye. B-scan ultra-
sonography is a sensitive modality for detect-
ing ESE. The  pattern of ESE may be crescentic 
thickening, a discrete mass (often adjacent to 
the optic nerve), or diffuse choroidal thickening 
in cases where uveal lymphoma overlaps with 

  Fig. 12.2    Clinical view of lymphoma involving the 
nasolacrimal sac region       

  Fig. 12.3    Axial CT scan of patient in Fig.  12.2 , showing 
superior orbital mass with irregular margins, which molds 
to orbital wall       

  Fig. 12.4    Axial CT scan demonstrating bilateral orbital 
involvement. Note that the tumor is diffusely infi ltrating 
around the orbital structures       
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OAL. Fluorescein (FA) and indocyanine green 
angiography (ICG) are also useful in suspected 
cases of uveal involvement. ICG demonstrates a 
characteristic pattern of focal hypofl uorescence 
corresponding to clinically observed choroidal 
infi ltrates. These foci may represent regions of 
choroidal non-perfusion secondary to space-
occupying choroidal infi ltration by lymphoma 
cells. ICG is superior to FA in visualizing the 
choroidal circulation and is therefore a particu-
larly useful imaging modality in confi rming the 
diagnosis and extent of disease burden [ 45 ]. 
When performed, FA may show early hyperfl uo-
rescence, hypofl uorescent spots corresponding 
clinically observed choroidal infi ltrates, choroi-
dal folds, or a normal angiogram.  

12.6.2     Staging Procedures 

 Since OAL can coexist with lymphoma in other 
sites, after OAL is classifi ed, staging is per-
formed. This includes a thorough physical exam-
ination by an experienced medical oncologist. 
Invasive staging has been replaced by the use of 
high-resolution contrast-enhanced imaging tech-
niques: CT of the chest, abdomen, and pelvis and 
MRI of the brain. Imaging of the neck is per-
formed if cervical nodes are palpated or sus-
pected to be enlarged. Laboratory evaluation 
includes complete blood count (CBC), hepatic 
enzymes, and serum lactate dehydrogenase 
(LDH). Although part of the formal staging pro-
cess for lymphoma, bone marrow aspiration and 
biopsy has very low yield in patients with OAL in 
the absence of cytopenias and radiographic evi-
dence of systemic disease. 

 While not typically performed by the ophthal-
mologist, understanding of the staging process is 
important for multidisciplinary management of 
OAL. A modifi ed version of the Ann Arbor clas-
sifi cation is still commonly used. Tumor types 
are divided into indolent or high grade based on 
their expected clinical behavior. Indolent tumors 
(EMZL, FL, LPL) are divided into two stages, 
while high-grade lesions (DLBCL, MZL) are 
divided into three stages (Table  12.3 ). The Ann 
Arbor staging system has several defi ciencies for 

characterizing OAL, particularly as it results in a 
disproportionate staging distribution. Two-thirds 
of primary OAL cases present as a localized 
mass, which under the Ann Arbor system are 
classifi ed as Stage 1E [ 9 ,  17 ,  19 ,  46 – 49 ]. Analysis 

   Table 12.3    Staging of NHL by Ann Arbor and tumor–
node–metastasis systems   

 Ann Arbor system 

 Indolent lymphomas: EMZL, FL, LPL 
 Stage I  Localized disease (Ann Arbor [AA] I, IE 

and II, IIE) 
 Stage II  Disseminated disease (Ann Arbor [AA] III 

and IV) 
 Aggressive lymphomas: DLBCL, MCL 
 Stage I  Localized or extranodal disease (Ann Arbor 

[AA] I or IE) 
 Stage II  2 or more nodal sites; 3 or more extranodal 

sites 
 Stage III  Stage II with additional poor prognostic 

features 

 Tumor–node–metastasis system a  

 T classifi cation 
 TX – Lymphoma extent not specifi ed 
 T0 – No evidence of lymphoma 
 T1 – Conjunctival lymphoma alone 
 T2 – Orbital lymphoma with or without 
conjunctival involvement 
 T3 – Preseptal eyelid lymphoma in addition to 
conjunctival/orbital disease 
 T4 – Invasion of adjacent structures, such as 
bone and brain 

 N classifi cation 
 NX – Lymph node involvement not assessed 
 N0 – No evidence of lymph node involvement 
 N1 – Involvement of ipsilateral regional 
lymph nodes 
 N2 – Involvement of contralateral or bilateral 
regional lymph nodes 
 N3 – Involvement of peripheral lymph nodes 
not draining ocular adnexal region 
 N4 – Involvement of central lymph nodes 

 M classifi cation 
 MX – Lymphoma dissemination not assessed 
 M0 – No evidence of involvement of 
additional extranodal sites 
 M1 – Lymphoma involvement of other organs 
(at diagnosis or subsequently) 

   E  Extranodal disease 
  a Modifi ed from the American Joint Committee on Cancer 
(AJCC) seventh edition TNM-based staging manual for 
OAL  
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can be challenging because of the use of different 
criteria, but overall rates for initial staging are 
60–80 % for IE, 4–25 % for IIE, and 16–18 % for 
Stage III and IV combined [ 7 ,  38 ,  39 ]. Studies 
using criteria of extraorbital disease showed 
Stage III and IV rates of 22–36 % at diagnosis 
[ 17 ,  37 ,  42 ]. This precludes the ability to differ-
entiate the majority of OAL cases from one 
another based upon disease extent within the ocu-
lar adnexal structures which may have important 
prognostic implications [ 20 ,  50 ].

   More recently, a tumor–node–metastasis 
(TNM)-based staging system for primary OAL 
has been developed under the guidance of the 
American Joint Committee on Cancer (AJCC) 
[ 51 ,  52 ]. This system addresses many of the 
shortcomings of the Ann Arbor system and more 
precisely defi nes disease extent. The ultimate 
goal of the proposed TNM-based system is to 
facilitate future studies aimed at identifying clini-
cal and histomorphologic features of OAL of 
prognostic signifi cance and to assess treatment 
outcomes. To date, the feasibility of this system 
has only been analyzed in a limited capacity [ 53 ].   

12.7     Differential Diagnosis 

 The clinical and imaging differential diagnosis of 
OAL is extensive, due to the paucity of specifi c 
features. It includes infl ammatory lesions 
(Fig.  12.5 ), benign lymphoproliferative lesions 
(Fig.  12.6 ) [ 34 ], epithelial tumors, melanocytic 

tumors, infectious lesions, and lacrimal gland 
lesions of the conjunctiva. In the orbit and lid, 
any mass including metastases, dacryoadenitis, 
infl ammations, and other benign and malignant 
tumors must be considered.

12.8         Pathologic Features 

 Pathologic analysis can identify obvious lympho-
mas but cannot reliably differentiate lymphoma 
types (Fig.  12.7 ). Recent data has shown that 
using the current WHO classifi cation, 76 % of 
lesions previously classifi ed as RLH are now 
reclassifi ed as lymphomas. This is due to the rec-
ognition that a small number of malignant lym-
phocytes, whose presence is indicative of 
lymphoma, can be overshadowed by surrounding 
normal or reactive lymphoid cells.

   The common immunophenotypic expressions 
of the various types of OAL are shown in 
Table  12.1 . IPA can be carried out qualitatively 
on tissue sections or quantitatively on dispersed 
cells (fl ow cytometry). The use of intact tissue 
allows localization of marker expression, which 
can be critical in making the correct diagnosis. 
For example, overexpression of cytoplasmic 
Bcl-2 is not seen in normal follicular structures 
and is consistent with follicular lymphoma 
(Fig.  12.8 ) [ 34 ]. Immunohistochemistry, how-
ever, may not detect such critically important 
cells when sampling effect limits their presence. 
Flow cytometry, in contrast, does not give 

a b

  Fig. 12.5    Bulbar ( a ) and forniceal ( b ) idiopathic infl ammatory conjunctival granuloma simulating ocular adnexal 
lymphoma       
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a b

c d

  Fig. 12.6    Clinical presentations of reactive lymphoid 
hyperplasia. Salmon patch lesion of the right eye which 
was biopsy-proven RLH.  Inset  shows the lesion on the 
bulbar conjunctiva was limited to the medial canthal 
region ( a ). Facial photograph of patient with bilateral 
RLH of the lacrimal gland demonstrates fullness of both 
orbits and cheeks ( b ). Fundus photograph of the right eye 

of the same patient reveals creamy choroidal lesions con-
sistent with uveal reactive hyperplasia ( c ). The  inset  dem-
onstrates choroidal thickening observed on OCT ( arrow ). 
The left fundus and OCT revealed similar fi ndings. MRI 
of same patient demonstrates bilateral lacrimal gland 
swelling ( d ). Reproduced with permission from Stacy 
et al. [ 34 ]       

  Fig. 12.7    Photomicrograph 
of monomorphic 
 lymphocytes typical 
of EMZL-type ocular 
adnexal lymphoma (H&E, 
Original magnifi cation ×100)       
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 anatomic information but can accurately assign 
the immunophenotype of involved cells with very 
small amounts of specimen.

   Molecular genetic analysis of OAL is impor-
tant in two ways. Identifi cation of overexpressed 

heavy chain gene rearrangements is indicative of 
clonality and typically represents malignancy. 
Tumor cells can be analyzed for translocations, 
which may be indicative of a specifi c lymphoma 
type (Table  12.4 ). Translocation of the MALT 

a b

c d

e f

  Fig. 12.8    Immunohistochemical characterization of 
reactive lymphoid hyperplasia and follicular lymphoma 
Bcl-6 stains B cells within follicles of RLH ( a ). Follicles 
of FL are also positive for Bcl-6 ( b ). The follicles of RLH 
are negative for Bcl-2 ( c ). Follicles of FL are positive for 

BCL-2 ( d ). Follicles in RLH are positive for CD10 ( e ). 
Follicles of FL are also positive for CD10 but with more 
interfollicular staining than RLH ( f ) (immunoperoxidase 
reactions, 200×) (Reproduced with permission from Stacy 
et al. [ 34 ])       
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gene with API2 [t(11;18)(q21;q21)] is of specifi c 
interest since its presence is generally associated 
with more aggressive disease [ 54 ]. The expan-
sion of the tools for lymphocyte characterization 
has paradoxically increased the chances for con-
tradictory or incomplete characterizations using 
the new criteria. In such situations, the wisdom of 
an experienced hematopathologist is critical, 
though some lesions will remain unclassifi able.

12.9        Rare Variants 

 There are several rare variants and simulating 
conditions of OAL such as Langerhans cell his-
tiocytosis (LCH), Rosai–Dorfman disease, T cell 
lymphoma, T cell/natural killer (NK)-cell lym-
phoma (lethal midline granuloma), and Burkitt 
lymphoma that we have included in this review. 

12.9.1     Langerhans Cell Histiocytosis 

 LCH is characterized by a proliferation of 
Langerhans cells and infl ammatory cells that 
 generally affects children and young adults. The 
disease may be localized, or it may affect multiple 
systems including the skin, bone, lungs, and lym-
phatics. Ophthalmic disease is observed in 10–23 % 
of cases and most often manifests as a solitary lesion 
within the orbit; however, intraocular involvement 
in the form of an atrophic retinochoroidopathy has 
been reported [ 55 – 57 ]. Confi rmation of diagnosis 
is made by biopsy, which demonstrates numerous 
histiocytes, giant cell formation, and eosinophilic 
granulocytes. Transmission electron microscopy 
(TEM) reveals characteristic intracytoplasmic 
Birbeck granules [ 56 ].  

12.9.2     Rosai–Dorfman Syndrome 

 Also labeled as sinus histiocytosis with massive 
lymphadenopathy, it is a benign form of idiopathic 
histiocytosis that typically affects children and 
young adults. The majority of individuals (approx-
imately 80 %) develop painless cervical lymph-
adenopathy [ 58 ]. Extranodal involvement may 
affect multiple systems including the respiratory 
tract, skin, bones, visceral organs, and the central 
nervous system. The disease has multiple ophthal-
mic manifestations including lesions within the 
orbit, eyelid, and lacrimal apparatus. Compressive 
optic neuropathy, uveitic glaucoma, serous retinal 
detachment, and marginal corneal infi ltrates have 
been reported [ 59 ]. Ocular adnexal involvement 
occurs in approximately 10 % of patients with 
extranodal disease [ 60 ].  

12.9.3     T Cell Lymphoma 

 In rare cases, OAL can be of T cell origin. In a 
review of 353 individuals with OAL, only a sin-
gle case (0.3 %) was of T cell lineage [ 19 ]. As 
with B cell neoplasms, a heterogeneous group of 
T cell lymphomas can involve the ocular adnexal 
structures (Fig.  12.9 ). Most T cell lymphomas 
affecting the ocular adnexal structures are aggres-
sive and carry a poor prognosis.

   Most non-B-cell lymphomas are an extension 
of the malignant stage of mycosis fungoides or a 
secondary manifestation of systemic T cell lym-
phoma. In a series of seven individuals with OAL 
of T cell origin, three cases were peripheral T cell 
lymphomas (PTCL) demonstrating positivity for 
CD3, CD8, and βF1 and negativity for CD56. 
Two cases were positive for CD3 and CD30 

   Table 12.4    Common translocations observed in ocular adnexal lymphoma   

 Type  Genetic change  Mechanism  Frequency  Proto-oncogene 

 EMZL  t(11;18)(q21;q21)  Fusion  50 %  API2/MLT 
 Transcript deregulation  Rare  Bcl-10 

 Follicular  t(14;18)(q32;q21)  Transcript deregulation  80–90 %  Bcl-2 
 Mantle cell  t(11;14)  Transcript deregulation  70 %  Bcl-1 (encodes cyclin D1) 
 Lymphoplasmacytic  T(9;14)(p13;q32)  Transcript deregulation  50 %  PAX-5 
 Diffuse large B cell lymphoma  Der(3)(q27)  Transcript deregulation  Bcl-6 
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while negative for CD56 and were classifi ed as 
anaplastic large-cell lymphomas of T cell type 
(T-ALCL) [ 61 ]. The remaining two cases were 
positive for CD3 and CD56 and negative for βF1. 
These two cases were positive for Epstein–Barr 
virus (EBV) by in situ hybridization, consistent 
with T cell/natural killer (NK)-cell lymphoma of 
nasal type (also referred to as lethal midline gran-
uloma) [ 61 ,  62 ].  

12.9.4     Burkitt Lymphoma 

 Burkitt lymphoma is a rare entity associated with 
translocation between chromosomes 8 and 14 
affecting c-myc [ 63 ]. Three forms, all of which 
may affect the orbit, have been described. The 

African type frequently involves the orbits and 
maxillary bones and is associated with the pres-
ence of antibodies against Epstein–Barr virus 
(EBV) antigens [ 63 ]. The non-African type 
usually affects lymph nodes, bone marrow, and 
viscera. The third form affects immunocom-
promised individuals and is associated with 
acquired immunodefi ciency syndrome (AIDS) 
(Fig.  12.10 ) [ 64 – 66 ]. Recent review of 16 immu-
nocompetent individuals with sporadic orbital 
Burkitt lymphoma revealed a median age at 
diagnosis of 12 years [ 67 ]. Presenting symptoms 
included proptosis, ophthalmoplegia, and eyelid 
edema. Fourteen (88 %) in this series had sys-
temic involvement [ 67 ]. Biopsy of orbital lesions 
reveals a characteristic “starry-sky” appear-
ance associated with Burkitt lymphoma [ 66 ]. 
Prognosis is guarded for this extremely aggres-
sive lymphoma as signifi cant mortality (54 %) is 
observed within 1 year of presentation [ 67 ].

12.10         Treatment 

 The treatment of OAL is an area of controversy, 
progress, and change. Currently OAL treatment 
depends on whether the disease is localized or 
systemic. Local disease can be very effectively 
treated with radiation alone. Systemic disease is 
frequently treated in a manner similar to other 
indolent lymphomas, typically using ritux-
imab alone or in combination with cytotoxic 

  Fig. 12.9    T cell lymphoma of the caruncle in a patient 
with slowly progressive mycosis fungoides       

a b

  Fig. 12.10    A 24-year-old Haitian man presented with 
rapidly progressive right eye proptosis ( a ). An exentera-
tion was performed and the tissue sample was sent to the 
pathology laboratory, which revealed the characteristic 

“starry-sky” appearance of a Burkitt lymphoma ( b ). The 
patient expired shortly after due to complications from 
systemic involvement. Reproduced with permission from 
Giuliari et al. [ 66 ]       
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 chemotherapy. With the recognition that the vast 
majority of OAL are of the EMZL/MALT type 
and that there may be an infectious basis for this 
subgroup of OAL, there is possibility of defer-
ring cytotoxic modalities. A second controversy 
is whether to treat indolent OAL. A survey of 
treatment modalities follows. 

12.10.1     Surgery 

 Surgery has been reported to be successful in 
managing certain cases of highly localized OAL 
and has been recommended for Stage I MALT 
systemic lymphoma in some sites. Its applicabil-
ity remains dubious for most OAL due to the dif-
fuse nature and frequent juxtaposition of OAL to 
sensitive ocular tissues. Surgery should therefore 
be reserved for localized, isolated lesions of the 
conjunctiva [ 7 ,  21 ].  

12.10.2     Cryotherapy 

 Cryotherapeutic ablation of OAL has limited use 
in the management of OAL. It has resulted in 
variable success due to debulking the tumor 
without complete elimination of malignant tis-
sue. It may have application in a limited number 
of patients with conjunctival OAL who are unable 
to receive other treatment modalities [ 11 ].  

12.10.3     Radiation 

 Historically, external beam radiation (EBRT) has 
been the most frequently used modality for treat-
ment of OAL. Analysis of this modality is 
 confounded by small patient numbers in most 
series, the use of early and inaccurate classifi ca-
tion schemes, short follow-up times, and appar-
ent lack of ophthalmic follow-up. Complications 
were detected at a rate of up to 50 % higher when 
close ophthalmic follow-up was performed. 

 Both electron and photon irradiations have 
been successfully employed in OAL. Dosage is 

based on the tumor grade or type [ 17 ,  37 ,  40 ]. 
Typical doses are 28–36 Gy for low-grade OAL 
and 30–40 Gy for high-grade OAL. The role of 
lens shielding to decrease cataract formation is 
controversial with some studies showing no effect 
on local recurrence and others showing recur-
rences occurring in patients who underwent lens-
sparing radiation treatment protocols [ 68 ,  69 ]. 

 Analysis of radiation dose response relation-
ship of EMZL revealed that 5-year local tumor 
control rates of EMZL were 81 % with doses 
below 30 Gy but 100 % with doses higher than 
30 Gy [ 37 ]. Variable sensitivity to radiotherapy 
based upon lymphoma subtype was observed as 
follicular lymphoma showed a 100 % response 
rate to both high and low doses. While radiation 
studies frequently emphasize the ability to obtain 
local control, the effect of this modality on the 
overall course and prognosis is less clear 
(Fig.  12.1b ). Even Stage IV-EA disease showed 
good local control, though survival was signifi -
cantly lower. Multiple studies revealing higher 
rates of delayed systemic recurrence suggest that 
longer follow-up is necessary for accurate assess-
ment of treatment effect [ 17 ].  

12.10.4     Chemotherapy 

 Since OAL frequently presents as localized dis-
ease (Stage IE), chemotherapy is rarely used, 
with the exception of aggressive DLBCL 
(Fig.  12.11 ) [ 70 ]. The review of chemotherapy 
used in lymphoma is beyond the scope of this 
chapter. Standard chemotherapy for OAL when it 
is part of more advanced disease is that of stan-
dard systemic lymphoma regimens using single- 
agent rituximab alone or in combination with 
cyclophosphamide, doxorubicin, vincristine, and 
prednisone (CHOP); the alkylating agent chlo-
rambucil; and, more recently, bendamustine 
which has dual properties of an alkylating agent 
and a purine analogue. While some have used 
systemic corticosteroids for tumor suppression of 
OAL, steroids offer ineffective long-term 
control.
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  Fig. 12.11    Clinical and radiographic features of diffuse 
large B cell lymphoma of the orbit. ( a ) Patient with mass 
in the left upper orbit ( arrow ) producing mild, non- 
congestive proptosis. ( b ) The lesion’s mass effect resulted 
in limited eye movements, including infraduction of the 
left globe. ( c ) Typical location of an orbital lymphoid 
tumor ( arrow ) in the superior and superonasal regions of 
the orbit. There is no bone erosion. ( d ) An unusual infero-
temporal tumor ( arrow ) has created adjacent bone 
changes ( crossed arrow ). An old inferior, posttraumatic 

orbital fl oor fracture (*) explains the absence of clinical 
proptosis. ( e ) An intraconal, retrobulbar mass ( arrow ) is 
accompanied by moderate proptosis (3–4 mm). ( f ) In the 
same patient portrayed in ( e ), an axial CT image at the 
level of the optic nerve reveals that the tumor encases it 
( arrow ) asymmetrically, with a more prominent compo-
nent found nasally. The patient had a decline in visual 
acuity and an afferent pupillary defect. Reproduced with 
permission from Stacy et al. [ 70 ]       
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12.10.5        Immunotherapy 

12.10.5.1     Interferon 
 Interferon (IFN-alpha) has been used rarely for 
OAL despite its long-standing use in systemic 
lymphoma. One report of fi ve cases showed 80 % 
initial complete response with short-term 
 follow- up [ 71 ]. One patient with Stage IIA dis-
ease died of systemic lymphoma at 1 year. More 
data regarding local and systemic effi cacy are 
needed prior to acceptance of this modality.  

12.10.5.2     Rituximab 
 Antilymphocyte antibodies are a recent form of 
lymphoma treatment. The most commonly used 
has been an antibody to CD-20, rituximab, which 
leads to destruction of B cells using mechanisms 
of complement and antibody-mediated destruc-
tion as well as induction of apoptosis. These anti-
bodies are effective when used alone but also 
signifi cantly increase the remission rates when 
used in combination with chemotherapy [ 72 ].   

12.10.6     Antimicrobial Treatment 

 A recent development in OAL management is 
based on the IMM model of lymphomagenesis. 
There is increasing evidence of the role of chronic 
infection in OAL. Both  C. psittaci  and  H. pylori  
have been implicated [ 29 ,  30 ]. Follow-up data 
from  C. psittaci  detection studies have suggested a 
therapeutic effect following antibiotic therapy with 
doxycycline, presumably by eradication of the 
infection which underlies lymphomagenesis. Other 
studies have shown an effect in small numbers of 
patients using anti- H. pylori  triple therapy [ 73 ]. 
Overall, antibiotic treatment regimens have shown 
variable results by study group and geographic 
location [ 32 ,  74 ]. Larger studies are needed to clar-
ify the role of antibiotics in treatment of OAL.   

12.11     Prognosis 

 Prognosis of OAL is evaluated in three ways: 
local control, systemic involvement, and death 
from lymphoma. Excellent local control has been 

reported using external beam radiation. Among 
OAL, EMZL has a quantitatively better progno-
sis than other tumor types with regard to spread 
of tumor and lymphoma-related death, though 
the risk ratio was similar among the milder forms 
EMZL, LPCL, and FCL. The mortality ranges 
were EMZL 0–20 %, DLBCL 25–75 %, FL 
20–37 %, MCL 38–100 %, and LPL 14–100 % 
[ 7 ,  17 ,  37 ,  38 ]. 

 Extraorbital spread can occur in over 45 % of 
EMZL patients with mean follow-up of 63 
months, suggesting that longer follow-up is 
needed [ 17 ]. Patients with indolent disease may 
survive decades without treatment.  

12.12     Future Research 

 Future research will be focused on the mecha-
nisms of lymphomagenesis to determine whether 
prelymphomatous conditions can be detected and 
treated with less toxic methods. One key question 
is whether the role of infectious agents will be as 
important as in gastric lymphoma where it has 
revolutionized care. Understanding lymphoma-
genesis may also allow for more targeted thera-
peutic agents.     
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        Malignant orbital tumors represent a broad 
 spectrum of tumors which include primary 
tumors, secondary tumors (extension from 
 adjacent structures), and metastatic tumors. In 
addition, orbital infl ammation and infection 
may clinically simulate an orbital neoplasm 
(Chapter   6    ). In a recent survey of 1,264 con-
secutive patients with suspected orbital tumor 
referred to an ophthalmic oncology center, 36 % 
were malignant tumors [ 1 ]. The percentage of 
malignant tumors increases with age, due to 
higher incidence of lymphoma and metastasis in 
the older age groups [ 1 ]. 

 Malignant tumors of vascular (Chapter   7    ), 
neural (Chapter   9    ), fi brous, and osseous origin 
are rare in the orbit. Rhabdomyosarcoma is the 
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most frequent primary malignant orbital tumor in 
children (Chapter   14    ), and lymphoproliferative 
disorders including lymphoma are most frequent 
in older adults (Chapter   12    ). Malignant orbital 
tumors may also arise from the lacrimal gland 
(Chapter   10    ) and lacrimal sac (Chapter   11    ). The 
details of clinical examination (Chapter   1    ), clini-
cal evaluation (Chapter   2    ), and imaging tech-
niques (Chapter   5    ) supplement contents of this 
review. Malignant orbital tumors not covered 
under other chapters are reviewed herein. 

13.1     Esthesioneuroblastoma 

13.1.1     Introduction 

 Esthesioneuroblastoma is a tumor of neural 
crest origin that arises from the sensory olfac-
tory epithelium and can invade the cribriform 
plate, the ethmoid sinuses, and the orbit. Most 
esthesioneuroblastomas seen in the orbit have 
invaded the orbit secondarily [ 2 ]. Approximately 
25 % of newly diagnosed esthesioneuroblasto-
mas will present with orbital extension. The 
peak incidence is in the second to third decades. 
They are frequently mistaken for other small 
cell tumors.  

13.1.2     Clinical Features 

 When confi ned to the nasal cavity or paranasal 
sinus, patients will have nasal obstruction, bloody 
nasal discharge, and headache. Three-quarters of 
patients with olfactory esthesioneuroblastoma 
have ophthalmic symptoms such as periorbital 
pain, epiphora, decreased vision, and diplopia. 
The most common ophthalmic signs include eye-
lid edema and proptosis. Ptosis and cranial nerve 
palsies may also be present.  

13.1.3     Diagnostic Evaluation 

 CT scans show an isodense homogenous tumor 
in the nasal cavity and ethmoid sinus, often with 
orbital extension [ 3 ]. Esthesioneuroblastomas are 
classifi ed according to their location: Group 

A tumors are confi ned to the nasal cavity, group 
B tumors affect the nasal cavity and one or more 
paranasal sinuses, and group C tumors extend 
into the cranium or orbit.  

13.1.4     Treatment 

 The prognosis is best for group A (75 % sur-
vival at 5 years) and worst for group C (less 
than 45 % survival at 5 years). Treatment con-
sists of aggressive craniofacial resection with 
adjunctive radiotherapy and chemotherapy. 
Esthesioneuroblastoma is characterized by 
extended remissions and multiple recurrences.   

13.2     Malignant Peripheral Nerve 
Sheath Tumor 

13.2.1     Introduction 

 This rare tumor may develop de novo, following 
radiotherapy, or secondary to plexiform neurofi -
broma. About 50 % of patients with malignant 
peripheral nerve sheath tumors are associated 
with neurofi bromatosis [ 4 ].  

13.2.2     Clinical Features 

 These tumors are seen in the fourth and fi fth 
decades, except in patients with neurofi bromato-
sis when it occurs in the teens. Patients present 
with proptosis and globe displacement. Periorbital 
pain, hypoesthesia, ptosis, and visual loss fre-
quently occur.  

13.2.3     Diagnostic Evaluation 

 CT imaging shows an irregular, nodular, poorly 
defi ned mass. There may be bone destruction or 
enlargement of the superior orbital fi ssure. The 
supraorbital nerve is more commonly affected. 
T1-weighted MRI shows a heterogenous sig-
nal isointense with muscle and hypointense to 
fat. T2-weighted sequence shows a signal that is 
hyperintense to both muscle and fat [ 5 ]. Ultrasound 
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may show cystic spaces within the tumor. 
Histopathologically, the tumors can resemble 
fi brosarcomas with long fascicles of spindle cells 
forming a herringbone pattern. Immunostaining 
for S-100 protein, Leu-7, and myelin basic protein 
confi rms nerve sheath differentiation.  

13.2.4     Treatment 

 In cases of orbital involvement, exenteration is 
often needed. Ancillary chemotherapy and radio-
therapy have been used but do not appear to 
improve survival. Recurrences are typical and 
often grow rapidly. Sometimes, recurrences are 
seen after many years. Most patients with orbital 
disease develop intracranial extension or pulmo-
nary metastases [ 6 ].   

13.3     Alveolar Soft Part Sarcoma 

13.3.1     Introduction 

 This is a rare tumor, believed to be of myogenic 
origin [ 7 ]. It occurs mostly in the lower extremi-
ties and buttocks. Head and neck region is the site 
of primary tumor in only 10 % of cases. The 
mean age at presentation is 20–30 years. Females 
are affected three times more frequently than 
males.  

13.3.2     Clinical Features 

 Proptosis and globe displacement develop rap-
idly over 4–6 months. Apical tumors cause visual 
loss, orbital congestion, and ocular motility dis-
turbances. Sensory nerve involvement causes 
pain [ 8 ]. Anterior masses may present as eyelid 
lumps with dilated epibulbar vessels.  

13.3.3     Diagnostic Evaluation 

 CT imaging shows a moderately well-defi ned 
mass, usually involving the superior orbit with 
marked contrast enhancement owing to tumor 
hypervascularity. Tumor necrosis results in a 

central area of low attenuation. Histopathology 
shows large, round, or polygonal cells with large 
nuclei and prominent nucleoli.  

13.3.4     Treatment 

 Wide surgical resection is mandatory. For recur-
rences or large tumors, orbital exenteration is 
necessary. The role of chemotherapy and radio-
therapy has not defi nitively been determined [ 9 ]. 
Tumors localized to the orbit carry a better prog-
nosis than alveolar soft part sarcoma developing 
in the lower extremities and buttocks. The tumor- 
related mortality is about 15 % over 10 years for 
orbital alveolar soft part sarcoma.   

13.4     Osteosarcoma 

13.4.1     Introduction 

 Osteosarcoma, also called osteogenic sarcoma, is 
the most common primary malignant neoplasm 
of bone. Most cases arise de novo but may arise 
secondary to Paget’s disease, fi brous dysplasia, 
radiation therapy, giant cell tumor, or osteoblas-
toma [ 10 ]. Osteosarcoma is also seen as a second 
tumor in patients with familial retinoblastoma, 
even in the absence of a history of radiother-
apy [ 11 ]. Although it may affect any of the orbital 
bones, the maxillary bone is the most frequent 
orbital site of the tumor.  

13.4.2     Clinical Features 

 Most patients present with chronic symptoms, 
of at least several months to a year. Presentations 
include proptosis, dysesthesias, and diplopia. 
However, patients may present with rapid onset 
painful proptosis and sudden decrease in 
vision.  

13.4.3     Diagnostic Evaluation 

 CT imaging shows a mixed lytic and sclerotic 
mass with indistinct margins. The appearance 
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depends upon the predominance of osseous, 
cartilaginous, or fi brous tissue components. 
Bone destruction and calcifi cation with new 
bone formation often occurs.  

13.4.4     Treatment 

 Management of osteosarcoma involves preop-
erative chemotherapy, resection, and continua-
tion of the chemotherapy. Radiotherapy may be 
used as an adjunctive treatment for residual 
tumor. The prognosis of osteosarcoma involv-
ing the orbital bones remains poor. It is rare 
for a patient to survive 5 years following 
treatment.   

13.5     Malignant Fibrous 
Histiocytoma 

 Fibrous histiocytoma is the most common mes-
enchymal orbital tumor in adults, seen most com-
monly in middle-aged adults (Chapter 91) [ 12 ]. 
They may be benign, locally aggressive, or 
malignant (Chapter 28). Patients present with 
proptosis, a mass effect, decreased vision, double 
vision, pain, eyelid swelling, and ptosis 
(Fig.  13.1 ). Malignant fi brous histiocytoma or 
myxofi brosarcoma may arise de novo or follow 
orbital radiotherapy, especially in children with 
the germline mutation of retinoblastoma (Chapter 
71). Malignant fi brous histiocytoma requires 
exenteration. Although metastases are rare, the 
tumor shows local infi ltrative features with a ten-
dency to local recurrence.

13.6        Leiomyosarcoma 

13.6.1     Introduction 

 Leiomyosarcomas are usually seen as radiation- 
induced tumors following orbital irradiation in 
children. They arise from the smooth muscle in 
blood vessels, Muller’s muscle, and smooth 
muscle precursor cells decades after the radia-
tion [ 13 ,  14 ].  

13.6.2     Clinical Features 

 Patients present with progressive painless pro-
ptosis. The duration of symptoms varies from 
6 weeks to 18 months. Globe proptosis and 
 displacement are seen. Patients develop motility 
disturbance and visual loss. Anterior lesions may 
be palpable as a fi rm mass [ 15 ].  

13.6.3     Diagnostic Evaluation 

 A heterogeneously dense, well-defi ned, lobu-
lated mass is seen within the orbit on CT scans. 
The borders may mold around the globe. 
Destruction of the adjacent bone may be seen. 
Histopathology may show well-differentiated or 
poorly differentiated tumors with multinucleated 
giant cells [ 16 ].  

13.6.4     Treatment 

 Most cases require aggressive resection with 
extended orbital exenteration, including adjacent 
bones. Local or small tumors may be treated with 
local resection and adjunctive radiotherapy. 
Systemic metastases require chemotherapy. 
Local resection alone is associated with 60 % 
local recurrence within 3 years. Most patients 
progress to develop metastases to the lungs, liver, 
kidney, and brain.   

13.7     Liposarcoma 

13.7.1     Introduction 

 Liposarcoma is common soft tissue sarcoma in 
adults, but it rarely arises within the orbit [ 17 ]. 
Very rarely, liposarcoma may metastasize to the 
orbit [ 18 ].  

13.7.2     Clinical Features 

 There are no specifi c clinical features diagnostic 
of liposarcoma. In a series of fi ve cases, diplopia 
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and proptosis were most frequent clinical fi nd-
ings (Fig.  13.2 ) [ 19 ].

13.7.3        Diagnostic Evaluation 

 CT scan appearance of fat density enclosed by a 
radiodense pseudocapsule can lead to an initial 
impression of a cyst [ 19 ]. MRI will confi rm 
 presence of fat within the lesion (hyperintense 

signals in T1-weighted images) [ 19 ]. Liposarcoma 
should be considered in the differential diagnosis 
of any unusual mesenchymal tumor in the 
orbit [ 17 ].  

13.7.4     Treatment 

 Limited resection followed by radiation may be 
adequate treatment in well-differentiated tumors 

a b

c d

e f

  Fig. 13.1    Malignant histiocytoma or myxofi brosarcoma. 
A 75-year-old male with onset of double vision over 2 
months and limitation of ocular movements in all fi elds of 
gaze. Note hypoglobus ( a ) and proptosis ( b ) on the right 
side. MRI shows a right superior orbital mass ( c ) which 

enhances irregularly with gadolinium ( d ). On histopathol-
ogy, storiform or cartwheel-like growth pattern is seen ( e ). 
Note Touton giant cell ( f ). Exenteration was performed 
and the patient is recurrence-free at 4 years       
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without invasion into orbital structures [ 20 ]. In 
some cases, despite exenteration and radiation, 
delayed local recurrence has been observed 
[ 21 ]. Regional or distant metastases are uncom-
mon [ 19 ].   

13.8     Secondary Orbital 
Tumors 

13.8.1     Introduction 

 Secondary orbital tumors represent contiguous 
orbital extension of a primary ocular, conjuncti-
val, eyelid, sinus, or intracranial tumor. Basal cell 
carcinoma, squamous cell carcinoma, melanoma, 
and sebaceous cell carcinoma of the eyelid may 
secondarily invade the orbit because of late pre-
sentation, incomplete excision (sebaceous cell 
carcinoma), rapid and aggressive growth, or peri-
neural spread (squamous cell carcinoma and 
melanoma).  

13.8.2     Clinical Features 

13.8.2.1     Basal Cell Carcinoma 
 Basal cell carcinoma invasion of the orbit is most 
often seen medially with extraocular muscle 
restriction and fi xation of the tumor to the adja-
cent bone (Fig.  13.3 ) [ 22 ].

13.8.2.2        Squamous Cell Carcinoma 
 Squamous cell carcinoma tends to spread along 
fascia and fatty planes relatively rapidly com-
pared to basal cell carcinoma (Fig.  13.4 ). 
Perineural invasion may occur and is associated 
with pain or ophthalmoplegia [ 23 ]. Squamous 
cell carcinoma is capable of metastasis to regional 
preauricular or submandibular lymph nodes. 
Squamous cell carcinoma of the conjunctiva may 
also invade the orbit.

13.8.2.3        Melanoma 
 Multiple recurrences of conjunctival melanoma 
associated with primary acquired melanosis may 

a b

c d

  Fig. 13.2    Liposarcoma. A 45-year-old male presents 
with left retrobulbar pain and a mass in the superotempo-
ral fornix ( a ). CT scan shows a superotemporal mass with 
the consistency of fat ( b ). Gross specimen of  exenteration 

although some patients can be managed with local 
 excision ( c ). Low-grade liposarcoma with vacuolated and 
signet ring cells ( d )       
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lead to orbital extension. On rare occasions, uveal 
melanoma may extend into the orbit (Fig.  13.5 ).

13.8.2.4        Sebaceous Carcinoma 
 Sebaceous carcinoma is more prevalent in Asian 
populations. About one-third of epithelial malig-
nancies invading the orbit are sebaceous carci-
noma. This tumor tends to spread to the lymphatic 

system and subsequently to the lung, liver, brain, 
or skull.  

13.8.2.5     Merkel Cell Carcinoma 
 Merkel cell carcinoma is an eyelid neoplasm that 
may arise in the eyelid or periocular region. They 
demonstrate rapid growth with a bulging, red 
appearance with overlying telangiectatic vessels 

a b

c

e f

d

  Fig. 13.3    Basal cell carcinoma invading the orbit: treated 
with globe preservation. A 72-year-old male presents with 
double vision and medial canthal scarring with dystopia, 
2 years after resection of a medial canthal basal cell carci-
noma ( a ). MRI scans show invasion of the tumor into the 
anterior third of the orbit with spread along the medial 
rectus muscle to the middle of the orbit ( b ). CT scans 

show bony invasion of tumor into the anterior ethmoids 
( c ). Globe-preservation resection of tumor with frozen 
section controls performed ( d ). Patient is alive with no 
recurrence 5 years after surgery. H/E-stained frozen sec-
tion, note the palisading nuclei ( e ,  arrows  100×). The 
tumor surrounded the nasolacrimal duct ( f ,  asterisk  20×)       
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in the elderly (Fig.  13.6 ). The diagnosis is con-
fi rmed by the characteristic immunocytochemi-
cal and electron microscopic features. The tumor 
is associated with local recurrence and satellite 
lesions, regional nodal metastases, and distant 
metastases in about half of patients. Orbital inva-
sion is associated with tumor recurrence and may 
lead to intracranial spread.

13.8.3         Diagnostic Evaluation 

 Careful assessment of extraocular muscle func-
tion is necessary in patients with periorbital 
malignancies. Medial spread of a tumor will 
often present with restriction of gaze followed by 
double vision. CT scans will reveal an irregular, 
often lobulated, well-defi ned mass extending 
from the preseptal to the postseptal space. Spread 
down the nasolacrimal duct and along the extra-
ocular muscles may be seen.  

13.8.4     Treatment 

 For orbital basal cell carcinoma, a globe-sparing 
resection may be attempted. However, the more 
aggressive basal cell carcinomas and squamous 
cell carcinomas may require aggressive resection 
with free borders and may need an exenteration. 

 Sebaceous carcinomas need a radical  resection 
and lymph node dissection. Radiotherapy may 
control local disease if the patient is unable to 
undergo surgery. When conjunctival malignant 
melanoma spreads into the orbit, exenteration 
with nodal resection may be required. Treatment 
of Merkel cell carcinoma consists of aggressive 
surgical excision with wide margins and postop-
erative radiotherapy. 

 Mutation in the patched 1 gene (PTCH1) has 
been implicated in BCC, and overexpression of 
epidermal growth factor receptor (EGFR) has 
been shown in SCC. Vismodegib, an inhibitor of 
smoothened, which is activated upon binding of 

a

c

b

d

  Fig. 13.4    Extension of squamous cell carcinoma into the 
orbit. A 71-year-old male with a 5-year history of multiple 
resections of left lower lid squamous cell carcinoma ( a ). 
CT scan shows an irregular but lobulated, well-defi ned 
density involving the tissues anterior to the orbital septum 

and extending into the retroseptal space ( b ,  arrow ). Mohs 
resection was attempted, but the deep tumor could not be 
removed necessitating exenteration ( c ). On histopathol-
ogy, islands of squamous cells with dyskeratosis and kera-
tin whorls were observed ( d )       
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hedgehog to Ptc, has been shown to signifi cantly 
decrease BCC tumor size or even produce com-
plete resolution, especially in cases of basal cell 
nevus syndrome. Similarly, EGFR inhibitors 
have been shown to signifi cantly decrease SCC 
tumor size in cases of locally advanced and 

 metastatic disease. Vismodegib has been used to 
reduce bulky eyelid and periocular basal cell 
carcinomas in patients with the basal cell nevus 
syndrome. Similarly, erlotinib (EGFR inhibitor) 
has been shown to be useful in patients with 
SCC when the patient is not a candidate for 

a b

c d

  Fig. 13.5    Merkel cell carcinoma. A 78-year-old gentle-
man with a right medial canthal lesion initially biopsied 
elsewhere and diagnosed as basal cell carcinoma ( a ). He 
was referred after “recurrence.” Note typical building 

 reddish lesion with overlying vascularity ( b ). CT scan 
showed diffuse tumor with orbital invasion but without 
bone involvement ( c ). Note relatively large cells with uni-
formly staining eosinophilic cytoplasm ( d )       

a b

  Fig. 13.6    Secondary melanoma. Orbital melanoma fol-
lowing enucleation for a large uveal melanoma. 
Histopathology of the globe was negative for extrascleral 

extension. MRI (T2) showing partially vascularized orbital 
implant with an orbital mass ( a ). The clinical diagnosis was 
confi rmed by CT-guided fi ne needle aspiration biopsy ( b )       
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 surgery because of advanced disease of the 
orbit. Targeted therapy using hedgehog pathway 
and EGFR inhibitors shows signifi cant promise 
in treatment of orbital and periocular BCC and 
cutaneous SCC, respectively. Such targeted 
therapy may be appropriate for patients who are 
not good candidates for surgery [ 24 ].   

13.9     Orbital Metastases: Adults 

13.9.1     Introduction 

 Approximately 8 % of all orbital neoplasia are 
metastatic in origin. Breast cancer (Fig.  13.7 ), 
lung cancer (Fig.  13.8 ), prostate cancer, and 

a b

  Fig. 13.7    Metastatic breast carcinoma. Orbital enophthalmos is evident on clinical examination ( a ) and CT scan ( b ). 
Note orbital mass in the affected left orbit       

a b

c d

  Fig. 13.8    Metastatic lung carcinoma. A 55-year-old male 
smoker presented with marked limitation of left eye abduc-
tion, slight left enophthalmos, and decrease of vision to 
counting fi ngers in the left eye ( a ). Coronal ( b ) and axial 

( c ). CT scans show a homogenous posterior lateral rectus 
mass with compression of the optic nerve. Muscle is infi l-
trated with mixed small cell/large cell malignant cells with 
minimal cytoplasm and hyperchromatic nuclei ( d )       
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melanoma are the most frequent primary tumors 
in adults that metastasize to the orbit (Fig.  13.9 ). 
In approximately 10 % of cases, the primary 
tumor remains unidentifi ed. In the majority of 
cases (75 %), a diagnosis of preexisting primary 
tumor is known (Fig.  13.10 ), but in about 25 % 
of cases, the orbital tumor is the fi rst presenta-
tion (Fig.  13.11 ) [ 25 ].

13.9.2            Clinical Features 

 Patients have more rapid onset of symptoms 
compared to other types of orbital neoplasia. 
Proptosis and motility disturbances are the 
most common presenting symptoms and signs. 
Pain is noted early in the course of the disease. 

Other symptoms and signs include a palpable 
mass, blepharoptosis, and decreased vision. 
Enophthalmos is present in 10 % of cases (most 
being metastasis from breast cancer). Clinical 
presentation of orbital metastatic disease can be 
categorized into mass effect, infi ltrative (caus-
ing diplopia, enophthalmos), functional (neuro-
logical defi cits), infl ammatory (pain, chemosis, 
swelling), or silent (discovered on imaging 
or at surgery with no symptoms or signs) 
(Table  13.1 ) [ 26 ].

13.9.3        Diagnostic Evaluation 

 CT imaging may show a mass, bony changes 
(hyperostosis-prostate or hypostatic-thyroid), 
enlargement of muscle, or diffuse orbital tissue 
enlargement. Open orbital biopsy or needle 
biopsy confi rms the diagnosis.  

13.9.4     Treatment 

 Management may include radiotherapy, hor-
monal therapy, chemotherapy, or surgery. In 
some patients, control of local disease may limit 
progressive orbital pain, corneal exposure, and 
vision loss.   

13.10     Orbital Metastases: Children 

13.10.1     Introduction 

 Neuroblastoma, Ewing’s sarcoma, Wilms’ tumor, 
testicular embryonal sarcoma, ovarian sarcoma, 
and renal embryonal sarcoma may cause metas-
tases to the orbit in children 

13.10.1.1     Neuroblastoma 
 Neuroblastoma is the second most common 
(after rhabdomyosarcoma) orbital malignancy of 
childhood. Neuroblastoma arises from embry-
onic neural crest tissue of the postganglionic 
sympathetic nervous system. The most common 
site for primary tumor is in the abdomen, but the 
thorax, neck, or pelvis may also be affected. The 

a

b

  Fig. 13.9    Metastatic skin melanoma. Acute onset of 
painful proptosis and diplopia with congestion and bluish 
prominence of the medial rectus muscle insertion ( a ). 
MRI confi rmed thickening of the medial rectus muscle 
( b ). The patient had widespread metastatic cutaneous 
melanoma       
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a b

c d

e f

g

  Fig. 13.10    Carcinoid tumor metastatic to the orbit. 
A 63-year-old male with a history of the carcinoid syn-
drome presented with double vision. Right proptosis and 
hyperglobus ( a ). Right inferolateral orbital mass causing 
hyperglobus and proptosis ( b ). Gross appearance after 
resection ( c ). The bulk of the lesion is made up of a 

 cellular infi ltrate that has a nesting pattern to it ( d , H&E 
4×). The cells themselves have a large nucleus with pleo-
morphism, nucleoli formation, and clumped chromatin. 
There are also scattered mitotic fi gures ( e , H&E 20×). The 
tumor was positive for chromogranin ( f,  10×) and synap-
tophysin ( g,  10×) confi rming neuroendocrine origin       
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tumor presents anytime in the fi rst two decades 
although the vast majority present before the age 
of 3 years [ 27 ]. 

 There is sudden and rapid progression of pro-
ptosis, which may be unilateral or bilateral and 
accompanied by edema, ecchymosis, and ptosis. 
The differential diagnosis includes orbital cellu-
lites, rhabdomyosarcoma, Ewing’s sarcoma, 
medulloblastoma, and Wilms’ tumor and lymph-
angioma. The superolateral orbit is most com-
monly involved. 

 There is a combination of bone and soft tissue 
involvement. There may be evidence of bone 
destruction with evidence of other cranial metas-
tases. The patient may have Horner’s syndrome, 
opsoclonus, myoclonus, and metastases to the 
iris or choroids. Aggressive combination chemo-
therapy and total body irradiation are used, but 
the prognosis remains poor.  

13.10.1.2     Ewing’s Sarcoma 
 Ewing’s sarcoma is a highly malignant, small, 
round cell tumor of primitive mesenchymal cells 
in the bone marrow. These tumors may present 
as metastatic tumors or primary soft tissue orbital 
tumors [ 28 ]. Primitive neuroectodermal tumor 
of the orbit closely resembles Ewing’s sarcoma 
[ 28 ]. The maxilla and the mandible are more 
commonly affected than the orbit. This tumor 
usually presents in the second decade of life. 
Orbital tumors present with rapidly  progressing 
proptosis with or without orbital hemorrhage. 
The involved bone has a moth-eaten appearance. 

a b

c

  Fig. 13.11    Metastatic renal carcinoma. A 63-year-old 
female presented with proptosis, diplopia, and decreased 
vision in the left eye ( a ). Axial CT scans show a circum-
scribed homogenous orbital mass with bone  destruction. 

Evaluation for primary tumor revealed a large mass replac-
ing the right kidney ( b ). Fine needle aspiration biopsy of 
the kidney confi rmed a clear cell renal carcinoma ( c )       

   Table 13.1    Clinical features of orbital metastatic disease   

 Category  Feature 

 Mass effect  Visible or palpable mass 
 Infi ltrative  Diplopia, exophthalmos, 

enophthalmos 
 Functional  Neurological defi cits 
 Infl ammatory  Pain, chemosis, swelling 
 Silent  Discovered on imaging or at 

surgery with no symptoms or signs 

  Modifi ed from Goldberg et al. [ 26 ]  
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Treatment includes radiotherapy and chemother-
apy along with local resection. These tumors are 
quite radiosensitive. The 5-year survival rate is 
80 % with surgery, radiation, and chemotherapy. 
Second primary osteogenic sarcoma may occur, 
so long-term follow-up is necessary.
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14.1            Introduction 

 Rhabdomyosarcoma (RMS) represents the most 
common orbital malignancy in children, and 
patients with this disease often present to the 
ophthalmologist. Because current therapeutic 
regimens offer an excellent chance for curing 
isolated orbital disease, prompt diagnosis and 
treatment are essential. Much of the success in 
reducing the morbidity and mortality over the past 
three decades has been through the collaborative 
efforts of the Intergroup Rhabdomyosarcoma 
Studies (IRS) formulated in the 1970s. Treatment 
of RMS with multiple modalities has trans-
formed the dismal 25 % 3-year life expectancy 
of the 1960s to overall survival (OS) rates of 
higher than 90 % today [ 1 ,  2 ]. With such success, 
clinicians now have the opportunity to focus on 
minimizing the serious late sequelae of aggres-
sive therapy. 

 At present, RMS is generally classifi ed 
based on the histologic and biologic features of 
the tumor which help determine the treatment 
regimen. The two major subtypes are embryo-
nal rhabdomyosarcoma (ERMS) and alveolar 
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 rhabdomyosarcoma (ARMS). The embryonal 
type is the most common and tends to occur in 
the head and neck region of infants and young 
children. This type typically shows less-aggres-
sive behavior and provides a better prognosis. 
The morphological embryonal variants, such as 
spindle cell and botryoid type, are also highly 
curable. The alveolar type tends to affect older 
children and occurs more commonly in the 
extremities and trunk. It grows faster and requires 
more intensive treatment than ERMS. 

 Anaplastic rhabdomyosarcoma (formerly called 
pleomorphic RMS) is an uncommon type that 
occurs mostly in adults but may rarely occur in 
childhood.  

14.2     Etiology 

 Most cases of RMS are sporadic occurrences, 
and its cause is still unknown. There is a slight 
predilection for males, with a 1.3–1.5:1 male to 
female ratio [ 3 ,  4 ]. No recognizable environmen-
tal, infectious, or biochemical infl uence in the 
pathogenesis of RMS exists; however, the malig-
nancy has occurred secondarily in patients after 
radiotherapy for retinoblastoma and squamous 
cell carcinoma [ 5 ]. Epidemiological studies sug-
gest that genetic predisposition may play an 
important role in RMS development [ 6 – 12 ] 
(Table  14.1 ). While no signifi cant evidence of 
hereditary tendency for orbital rhabdomyosar-
coma exists, the malignancy has been observed in 
siblings [ 2 ].

14.3        Pathogenesis 

 Although RMS was once believed to arise from 
extraocular muscles, it is now accepted that the 
tumor originates from undifferentiated mesen-
chymal cells possessing the capacity to 
 differentiate into striated muscle. Molecular 
genetic studies indicate that RMS arises by a dis-
tinct multistep process of molecular alterations. 
In addition to the primary mutations (PAX3/
PAX7- FKHR gene fusions in ARMS and 11p15.5 
allelic loss in ERMS), genetic alterations of other 
oncogenes and tumors suppressor genes occur as 
secondary events which may selectively collabo-
rate with the primary alterations. These molecu-
lar changes result in high levels of exclusive 
products of the abnormal chromosome and ulti-
mately contribute to tumorigenic behavior [ 13 ].  

14.4     Clinical Features 

 The clinical features depend on the primary loca-
tion. Most tumors are extraconal (37–87 % of 
cases), and more than two thirds of cases occupy 
the anterior or mid-orbit [ 14 ]. 

14.4.1     Symptoms 

 Orbital RMS is an aggressive tumor, and it com-
monly presents as rapidly progressive unilateral 
proptosis with periorbital soft tissue swelling. 
Lack of recognition and a confusing history of 
minor periorbital trauma often delay diagnosis 
(Table  14.2 ).

   Table 14.1    Familial cancer predisposition syndromes 
associated with RMS   

 Li-Fraumeni syndrome (TB53) 
 Neurofi bromatosis type 1 (NF1) 

 Beckwith-Wiedemann syndrome (11p15 genes) 
 Costello syndrome (HRAS) 
 Noonan syndrome 
 Hereditary retinoblastoma syndrome (RB1) 
 Nevoid basal cell carcinoma syndrome (PTCH) 
 Rubinstein-Taybi syndrome (CREMMP) 

  Reproduced with permission from Xia et al. [ 12 ]  

   Table 14.2    Presenting symptoms of orbital 
rhabdomyosarcoma   

 Proptosis  80–100 % 

 Globe displacement  80 % 
 Eyelid and conjunctival swelling  60 % 
 Blepharoptosis  30–50 % 
 Palpable mass  25 % 
 Pain  10 % 
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14.4.2        Signs 

 Patients typically have nonaxial proptosis. The 
most typical location of the tumor is the supero-
nasal quadrant of the orbit, and about half of 
embryonal rhabdomyosarcomas occur in this 
location, which causes hypoglobus and/or 
blepharoptosis. Abnormal extraocular motility 
is common. More anteriorly located tumors 
within the conjunctiva or eyelid tissues may pro-
duce periorbital soft tissue changes as eyelid 
edema, erythema, and conjunctival chemosis. 
The presentation often masquerades as an infec-
tious or infl ammatory process. Fundoscopic 
examination may show choroidal folds or optic 
disc edema with posterior orbital lesions 
(Table  14.3 ).

14.5         Diagnostic Evaluation 

14.5.1     Imaging 

 When suspicion of RMS occurs, imaging should 
proceed urgently. Both computed tomography 
(CT) and magnetic resonance (MR) imaging 
can play a major role for provisional diagnosis, 
preoperative evaluation, staging, and follow-
up. Each modality has different advantages. 
Computed tomography shows bony destruction 
with aggressive lesions better than MR imag-
ing, and serial CT imaging studies may bet-
ter show bone healing in response to treatment. 
Conversely, MR imaging demonstrates soft tis-
sue extension better, especially intracranial and 
cavernous sinus involvement. MR imaging typi-
cally requires sedation or general anesthesia for 
younger patients to avoid motion artifact. 

 On CT imaging, RMS typically appears 
as a well-circumscribed, extraconal, homoge-
neous mass with isodensity relative to extra-
ocular muscle (Fig.  14.1 ). Calcifi cation usually 
presents only in association with adjacent bony 
destruction. Heterogeneous areas may be seen 
in areas of tumor necrosis or hemorrhage. Signs 
of  periorbital soft tissue swelling are expected, 
whether the tumor invades into the preseptal area 
or not. Contrast-enhanced studies show moderate 
to marked generalized enhancement. Bony ero-
sion can be seen in 30–40 % of cases, especially 
in larger-sized tumors [ 14 ,  15 ].

   On MR imaging, orbital RMS exhibits isoin-
tensity relative to muscle and brain parenchyma 
on T1-weighted studies and shows hyperintensity 
to these tissues on T2-weighted studies. Orbital 
structures may be encased by tumor extension. 
Moderate to marked uniform enhancement is 
seen on contrast-enhanced images (Fig.  14.2 ). In 
suspected paranasal sinus invasion, MR imaging 
can help differentiate trapped mucous secretion 
from tumor extension. Paranasal sinus invasion 
is seen in approximately 20 % of cases [ 14 ].

14.5.2        Tissue Diagnosis: Biopsy 

 Prompt open biopsy is preferred over fi ne-needle 
aspiration, which may provide inadequate tissue 

   Table 14.3    Signs of orbital RMS   

 Proptosis/hypoglobus 
 Palpable mass 
 Lid edema or erythema 
 Chemosis, exposure keratopathy 
 Optic neuropathy or disc edema 
 Choroidal folds 

  Fig. 14.1    Coronal computed tomographic imaging study 
of an alveolar rhabdomyosarcoma demonstrates a moder-
ately well-defi ned superior nasal quadrant lesion that is 
isodense to the extraocular muscles. Adjacent bony 
destruction, although common in rhabdomyosarcoma, is 
not demonstrated in this study       

 

14 Orbital Rhabdomyosarcoma



158

for pathological and immunohistochemical stud-
ies (Fig.  14.3 ). The decisions for excisional ver-
sus incisional biopsy depend upon factors such as 
tumor site, size, adjacent orbital structures, exten-
sion, and visual function. Surgery should remove 
as much tumor load as possible but generally 
 preserve visual structures and function, as RMS 
carries a reasonable prognosis with adjuvant 
treatment.

   Metastasis tends spread hematogenously rather 
than via a lymphatic route. Lung and bone represent 
the most common metastatic targets of this disease. 
Spread to local lymph nodes occurs uncommonly, 
typically from more commonly anteriorly located 
tumors. Palpable nodes require biopsy with cyto-
logical confi rmation for staging. Orbital RMS 
requires a full systemic and metastatic evaluation 
performed by the pediatric oncologist [ 16 ].   

14.6     Salient Diagnostic Findings 

14.6.1     Histology 

 Differentiation from other spindle cell tumors may 
present a signifi cant challenge to the pathologist. 

14.6.1.1     Light Microscope 
 Embryonic RMS is composed of small round 
cells to elongated or spindle-shaped cells which 
display various degrees of myogenic differentia-
tion (Fig.  14.4 ). In abundant eosinophilic cyto-
plasm, bundles of actin and myosin fi laments 
may produce cross striations with Masson tri-
chrome staining which is seen in 20–60 % of 
tumors [ 14 ,  17 ].

   Alveolar RMS tumor cells are small with 
a round nuclei and scant cytoplasm. Thin 

a b

  Fig. 14.2    T1-weighted MR imaging study shows the lesion is isointense to the extraocular muscles and hypointense to 
the orbital fat ( a ). Gadolinium-DTPA enhancement shows moderate enhancement ( b )       

a b

  Fig. 14.3    Clinical appearance after orbital biopsy via anterior orbitotomy ( a ) for enhancing superior orbital mass ( b )       
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 fi brovascular septae separate the tumor into 
round or ovoid spaces in a pattern reminiscent of 
lung alveoli (Fig.  14.5 ).

14.6.1.2        Immunohistochemistry 
 Numerous immunohistochemical markers iden-
tify the skeletal muscle-specifi c expression in an 
RMS tumor (Fig.  14.6 ). Desmin provides high 
sensitivity for tumors with skeletal  differentiation, 
but it is not specifi c for RMS because it may also 
stain smooth muscle cells and occasionally myo-
fi broblasts. Muscle-specifi c actin is seen in some 

cases of RMS. Vimentin staining assists in ruling 
out other small round cell tumors of childhood. 
Antibodies to myogenin and MyoD1 show high 
expression in more primitive cells (97 % sensitiv-
ity when combined) [ 18 ], but only faintly stain 
differentiated cell types. Caveolin-3 is a new 
marker that appears highly sensitive and specifi c 
for more differentiated RMS tumors and may 
help to detect residual tumor following chemo-
therapy. Table  14.4  lists commonly used stains. 
Unfortunately these stains are not reliable for 
subtyping RMS tumor [ 19 ].

  Fig. 14.4    Embryonal 
rhabdomyosarcoma with a 
combination of numerous 
small, primitive cells and 
larger cells with rhabdomyo-
blastic differentiation. The 
rhabdomyoblasts demon-
strate eccentric nuclei and 
abundant densely pink 
cytoplasm (hematoxylin and 
eosin, 20×) (Courtesy of 
Thomas Plesec, MD, 
Cleveland, Ohio)       

  Fig. 14.5    Alveolar 
rhabdomyosarcoma with its 
characteristic nested or 
“alveolar” growth pattern. 
The nests are often lined by 
a single layer of malignant 
cells with discohesive cells 
lining the central zones 
(Courtesy of Thomas Plesec, 
MD, Cleveland, Ohio)       
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14.6.2          Molecular Analysis 

 Due to signifi cant genetic differences between 
RMS types, cytogenetic studies assist in classify-
ing the primary orbital tumor cells and detecting 
early disease recurrence. 

 Alveolar RMS cases often contain a unique 
chromosome translocation between the 
FKHR(FOX01A) gene on chromosome 13 
either with the PAX3 gene on chromosome 
2t(2;13)(q35;q14) or with the PAX7 gene on 
chromosome 1t(1;13)(p36;q14), which gener-
ates PAX3- FKHR and PAX7-FKHR fusion 
products, respectively. Approximately 20–30 % 
of alveolar RMS cases, however, lack these 
specifi c translocations (Fig.  14.7 ) [ 12 ,  18 ]. In 
contrast to the alveolar type, embryonal RMS 
does not show recurrent structural chromosome 
rearrangements, rather it often displays aneu-
ploidy (a frequent allelic loss at chromosome 
11p15.5 and a frequent chromosome gain of 
chromosome 8).

a b

c d

  Fig. 14.6    Rhabdomyosarcoma (immunohistochemistry). 
This tumor is composed predominantly of small primitive 
cells with innumerable apoptotic bodies engendering a 
wide differential diagnosis, including carcinoma, lym-
phoma, and Ewing sarcoma in addition to rhabdomyosar-
coma ( a , hematoxylin and eosin, 20×). Leukocyte common 
antigen stain (LCA or CD45) is negative, which argues 

against lymphoma ( b ). Cytokeratin AE1/AE3 is a broad-
spectrum keratin that is positive in most carcinomas. In 
this case, it is negative ( c ). Desmin is a sensitive marker of 
muscle differentiation, which is positive in this case ( d ). 
Myogenin (not pictured) is more specifi c for skeletal mus-
cle differentiation, and it is also positive in this case 
(Courtesy of Thomas Plesec, MD, Cleveland, Ohio)       

   Table 14.4    Immunohistochemical markers of 
rhabdomyosarcoma   

 Desmin 
 Myoglobin 
 Myogenin 
 MyoD1 
 Vimentin 
 Caveolin-3 
 Muscle-specifi c actins 
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14.7         Differential Diagnosis 

 Orbital RMS should be considered in the dif-
ferential diagnosis of any child with proptosis 
and subacute edema. The rapidly progressive 
course and associated infl ammatory signs can 
suggest both benign and malignant etiologies. 
Malignancies that can simulate RMS include 
neuroblastoma, leukemia or other metastases, 
lymphoma, and other sarcomas. Nonmalignant 
diseases include orbital cellulitis, dacryocysti-
tis, idiopathic orbital infl ammation, lymphan-
gioma, capillary hemangioma, and dermoid cyst 
(Table  14.5 ).

14.8        Treatment 

 Current IRS treatment protocols for orbital 
RMS now consist of combined multimodal ther-
apy including surgery (incisional or excisional 
biopsy, surgical debulking, or complete gross 
excision) followed by combinations of multia-
gent chemotherapy and/or radiation. Surgical 
margins, histology, and patient age contribute to 

the risk and regimen treatment stratifi cation nec-
essary to optimize outcome.  

14.9     Surgical 

 The surgical margin outcome determines the 
grouping classifi cation assignment and infl uences 
the radiotherapy and chemotherapy regimen 
(Table  14.6 ). Therefore, the initial surgery should 
debulk as much tumor as possible with care to pre-
serve vital orbital structures. Well- circumscribed, 
accessible lesions may allow for complete gross 
excision. More commonly, surgery results in sig-
nifi cant gross residual tumor in order to preserve 
ocular function. The surgical approach to a RMS 
should preserve orbital periosteum, which may 
act as a barrier to local spread.

  Fig. 14.7    Rhabdomyosarcoma (FISH). Dual-color break-
apart fl uorescence in situ hybridization ( FISH ) assay for 
the detection of  FOXO1  (13q14) rearrangements. Two 
blue- stained nuclei each demonstrate evidence of a 
 FOXO1  translocation as well as an intact chromosome. 
Split  red  and  green signals  indicate the translocation 
involving the  FOXO1  gene, whereas, when the gene is 
intact, the  red  and  green signals  are closely apposed and 
combine to create a  yellow signal  (Courtesy of Thomas 
Plesec, MD, Cleveland, Ohio)       

   Table 14.5    Imaging helps distinguish lesions that may 
clinically simulate Orbital RMS   

 Benign lesion  Imaging characteristics 

 Subperiosteal 
hemorrhage 

 MRI: changing signal intensity of 
hemorrhage evolution, may present 
fl uid level of blood product 

 Orbital cellulitis  Occur with adjacent paranasal 
sinusitis 
 Contrast enhancement in 
distinguishing sinus secretion from 
enhanced tumor invasion, 
especially in MRI fi nding 
 No bony erosion 

 Complicated 
dermoid cyst 

 Mostly located near 
zygomaticofrontal suture 
 Cystic lesion with adjacent 
long-standing bone change effect 

 Lymphangioma  Reveal blood level in the larger 
cystic spaces “fl uid-fl uid level” 

 Malignant lesion  Imaging clue 

 Langerhans cell 
histiocytosis 

 Moth-eaten osteolytic lesion, arise 
in bone as origin 

 Chloroma 
(granulocytic 
sarcoma) 

 Frequent bilateral orbital lesion 

 Lymphoma  Lacrimal gland involvement 
 Encase the globe 

 Metastasis of 
neuroblastoma 

 No defi nite clue 
 Need tissue diagnosis or fi nding 
of primary tumor 
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14.10        Chemotherapy 

 At present, all RMS patients receive some form 
of adjunctive chemotherapy. The regimen 
depends on the histologic type and grouping of 
the tumor (Table  14.7 ). The standard regimen is a 
combination of vincristine, actinomycin D, and 
cyclophosphamide (VAC). High-risk patients are 
considered for more additional treatment as topo-
tecan or irinotecan. Some patients with low-risk 
disease may receive only VA.

14.11        Radiotherapy 

 The radiotherapy is essential for most cases 
except for completely resected localized lesions 
(group I). The radiation dose depends predomi-
nantly on the residual disease after the primary 
surgical resection. Low-dose radiation (40 Gy) 
for ERMS group II provides local tumor control 
rates of at least 90 %. For group III patients, 
radiation doses are more commonly 50 Gy. 
Modern radiotherapy techniques, including 
intensity- modulated radiotherapy (IMRT), frac-
tionated stereotactic radiotherapy (FSRT), and 
proton radiotherapy, which deliver high doses 
to a defi nite target, may maintain outcomes 
while decreasing radiation-related side effects.  

14.12     Follow-Up 

 After treatment, patients require serial compre-
hensive ocular examinations that measure visual 
acuity, proptosis, and extraocular motility. 

Examinations should evaluate for sequelae of 
radiation treatment, such as cataract, retinopathy, 
and keratopathy (Table  14.8 ). Imaging studyies 
should document new baseline status and resid-
ual tumor size. Follow-up should be every 
3–4 months for the fi rst year, then every 
4–6 months for several years thereafter, and sub-
sequently on a yearly basis with periodic orbital 
imaging. Secondary biopsy offers low yield with 
signifi cant risk and should be reserved for 
patients with clinical indications of recurrence 
and changes on serial imaging studies [ 16 ].

14.13        Prognosis 

 In general, RMS’s outcome depends on primary 
site, tumor size, local extension, presence of 
nodal and distal metastases, and histologic sub-
type including molecular analysis. 

 Isolated orbital involvement carries the best 
prognosis of all primary RMS locations, with an 
overall survival rate of 96 % and eye preservation 
rate of 86 % [ 20 ]. Five-year survival rates for 
ERMS increased during the period from 1976 to 
2000 (60.9–73.4 %, respectively), whereas there 
was no signifi cant improvement for 5-year survival 
rates of ARMS (40.1 and 47.8 %, respectively). 
Children who present between age 1 and 10 have a 
more favorable prognosis than infants or young 
adults. Histologic examination and molecular anal-
ysis contribute signifi cantly to prognosis. For the 
more favorable embryonal tumors, prognosis 
improves with evidence of genetic hyperploidy. In 
contrast, less favorable alveolar tumors fare even 
worse with evidence of tetraploid DNA content 
[ 21 ]. Karyotype detection of chromosomal translo-
cations indicates alveolar morphology, with the 
t(2;13)    PAX3- FKHR fusion gene faring worse than 
those bearing t(1;13) PAX7-FKHR fusion gene 
[ 22 ]. In the rare instances where orbital disease is 
refractory to standard treatment, aggressive sec-
ondary surgery yields 3-year survival rates up to 
70 % [ 23 ]. Patients with metastatic disease may 
benefi t from myeloablative treatment with stem 
cell support. Survivors of previous treatment proto-
cols now show the unfortunate side effects of radio-
therapy, with over 70 % of eyes suffering some 
degree of vision loss [ 20 ]. Other common late 
sequelae include cataracts and facial hypoplasia.  

   Table 14.6    IRSG grouping system   

 Group  Defi nition 

 I  Localized tumor, completely removed with 
pathologically clear margins, and no regional 
LN involvement 

 II  Localized tumor, grossly removed with (a) 
microscopically involved margins, (b) 
involved, grossly resected regional LN, or (c) 
both 

 III  Localized tumor, with gross residual disease 
after grossly incomplete removal, or biopsy 
only 

 IV  Distant metastases present at diagnosis 
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14.14     Future Research 

14.14.1     New Propose Classifi cation 

 Individuals with the PAX7 translocation are 
younger and have have longer event-free sur-
vival than those with the PAX3 translocation in 
the ARMS group and they seem to respond as 
well as the ERMS group. Adding chromosomal 
translocation and specifi c gene expression pro-
fi les to a risk-adapted classifi cation scheme may 
allow some patients to receive less intensive 
treatment.  

14.14.2     Improving the Standard 
Treatment 

 Chemotherapy and Radiation: The currently 
“ARST0331 protocol” study from IRS V for 
patients with low-risk ERMS, including most 

of the orbital RMS patients, is ongoing. The 
objectives are to maintain excellent survival 
rates while decreasing radiotherapy doses, 
decreasing the duration of vincristine and acti-
nomycin D chemotherapy, and adding a total 
cumulative dose of cyclophosphamide. Lim-
iting the use of these modalities should lower 
the risk of secondary malignancies and 
myelosuppression. 

 Gene and Signaling Pathway Study: Molec-
ularly targeted agents (IGF1R inhibition, anti-
angiogenic approaches, and mTOR inhibition) 
are currently under investigation in  combination 
with chemotherapy for patients with recurrent 
or metastatic RMS to provide less toxic sys-
temic treatments and control the development 
of this malignant tumor as a vaccine therapy 
[ 13 ,  24 ].   

    Conclusion 

 RMS represents the most common child-
hood orbital malignancy. Despite recent 
advancements in treatment, it remains a 
potentially fatal disease, and current treat-
ment regimens continue to carry signifi cant 
morbidity. As the management of orbital 
RMS becomes increasingly complex, close 
collaboration between the ophthalmic sur-
geon, pediatric oncologist, and the radiation 
oncologist becomes necessary to optimize 
outcome.     

   Table 14.7    Orbital 
RMS: modifi ed IRSG 
study V treatment 
protocol   

 Risk (protocol)  Group  Age  XRT  Chemo treatment 

 ERMS  Low risk  I  –  VA 
 II a  40 Gy 
 III  50 Gy 
 II b  40 Gy  VAC 
 II c  40 Gy 
 III + node 
positive 

 50 Gy 

 Intermediate 
risk 

 IV  Age <10 
year old 

 Local and 
distant RT 

 VAC ± Topo 

 High risk  Age ≥10 
year old 

 CPT-11 + VAC 

 ARMS  Intermediate 
risk 

 I, II, III  Local and 
distant RT 

 VAC + Topo 

 High risk  IV  CPT-11 + VAC 

   ERMS  embryonal, botryoid, or spindle cell rhabdomyosarcoma,  ARMS  Alveolar rhabdomyo-
sarcoma, undifferentiated sarcoma,  XRT  radiotherapy , VAC  vincristine, actinomycin D, 
cyclophosphamide,  Topo  topotecan,  CPT-11  irinotecan  

   Table 14.8    Late ocular sequelae of radiation therapy for 
orbital RMS   

 Cataract  82 % 

 Impaired vision in the treated eye  70 % 
 Orbital hypoplasia and asymmetry  59 % 
 Dry eyes  30 % 
 Ptosis/enophthalmos  28 % 

  Reproduced with permission from Raney et al. [ 20 ]  
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15.1            Introduction 

 Many studies over the past decade report a trend 
toward fewer enucleations, suggesting that 
improved treatments prevent end-stage eye dis-
ease. Interestingly, however, the incidence of 
enucleation for neoplasia has not decreased 
despite the more widespread use of globe-sparing 
techniques, such as chemotherapy and brachy-
therapy [ 1 ]. 

 Enucleation represents the surgical removal 
of the globe from the orbit. The term “primary 
enucleation” is used to designate the fi rst and 
the only treatment modality for an ocular tumor 
without any prior or adjunctive therapy. The 
goal of enucleation surgery for ocular malig-
nancy is to prevent further local orbital spread of 
disease and to reduce the risk of regional spread 
and distant metastasis. For over a century, enu-
cleation has played a major role in the treatment 
of ocular malignancy. In addition to eradicat-
ing malignancy, enucleation should also form 
the structural foundation to restore cosmesis 
and improve quality of life after what amounts 
to a devastating amputation to many patients 
(Table  15.1 ).
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   Table 15.1    Goals of enucleation   
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 Provide a healthy and comfort orbital socket without 
further complications 
 Restore quality of life and cosmesis 
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15.2        Indications 

 The procedure is considered for extensive malig-
nant ocular tumors refractory to other treatments, 
too advanced for more conservative therapies, or 
in patients who elect the procedure over other 
options. Surgery is generally reserved for 
advanced tumors that destroy visual function, 
cause intractable pain, or are unlikely to respond 
to further non-surgical therapy (Fig.  15.1 ).

   The Collaborative Ocular Melanoma Study 
(COMS) includes the following indications for 
primary enucleation for choroidal melanoma:
•    A medium-sized tumor (2.4–10 mm in thick-

ness or up to 16 mm in basal diameter) with 
poor vision (<20/400) or no potential for 
visual recovery, with consideration of the 
functional status of the other eye and patient 
preference.  

•   A large-sized tumor (more than 10 mm in 
thickness or more than 16 mm in basal diam-
eter) with neovascular glaucoma, optic nerve 
invasion, blind painful eye, localized extra-
scleral extension, or patient preference.    
 The indications for secondary enucleation for 

choroidal melanoma include failure of conserva-
tive therapy and ocular pain from radiation 
related complications, such as neovascular 
glaucoma. 

 For medium-sized tumors, patients choose a 
treatment option based on the expectation for 
vision preservation and the risk of radiation com-
plications, since no survival or long-term quality 
of life advantages exist for one treatment over the 

other [ 2 ]. For large melanomas, no difference in 
survival exists between pre-radiation enucleation 
and primary enucleation [ 2 – 4 ]. The functional 
status of the fellow eye and patient preference 
represent important factors in the decision mak-
ing process. 

 For intraocular tumors with limited extra-
scleral or orbital invasion, enucleation alone risks 
transecting the orbital component of the tumor 
and leaving residual disease within the orbit. 
Modifi ed enucleation with partial tenonectomy 
or lateral orbitotomy with or without adjuvant 
therapy have theoretical advantages and avoid 
exenteration; however, current evidence does not 
suggest improved survival for any particular 
technique in these instances [ 5 – 8 ]. 

 For retinoblastoma, enucleation is considered 
for extensive unilateral disease, neovascular 
glaucoma, or for an eye with advanced disease 
with no hope for useful vision. Eyes harboring 
other ocular tumors that fail to respond to con-
ventional therapy or that develop secondary com-
plications leading to a blind, painful eye may be 
considered for enucleation [ 9 ].  

15.3     Preoperative Preparation 

 Preoperative consideration should be given to the 
decision for the procedure itself, the type of anes-
thesia, and the implant used to restore orbital vol-
ume after globe removal. Preoperative counseling 
provides information about advantages, disadvan-
tages, alternatives, risks, and potential complica-
tions of enucleation, the orbital implant, and the 
prosthesis. Genetic counseling should be provided 
in cases where such information is available. 
Patients should be made aware that they may 
develop unexpected symptoms after enucleation, 
including strain with reading, changes in depth 
perception, visual hallucinations, and even depres-
sion and other unexpected consequences [ 10 ,  11 ]. 
The surgeon should encourage the patient to vol-
unteer such symptoms and help provide them 
instruction on how to adapt the loss of an eye. 

 Given the psychological issues surrounding 
the loss of an eye, general anesthesia is often pre-
ferred over sedation. General anesthesia may 
allow for better analgesia and hemostasis. 
Local anesthesia with supplemental monitored 

  Fig. 15.1    As the preoperative external appearance is 
usually normal, presence of intraocular tumor should be 
confi rmed by indirect ophthalmoscopy before proceeding 
(Reproduced with permission from Perry et al. [ 21 ])       
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intravenous sedation may be more suitable in 
selected cases, such as those associated with 
medical risk factors for complications of general 
anesthesia [ 12 ]. In these cases, a supraorbital 
nerve, an infraorbital nerve, and a modifi ed van 
Lint block may enhance patient comfort. 

 The ideal orbital implant should not only 
restore orbital volume and couple extraocular 
muscle movement to the prosthesis, it should also 
maximize biologic compatibility and minimize 
complications and cost. 

 Current orbital implants can be classifi ed 
as integrated or nonintegrated. Nonintegrated 
implants are solid, with no capacity for tissue 
ingrowth or direct attachment to the surrounding 
orbital tissues. They become encapsulated over 
time. Extraocular muscle movement is coupled 
to prosthesis movement by the shape of the 
implant as it conforms to a concavity within the 
prosthesis. Nonintegrated orbital implant mate-
rials include polymethylmethacrylate (PMMA) 
and silicone and occur mostly in the shape of a 
sphere. 

 In contrast, integrated orbital implants con-
tain pores and channels to allow for fi brovascular 
ingrowth, so the implant may accept a drilled-in 
motility peg to better couple implant movement 
to prosthesis movement. These implants are cur-
rently made from hydroxyapatite, porous poly-
ethylene, and bioceramic materials. The rectus 
muscles are sutured directly to the implant or to 
an overlying wrapping material. Wrapping mate-
rials include donor sclera, autogenous fascia, 

and  polyglycolic acid mesh; however, wrapping 
materials may increase infection rates and delay 
fi brovascular ingrowth [ 13 ]. Pegging rates have 
decreased signifi cantly over the last decade, as sur-
geons have encountered complications from peg-
ging, including mucous discharge, and excessive 
motility revealing the prosthesis edges. Serious 
complications from pegging, such as exposure, 
extrusion, and infection, can occur that may result 
in loss of the implant. Current pegging rates are 
under 10 % [ 14 ]. For unpegged implants, non-
integrated and integrated implants may provide 
similar motility when they are implanted using 
similar surgical techniques [ 15 ,  16 ]. As the use of 
integrated implants adds morbidity and additional 
cost without clear benefi t in unpegged cases, some 
surgeons are using traditional nonintegrated, solid 
implants with increasing frequency [ 17 ,  18 ]. 

 Most adult patients require at least a 20–22 mm 
spherical implant to replace 4.2–5.6 ml in vol-
ume, respectively, and to leave 2–2.5 ml for a 
prosthesis. Proper implant size leads toward a 
better aesthetic result and decreases socket com-
plications. Alternatively, orbital implant size can 
be determined preoperatively or intraoperatively 
by using sizing algorithms (Table  15.2 ).

   Given the smaller but growing orbital volume 
of pediatric patients (less than 5 years of age), 
determining suitable implant size can present chal-
lenges. Some surgeons suggest replacing 70 % of 
the enucleated eye volume with an implant and the 
remainder with the prosthesis. An implant 2 mm 
less in diameter than the axial length of the enucle-
ated specimen or 1 mm less than the axial length of 
contralateral eye can be considered, which typi-
cally calls for implant sizes of 18–20. These algo-
rithms tend to improve outcome and produce less 
socket complications (Table  15.3 ) [ 20 ]. In general, 
the largest implant that can be placed without 
undue wound tension should be used.

   Table 15.2    Algorithm for implant size   

 Axial length a   −  2 mm (  −  1 mm in hyperopia) 
  a A-scan of the fellow eye, axial length (mm) = distance 
from the anterior cornea to the anterior aspect of the 
posterior sclera + 1 mm 

  Modifi ed from Kaltreider and Lucarelli [ 19 ]  

   Table 15.3    Pediatric implant size 
(axial length − 2 mm = implant 
diameter) [ 20 ]   

 Axial length/
volume, mm/ml 

 Implant size/
volume, mm/ml 

 % Volume, 
implant 

 Prosthetic 
volume, ml 

 % Volume, 
prosthesis 

 16/2.1  14/1.4  67  0.7  33 
 18/3.0  16/2.1  70  0.9  30 
 20/4.2  18/3.0  71  1.2  29 
 22/5.6  20/4.2  75  1.4  25 
 24/7.2  22/5.6  78  1.6  22 

  Modifi ed from Kaltreider et al. [ 20 ]  
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15.4        Technique 

 While enucleation techniques vary, certain prin-
ciples apply. Whether employing general or local 
anesthesia, analgesia and improved hemostasis 
may be achieved with a retrobulbar or peribulbar 
block consisting of 3–4 ml of 1 % lidocaine with 

1:100,000 epinephrine and 8.4 % sodium bicar-
bonate in a 1:10 ratio with 50 units per 10 ml of 
hyaluronidase. An additional 1 ml of the same 
solution can be injected beneath the conjunctiva. 
Penetration or perforation of the eye with the 
needle must be avoided during the block 
(Fig.  15.2 ).

  Fig. 15.2    Conjunctival    peritomy ( a ) is followed by qua-
drantic dissection ( b ) and injection of local anesthetic 
(50:50 mixture of 2 % lignocaine with 1 in 100,000 epi-
nephrine and 0.5 % bupivacaine) for hemostasis and post-
operative analgesia ( c ). Recti muscle is then hooked and 
disinserted after tagging with 5-0 vicryl suture ( d ). Using 
a straight artery clamp applied to the medial rectus muscle 
stump with forward traction and slightly curved enucle-
ation scissor inserted through the medial aspect, the optic 
nerve is identifi ed by “strumming” ( e ). After resection of 

the optic nerve and delivery of the globe, the orbit is 
packed with a wet gauze ( f ). After 5–10 min hemostasis 
can be usually achieved by this method. A 22 mm 
unwrapped polyethylene implant is being inserted ( g ). All 
recti insertions are sutured to the implant in anatomical 
position ( h ) followed by meticulous closure of Tenon’s 
layer ( i ) and conjunctiva ( j ). After insertion of a con-
former, heavy patch is applied ( k ) (Reproduced with per-
mission from Perry et al. [ 21 ])         

a b

c d

e f
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   Blunt Westcott scissors are used to create a 
360-degree peritomy. Conjunctiva and the Tenon 
layer are dissected from underlying sclera using 
Stevens scissors. Stevens scissors bluntly dissect 
each oblique quadrant and each rectus muscle is 
isolated on a muscle hook. The Tenon layer 
attachments to each rectus muscle are lysed and 
the muscle is secured on a double armed 6-0 
polyglactin 910 suture through its insertion. Each 
muscle is disinserted from the globe using blunt 
Westcott scissors or Abley scissors. 

 The inferior oblique muscle insertion is iden-
tifi ed and isolated with a muscle hook in the 
inferotemporal quadrant. The inferior oblique 

muscle may be cauterized prior to  transection 
in order to minimize bleeding. The superior 
oblique muscle is identifi ed in the superome-
dial quadrant and cut. Some surgeons secure 
the oblique muscles for later suturing to the 
implant. 

 After muscle disinsertion, some surgeons 
inject 2.5 cc of anesthetic solution into the sub- 
Tenon space of each oblique quadrant using a 
blunt irrigation tip. This may improve analgesia 
and hemostasis and displace the globe anteriorly 
to facilitate access to the optic nerve and reduce 
the risk of globe injury from the enucleation 
scissors. 

i j

k

g h

Fig. 15.2 (continued)
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 A muscle hook is swept against the ocular 
 surface to identify any remaining attachments 
that require dissection and a small incision is cre-
ated in the posterior Tenon layer using Stevens 
scissors. A long curved hemostat may be intro-
duced through the posterior Tenon layer incision 
to clamp the optic nerve in order to maintain 
hemostasis. The hemostat is inserted with the 
blades closed to palpate and strum the optic 
nerve prior to clamping. A hemostat or locking 
toothed forceps secures the medial rectus muscle 
stump to assist in gently retracting and elevating 
the globe. The optic nerve is transected using 
enucleation scissors, and the globe is removed 
using the hemostat or forceps on the medial rec-
tus stump. Some surgeons do not clamp the optic 
nerve because the clamp may diminish the space 
to apply the enucleation scissors, and because 
clamping may introduce crush artifact to the optic 
nerve aspect of the specimen. After transection 
of the nerve, the optic nerve stump is cauterized 
with bipolar cautery under direct visualization 
using malleable retractors. Thermal trauma of 
the orbital soft tissues may cause a loss of orbital 
volume, so cautery should be minimized and per-
formed only in the area of the optic nerve stump 
under direct visualization. 

 An injector or a periosteal elevator with mod-
est posterior digital pressure is used to place the 
implant. For wrapped implants, windows can be 
created just posterior to each rectus muscle attach-
ment. Otherwise, the muscles can be sutured 
directly to or over the implant. Direct attachment 
of the vertical rectus muscles to each other may 
lead to fornix insuffi ciency. Porous polyethylene 
allows for direct suturing of the rectus muscles 
to the implant. For unwrapped solid implants, 
suturing each rectus muscle to the adjacent rectus 
muscle suture using a 4-0 polyglactin 910 suture 
creates a physiologic attachment of the extraocu-
lar muscles over the implant with a diameter of 
approximately 10 mm. The anterior Tenon layer 
is closed using a running 4-0 polyglactin 910 
suture. The conjunctiva is closed using a running 
6-0 plain gut suture. 

 Antibiotic ointment and a small plastic con-
former are placed into the socket and temporary 
tarsorrhaphy is performed. A pressure patch is 
placed up to 1 week (Fig   .  15.3 ).

15.5        Results and Complications 

15.5.1     Tumor Recurrence 

 In choroidal melanoma, tumor recurrence after 
enucleation is 1.1–14.6 %, and it can present up 
to 20 years following surgery. Patients with extra-
scleral extension discovered clinically, at surgery, 
or in the pathology laboratory, should receive 
periodic orbital imaging, such as CT scan, MR 
imaging, or positron emission tomography (PET 
scan) (Fig.  15.4 ) [ 22 ,  23 ].

15.5.2        Complications 

 Despite advances in operative techniques and 
improvements in orbital implants, postoperative 
complications continue to occur. Complication 
rates of 4–28 % have been reported [ 24 ,  25 ]. 

 In the early postoperative period, local 
 complications common to all surgeries, such 
as pain, swelling, and hemorrhage, may occur 
(Table  15.4 ). Early conjunctival wound dehis-
cence may also occur [ 26 ]. While conjunctival 
wound dehiscence may occur more commonly in 
patients with a history of preoperative radiation 
(8 % vs. 4 %) [ 24 ], this complication is often the 
result of poor technique. Proper implant  sizing, 

  Fig. 15.3    Enucleated globe should be examined to 
 document the length of the optic nerve stump, presence 
or absence of gross extraocular extension. Using transil-
lumination, tumor can be easily located in preparation to 
retrieve fresh tissue for diagnostic, prognostic, or 
research purposes (Reproduced with permission from 
Perry et al. [ 21 ])       
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posterior implant placement, and efforts to mini-
mize wound tension minimize this complica-
tion. Early infection is uncommon and occurs 
equally between radiated and non-radiated eyes. 
Long- term complications can involve the surface, 
implant, eyelid, or the fornices (Table  15.5 ).

    Signifi cant overlap exists between these 
 complications, and many can be avoided with 
proper surgical technique and implant sizing and 

placement. In the COMS large tumor trial, 
patients who received pre-enucleation radiation 
had an overall complication rate of 8 %, whereas 
patients who did not receive radiation had a com-
plication rate of 4 % [ 25 ]. 

 Additional complications of pegged implants 
include chronic discharge, visible prosthesis 
edges on extreme gaze, peg malposition, peg 
cracking, and an audible peg click [ 27 ]. Reports 
on overall complication rates vary widely for 
porous and nonporous implants and for pegged 
and unpegged implants. However, general trends 
among the various implant choices exist. While 
porous implants may not extrude as often as solid 
implants because of fi brovascular ingrowth, they 
likely incur a higher exposure rate versus silicone 
implants, and nearly all exposures will ultimately 
require surgical repair. Reported exposure rates 
range from 0 to 33.3 % for porous implants [ 28 , 
 29 ]. A recent survey revealed an overall exposure 
rate of only 3 %, with the vast majority of events 
occurring with porous implants rather than solid 
implants [ 27 ]. A meta-analysis of exposure rates 
of enucleation implants demonstrated a 1.3 % 
rate with silicone, a 4.9 % rate with coralline 
hydroxyapatite, and an 8.1 % rate with porous 
polyethylene [ 30 ]. For pegged implants, all com-
plication rates are greater, including pyogenic 
granuloma formation (14 %), exposure (6 %), 
infection (5 %), and peg malposition (5 %) [ 27 ]. 

 Most exposed and extruded implants are 
chronically infected and will require surgical 
intervention to remove the avascular portion of 
the implant (and possibly the entire implant) and 
place vascularized tissue over the new/revised 
implant. Free mucous membrane implants placed 
directly over the exposed implant without remov-
ing the avascular and chronically infected portion 
rarely survive. Tarsoconjunctival fl aps may be 
placed over the exposure after debriding the 
implant, but these fl aps may produce fornix fore-
shortening. Dermis fat grafts may be placed over 
the debrided implant as well. Volume insuffi -
ciency can be addressed with deep orbital wedge 
implants or replacement of a small implant with a 
larger one. Injections of hyaluronic acid fi ller sub-
stances and free fat grafts have also been used to 
augment orbital volume. Fornix insuffi ciency can 
be addressed with free mucous membrane grafts 

  Fig. 15.4    Three years after an eventful enucleation for 
all large choroidal melanoma, this patient presented with 
displacement of the prosthesis. MRI (T1, post contrast, fat 
suppressed) showed enhancing orbital mass. Orbital 
recurrence of melanoma was confi rmed by orbital fi ne- 
needle aspiration biopsy. Review of histopathology of the 
enucleated globe revealed evidence of extension into vor-
tex vein without extrascleral or orbital extension       

   Table 15.4    Perioperative and immediate postoperative 
complications   

 Pain that prolonged hospitalization  1–2 % 
 Hemorrhage  1 % 
 Eyelid swelling  4 % 

  Modifi ed from The Collaborative Ocular Melanoma 
Study (COMS) [ 25 ]  

   Table 15.5    Long-term complications of enucleation   

 Structure  Complication 

 Ocular surface  Chronic discharge, pyogenic 
granuloma, giant papillary 
conjunctivitis, conjunctival cyst 

 Implant  Exposure, extrusion, migration, 
infection, volume insuffi ciency 

 Eyelid  Laxity, malposition (ectropion, 
entropion, blepharoptosis) 

 Fornix  Foreshortening, socket contraction 
 Optic nerve  Phantom eye syndrome (visual 

hallucination and phantom eye pain) 
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or allografts. Dermis fat grafts can  simultaneously 
address volume and conjunctival insuffi ciency. 

 Phantom eye syndrome is increasingly recog-
nized to be frequent and persistent even several 
years after enucleation. Visual hallucination and 
phantom eye pain (penetrating, shooting, or 
superfi cial) may be present in 42 and 23 % of 
cases, respectively [ 31 ].   

15.6     Follow-Up 

    An anophthalmic socket patient requires life-
long follow-up, with the aim to address three 
major issues: comfort (a healthy socket with ade-
quate structure allows for comfortable retention 
of an ocular prosthesis), cosmesis (symmetry 
of eyelid position, prosthesis projection, soft tis-
sue contour, and prosthetic movement is never 
perfect, but can be maximized with additional 
surgery or revision of the prosthesis if needed; 
aging changes and the altered ligamentous struc-
tures after enucleation often produce cosmetic 
issues that may benefi t from additional surgery), 
and disease recurrence (follow-up should include 
examination of the eye socket for signs of disease 
recurrence in addition to evaluating socket forni-
ces, volume, implant, and eyelid position) [ 32 ].  

    Conclusion 

 Enucleation still represents the treatment of 
choice for a variety of ocular malignancies 
and tumors. Enucleation removes malignancy 
with clear margins to reduce metastasis and 
improve survival and allow for the comfort-
able retention of an ocular prosthesis to restore 
cosmesis. Understanding the principles of 
enucleation surgery should improve func-
tional and aesthetic results while minimizing 
complications.     
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16.1            Introduction 

 Orbital exenteration is defi ned as removal of all 
the orbital contents including the periorbita and 
eyelids. The aim of exenteration is to achieve 
local control of disease extending to the orbit 
while preserving normal tissues whenever possi-
ble to optimize surgical rehabilitation. Subtotal 
exenteration (eyelid sparing, conjunctiva spar-
ing) is a modifi cation of exenteration to aid heal-
ing and cosmetic rehabilitation. If the bone of the 
orbit is invaded, an “extended” exenteration is 
required that includes resection of the diseased 
bone. The ethmoids, maxillary wall, and zygo-
matic bone are commonly resected in extended 
orbital exenteration.  

16.2     Indications 

 Orbital invasion by periocular cutaneous malig-
nant tumors (basal cell carcinoma, sebaceous 
gland carcinoma, squamous cell carcinoma, and 
melanoma) remains the most common indication 
for orbital exenteration [ 1 ,  2 ]. Other indications 
include tumors arising in the conjunctiva, orbit, 
globe, or paranasal sinuses. 

16.2.1     Eyelid Malignant Tumors 

 Basal cell carcinoma (BCC) is the most common 
malignant skin tumor accounting for approxi-
mately 90 % in most series [ 3 ,  4 ], squamous cell 
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carcinoma (SCC) and sebaceous gland carci-
noma (SGC) each comprising approximately 
4–6 % of cases. The reported incidence of orbital 
invasion by periocular cutaneous BCC and SCC 
is 1.6–2.5 and 5.9 %, respectively [ 5 ,  6 ]. 
Recurrent tumor, medial canthal location, infi l-
trative and morpheic histologic growth patterns, 
and perineural invasion are known risk factors for 
orbital invasion by BCC. Orbital invasion usually 
presents as mass effect (globe displacement, pto-
sis) or signs of tissue infi ltration (restricted ocu-
lar motility, enophthalmos, immobile eyelids, 
fi xation of the tumor to bone) [ 5 ]. 

 Once the diagnosis of orbital invasion is 
made, the treatment modality should be individu-
alized and chosen with consideration of the 
extent of orbital involvement, visual function, 
and the patient’s general health. Exenteration 
may be combined with adjunctive radiotherapy 
in cases in which margins are not clear or in 
high-risk aggressive tumors with perineural inva-
sion (PNI). 

 Although orbital invasion by BCC has been 
traditionally managed by exenteration, an alter-
native conservative (non-exenterating) exci-
sion may be considered in selected cases in 
early stages of anterior orbital invasion [ 5 ]. 
In selected cases, when there is only anterior 
orbital involvement or in patients with a single 
eye, local excision (Fig.  16.1 ) with or without 
radiotherapy and close follow-up with regular 
scans (preferably magnetic resonance imaging, 
MRI) is a possible alternative option (globe-
sparing excision). Madge et al. reported a 20 
case series of medial canthal BCCs, compli-
cated by anterior orbital invasion, managed 
using globe-sparing surgical techniques rather 
than exenteration [ 5 ]. There was one recur-
rence in this series in a patient with previously 
recurrent disease. Surgical technique involved 
en bloc excision of visible tumor plus a clini-
cally tumor-free margin. Bone was removed 
as part of an en bloc specimen in fi ve patients. 
The lacrimal sac was removed in every patient. 

a b

c

  Fig. 16.1    Recurrent lower eyelid BCC invading the ante-
rior orbit ( a ). Anterior  orbitectomy  was performed (globe 
sparing) to excise the tumor along with anterior orbital 

tissue and lacrimal sac with periosteum ( b ). The defect 
was closed using a midline forehead pericranial periosteal 
fl ap and skin graft. Appearance 4 months later ( c )       
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Frozen-section histologic examination was used 
for margin control in eight patients (40 %) and 
rapid paraffi n in nine patients (45 %). A com-
bination of techniques (frozen section then par-
affi n, Mohs’ surgery then paraffi n section) was 
used in three patients to address cutaneous and 
then deeper orbital margins, respectively. The 
decision to exenterate or to pursue a conserva-
tive surgical excision should be made after a 
full discussion with the individual patient and 
taking into consideration the level of vision in 
each eye.

   Orbital invasion has been reported in 6–45 % 
of SGC cases and orbital exenteration may help 
reduce the potential for metastasis and improve 
survival [ 7 ,  8 ].    Presence of conjunctival intraepi-
thelial (pagetoid) spread in SGC of eyelids has 
been reported to traditionally carry a higher like-
lihood for requiring orbital exenteration [ 9 ].  

16.2.2     Conjunctival Malignant 
Tumors 

 The most common conjunctival tumors that 
require exenteration are melanoma and squamous 
cell carcinoma. McKelvie et al. reported orbital 
invasion in 15 % of cases with conjunctival squa-
mous cell neoplasia and performed orbital exen-
teration in all these cases [ 10 ]. Conjunctival 
squamous cell carcinoma, particularly the rare 
variants, mucoepidermoid or spindle cell carci-
nomas, tends to invade the orbit, and in such 
cases, orbital exenteration generally achieves 
tumor control [ 11 ]. Nowadays, however, with the 
advent of topical chemotherapy, there has been a 
paradigm shift in the management of ocular sur-
face squamous neoplasia with only advanced 
invasive lesions requiring exenteration. 

 Shield et al. [ 12 ] recommended orbital exen-
teration in extensive recurrent conjunctival mela-
noma and in cosmetically unacceptable or 
non-resectable neoplasm without demonstrable 
metastasis. In cases of advanced conjunctival 
melanoma, they recommended an eyelid-sparing 
exenteration, which provides more rapid healing 
of the socket. Recently however, adjunctive 
brachytherapy and topical chemotherapy have 

been reported to achieve high rates of local tumor 
control in conjunctival melanoma, obviating the 
need for exenteration [ 13 ].  

16.2.3     Intraocular Malignant Tumors 

 The management of choroidal melanoma with 
extrascleral extension has been a subject of con-
troversy with some authors proposing orbital 
exenteration whenever extrascleral extension is 
demonstrated and others reporting it to be of no 
value in increasing survival [ 12 ,  14 ]. Although 
extrascleral extension of choroidal melanoma is 
associated with an increased risk of metastasis, 
there has been no clinically signifi cant difference 
noted in survival probabilities of patients under-
going early exenteration compared to enucleation 
alone, on extended follow-up [ 14 ,  15 ]. Poor 
prognosis in these patients is due to the increased 
risk of metastasis associated with extrascleral 
extension. Anterior extrascleral extension can be 
treated by local resection with enucleation or 
scleral reinforcement after local radiation ther-
apy. Advanced extension may be dealt with by 
enucleation with resection of all visible orbital 
melanoma followed by radiation [ 16 ]. 

 The indication for exenteration is now becom-
ing obsolete in the management of retinoblas-
toma [ 17 ]. Retinoblastoma invading the orbit can 
now be managed with neoadjuvant chemother-
apy followed by enucleation.  

16.2.4     Orbital Malignant Tumors 

 The primary modality of treatment of orbital 
rhabdomyosarcoma is combined radiotherapy 
and chemotherapy. Orbital exenteration may be 
indicated in cases of incomplete tumor regression 
or in cases of recurrence after treatment with che-
motherapy and radiotherapy [ 18 ]. 

 According to the American Joint Committee 
on Cancer Tumor Node Metastasis defi nition, 
stage T3 or more adenoid cystic carcinoma of the 
lacrimal gland (tumor between 2.5 and 5 cm in 
greatest dimension) is an indication for orbital 
exenteration [ 19 ]. Adenoid cystic carcinoma of 
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the lacrimal gland is known to invade bone as 
well as demonstrate perineural infi ltration. 
Therefore, these tumors are managed with orbital 
exenteration including removal of bone from the 
lacrimal gland fossa (part of the orbital roof and 
lateral wall), followed by radiotherapy [ 20 ].  

16.2.5     Paranasal Sinus Malignant 
Tumors 

 Tumors arising in the paranasal sinuses and nose 
may also require exenteration, and the indica-
tions include involvement of the orbital apex, 
unresectable full-thickness invasion through 
periorbita into posterior orbital fat, extension into 
the extraocular muscles, and invasion of the bul-
bar conjunctiva or sclera [ 21 ]. As the eyelids are 
rarely involved by tumors arising from paranasal 
sinuses, an eyelid-sparing exenteration can usu-
ally be performed in these cases. 

 Dhiwakar et al. [ 22 ] recommend exenteration 
in all patients with invasive sino-orbital aspergil-
losis involving retrobulbar tissues and the orbital 
apex. However, Pushker et al. [ 23 ] have recently 
questioned the need for orbital surgery in the 
management of orbital aspergillosis reporting 
control of infection with antifungal agents alone.  

16.2.6     Miscellaneous Diseases 

 Orbital exenteration has been reported in the 
management of advanced or poorly controlled 
benign orbital disease associated with chronic 
periorbital pain and no functional vision [ 24 ]. In 
these cases, an eyelid-sparing exenteration can be 
performed.   

16.3     Preoperative Preparation 

 A multidisciplinary team approach is necessary 
in planning the management of cases with malig-
nant tumors invading the orbit. A maxillofacial or 
head and neck surgeon, plastic surgeon, neuro-
surgeon, pathologist, radiologist, and an oncolo-
gist may be involved in the management of these 

cases. As it is a disfi guring procedure with 
 prolonged rehabilitation, preoperative counseling 
is important in deciding on the timing and best 
surgical approach. 

 The surgical technique is dependent upon the 
location and extent of the tumor. The eyelids may 
be preserved in tumors placed posteriorly within 
the orbit and in selected cases with periocular 
skin involvement. If macroscopic changes suspi-
cious of bone invasion are identifi ed at the time 
of surgery, frozen-section examination of the 
periorbita may be helpful in identifying tumor 
infi ltration. If it is positive, an extended exentera-
tion (Fig.  16.2 ) is required with wide margin 
removal of adjacent bone up to normal-looking 
bone cortex. The resected bone should be sent for 
decalcifi cation and pathological analysis.

   Computerized tomography (CT) scanning 
should be performed to evaluate the bony details 
of the orbit. The image acquisition protocol 
should include fi ne cuts (1–3 mm), coronal and 
axial views with bone and soft tissue windows. 
MRI with contrast is required to identify the 
extent of tumor invasion into and beyond the 
orbit. MRI with contrast is also useful in helping 
to identify perineural invasion. Antiplatelet 
agents should be discontinued preoperatively if 
considered appropriate. Arrangements should be 
made for cross-matched blood in patients with 
low hemoglobin levels. A pathologist should be 
consulted in advance for the potential need for 

  Fig. 16.2    Extended exenteration with partial excision of 
lateral orbital wall and temporalis muscle. The lacrimal 
sac fossa and medial maxilla surrounding this area are 
outlined for excision based upon radiological evidence of 
extension into the proximal nasolacrimal duct       
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frozen-section evaluation of cutaneous resection 
margins. The anesthetist should be warned that 
the dissection and excision of the orbital apex can 
provoke the oculocardiac refl ex, inducing a severe 
bradycardia and, occasionally, brief asystole.  

16.4     Technique 

 General anesthesia is preferable due to potential 
for inadequate analgesia during posterior exci-
sion with the use of regional and local anesthesia 
combined with intravenous sedation. In all cases, 
adjunctive regional anesthesia, 5–10 ml of 0.5 % 
bupivacaine with 1:200,000 units of adrenaline, 
is given as a peribulbar injection. In addition, a 
further 10–12 ml of 0.5 % bupivacaine with 
1:200,000 units of adrenaline is given as a series 
of subcutaneous injections around the orbital 
margin and as specifi c nerve blocks around the 
supratrochlear, supraorbital, infratrochlear, ante-
rior ethmoidal, infraorbital, zygomaticofacial, 
and zygomaticotemporal nerves. 

16.4.1     Total Exenteration 
(Exenteration Including 
the Eyelids) 

 The skin incision is marked around the orbital 
margin. The eyebrow is normally preserved 
unless involved in the malignant tumor. The eye-

lid margins are sutured together with a 4-0 silk 
suture. Skin and subcutaneous tissues are incised 
using a No. 15 blade and the dissection is carried 
down to the periosteum of the orbital rim. 
Hemostasis is achieved with a bipolar cautery. 
The periosteum at the orbital margin is then 
incised with a No. 15 blade (Fig.  16.3 ). The peri-
osteum is elevated from the margins of the orbit 
and subperiosteal dissection into the orbit is car-
ried out using a periosteal elevator. Malleable 
retractors such as Davis brain spatulas, Bernstein 
nasal, or Sewell orbital retractors are placed 
around the orbit to retract the soft tissues 
(Fig.  16.3 ). The periosteum is elevated from the 
orbital walls, beginning superotemporally in a 
spiral confi guration, circumnavigating the 
 anterior orbit before continuing the dissection 
more posteriorly. The periosteum should be kept 
intact to avoid any prolapse of orbital fat. 
Periosteal elevation along the orbital roof should 
be performed carefully to avoid the risk of dam-
age to the dura mater through dehiscences in the 
bone (Fig.  16.4 ). The use of monopolar cautery 
should be avoided along the orbital roof and apex 
as it can result in cerebrospinal fl uid leak in the 
presence of bony defects. The dissection is then 
continued inferotemporally and the lateral can-
thal tendon is incised. The zygomaticotemporal 
and zygomaticofacial vessels are cauterized and 
the dissection is then continued across the fl oor 
of the orbit. Bleeding from the bone can be man-
aged with bone wax. The subperiosteal dissection 

a b

  Fig. 16.3    Skin incision is marked for total exenteration 
( a ), and skin, subcutaneous tissue, and periosteum are 
incised ( b ). Periosteum is elevated ( c ) from the margins of 

the orbit and subperiosteal dissection into the orbit is car-
ried out along the lateral wall of the orbit ( d ). Exenterated 
orbit ( e )       
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then continues from the superolateral orbit 
towards the superomedial orbit. The supraorbital 
and supratrochlear vessels are cauterized using 
bipolar cautery.

    At the medial canthus, the angular vessels are 
cauterized using bipolar cautery and the medial 
canthal tendon is incised. The subperiosteal dis-
section is then carried along the lacrimal fossa 
beyond the posterior lacrimal crest. The proximal 
nasolacrimal duct (NLD) is incised at the entrance 
of its foramen and hemostasis is usually achieved 
using both monopolar and bipolar cautery. 

 The periorbita is carefully raised from the 
medial orbital wall, avoiding fracture of the lam-
ina papyracea. The anterior and posterior eth-
moidal vessels are identifi ed at their respective 
foramina and are cauterized. Once the dissection 
has approached the apex of the orbit, a curved 
clamp is placed deeply within the orbit, just ante-
rior and close to the apex enclosing the muscles, 
nerves, and vessels. Tissues anterior to the clamp 
are excised. Intracranial arterial avulsion during 
orbital exenteration has been reported due to 

variable communications between the  ophthalmic 
artery and other intracranial vascular structures 
[ 25 ]. Therefore, judicious traction on orbital api-
cal soft tissue should be used during exenteration 
to minimize the risk of intracranial injury. Where 
macroscopic or radiological evidence of bone 
involvement exists, the affected bone is removed 
with rongeurs or a saw (extended exenteration). 
The skin and muscle are approximated medially 
and laterally at the orbital rim to reduce the 
skin aperture before assessing the defect to 
reconstruct.  

16.4.2     Subtotal Exenteration 

 In subtotal exenteration, the orbital tissues are 
preserved including eyelid skin, orbicularis mus-
cle, and conjunctiva to achieve rapid healing and 
early cosmetic rehabilitation. Subtotal exentera-
tion can be further classifi ed into eyelid-sparing 
exenteration and eyelid- and conjunctiva-sparing 
exenteration. 

c d

e

Fig. 16.3 (continued)
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16.4.2.1     Eyelid-Sparing Exenteration 
 Incisions are made 1 mm from the lashes in the 
upper and lower lids (Fig.  16.5 ). Dissection is 
preferably deep to the orbicularis muscle, but it 
can be at a more superfi cial level between the 
skin and orbicularis muscle if tumor clearance 
would be compromised by a deeper level of dis-
section. At the orbital rim, the periosteum is 
incised 360° and the exenteration proceeds as 

described for total exenteration above. The skin–
muscle fl aps preserved from the eyelids are 
sutured together (Fig.  16.5 ). A drain may be 
placed in the socket; however, this is not usually 
necessary. Antibiotic ointment is instilled. A sim-
ple dressing is placed over the skin lining of the 
socket and a pressure bandage is applied. Healing 
is signifi cantly shorter following eyelid-sparing 
exenteration. The socket deepens relatively 

a b

c d

e

  Fig. 16.4    Orbital exenteration was performed for a lower 
eyelid sebaceous gland carcinoma invading the orbit ( a ). 
Osseointegration ( b ) was performed at the time of exen-
teration and the socket was lined with split-thickness skin 
graft ( c ). Breach in the thin orbital roof occurred during 

surgery in a thin aspect of the orbital roof that can be seen 
in the preoperative CT scan ( d ,  arrow ), which resulted in 
CSF leak and a pathognomonic pneumocranium ( e , 
 arrow ) postoperatively       
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quickly postoperatively in order to allow fi tting 
of a prosthesis.

16.4.2.2        Eyelid- and Conjunctiva-
Sparing Exenteration 

 Conjunctiva-sparing exenteration has been 
reported by Goldberg et al. [ 1 ] and may be suit-
able in selected cases, taking into consideration 
the location of the tumor (localized invasion in 
one quadrant of the orbit) and biological behav-
ior of the disease process. Looi et al. described 
an eyelid- and conjunctiva-sparing exenteration 
procedure with temporalis muscle transfer and 
dermis fat graft [ 26 ]. They reserved this proce-
dure for selected cases with histologically benign 
orbital lesions that exhibit local aggressive clini-
cal behavior or for malignant lesions with no sig-
nifi cant conjunctival, eyelid, lacrimal gland, or 
posterior orbit involvement. 

 Preservation of eyelids and the conjunctiva 
allows early rehabilitation and fi tting of an ocular 
prosthesis (prosthetic shell). The basic require-
ments for a conjunctiva-sparing exenteration 
socket to maintain a prosthetic shell are (1) 
orbital tissue volume to support the prosthesis, 
(2) a mucous membrane surface with fornices to 
accommodate the prosthesis, and (3) eyelids to 
hold the prosthesis within the socket [ 1 ]. 

 A limbal peritomy is performed and the 
 dissection is carried out in the subconjunctival 
plane to the orbital rim. A subperiosteal dissec-
tion is then carried out posteriorly into the orbit 
thus preserving the uninvolved conjunctiva. 

Goldberg et al. recommended preserving 
 approximately 50 % of the conjunctival surface 
and then using a mucous membrane-free graft 
(buccal mucosa, hard palate mucosa, or nasal 
 turbinate mucosa) to reconstruct the residual 
defect in the fornix [ 1 ]. A dermis fat graft is 
sutured to the deep orbital remnants to augment 
the orbital volume.    

16.5     Reconstruction 
of the Orbital Cavity 

 Orbital reconstruction can be divided into three 
groups:  local , healing by secondary intention 
(laissez-faire), split-thickness skin graft, or der-
mis fat graft;  locoregional , advancement fl aps, 
regional pedicle fl aps, temporalis muscle trans-
fer, frontalis rotational fl ap, or temporoparietal 
fascial fl ap; and  distal,  microvascular free fl aps. 

16.5.1     Local Reconstruction 
Techniques 

16.5.1.1     Laissez-Faire 
 The traditional approach after excision is to allow 
healing by spontaneous granulation and epitheli-
alization [ 27 ]. If the socket is to be left to heal by 
secondary intention or if a split-thickness skin 
graft is used (see below), antibiotic ointment is 
instilled and either an Aquacel ®  dressing 
(ConvaTec Ltd) or an Allevyn Cavity ®  dressing 

a b

  Fig. 16.5    Sub- and supraciliary skin incision marked for eyelid-sparing exenteration ( a ). The skin–muscle fl aps pre-
served from the eyelids are sutured together after exenteration ( b )       
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(manufactured by Smith & Nephew United, Inc. 
of Largo, FL) is placed into the socket and a ster-
ile dressing (eye pads) is applied [ 28 ]. The pur-
pose of a deep cavity dressing is to provide an 
antibacterial role and stimulus for granulation 
and hemostasis. To this effect, a cheaper alterna-
tive for a deep cavity dressing (Fig.  16.6 ) in indi-
viduals without a history of iodine sensitivity is 
the traditional Whitehead’s varnish (compound 

iodoform paint BPC). It consists of iodoform, 
benzoin, starch, natural balsams, and solvent 
ether. In addition to its disinfectant action, the 
iodoform provides some anesthesia when applied 
to mucous membranes and has been shown to 
reduce pain on split-thickness skin graft donor 
sites [ 29 ,  30 ].

   The dressing is removed 5–6 days postopera-
tively. The socket is cleaned and dressed daily for 

a b

c d

e

  Fig. 16.6    Orbital exenteration defect ( a ), following exci-
sion of a large 8 cm diameter malignant melanoma of the 
eyelid (Breslow thickness greater than 4 mm and    Clark’s 
level V). Neck dissection was performed at the same time. 
The socket was dressed with Whitehead’s varnish soaked 

in ribbon gauze and allowed to heal by laissez-faire ( b ,  c ). 
The temple defect was covered with a fenestrated split-
thickness skin graft ( d ). This patient remains alive and 
well 4 years since excision ( e )       
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2 weeks and the frequency of the wound care is 
gradually reduced. The wound can be left 
exposed and camoufl aged with a plastic eye 
shield (Cartella shield) once the discharge has 
ceased. Complete healing of the socket can take 
up to 3–4 months. An orbital prosthesis is fi tted 
when the socket has completely healed. Laissez- 
faire is an easier, quicker option that allows 
recurrences to be detected potentially early (an 
advantage in the past before improved imaging 
became available) and provides a comparable 
color match to the surrounding skin when granu-
lation is complete.    Historically, this was consid-
ered particularly useful in the elderly patients not 
suitable for more lengthy reconstructive proce-
dures. The disadvantages of secondary healing of 
an exenterated orbit include the need for regular 
dressing changes, delayed healing, potentially 
greater likelihood of persistent sino-orbital fi stu-
las, prolonged postoperative socket care, and 
delayed facial rehabilitation. The Manchester 
orbital exenteration wound assessment tool 
(MOEWAT) has been reported to be useful in 
tracking changes in wound healing, postopera-
tively [ 31 ]. MOEWAT uses eight parameters as 
indices for the assessment and tracking of wound 
progress and wound healing (body mass index, 
bone exposure, wound appearance, fi stula/sinus, 
exudates, wound margin, pain, and conjunctive 
therapies).  

16.5.1.2     Split-Thickness Skin Graft 
 Split- or full-thickness skin grafts can be used for 
reconstruction when an open cavity is desired; 
when there is no need to isolate the orbital cavity 
from the sinonasal, oral, or intracranial cavities; 
and when radiation therapy is not given preoper-
atively or postoperatively. A split-thickness skin 
graft is preferred and provides the greatest cover-
age. It is usually harvested from the thigh with a 
dermatome and placed directly onto the bone in 
order to line as much of the socket as possible 
(Fig.  16.7 ). The edges of the graft are usually 
sutured to the skin edges around the socket. The 
use of a skin graft shortens the healing period. It 
helps reduce undue wound contracture and main-
tains a deeper socket in comparison to that usu-
ally achieved by secondary healing in order to 

enable easy fi tting of an orbital prosthesis. It also 
facilitates easy examination of the socket where 
the possibility of tumor recurrence may exist. 
This approach however requires a separate donor 
site. The skin graft may fail in patients who are at 
risk of poor healing, including diabetic patients 
and those who have previously received 
radiotherapy.

   Split-thickness skin grafts may be used in 
conjunction with and placed over pericranial 
periosteal fl aps. A large periosteal fl ap may be 
harvested from the forehead and placed directly 
over the bony cavity and, in particular, any bony 
defect of the orbital roof or medial wall. 
Pericranial periosteal fl aps, being a vascular 
structure, help accelerate the take of split-thick-
ness skin grafts and also osseointegration thus 
reducing the time taken for prosthetic rehabilita-
tion (Fig.  16.7 ) [ 32 ].  

16.5.1.3     Dermis Fat Graft 
 A dermis fat graft from the abdominal wall can 
be used to fi ll the defect after subtotal eyelid- 
sparing exenteration. The remaining eyelid skin 
is closed over the graft. The dermis fat graft 
derives its blood supply from any residual pos-
terior orbital tissues and the eyelid skin and 
orbicularis muscle anteriorly. Alternatively, a 
myocutaneous fl ap may also be advanced over 
the graft to provide further blood supply to the 
dermis fat graft [ 33 ]. 

 Locoregional fl aps and microvascular free 
fl aps provide early rehabilitation. These act as 
effective barriers for separating the orbit from 
adjacent structures particularly if an extended 
orbital exenteration is performed. A locoregional 
and even distal free fl ap is of potential benefi t in 
patients receiving postoperative adjunctive radia-
tion therapy. In addition to providing soft tissue 
coverage over the orbital bones, locoregional 
fl aps and microvascular free fl aps allow isola-
tion of the orbit from the nasal cavity, paranasal 
sinuses, and cranial cavity to help prevent fi stulas. 
Locoregional fl aps have the advantage of being 
derived from areas anatomically adjacent to the 
orbit and require less socket care than for sockets 
managed by laissez-faire or split- thickness skin 
grafts [ 27 ].   
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a b

c d

e f

g h

  Fig. 16.7    This patient had previously undergone orbital 
radiotherapy for an incompletely excised basal cell carci-
noma which subsequently recurred, requiring exentera-
tion. Pericranial fl ap fashioned from the forehead to line 
the exenterated orbit ( a ,  b ). Osseointegrated implants 
inserted at the time of exenteration ( c ). Split-thickness 
skin graft placed over the pericranial fl ap to line the orbit 

( d ). Three weeks post exenteration with split-thickness 
skin graft placed over a pericranial fl ap ( e ). Nine months 
later, the socket has still not healed completely and there 
is incomplete keratinization ( f ). Magnets cast into the pos-
terior surface of the prosthesis ( h ). Prosthesis covering the 
exenterated left orbit ( g )       
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16.5.2     Locoregional Reconstruction 
Techniques 

16.5.2.1     Cheek Advancement Flap 
 Our preferred technique of direct closure with 
cheek advancement is a modifi cation of the cervi-
cofacial fl ap and offers a one-stage, reliable, and 
safe method of reconstruction following orbital 
exenteration [ 34 ]. Reconstruction of the exenter-
ated orbit using cheek advancement represents an 
evolution of the fl ap repair described by Robin 
Beare in 1969 [ 35 ]. This technique was later 
reported by Mercer [ 36 ] as the “cervicofacial” 
fl ap. This is of particular benefi t in cases of 
neglected tumor where the patient is reluctant or 
unable to attend regular hospital appointments 
and thus rehabilitation with minimal postopera-
tive intervention is necessary. Subcutaneous 
cheek dissection (thus avoiding injury to the 
facial nerve) to a level just below the oral com-
missure and 2–3 cm below the angle of the man-
dible is performed. The cheek fl ap is fi xed with 

deep sutures to the inferior orbital rim using 4-0 
Vicryl ®  sutures and where periosteum is not pres-
ent, using the infraorbital canal as a bone tunnel 
and a point for deep fi xation of the cheek 
(Fig.  16.8 ). This simple cheek advancement 
avoids creating a secondary defect, and because 
it involves less dissection and additional skin 
incisions in comparison to a cervicofacial or 
other regional fl aps, it is an easier procedure to 
perform with fewer facial scars. It may pull the 
brow inferiorly; however, this is not a problem if 
a prosthesis is being fi tted and may be corrected 
by way of a direct supra-brow lift with insertion 
of the excised skin as a graft, directly below the 
brow hair. Extensive dissection into the cervical 
region is avoided and it can be used in conjunc-
tion with additional methods such as pericranial 
or skin transposition fl aps. It does not preclude 
osseointegration if required either at the time of 
repair or at a later date, and as such, we would 
recommend it as a useful option in repairing the 
exenterated orbit. Other locoregional options 

Undermining

  Fig. 16.8    Following total exenteration, subcutaneous 
cheek dissection (to avoid injury to the facial nerve) is 
carried out to a level just below the oral commissure and 
2–3 cm below the angle of the mandible ( a ). To facilitate 
suffi cient vertical advancement of the cheek fl ap, a point 

for deep fi xation of the fl ap is created using deep sutures 
to the inferior orbital rim with using 4-0 Vicryl ®  sutures 
and where periosteum is not present, using the infraorbital 
canal as a bone tunnel ( b ,  arrow ). The cheek fl ap is pad-
ded with the cheek supported upwards for 3–7 days       

 

S. Sagili and R. Malhotra



187

include a cheek fasciocutaneous V-Y fl ap [ 37 ] or 
the use of a galeal fl ap [ 38 ], pericranial fl ap [ 32 ], 
local transposition skin fl aps from the forehead, 
and temporalis muscle fl ap.

16.5.2.2        Temporalis Muscle Transfer 
 The temporalis fascia and muscle are split and the 
muscle is released from the zygomatic arch and 
lateral orbital rim. The temporalis muscle fl ap is 
then transposed into the orbit through a bony 
opening made in the lateral wall and covered by a 
skin graft or remnant eyelids [ 39 ]. This procedure 
adds volume to the orbit and covers small bony 
defects and any dural tears. Disadvantages 
include contour problems in the temporal fossa 
and rarely, compromised mastication. 

 Temporal myocutaneous fl ap based on the 
superfi cial temporal artery is rotated deep to the 
tissues of forehead and below the supraorbital rim 
into the orbit [ 27 ]. The donor site defect is closed 
with a full-thickness skin graft or direct closure. 
An advantage of this fl ap is its application to make 
the socket deformity shallower in a patient not 
keen on wearing a prosthesis. However, the proce-
dure leaves a secondary depression in the temple. 
The temporal branch of the facial nerve may also 
be damaged, resulting in a brow ptosis.   

16.5.3     Distal Reconstruction 
Technique (Free Flap) 

 A microvascular free fl ap is particularly useful 
for the reconstruction of large defects from an 
extended exenteration. Microvascular free-tissue 
transfer is a technique that involves the harvest of 
the patient’s own soft tissues and/or bone from 
remote anatomical sites. These fl aps, along with 
their defi ned vasculature, are then used to recon-
struct the defect. Blood supply to the fl ap is rees-
tablished at the reconstructed site by anastomosis 
of the artery and vein to recipient vessels (the 
superfi cial temporal artery and vein). 

 Commonly used microvascular fl aps include 
the rectus abdominis free fl ap [ 40 ], latissimus 
dorsi, radial forearm, or lateral arm fl ap [ 27 ]. 

 A free fl ap can help minimize the severe cos-
metic disfi gurement of an extended  exenteration 

with exposed sinus cavities. Unlike a locoregional 
fl ap, free fl aps are not limited by the fl ap size or 
pedicle length and provide ample volume to fi ll 
the orbital defect while minimizing the morbid-
ity associated with local fl aps. They also have the 
advantage of providing healthy tissue in the case 
of previously irradiated sites. However, these 
procedures are diffi cult to perform and extremely 
time-consuming. There is a risk of fl ap failure 
and donor site morbidity. If the fl ap is too bulky, 
as can occasionally be the case, it may prevent 
the successful wearing of an orbital prosthesis. 
Cavity obliteration techniques were traditionally 
considered to hamper clinical surveillance of the 
operative site; however, imaging techniques have 
advanced reducing the likelihood of missing a 
recurrence.   

16.6     Complications (Table  16.1 ) 

16.6.1        Intraoperative Persistent 
Hemorrhage 

 Persistent hemorrhage may occur either at the 
orbital apex or at the proximal nasolacrimal duct. 
Basic principles in managing persistent bleeding 
include maintaining the operating table in a 
reverse Trendelenburg position to reduce venous 
congestion in the head. This also helps reduce 
mean arterial pressure at the level of the orbit. 
The role of the anesthetist in managing surgical 

   Table 16.1    Complications following exenteration   

 Intraoperative  Hemorrhage 
 Exposure of dura 
 CSF leak 
 Intracranial arterial avulsion 

 Postoperative  Fistula formation into the paranasal 
sinuses, the nose, or the nasolacrimal 
duct 
 Infection (bacterial/fungal) 
 Orbital abscess 
 Graft necrosis/eschar formation 
 Nonhealing ulcers 
 Chronic discharge and exposed bone 
 Cerebrospinal fl uid leak and 
pneumocranium 
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blood loss has grown greatly in the last few 
decades. Apart from physical maneuvers and 
local agents to control intraoperative bleeding, 
controlled hypotension has also been increas-
ingly utilized, especially with the advent of newer 
pharmacologic agents that are safer, more pre-
dictable, and more effective [ 41 ]. Balanced rather 
than purely hypotensive anesthesia is advisable 
[ 42 ]. A safe approach is to aim to keep the mean 
arterial pressure above 75 % of the patient’s nor-
mal value and to eliminate tachycardia [ 41 – 43 ]. 

 Application of direct pressure or compres-
sion with sterile cotton gauze at the bleeding site 
can often control the bleeding. A bipolar cautery 
or monopolar cautery can then be used to cau-
terize any bleeding vessels. However, it is 
important to avoid the use of monopolar cautery 
along the orbital roof as it can cause a CSF leak 
in the presence of a bony defect. Adrenaline-
soaked packs can also be applied to cause vaso-
constriction. Bleeding from the bone can be 
controlled by application of bone wax and the 
bleeding caused by emissary vessels can be con-
trolled by dry bone drilling. Excessive hemor-
rhage following the transaction of the orbital 
tissues at the orbital apex may be managed by 
clamping of the residual stump, by use of bipo-
lar cautery, and by applying pressure. Injudicious 
use of monopolar cautery should be avoided at 
the orbital apex. For persistent cavity bleeds, it 
is useful to consider the application of hot packs 
at approximately 50 °C. This is a traditional 
practice in maxillofacial and head and neck sur-
gery. Since the last century, hot-water irrigation 
has been used in obstetrics to reduce predelivery 
and post-delivery bleeding [ 44 ]. Hot-water irri-
gation is also well established as an effective 
treatment modality for intractable posterior epi-
staxis [ 45 ,  46 ]. The mechanism behind its effec-
tiveness remains unclear; however, based upon 
rabbit studies, hot- water nasal irrigation above 
46 °C achieved vasodilation and mucosal edema 
with subsequent narrowing of the intranasal 
lumen. Severe changes, including epithelial 
necrosis, occurred with temperatures beyond 
52 °C [ 47 ]. It is also possible that an increase in 
temperature may increase the speed of the clot-
ting cascade.  

16.6.2     Management of Cerebrospinal 
Fluid (CSF) Leak 

 The reported incidence of CSF leaks during 
orbital exenteration is 1.6–16.7 % [ 48 ]. De 
Conciliis noted that dural exposure occurred in 
20.5 % of exenterations and 30.8 % of extended 
exenterations which included excision of one or 
more orbital walls [ 49 ]. Furthermore, in that 
study, 60 % of CSF leaks and 75 % of dural expo-
sures occurred in extended exenterations involv-
ing resection of one or more orbital walls. De 
Conciliis et al. were able to predict dural expo-
sure in 50 % of the cases based on clinical data 
CT fi ndings [ 49 ]. Hence, preoperative evaluation 
is invaluable in predicting and preparing for 
management of CSF leaks, helping to alert the 
surgeon to proceed with caution where pathology 
has infi ltrated or thinned posterior or superior 
bone (Fig.  16.4 ). A temporary CSF leak may also 
be seen at the time of cutting the optic nerve at 
the apical stump [ 48 ]. 

 Diagnosis of a CSF leak at the time of sur-
gery can be made when leakage of clear fl uid 
is seen in areas at high risk for encountering 
dura. However, when CSF and blood are mixed 
together, diagnosis may be diffi cult. CSF sepa-
rates from blood when placed on fi lter paper and 
produces a ring or  halo  sign. This is not however 
exclusive to CSF and can lead to false-positive 
results. Glucose content can be analyzed rapidly; 
however, this is also unreliable as glucose in 
CSF cannot be distinguished from that in blood, 
tears, or nasal secretions. Hence, measuring 
glucose from the discharge is generally of little 
value in the preoperative setting. Beta-2 transfer-
rin assay is a marker protein specifi c to CSF. It 
has high sensitivity and specifi city, can be per-
formed rapidly, and is the test of choice if avail-
able. Primary repair with 5-0 or 6-0 polyglactin 
or braided nylon should be performed to create a 
watertight seal when there is adequate exposure 
and the edges of the dural laceration can be read-
ily apposed. An onlay graft, commonly a layer 
of fat, temporalis muscle, or fascia, may then be 
placed over the exposed dura to further ensure a 
watertight barrier [ 50 ]. Tisseel fi brin glue (Baxter 
Healthcare Corp., Deerfi eld, IL) has been used 
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with favorable results in CSF leaks to the orbit 
[ 51 ]. Although often used in conjunction with 
an onlay graft to further seal the repair, using 
an adhesive alone has also been reported to be 
adequate in very small dural defects without tis-
sue loss [ 48 ]. Cyanoacrylate glue applied to a dry 
surgical fi eld has also been effective in closure of 
CSF leaks. Bone wax has also been described in 
situations where the leak arises from the depth 
of a relatively small bony defect [ 52 ]. The aim 
is to fi ll the bone defect preventing CSF leakage 
into the orbit while the dura seals itself. However, 
bone wax should be used with caution as Bolger 
et al. reported three cases of CSF leaks that were 
associated with bone wax [ 53 ]. Large fi stulas 
can be managed with a pericranial fl ap or a tem-
poralis muscle fl ap [ 54 ]. CSF leaks identifi ed 
postoperatively can be managed conservatively. 
A pneumocranium on CT scan is pathogno-
monic (Fig.  16.4e ). Conservative management 
includes avoiding straining activities such as 
nose- blowing or coughing, use of stool softeners, 
and elevating the head to reduce CSF pressure. 
Prophylactic antibiotics are often used in cases of 
CSF leaks; however, their use remains controver-
sial. Surgical repair should be considered when 
the leak does not settle conservatively [ 48 ].  

16.6.3     Management 
of Sino-orbital Fistula 

 The incidence of sino-orbital fi stulas ranges from 
5 to 23 % and commonly involves the ethmoid 
sinus. The risk factors for developing sino-orbital 
fi stulas are prior radiotherapy, sinus disease, and 
intraoperative penetration of the sinus. Fistulas 
occur more commonly in sockets left to granulate 
and are less common in sockets lined by skin 
graft [ 55 ]. Late presentation of fi stulas may be 
due to bony erosion from tumor recurrence and 
orbital examination and imaging should be con-
sidered. Small asymptomatic fi stulas can be man-
aged conservatively with socket hygiene and 
small symptomatic fi stulas can be closed directly. 
Large fi stulas are repaired with grafts or fl aps. 
Commonly used grafts include skin, mucous 
membrane, temporalis muscle/fascia, fascia lata, 

or pericranium. Commonly used fl aps include 
skin fl aps, myocutaneous fl aps, free fl aps, and 
pericranial fl aps [ 56 ]. Pericranial fl ap is our pre-
ferred option as it is fl exible, thin, vascular, and 
acts as a tough barrier between the orbit and 
sinus. The use of uncinate fl aps and middle turbi-
nate fl aps has also been described to close fi stulas 
from the nasal side [ 57 ]. 

 Infections in the orbit can be treated with topi-
cal and/or systemic antibiotics. Graft necrosis 
can be either managed conservatively (allowed to 
granulate) or treated with a repeat skin graft. 
Chronic nonhealing ulcers can be debrided and 
treated with a skin graft or fl ap. Yassur et al. have 
reported the use of becaplermin gel (recombinant 
human platelet-derived growth factor) for the 
treatment of chronic orbital ulcer after exentera-
tion [ 58 ].   

16.7     Cosmetic Rehabilitation 

 Rehabilitation usually involves a prosthesis; how-
ever, patients may prefer to wear a patch or dark 
glasses. An essential part of the surgical decision-
making process is the reconstruction and rehabili-
tation of the exenterated socket. Whenever 
feasible, a decision should be made before sur-
gery as to whether the patient will wear a patch, 
an oculofacial prosthesis, or an ocular prosthesis 
(prosthetic shell). Oculofacial prosthesis can be 
mounted on the glasses (Fig.  16.9 ), fi xed with tis-
sue glue, or attached by magnets or clips to tita-
nium osseointegrated implants (Fig.  16.7g, h ). 
Spectacle-mounted prostheses prevent the spec-
tacles ever being removed in public. Patients 
often lose confi dence with these methods and 
tend to abandon their prosthesis for a patch [ 1 ].

16.7.1       Titanium Osseointegrated 
Implants 

 Nerad et al. fi rst described osseointegrated 
implants as a means of fi xing oculoplastic pros-
thesis [ 59 ]. This was described as a two-stage 
procedure (fi rst, insertion of the titanium implants 
and, second, placement of the transcutaneous 
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abutments). Transcutaneous abutments were tra-
ditionally placed 4 months after the insertion of 
titanium implants, under local anesthesia. A 
series of bars or magnetic devices are then 
attached to the abutments, which allow fi rm fi xa-
tion of the prosthesis. The insertion of titanium 
implants was not performed at the time of exen-
teration because of the risk of necrosis, of the 
skin grafts, when placed over an avascular struc-
ture (titanium). However, this can now be per-
formed at the time of exenteration [ 60 ]. Cameron 
et al. [ 32 ] described the use of pericranial graft to 
facilitate the placement of osseointegrated 
implants at the time of exenteration. The pericra-
nial fl ap, being a highly vascular tissue, improves 
the take of a split skin graft. This technique 
allows reliable alignment of the prosthesis and 
good retention. Removal and reattachment of the 
prosthesis by the patient are also relatively easy. 
The prosthesis can be made light in weight. The 
edge of the prosthesis can also be made to blend 
with the surrounding skin more easily and the 
cosmetic results can be excellent for the carefully 
selected patient. The ideal patient is relatively 
young, highly motivated, with good hygiene, will 

comply with long-term aftercare of the implants, 
and will attend long-term follow-up appoint-
ments. This technique is time-consuming and 
expensive, however. The implants must be kept 
meticulously clean to avoid infl ammation or 
infection. There is a small risk of losing the 
implants in previously irradiated orbits [ 59 ].  

16.7.2     Ocular Prosthesis 
(Prosthetic Shell) 

 Prosthetic shell can be fi tted in a selected group 
of patients where the eyelids and conjunctiva are 
spared during orbital exenteration. The basic 
requirements for a conjunctiva-sparing exentera-
tion socket to maintain a prosthetic shell are 
orbital tissue volume to support the prosthesis, 
a mucous membrane surface with fornices to 
accommodate the prosthesis, and eyelids to hold 
the prosthesis within the socket [ 1 ]. If approxi-
mately 50 % of the patient’s conjunctival surface 
can be saved, then a    mucous membrane-free graft 
(buccal mucosa, hard palate mucosa, or nasal tur-
binate mucosa) can be used to  reconstruct the 

a b

c

  Fig. 16.9    Spectacle-mounted prosthesis ( b ,  c ) as a simple option for cosmetic rehabilitation of the exenterated orbit ( a )       
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 fornix. If split-thickness skin is used instead, then 
the patient may be bothered by persistent dis-
charge and a smelly “mixed socket.”   

16.8     Prognosis 

 The success of the surgery depends on obtaining 
tumor-free margins at the time of surgery. It is 
not always possible to achieve complete clear-
ance of a tumor with exenteration and incom-
plete clearance has been reported in up to 38 % 
of total and 17 % of subtotal exenterations by 
Goldberg et al. [ 1 ]. The lower percentage of 
incomplete clearance with subtotal exenteration 
in this study was due to the fact that the cases 
with locally invasive malignancy were treated 
with subtotal exenteration and the cases with 
widespread tumor invasion were treated with 
total exenteration. 

 Bartley et al. reported an 88.6 % survival at 
1 year and a 56.8 % survival at 5 years in patients 
with no residual tumor after exenteration [ 7 ]. 
Their reported 1-year survival was 55.0 % and 
the 5-year survival was 25.8 % in patients with 
metastasis or residual tumor after exenteration. 
Rahman et al. reported an overall survival of 
93 % at 1 year, 57 % at 5 years, and 37 % at 
10 years [ 15 ]. They reported that achieving 
tumor-free margins after exenteration did not 
infl uence the long-term survival. Hence, the pres-
ence of clear surgical margins should not be 
regarded as an indication of cure as clear excision 
margins may prevent local recurrence, but they 
do not always prevent micrometastasis to lymph 
nodes or distant organs. 

 Perineural invasion is associated with increased 
incidence of incomplete clearance and recurrence 
resulting in worse prognosis particularly in squa-
mous cell carcinoma and lacrimal gland adenoid 
cystic carcinoma. In cases of tumor-positive mar-
gins, other treatment modalities such as radiation 
or chemotherapy may play a role in prolonging 
survival. Williams et al. reported a 5-year sur-
vival of 50 % in patients with radiological (CT/
MRI) evidence of perineural invasion, compared 
with 86 % survival in patients with no radiologi-
cal evidence of perineural invasion [ 61 ].     
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17.1            Introduction 

    Over the past 50 years, the management of 
orbital disease has increasingly been recog-
nised as a discipline in its own right. While in 
the early 1940s orbital surgery was considered 
to lie fi rmly within the realm of the neurosur-
geon [ 1 ], in recent decades surgery has moved 
away from transcranial approaches to the orbit 
towards a variety of increasingly refi ned regional 
approaches that utilise incisions along the 
relaxed skin tension lines or the conjunctiva. 
   However, where disease extends beyond the 
bony confi nes of the orbit into the cranium, pter-
ygopalatine fossa, or paranasal sinuses, multidis-
ciplinary management with a neurosurgeon and 
maxillofacial or head-and-neck surgeon may be 
required. This chapter covers special preopera-
tive, intraoperative, and postoperative consider-
ations in patients undergoing orbital surgery and 
illustrates a series of practical approaches to the 
orbital contents.  
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17.2     Anatomical Limitations: 
The ‘Conoid of View, 
in Orbital Surgery 

 The bony orbit is tetrahedral in shape, its walls 
protecting the orbital soft tissues whose volume 
is about 28 ml. Unless the bony wall(s) is dis-
placed or removed, all surgical approaches to the 
orbit are limited by the anterior orbital opening 
(generally less than 3 cm) and the extent to which 
the globe can be displaced. Thus, for an apical 
lesion, the maximum theoretical ‘conoid of view’ 
is about 50º by 30º, although in practical terms 
soft tissues typically tend to obscure the opera-
tive fi eld and limit the view even further, with the 
surgeon’s view sometimes being monocular. 
A wider ‘conoid’, although increasingly ‘oblique’ 
with deeper orbital structures, facilitates both 
surgical access and the surgeon’s view. This can 
be achieved either by placing the incision closer 
to the lesion (e.g. using a lateral canthotomy for 
lateral lesions) or by displacing the orbital wall 
laterally (as is performed in a bone-swinging lat-
eral orbitotomy).  

17.3     Orbital Surgery: Risks 
to Visual Functions 

 Operating on delicate tissues within the confi ned 
space of the bony orbit carries risks of tissue 
injury [ 2 ]. While impairment of motor and facial 
sensory nerves can be reversible, visual loss due 
to ischaemic optic neuropathy – presumed due to 
vasospasm – rarely recovers. This risk depends 
upon both the diffi culty of surgical access and the 
space available for tissue displacement while 
operating. Although risk ‘zones’ are discussed 
(Tables  17.1  and  17.2 ), it should be remembered 
that the surgeon’s experience is a signifi cant fac-
tor across all such zones, with more posterior 
lesions presenting the greatest challenge and 
requiring greater expertise.

    Surgery for lesions alongside the globe in the 
anterior one-third of the orbit, where the conoid 
of view is wide, carries signifi cantly less risk for 
iatrogenic nerve damage (Table  17.1 ) than for 
surgery in the posterior third of the orbit 

(Table  17.2 ), where the conoid of view is reduced 
and structures are viewed more obliquely. These 
considerations frequently infl uence management, 
with a judicious ‘wait and watch’ approach being 
acceptable for some posterior lesions suspected 
of being benign and where the natural history 
(and risk to vision) remains uncertain.  

17.4     Preoperative Counselling 

 The risks to sight, ocular alignment, and periocu-
lar sensation must be discussed with all patients 
prior to surgery. Unfortunately, the risks cannot 
be defi ned with great precision (unlike, e.g., the 
specifi c risks in cataract surgery) due to wide 
interindividual variations both in the extent and 
severity of disease and in orbital soft tissue or 
bony anatomy. However, the patient can be 
advised on certain risks depending on the loca-
tion of disease (Table  17.3 ): for example, 
approaches to the orbital roof carry a small risk 
of injury to the frontal nerve but a minute risk to 
vision and ocular alignment, whereas surgery in 
the anterior superomedial quadrant risks injury to 
the trochlea and secondary diplopia. In contrast, 

    Table 17.1    Risks of surgery in the anterior third of the 
orbit   

 1. General risks: 
  Visual loss (low) 
  Diplopia 
 2. Specifi c risks: 
   Orbital roof: Sensory changes corresponding to 

frontal nerve and/or supratrochlear nerve 
   Superonasal quadrant: Sensory changes, diplopia 

(injury to trochlea or superior oblique tendon) 
   Medial orbit: Risk to lacrimal outfl ow apparatus 

(watery eye), risk of medial orbital wall fracture 
  Orbital fl oor: Sensory changes (infraorbital nerve) 
   Lateral orbit: Mydriasis (causing photophobia, early 

presbyopia), reduced aqueous tear production (rare) 

    Table 17.2    Risks of surgery in the middle and posterior 
thirds of the orbit   

 Irreversible visual loss, partial or complete 
 Diplopia 
 Ptosis 
 Periocular paraesthesia or anaesthesia 
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surgery for posterior lesions carries a much 
greater risk to orbital functions, because access to 
the posterior orbit affords the surgeon a narrow 
conoid of view and limited space for tissue 
manipulation. For apical lesions whose behav-
iour and imaging suggest a ‘benign’ pathology 
(such as an apical cavernous haemangioma), 
periodic documentation of visual functions is 
acceptable and intervention considered only 
where there is clear evidence of progression. 
Where the history, clinical behaviour, or imaging 
indicates a malignant process, however, the risks 
of surgery may be outweighed by those of  not  
operating, that is, by the risk of regional or sys-
temic spread of an undiagnosed malignant 
neoplasm.

17.5        Peroperative Medical 
and Anaesthetic 
Considerations 

 Orbital surgery can be performed with local and 
regional blocks under deep sedation (especially 
for more anterior procedures, such as lacrimal 
gland biopsy). However, unless the risks are con-
sidered unacceptable, the use of general anaes-
thesia is often preferred as it permits better 
control of systemic blood pressure during sur-
gery. In all patients, pre-existing medical condi-
tions, including systemic hypertension, hypo- or 
hyperthyroidism, and diabetes, should be as well 
controlled as possible, and patients should be 
assessed by an anaesthetist familiar with the spe-
cifi c anaesthetic requirements for orbital surgery. 
Preoperative investigations will be determined by 

the medical history of the patient and the nature 
of the proposed surgery but will often include a 
full blood count, urea and electrolytes, thyroid 
function tests, clotting studies, and an ECG. 

 When medically appropriate, hypotensive 
anaesthesia improves the operative fi eld by reduc-
ing arterial and venous bleeding: this can be 
achieved with either a volatile anaesthetic agent 
(e.g. isofl urane or sevofl urane) or with total intra-
venous anaesthesia (TIVA) using a combination 
of propofol and remifentanil. There is much evi-
dence to support the use of TIVA: it often confers 
a smooth recovery from anaesthesia and also is 
associated with a lower incidence of  postoperative 
nausea and vomiting. These qualities of TIVA are 
highly desirable for orbital surgery, where a post-
operative surge in orbital perfusion pressure can 
be hazardous and particularly where day-case 
surgery is being performed [ 3 ]. Remifentanil is a 
powerful, extremely short- acting synthetic opiate 
that not only prevents intraoperative coughing 
(without the need for intraoperative muscle relax-
ants) but also reduces the hypertensive response 
to pain [ 4 ]. As remifentanil is rapidly metabolised 
on ceasing the infusion (it having a context-sensi-
tive half-life of about 3 min), it is essential that an 
intraoperative analgesic is also given, with intra-
venous paracetamol usually being the fi rst choice. 
The peroperative use of platelet-inhibiting anti- 
infl ammatory analgesics such as diclofenac and 
ibuprofen is controversial and, considering the 
risks of orbital haemorrhage, are best avoided. 
Postoperative pain, also a risk factor for hyperten-
sion and, thereby, for orbital haemorrhage, should 
be pre-empted with longer-acting    peroperative 
opiates, such as morphine or fentanyl. Regional 
infi ltration with a long-acting local anaesthetic, 
such as bupivacaine, should also be considered 
where possible as it further reduces the need for 
postoperative analgesia and, therefore, the risk of 
postoperative nausea and vomiting. Finally, 
where surgery involves placement of an orbital 
implant – for example, after ocular evisceration 
or enucleation or with fracture repairs – paren-
teral dexamethasone, in combination with a 
5HT-3 receptor antagonist (such as ondansetron), 
can also be used to reduce the incidence of nausea 
and vomiting. 

   Table 17.3    Peroperative risks in orbital surgery   

 Compromised visualisation of orbital structures 
  Fat prolapse into the surgical fi eld 
  Orbital haemorrhage 
 Tissue injury: 
   Manipulation of the orbital tissues and thermal injury 

from diathermy (both increasing the risk of 
postoperative visual loss due to vasospasm at the 
orbital apex [ 2 ]) 

  Sustained pressure on the globe and ocular ischemia 
  Ocular surface exposure 
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 Numerous drugs affect haemostasis and carry 
a significant risk of haemorrhage in orbital sur-
gery [ 5 ]. These include antiplatelet agents (typi-
cally for cardiovascular indications), numerous 
variants of nonsteroidal medications, and herbal 
remedies and spices. The orbital surgeon should 
document a thorough drug history as well as 
seek the advice of a physician before discon-
tinuing such drugs prior to surgery (Table  17.4 ). 
Depending on the indication, cessation of anti-
platelet agents and warfarin can cause significant 
comorbidity and, in certain circumstances, a low 
molecular weight heparin may need to be given 
over the peroperative period [ 6 ]. Irrespective of 
the other risk factors for haemorrhage, a surgeon 
should always consider placing a vacuum drain 
for 12–24 h when operating on all but the most 
anterior of orbital lesions.

17.6        The Six Essential 
Orbitotomies: An Overview 

 The six approaches described here (Table  17.5 ) 
generally permit access to each region of the 
orbit. When disease is ill-defi ned or straddles 
 different areas, combinations of these approaches 

may aid in visualisation and dissection. While the 
approach can often be determined preoperatively, 
if inadequate access is afforded by the initial 
approach, additional adjoining approaches can be 
added. The choice of orbitotomy is largely deter-
mined by the location and depth of the access 
required: for example, where incisional biopsy 
is intended, a trans-lid approach (either via the 
upper lid skin crease or inferior conjunctiva) is 
often adequate. In contrast, to increase the sur-
geon’s conoid of view for intact excision of a 
deeper lesion, it might be necessary to utilise a 
lower lid swinging fl ap or bone-swinging lateral 
orbitotomy, these approaches giving wider access 
to the orbital depths.

17.7        Anterior Orbitotomy: Upper 
Eyelid Skin-Crease Approach 

 The upper two-thirds of the orbit are readily 
accessible through the upper eyelid approach, 
this healing with no visible scar and providing 
access as far back as the superior orbital fi ssure 
and orbital apex (Fig.  17.1 ). Surgery involves an 
incision through the upper lid skin crease, divid-
ing the orbicularis muscle along the length of the 
incision and placing the skin/muscle fl aps on 
traction (a 2/0 silk suture is convenient for this). 
For lacrimal gland masses, the incision is placed 
in the lateral aspect of the skin crease and – with 
blunt dissection of the suborbicularis plane – the 
arcus marginalis is exposed at the superolateral 
orbital rim. With a Desmarres retractor elevating 
the incision edge and brow tissues and a 16 mm 
malleable retractor displacing the lacrimal gland 
and orbital septum inferomedially, the arcus 
marginalis is opened for about 15–20 mm imme-
diately inferior to the lateral orbital rim, this 
exposing the preaponeurotic fat pad and the 
outer face of the orbital lobe of the lacrimal 
gland. The latter is readily mobilised from its 
fossa (unless there has been marked chronic 
infl ammation), and a large specimen may be har-
vested from its external surface using an E11 
blade. Haemostasis is achieved by applying dia-
thermy directly to the cut surfaces, the gland is 
repositioned within the orbit, orbital fat re-
draped in the region, and the skin closed with a 

   Table 17.4    Antiplatelet agents, warfarin, and orbital 
surgery   

 Antiplatelet agent 
 Minimum cessation 
prior to surgery 

 All versions of amino-salicylic 
acid (ASA): 

 4 weeks 

 Nonsteroidal medications  3 weeks 
 Other antiplatelet drugs (e.g. 
clopidogrel) 

 2 weeks 

 Warfarin – target INR for orbital 
surgery is <1.5 

 3–4 days 

 Herbal remedies  4 weeks 
 Spices containing ajoenes (garlic, 
ginger, gingko, ginseng) 

 4 weeks 

   Table 17.5    The six principle approaches to the orbit   

 1. Upper eyelid skin-crease approach 
 2. Swinging lower eyelid approach (2 variants) 
 3. Lateral canthotomy approach 
 4. Bone-swinging lateral orbitotomy 
 5. Transconjunctival retrocaruncular approach 
 6. Conjunctival peritomy approach 
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running 6/0 nylon suture or, in a child, with an 
8/0 soluble suture. A topical ocular antibiotic is 
applied and a non-adherent dressing applied with 
fi rm padding for 12–24 h – a drain being unnec-
essary. The patient should be evaluated 
10–14 days postoperatively with review of the 
histopathology and, in the adult, removal of the 
non-absorbable surface suture.

   Frequently, biopsy of the lacrimal gland is 
inappropriately performed via the conjunctival 
fornix, this being more straightforward than the 
orbitotomy approach described above. However, 
such surgery is inadvisable because it carries a 
 major  risk of dry eye due to inadvertent injury 
to the lacrimal ductules, and moreover, the 

 palpebral lobe is often spared the underlying dis-
ease process. 

 For non-lacrimal masses, the orbital septum 
should be opened near the lesion and a few milli-
metres below the arcus marginalis, to avoid dam-
age to the levator apparatus. Access to the orbital 
 roof  is achieved by spreading the connective tis-
sue septa  above  the preaponeurotic fat pads with 
blunt-ended scissors, taking care to avoid injury 
to the frontal neurovascular complex. In contrast, 
gentle blunt dissection  beneath  the preaponeu-
rotic fat pads and across the surface of the levator 
muscle provides access to the levator complex or 
to the upper intraconal space (for lesions lying 
above or medial to the optic nerve) [ 7 ]. 

a b

c d

  Fig. 17.1    Anterior       orbitotomy – upper eyelid skin-crease 
approach incision ( dotted line ) ( a ). Schematic route to the 
postseptal space.  Arrow  demonstrates skin crease ( b ) and 

areas of the orbit that can be reached by this approach ( c  
and  d )       
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 Using blunt-ended scissors to open up the soft 
tissues and placing 16 mm malleable retractors 
either side of the scissors, the orbital depths are 
exposed after applying diathermy to the tissue 
septa overlying the area of interest. This manoeu-
vre is repeated several times, with the assistant 
gently retracting the surrounding tissues to main-
tain a clear view of the area in question. Where 
the intention is to excise intact a well-defi ned 
mass, any adjacent bridging vascular pedicles are 
divided after gentle diathermy until the entire sur-
face of the mass has been cleared from adjacent 
tissues and can be removed without tissue drag. 
For incisional biopsy of an ill-defi ned lesion, the 
mass is gripped fi rmly (crush artefact being mini-
mised by avoiding repeated grasping) and a large 
biopsy obtained either with an E11 blade or with 
tissue scissors.    After obtaining haemostasis, 
a vacuum drain is placed for all surgery within 
the deep orbit – this reduces serum accumulation 
at the orbital apex and, thereby, minimises the 
risk of visual loss; the drain trocar is passed 
through the eyebrow to avoid a visible scar.  

17.8     Anterior Orbitotomy: 
Swinging Lower Eyelid 
Approach 

 Although the inferior two-thirds of the orbit can 
be reached by several routes, the previously pop-
ular ‘tear-trough’ skin incision has largely been 
abandoned due to the creation of a visible scar, 
the risks of fi stula formation, and risk of lower 
eyelid retraction due to adhesions to the underly-
ing bone. Although the subciliary blepharoplasty 
incision remains a reliable approach where skin 
reduction is required during orbital surgery, the 
conjunctival approach often gives wider exposure 
with less tissue manipulation while avoiding the 
above risks. 

 Thus, the contemporary approach to the lower 
two-thirds of the orbit is the lower lid swinging fl ap 
[ 8 ,  9 ], of which there are two types (Fig.  17.2 ). The 
fi rst is the ‘high’ fl ap, this providing immediate 
access to the  preseptal  plane and thence to the infe-
rior orbital rim, from which exceptional access is 
gained to the orbital fl oor and medial wall. The 

 second, giving wide access to the extraconal and 
intraconal spaces, is the ‘low’ fl ap, in which the 
conjunctival incision is placed low in the depths of 
the inferior fornix. This incision directly enters the 
 postseptal  extraconal fat, from which – with gentle 
tissue spreading and the use of retractors – the 
orbital contents can be reached. Understanding the 
fundamental difference between these two 
approaches and their rationale (these not developed 
in the original description) [ 9 ] is essential when 
planning an approach through the lower eyelid.

17.8.1       The ‘High’ Variant 
of the Swinging Lower 
Eyelid Approach 

 For both variants, the lower lid is fi rst discon-
nected from the lateral orbital rim using a slightly 
downward-directed lateral canthotomy and can-
tholysis. The conjunctiva is then opened along its 
full horizontal extent at a millimetre below the 
tarsus, taking care to avoid inadvertent injury to 
the canaliculus. The cornea is protected by 
approximating the cut edge of the inferior con-
junctiva to the upper lid margin with a widely 
spaced 4/0 nylon loop on a bow; this suture also 
keeps the septum taut and aids subsequent open-
ing of the preseptal (post-orbicularis) plane. After 
separating the septum and orbicularis, the infe-
rior orbital rim and suborbicularis fat pad (just 
below the rim) are exposed with fi rm sweeps of a 
cotton bud and the periosteum opened at the 
orbital rim to expose the inferior extraperiosteal 
space. A 16 mm malleable retractor is used to 
raise the periosteum off the fl oor, taking care to 
diathermy and divide the artery that crosses from 
the infraorbital canal to the orbit. 

 Such an approach is typically used for the 
repair of orbital fractures; exposure of the whole 
medial orbital wall is readily achieved, and 
the conjunctival incision can be continued 
into the retrocaruncular line and temporary divi-
sion of the origin of the inferior oblique muscle 
where necessary. After closure of the orbital peri-
osteum with interrupted 5/0 soluble sutures, the 
lower eyelid swinging fl ap is repaired in a layered 
fashion using a 6/0 soluble suture; this involves a 
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single suture to close the lateral aspect of the con-
junctiva, alignment of the grey line and lash lines, 
suturing of the cut end of the lower tarsus to the 
upper limb of the canthal tendon, closure of the 
orbicularis muscle, and fi nally closure of the skin.  

17.8.2     The ‘Low’ Variant 
of the Swinging Lower 
Eyelid Approach 

 The postseptal route offered by the ‘low’ lower 
lid swinging fl ap affords good access to the lat-
eral, inferior, and even medial extraconal space, 

allowing the orbital surgeon to remove large 
tumours from these regions. Masses overlying an 
expanded inferior orbital fi ssure can be debulked 
as far posteriorly as the pterygopalatine fossa, 
and intraconal lesions can be excised after enter-
ing the intraconal fat space between the inferior 
and lateral recti, these muscles being the most 
widely spaced. This route also permits access to 
tumours of the optic nerve; for example, in cases 
of a painful, blind exophthalmos due to an optic 
nerve tumour (without intracranial extension), 
the entire intraorbital portion of the nerve may be 
removed with this versatile approach. Similarly, 
the more oblique approach to the inferior rectus 

a b

c d

     Fig. 17.2    Anterior orbitotomy – swinging lower eyelid 
approach. Figure showing lateral canthotomy and conjunc-
tival incision ( a ,  dotted line ) and the area of the orbit that 

can be reached ( b ). The ‘high’ ( c ,  arrow ) and ‘low’ 
( d ,  arrow ) variants are shown       
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(as compared with a conjunctival approach which 
gives an ‘end-on’ view of the muscle) markedly 
facilitates representative biopsy of the belly of 
this muscle.   

17.9     Anterior Orbitotomy: Lateral 
Canthotomy Approach 

 Exposure of the lateral half of the orbit can be 
achieved through a lateral canthotomy incision, 
this having several advantages over other 
approaches including a short operative time, no 
perceptible scar, and no disruption of the attach-
ments of the upper or lower limbs of the lateral 

canthal tendon (Fig.  17.3 ). This approach is par-
ticularly useful where a diffuse process, such as 
lymphoma or idiopathic infl ammation, involves 
multiple tissues and where biopsy of muscle, fat, 
and lacrimal gland is required.

   In this approach, the outer canthus is divided 
horizontally to the orbital rim and traction sutures 
placed through the upper and lower eyelids. The 
tissues are spread and retracted to expose the lat-
eral extraperiosteal fat plane, with division of the 
lower forniceal conjunctiva further enhancing 
access if required. The incision is readily closed 
with 6/0 soluble sutures aligning the lid margins 
and uniting the upper and lower limbs of the ten-
don and skin closure with the same suture.  

a b

c d

  Fig. 17.3    Anterior orbitotomy: lateral canthotomy 
approach. Skin incision ( a ). Patient undergoing removal 
of a vascular lesion (note superior and inferior placement 

of paddle retractors ( b ) and areas of the orbit that can be 
reached through this approach ( c ,  d )       
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17.10     Lateral Orbitotomy 
with Bone Mobilisation 

 In the lateral orbitotomy approach, the surgi-
cal ‘conoid of view’ is signifi cantly widened by 
swinging the lateral orbital wall outwards on the 
temporalis muscle, thereby shortening the sur-
gical path length and improving access to the 
orbital apex (Fig.  17.4 ). With increasing usage 
of the ‘low’ lower lid swinging fl ap, the need to 
use this approach for the removal of retrobulbar 
lesions has declined signifi cantly. However, lat-
eral orbitotomy remains an important approach 
for removal of large lacrimal gland pleomorphic 
adenomas (where the wider exposure reduces 
the risk of tumour disruption during isolation of 
the posterior pole of the gland) and for remov-
ing lesions tightly wedged into the orbital apex 
(where the approach reduces surgical path length 
and improves tumour visualisation). Although 
past techniques were based on the Stallard- Wright 
extended brow incision [ 9 ,  10 ], nowadays an 
upper lid skin-crease incision with  infero- lateral 
extension across the horizontal raphe is preferred 
(Table  17.6 ) [ 11 ]. Furthermore, the previous tech-
niques with lateral wall removal risked ischaemic 
necrosis of the bone, whereas the contemporary 

method of swinging the bone on a temporalis 
muscle fl ap avoids this risk, retains the good 
access, and speeds the surgical closure.

    Surgery involves extending a lateral two- thirds 
upper eyelid skin-crease incision for about 
10–15 mm into the  infero -lateral rhytid. The perios-
teum is incised widely at about 6–7 mm outside the 
rim, from the lateral one-third of the upper rim to the 
level of the inferior orbital rim. The periosteum is 
then raised off the bone in an anterior direction, over 
the lateral orbital rim, and posteriorly across the lat-
eral orbital wall taking care to diathermy and divide 
the zygomatico- temporal perforating vessels. 

 Using a high-frequency oscillating saw, two 
parallel anteroposterior cuts are made through 
the lateral wall, the upper cut being at the level of 

a b
Bone swing on
muscle pedicle

  Fig. 17.4    Lateral    orbitotomy with bone mobilisation. 
Schematic showing bone mobilisation on a temporalis 
fl ap ( a ), thereby reducing the surgical path length and 

widening the ‘conoid of view’ ( arrows ) of the orbital apex 
( b ).  Arrows  demonstrate the ‘conoid of view’ with each 
approach       

   Table 17.6    Advantages of the extended upper lid skin- 
crease lateral orbitotomy approach compared to previous 
brow approaches   

 The surgeon can plan a skin-crease incision approach 
and extend this intraoperatively into a lateral 
orbitotomy approach if necessary 
 Excellent access to the superior and lateral orbit [ 8 ] 
 Shorter, aesthetically acceptable incision than a 
sub-brow incision 
 No thinning of the brow hairs 
 Less brow soft-tissue atrophy 
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the superfi cial temporal line and the lower just 
above the level of the zygomatic arch. Two 
10–15 mm relieving incisions are made as ‘exten-
sions’ of these bony cuts – one being upwards to 
mobilise the superfi cial temporal fascia and the 
other inferiorly into the temporalis muscle – to 
create a ‘muscle hinge’ upon which the bone can 
later be out-fractured. A pair of 2 mm drill holes 
is placed in the rim either side of each of the oste-
otomies, and the same drill is used to ‘score’ the 
internal face of the lateral wall about 1 cm behind 
the rim, this creating a fault line which aids sub-
sequent out-fracturing of the rim. With a large 
retractor placed between the lateral wall and peri-
osteum to protect the orbital contents, the lateral 
rim is out-fractured on the temporalis muscle 
hinge and the ragged bone edge of the lateral 
orbital wall cropped backwards both to increase 
access to the orbital apex and to ease reposition-
ing of the mobilised rim at the end of surgery. 
Venous haemorrhage from the exposed sphenoi-
dal marrow space, if signifi cant, can be treated 
with bone wax, and access to the orbit is then 
gained by opening the periosteum behind the 
arcus marginalis. 

 This approach is commonly performed for 
intact excision of large pleomorphic adenomas 
(Chap   .   10    ) of the lacrimal gland (this diagnosis 
strongly suggested on clinical and radiological 
grounds (Table  17.7  and Fig.  17.5 ) or for resection 
of small apical masses or very large intraconal 
tumours. Following meticulous haemostasis, the 
laterally displaced bone fragment is swung back 
into position and secured with 4/0 absorbable 
sutures passed through each pair of drill holes. 
A vacuum drain is placed after bone-swinging 
lateral orbitotomy, with the drain passing out 

through the lateral eyebrow. The periosteum and 
deep tissues are closed, in layers, with the same 
4/0 soluble suture and the skin incision closed 
with a running 6/0 nylon suture along its length.

17.11         Transconjunctival 
Retrocaruncular Approach 
to the Medial Orbit 

 The transconjunctival retrocaruncular (transcar-
uncular) approach provides excellent access to 
the medial orbit, ethmoid sinuses, the medial half 
of the orbital fl oor, and the extraconal structures 

   Table 17.7    Clinical and radiological features of pleo-
morphic adenoma   

 Gradually progressive lid fullness and hypoglobus 
 Painless (pain implying malignant transformation) 
 Hard palpable mass in the lacrimal fossa 
 CT characteristics 
  Well-defi ned lesion 
  Indentation of the globe 
  Smooth expansion of the lacrimal gland fossa 
  Preservation of cortical bone 

a

b

  Fig. 17.5    Computed tomography ( CT ) is the imaging of 
fi rst choice for investigating the patient with orbital dis-
ease. A well-defi ned solid lesion is shown which indents 
the globe ( a ) which, taken with the clinical history of a 
gradually enlarging painless mass, is most likely to be a 
pleomorphic adenoma that requires intact excision – either 
through a skin-crease orbitotomy or through a bone-swing-
ing lateral orbitotomy. In contrast, a pervasive lesion which 
cloaks the globe (without indentation) and which has 
spread along the lateral orbital wall and invaded the supe-
rior ophthalmic fi ssure. With an acute history of painful lid 
swelling and exophthalmos, this lesion is likely to be a 
malignant lacrimal gland neoplasm and requires urgent 
biopsy through an upper lid skin-crease orbitotomy ( b )       
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within the medial part of the orbit (Fig.  17.6 ) 
[ 12 ]. The approach leaves the lacrimal sac undis-
turbed, is rapid, and leaves no visible scar and as 
such is vastly superior to the previously popular 
Lynch incision. It is particularly valuable where 
an infero-medial orbital decompression is 
required for compressive optic neuropathy but is 
also useful for draining medial orbital collections 
and removing medial orbital masses.

   The medial ends of the eyelids are distracted 
with 2/0 silk traction sutures, and discrete points 
of diathermy are applied to the conjunctiva on the 
back edge of the caruncle and continued in an arc 
about 5 mm superiorly and 10 mm inferiorly 
along the fornices. These points defi ne an inci-
sion mark at a safe distance from the two cana-
liculi; the conjunctiva is then opened along this 
line with tissue scissors, and with the lacrimal sac 

protected by an 11 mm malleable retractor, the 
posterior lacrimal crest is exposed by blunt dis-
section with the scissors directed 45º postero- 
medially. The plane of dissection remains 
intraperiosteal for removing or biopsying lesions 
in the medial orbit. For access to the ethmoid air 
cells (for medial wall decompression or fracture 
repair), the extraperiosteal space should be 
entered about 5 mm posterior to the posterior lac-
rimal crest, and the medial periosteum is refl ected 
laterally with a 16 mm retractor. This approach 
affords good access of the orbital apex, from the 
ethmoidal neurovascular bundles superiorly 
down to the orbital fl oor medial to the infraorbital 
nerve. To prevent fat prolapse, the conjunctival 
incision should be closed with two 7/0 absorb-
able sutures, one at the upper and one at the lower 
border of the caruncle.  

a b

c d

  Fig. 17.6    Conjunctival approaches to the orbit. Image 
showing a peritomy approach ( white dotted line ) and a 
retrocaruncular transconjunctival approach ( a ,  black dot-
ted line ). The region which can be accessed is shown ( b ), 
while the schematic ( c ) shows the surgical path taken by 

the retrocaruncular approach. The lids are separated with 
traction sutures, while two paddle retractors are placed 
within the medial orbit, one retracting the globe laterally 
and the other protecting the lacrimal sac ( d )       
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17.12     The Conjunctival Peritomy 
Approach 

 Although this approach might appear to be easier 
than those described previously, the view of deep 
orbital structures tends to be much more oblique 
(‘end-on’) than that achieved with the eyelid 
approaches, this often leading to biopsies of 
inadequate size, biopsies with marked crush arte-
fact, or non-representative samples from the 
periphery of the true pathology. Despite these 
limitations, however, the transconjunctival perit-
omy can still be useful for masses abutting the 
globe or for retrobulbar lesions [ 13 ]. Access to 
the parabulbar space is achieved through a con-
junctival peritomy of up to 180º (with radial 
relieving incisions to improve access further), 
and the deep retrobulbar space is reached by fen-
estrating the posterior Tenon’s fascia at the 
appropriate site. The peritomy is readily closed 
with 2 or 3 tacking 8/0 soluble sutures at the 
limbus.  

17.13     Early Postoperative 
Management and 
Counselling 

 Several manoeuvres may reduce accumulation of 
fl uid and infl ammatory mediators deep in the 
orbit. A vacuum drain may be positioned within 
the orbital depths, the operated orbit may be pad-
ded moderately fi rmly, and the patient can be 
nursed in a semi-recumbent position. Good post-
operative blood pressure control and adequate 
prevention of coughing, retching, or straining 
may minimise the risk of postoperative haemor-
rhage. With surgery in the mid-orbit or apex, 
intraoperative parenteral glucocorticoids reduce 
the exudation of infl ammatory mediators and 
offer neuroprotection. A rapidly tapering postop-
erative course of oral steroid can also be given. 
Intraoperative and postoperative antibiosis may 
be used for prolonged procedures and surgeries 
involving the paranasal sinus cavities to reduce 
the risk of infection. 

 In over 30 years of experience, the authors 
have never seen mydriasis or visual loss caused 
by a  painless  acute haemorrhage [ 2 ]: the only 

instance of acute haemorrhage causing optic neu-
ropathy (interestingly, due to palpebral artery 
haemorrhage after eyelid surgery) was associated 
with both extreme and increasing pain that could 
not be ignored. Our current recommendation is, 
therefore, to monitor the patient for severe and 
increasing pain for 12 h after surgery, rather than 
the conventional teaching of frequent monitoring 
of pupillary reactions and vision. Arterial orbital 
haemorrhage leads to a ‘rock-hard’ orbit and 
optic nerve ischemia, and in such cases, any 
sutured closure should be released as a matter of 
urgency, the hematoma drained, and – if neces-
sary – the operative site reexplored to perform 
diathermy haemostasis and for placement of a 
corrugated drain. 

 The orbital vacuum drains are removed once 
they have stopped draining, this typically being 
within 8–12 h in most patients. Unless there is 
any suggestion of slow postoperative orbital 
bleeding, the anticoagulated patient can restart 
anticoagulants a day or two after surgery. 

 Following discharge, usually 1 day after sur-
gery, patients are encouraged to pursue all nor-
mal activities, with the exception of vigorous 
sporting activities, heavy lifting, or inverted yoga 
positioning – all of which signifi cantly increase 
orbital venous pressure and which should, there-
fore, be avoided for 2–3 weeks. In addition, 
patients are advised not to fl y or dive for about 
10–14 days after  any  orbital surgery that involves 
the paranasal sinuses, this including repair of 
orbital fl oor fractures or decompression of the 
medial wall or orbital fl oor. 

 Patients are advised that following deep 
orbital surgery, eyelid swelling, ptosis, and 
diplopia are not uncommon and can take weeks 
or months to settle fully. The risk of signifi cant 
diplopia – and its potential impact on lifestyle 
and livelihood – should be clearly discussed at 
the outset and surgery planned accordingly. 
Certain self-employed patients considering 
aesthetic orbital decompression might reason-
ably opt for lateral wall decompression alone to 
minimise the risk of incapacitating short-term 
diplopia, but the risk of residual exophthalmos, 
and thus the need for further orbital decom-
pression, should be clearly understood before 
surgery.  
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17.14     Summary 

 The surgical principles in managing orbital 
disease include a detailed understanding of 
the preoperative surgical risks (such as uncon-
trolled hypertension or thyrotoxicosis), obtain-
ing dedicated orbital imaging (with CT being 
preferred, except where there is optic nerve dis-
ease or intracranial extension of disease), deter-
mining whether an incisional biopsy or intact 
excision is required, and providing compre-
hensive preoperative counselling to the patient 
(Table  17.8 ). With the six fundamental orbitot-
omies described, it is possible to deal with all 
solely orbital disease, with almost no need to 
resort to dated approaches such as lid-split orbi-
totomy or the bicoronal fl ap approach. Where 
disease straddles the craniofacial compartments, 
however, such patients are best treated by sur-
geons familiar with periorbital surgery, and this 
can involve more extensive approaches (such 
as midfacial degloving, lateral rhinotomy, or 

 bicoronal fl ap) – with the most complex cases 
often involving different surgeons with overlap-
ping areas of expertise [ 14 ,  15 ].
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   Table 17.8    Orbital disease: Principles of surgical 
management   

 The preoperative medical risks for surgery should be 
recognised and treated 
 Dedicated orbital imaging – typically CT – is required 
to determine the location and extent of disease 
 The decision to biopsy a lesion or excise a mass intact 
is determined on the basis of the history, as well as the 
clinical and imaging characteristics: 
  Biopsy: 
   Pervasive lesions 
   Lesions straddling surgical boundaries 
    Where complete excision poses an unacceptable 

risk to vision 
  Intact excision: 
   Well-defi ned lesions 
    Probable pleomorphic adenoma (this based on the 

history and CT fi ndings) 
 Thorough explanation of the surgical risks to visual 
functions, these based on preoperative morbidity, 
location of lesion, and surgical approach 
 Sound knowledge of the six key orbitotomy approaches 
and their indications 
  Maximise width of access (conoid of view) 
  Minimise surgical path length 
  Meticulous haemostasis and careful tissue handling 
 Prompt recognition and treatment of early 
postoperative haemorrhage 
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18.1            Introduction 

 Loss of an eye to tumor, trauma, or end-stage 
ocular disease is devastating. There is a loss of 
binocular vision with reduced peripheral visual 
fi eld and loss of depth perception. Job limitations 
may arise and affected individuals may experi-
ence a sense of facial disfi gurement. Because eye 
contact is such an essential part of human interac-
tion, it is extremely important for the patient with 
an artifi cial eye to maintain a natural, normal 
appearing prosthetic eye. In the past two decades, 
there have been numerous developments and 
refi nements in anophthalmic socket surgery with 
respect to implant material and design, implant 
wrapping, implant-prosthesis coupling, and 
socket volume considerations. It is now possible 
than ever before to provide the anophthalmic 
patient with an artifi cial eye that looks and moves 
almost as naturally as a normal eye.  

18.2     Porous Orbital Implants 

18.2.1     Hydroxyapatite Implants 

 In the effort to design a biocompatible, integrated 
orbital implant, Perry (1985) introduced coralline 
(sea coral) hydroxyapatite (HA) spheres (Bio- 
Eye, Integrated Orbital Implants, San Diego, 
CA) [ 1 ]. The HA implants represented a new gen-
eration of buried, integrated spheres with a regu-
lar system of interconnecting pores that allowed 
host fi brovascular ingrowth (Fig.  18.1 ) [ 1 ,  2 ]. 
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Implant fi brovascularization potentially reduced 
the risk of migration, extrusion, and infection [ 3 ]. 
The HA implant also allowed secure attachment 
of the extraocular muscles, which in turn lead to 
improved implant motility [ 1 ,  2 ]. By drilling into 
the HA implant, inserting a peg and coupling the 
peg to the prosthetic eye, an improved range of 
movement as well as fi ne darting prosthetic eye 
movements (commonly seen during close con-
versational speech) were seen. This allowed a 
more lifelike quality to the artifi cial eye.

   Although HA implants represented a signifi -
cant advance in anophthalmic surgery, experi-
ence with HA over the last two decades has 
expanded our understanding of the limitations of 
HA. Reported complications are not uncommon 
and include implant exposure, conjunctival thin-
ning, socket discharge, pyogenic granuloma for-
mation, implant infection, and persistent pain or 
discomfort [ 4 – 8 ]. Implant exposure problems 
continue to deter some surgeons from using HA 
implants, but this complication appears to be 
related more to surgical implantation technique 
(including HA implant wrap selection) and host 
factors than properties related to HA spheres [ 3 ]. 

 The introduction of HA as an orbital implant 
signifi cantly raised the costs associated with enu-
cleation, evisceration, and secondary orbital 
implant procedures. The Bio-Eye™ HA implant 
may cost over $600 (US) more than traditional 
silicone or polymethylmethacrylate (PMMA) 
spherical implants ($15–$50 US). Additional 
expenses associated with HA placement include 

an implant wrap material, assessment of implant 
vascularization with a confi rmatory magnetic 
resonance (MR) imaging study, a secondary drill-
ing procedure with peg placement, and prosthesis 
modifi cation. In the search for porous orbital 
implants with a reduced complication profi le and 
diminished surgical and postoperative costs, 
numerous alternative implant materials have 
been introduced around the world.  

18.2.2     Synthetic Porous Implants 

 Synthetic porous polyethylene (MEDPOR ® , 
Porex Surgical Inc., Newnan, GA, USA) implants 
were introduced almost two decades ago for use 
in the orbit and have been widely accepted as an 
alternative to the Bio-Eye™ HA [ 9 – 12 ]. Porous 
polyethylene implants although less biocompat-
ible than HA [ 13 ] are typically well tolerated by 
orbital soft tissue. They have a smoother surface 
than HA implants which permits easier implanta-
tion and potentially less irritation of the overly-
ing conjunctiva following placement (Fig.  18.2 ). 
These implants have a high tensile strength yet 
are malleable which allows sculpting of the 
 anterior surface of the implant. They may be 
used with or without a wrapping material, and 
the extraocular muscles can be sutured directly 
onto the implant, although most surgeons may 
fi nd this diffi cult without predrilled holes. Porous 
polyethylene implants are available in spheri-
cal, egg, conical, and mounded shapes (quad 

a b

  Fig. 18.1    The porous architecture of the Bio-Eye™ hydroxyapatite implant is well visualized ( a ). Scanning electron 
microscopy illustrating the porous architecture of a Bio-Eye™ ( b , 222 × 10)       
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implant) [ 10 – 12 ]. The anterior surface can also 
be manufactured with a smooth, nonporous sur-
face to prevent abrasion of the overlying tissue 
(e.g., MEDPOR ®  smooth surface tunnel implant, 
SST TM ) while retaining a larger pore size poste-
riorly to facilitate fi brovascular ingrowth. The 
addition of Bioglass (US biomaterials Corp, 
Alachua, FL, USA) to the MEDPOR ®  implant 
may help stimulate early vascular ingrowth and 
reduce complications such as exposure, migra-
tion, and extrusion [ 14 ]. The MEDPOR ®  implant 
costs vary depending upon what model is used 
and the number ordered. It may be up to approxi-
mately $200 (US) less than the Bio-Eye™ HA 
sphere.

18.2.3        Synthetic Hydroxyapatite 
Implants 

 Synthetic HA implants developed by FCI (Issy-
les- Moulineaux, Cedex, France) have an identi-
cal chemical composition to that of the 
Bio-Eye™, although scanning electron micros-
copy (SEM) has revealed decreased pore unifor-
mity and interconnectivity and the presence of 
blind pouches [ 15 ]. Central implant fi brovascu-
larization in a rabbit model still appears to occur 
in a similar manner in both the Bio-Eye™ and 
FCI 3  implants [ 16 ]. The synthetic FCI 3  implant 
has gained in popularity in many parts of the 

world over the past 15 years; however, it is not 
yet available in the USA. The problems and com-
plications associated with the synthetic FCI 3  
implant are similar to that of the Bio-Eye™ [ 17 ]. 
It is less expensive than the Bio-Eye (approxi-
mately 480 US dollars) 

 Other forms of HA implants in use around the 
world include the Chinese HA and the Brazilian 
HA implants [ 18 ,  19 ]. Although less expensive 
than the Bio-Eye™, these implants have impuri-
ties or poor porous structure that offer little 
advantage. Other implant designs continue to 
surface, some of which are of little added value 
[ 20 ] while others have only been in use for a 
short time and there advantages/disadvantages 
are not yet apparent [ 21 ].  

18.2.4     Ceramic Implants 

 Aluminum oxide (Al 2 O 3 ) is a ceramic implant 
biomaterial that has been used in orthopedic 
surgery and dentistry for more than 30 years. 
Spherical and Egg-Shaped Bioceramic Orbital 
Implants (FCI, Issy-les-Moulineaux, Cedex, 
France) have been available in North America 
for over a decade. Aluminum oxide is a porous, 
inert substance and has been suggested as a stan-
dard reference material in studies of implant bio-
compatibility [ 22 ]. These implants permit host 
fi brovascular ingrowth similar to the Bio-Eye™ 

a b

  Fig. 18.2    On gross examination, the porous polyethyl-
ene implant appears to have more of a channel system 
than pores ( a ). Scanning electron microscopy of a porous 

polyethylene implant (222 × 10) illustrating the smooth 
surface of the architecture as well as the channel 
 system ( b ). Reproduced with permission from Perry [ 1 ]       
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[ 23 ,  24 ]. Human  fi broblasts and osteoblasts pro-
liferate more rapidly on aluminum oxide than HA 
suggesting it is a more biocompatible substance 
than HA [ 13 ,  22 ]. The Bioceramic implant is 
lightweight and has a uniform pore structure and 
excellent pore interconnectivity (Fig.  18.3a, b ) 
[ 15 ]. The microcrystalline structure is smoother 
than the rough surfaced Bio-Eye TM  (Fig.  18.3c ). 
Although sockets with the aluminum oxide 
implants may initially be quieter than those with 
HA, the same complications as other porous 
implants (e.g., exposure) may be seen [ 25 ]. Long- 
term follow-up is important with any porous 
implant as late complications (years after implan-
tation) are known to occur [ 25 – 28 ]. As with the 

other available porous orbital implants, aluminum 
oxide is less expensive than the Bio-Eye™ ($450 
US vs. $650 US).

18.3         Implant Selection 

 There continues to be little consensus regarding 
orbital implant material and design preference 
[ 29 ]. Surgeons have their own preferences regard-
ing use of spherical versus shaped implants, 
wrapped versus unwrapped implants, and pegged 
versus unpegged implants. Implant cost, hospital 
budgets, and marketing pressures also play a role 
in implant selection. 

a b

c

  Fig. 18.3    The porous architecture of an aluminum oxide 
(Bioceramic) implant is well visualized ( a ). Scanning 
electron microscopy illustrating the more uniform porous 
architecture of the aluminum oxide orbital implant ( b , 
222 × 10). On high power scanning electron microscopy 

(230 × 10 3 ), the solid component of the Bio-Eye TM  ( c ,  left ) 
has a rough appearing microcrystalline structure com-
pared to the smooth microcrystalline structure of the alu-
minum oxide (Bioceramic) implant ( c ,  right )       
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 When deciding upon an implant to use, these 
authors divide the various implants into three 
useful categories:
    (a)    Porous spheres that may potentially be 

pegged (HA – coralline or synthetic, porous 
polyethylene, aluminum oxide)   

   (b)    Quasi-integrated implants (Universal 
implant, Quad MEDPOR ® )   

   (c)    Standard nonporous sphere (polymethyl-
methacrylate, silicone)     

 If the patient is healthy and between the ages 
of 15 and 65 years, a porous implant (e.g., 
Bioceramic implant) that can potentially be 
pegged is our fi rst choice [ 25 ,  26 ]. If a peg is not 
being remotely considered, the advantage of 
using a porous spherical implant is diminished, 
as the movement associated with a non-pegged 
porous orbital implant is equal to that of a 
wrapped nonporous spherical implant [ 30 – 33 ]. 
In light of widespread disappointment with peg-
ging of porous implants and no motility advan-
tage of unpegged porous over nonporous 
spherical implants, some authors feel more con-
sideration should be given to techniques that are 
equally effective, less costly, and perhaps more 
reliable [ 34 ]. Direct fi xation of extraocular mus-
cles to a solid silicone sphere, by using nonab-
sorbable sutures knotted beneath the muscles, 
provides implant stability and prosthesis motil-
ity comparable to those non-pegged porous 
implants, with equal or less risk of implant 
exposure and infection [ 34 ]. However, the 
advantage of fi brovascular ingrowth and poten-
tially diminished risk of implant migration 
remain reasons to consider using a porous 
implant [ 14 ,  35 ]. 

 A quasi-integrated implant such as the 
Universal (PMMA) or MEDPOR ®  Quad implant 
is an alternative consideration to the porous or 
nonporous spherical implant as the mounded sur-
face of the implant offers improved motility over 
a standard sphere as a result of the coupling that 
occurs between the mounds on the implant and 
the posterior surface of the prosthesis [ 12 ]. The 
implant placement is operator and technique sen-
sitive. As a result, it is technically more diffi cult 
for those only doing occasional enucleations or 
secondary implantation surgery. 

 A standard PMMA sphere, wrapped, centered 
within the muscle cone and attached to the four 
rectus muscles is another alternative if pegging is 
not a consideration. A standard sphere placed into 
the orbit, without a wrap and without connection 
to the rectus muscles, is the least desirable choice 
as it offers little movement and the implant is 
prone to migration. 

 In a young child (less than 5 year), we prefer 
either a wrapped sphere (PMMA, silicone) cen-
tered within the muscle cone and connected to 
the four rectus muscles and inferior oblique mus-
cle or a PMMA mounded implant (Universal, 
MEDPOR ®  Quad). Implant exchange with a 
porous orbital implant that can potentially be 
pegged is considered at a later age (>15 year). In 
the aging individual (>65 year), the authors do 
not use porous orbital implants and prefer a stan-
dard sphere (PMMA, silicone) wrapped and cen-
tered in the muscle cone and connected to the 
rectus muscles or a PMMA mounded implant 
(Universal, MEDPOR ®  Quad).  

18.4     Volume Considerations 

 Removal of an eye following enucleation or 
 evisceration creates an orbital soft tissue volume 
defi ciency. Insuffi cient volume replacement 
results in an abnormally deep superior sulcus, 
upper eyelid ptosis, and enophthalmos and may 
require a larger than desirable prosthesis 
[ 36 – 40 ]. 

 Approximately 70–80 % of the volume of an 
individual’s normal globe should be replaced 
with the orbital implant [ 38 ]. This generally 
allows for a prosthetic volume that is approxi-
mately 2 ml [ 36 ]. Larger prostheses often result 
in progressive lower eyelid laxity and  malposition 
due to the weight of the prostheses on the eyelid. 
Larger prostheses may also have limited socket 
excursion [ 37 ]. 

 Several authors have reported that the vari-
ability of axial length and globe volume is sig-
nifi cant with globe volumes varying between 6.9 
and 9.0 ml [ 38 – 40 ]. Proper implant volume may 
be determined either preoperatively or intraoper-
atively (enucleation cases) from the axial length 
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of the eye or by determining the volume of fl uid 
the enucleated eye displaces in a graduated cylin-
der [ 38 – 40 ]. Kaltreider has shown that the axial 
length minus 2 mm (or A-scan minus 1 mm) 
approximates the implant diameter for optimal 
volume replacement in emmetropic and myopic 
individuals (Chap.   15    ) [ 38 ,  41 ]. Custer suggested 
a graduated cylinder be used to measure the vol-
ume of fl uid displaced by an enucleated eye. The 
volume of the globe minus 2 ml gives the ideal 
implant size to use [ 39 ]. Individualization of the 
implant size is important in optimizing orbital 
volume replacement and in achieving the best 
possible esthetic result [ 37 ,  38 ,  40 ,  41 ].  

18.5     Orbital Implant Wrapping 

 Placement of an HA implant or Bioceramic 
implant within the soft tissue of the eye socket is 
facilitated by a smooth wrapping material which 
diminishes tissue drag [ 1 ]. In addition, the wrap 
facilitates precise fi xation of the extraocular mus-
cles to the implant surface [ 1 ]. Implant wraps 
may also provide a barrier function over the spic-
ulated porous implant surface [ 1 ,  26 ] although 
there is some debate whether covering the ante-
rior surface of the implant with an avascular 
material is helpful in preventing implant expo-
sure [ 42 – 44 ]. The advantages of placing an 
unwrapped implant include simplifi cation of the 
procedure, decreased operating room time, 
reduced cost, avoidance of a second surgical site 
for harvesting autogenous wrap, and a decreased 
risk of disease transmission [ 29 ,  43 ,  44 ]. 

 If a wrap is used, human donor sclera has tra-
ditionally been the fi rst choice [ 1 ,  2 ]. The use of 
human donor material however has fallen out of 
favor recently with both surgeons and patients 
due to the potential risk of transmission of HIV, 
hepatitis B or C, and prions (Creutzfeldt -Jakob 
disease) [ 45 ]. Although we are not aware of any 
reports of disease transmission from donor sclera, 
segments of the human immunodefi ciency 
virus(HIV)-1 genome have been identifi ed in 
preserved human sclera [ 46 ]. Creutzfeldt-Jakob 
disease transmission from dural and corneal 
transplants has been reported [ 47 – 49 ]. In 
 addition, seronegative organ and tissue donors 

may transmit HIV [ 50 ]. Many eye banks charge a 
substantial fee to provide donor sclera. 

 Specially processed human donor pericar-
dium, fascia lata, and sclera are marketed as safe 
alternative implant wraps to preserved human 
donor tissues (Biodynamics International (USA), 
Inc., Tampa, FL). These wraps have the conve-
nience of a long (up to 5 years) shelf life; how-
ever, they are currently priced at levels that may 
exceed the cost of the implant itself. 

 Processed bovine pericardium (Peri-Guard ®  
or Ocu-Guard™ Supple, BioVascular Inc., Saint 
Paul, MN, USA) is FDA approved and also avail-
able as an implant wrap material [ 51 ,  52 ]. 
Although there have been only few cases of 
bovine spongiform encephalopathy (BSE) in 
American cattle to date, reports of infected cattle 
in Alberta, Canada, have surfaced in the past 
decade, and the potential for the disease to occur 
with possible prion transmission still exists [ 45 ]. 

 Autologous temporalis fascia [ 53 ], fascia lata 
[ 54 ], rectus abdominis sheath [ 55 ], and posterior 
auricular muscle complex graft [ 56 ] have been 
tried as orbital implant wrapping materials. Use 
of these tissues requires a second operative site, 
prolonged operative time, and a potentially 
increased risk of morbidity. 

 Microporous expanded polytetrafl uoro-
ethylene (e-PTFE) (Gore-Tex, W.L. Gore & 
Associates, Flagstaff, AZ) has also been advo-
cated as an implant wrapping material (Oculo- 
Plastik, Montreal, Quebec, Canada); however, 
complications with its use have made it undesir-
able [ 57 – 59 ]. 

 Undyed polyglactin 910 mesh (Vicryl mesh, 
Ethicon, Somerville, NJ, USA) is a bioabsorb-
able synthetic material and is our preference as 
a wrapping material for porous orbital implants 
[ 60 ,  61 ]. Vicryl mesh eliminates the risk of infec-
tious disease transmission, does not require a sec-
ond surgical site, is readily available, is simple 
to use, and is inexpensive. Vicryl mesh-wrapped 
HA implants have been shown to permit rapid 
implant fi brovascularization in an animal model 
[ 61 ,  62 ] and may provide a potential advantage of 
permitting fi brovascular ingrowth over the entire 
implant surface unlike implants completely 
wrapped in sclera [ 63 ]. We have reported a 2.1 % 
incidence of implant exposure in 187  consecutive 
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patients receiving Vicryl mesh-wrapped HA 
orbital implants [ 64 ]. Addition of a small scleral 
cap (15 mm × 15 mm) over the anterior surface 
of the Vicryl mesh-wrapped implant may reduce 
implant exposure even further [ 26 ]. Oestreicher 
et al. also reported a low exposure incidence 
using a similar bioabsorbable wrapping mate-
rial composed of polyglycolic acid (Dexon mesh 
style No. 8, non-stretch, medium-weight closed 
tricot, Davis & Geck, Manati, Puerto Rico) [ 7 ]. 
Despite our success with polyglactin 910 mesh 
as an implant wrap material, some surgeons con-
tinue to believe that it is associated with a higher 
rate of implant exposure [ 59 ,  60 ]. It remains 
the view of these authors that high exposure 
rates with Vicryl mesh-wrapped implants is a 
technique- related problem that can be signifi -
cantly minimized with correct implant insertion 
and meticulous tension-free wound closure [ 65 , 
 66 ]. We also now routinely place a 13–15 mm 
diameter cap of donor sclera over the anterior 
surface of the mesh-wrapped implant as added 
insurance against implant exposure [ 26 ].  

18.6     Pegging Porous Orbital 
Implants 

 Infrared oculography has demonstrated signifi -
cant objective improvement in horizontal gaze 
after motility peg placement [ 26 ]. Despite the 
improved motility, many surgeons and patients 
still elect to avoid peg placement due to the satis-
factory results without pegging and the possibil-
ity of pegging-related complications [ 34 ,  67 – 72 ]. 
Although pegging has declined dramatically over 
the past few years, we believe that a precise and 
meticulous technique [ 73 ] in the appropriately 
selected individual can be very successful. 
Johnson [ 74 ] and others [ 26 ,  27 ] have also shown 
largely positive results, validating the effi cacy of 
pegging porous orbital implants (e.g., hydroxy-
apatite, Bioceramic) with minor risk of serious 
complications. 

 Proper care of the artifi cial eye and regular 
follow-up visits with the ocularist and ophthal-
mic plastic surgeon are important. Watching for 
small problems (e.g., exposure around the peg) 
and management of these small issues at an early 

stage can often avoid more serious problems with 
the peg and implant later. If the patient is unlikely, 
unable, or unwilling to keep their follow-up vis-
its, pegging should be avoided. The authors do 
not feel children (roughly less than age 15 year), 
adults over the age of 65 year, or individuals of 
any age with a chronic illness (collagen vascular 
disease, sarcoidosis, diabetes, immunosuppres-
sive therapy, etc.) should be considered for 
pegging. 

 Peg systems were generally designed for peg 
placement once fi brovascularization of the implant 
has been completed. Implant fi brovascularization 
is believed to diminish the risks of implant infec-
tion, exposure, and migration [ 9 ,  63 ]. Drilling into 
an avascular area of the implant may predispose 
the implant to infection [ 75 ]. Gadolinium-
enhanced MR imaging is currently the recom-
mended method of assessing the extent of implant 
vascularization [ 76 ]. Fibrovascular ingrowth may 
occur at varying rates in different patients. Implant 
drilling and peg placement is generally deferred 
until 10–12 months after HA implant insertion. 

 Several titanium peg systems are currently 
available for use with porous orbital implants. 
Titanium is more biocompatible and better toler-
ated by human soft tissue than the original peg 
systems made of polycarbonate [ 77 ]. The FCI 
peg system utilizes a hydroxyapatite-coated tita-
nium sleeve  [ 73 ]. The HA coating potentially 
allows for stronger interface bonding with the 
orbital fi broblasts than the uncoated P-K system 
supplied for use with the Bio-Eye™. The 
MEDPOR ®  Motility Coupling Post (MCP) 
(Porex Surgical, College Park, GA, USA) is a 
titanium screw that can be screwed directly into 
porous polyethylene implants [ 78 ,  79 ]. Some 
authors have advocated primary placement of the 
MCP at the time of implant insertion [ 80 ,  81 ]. 
This practice, however, remains controversial 
and most surgeons defer implant pegging for 
more than 6 months after implant placement.  

18.7     Summary 

 Anophthalmic surgery is no longer simply about 
replacing a diseased eye with an orbital implant. 
Ophthalmic surgeons and ocularists are now 
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more than ever focused on restoring a patient’s 
appearance and prosthetic motility to as near 
normal as possible. Although evisceration sur-
gery has recently increased in popularity and 
favored by many surgeons because of the sim-
plicity of the technique, less disruption to the 
socket anatomy and excellent cosmetic results, 
enucleation is still required in patients with 
known or potentially occult ocular malignancies 
as well as blind, painful, and/or unsightly eyes 
with opaque media and unknown or unclear past 
ocular histories [ 82 ].     
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19.1            Introduction 

 An ocularist is a trained technician skilled in the 
arts of fi tting, shaping, and painting ocular pros-
theses. In addition to creating it, the ocularist 
shows the patient how to handle and care for the 
prosthesis and provides long-term care through 
periodic examinations. In this chapter, the steps 
in construction of custom designed prosthesis are 
outlined. Cosmetic rehabilitation following exen-
teration is discussed elsewhere.  

19.2     Historical Perspective 

 The fi rst ocular prostheses were made by Roman 
and Egyptian priests as early as the fi fth century 
B.C. In those days, artifi cial eyes were made of 
painted clay attached to cloth and worn outside 
the socket. It took many centuries for the fi rst in- 
socket artifi cial eye to be developed. At fi rst, 
these were made of gold with colored enamel. 
Then, in the later part of the sixteenth century, the 
Venetians started making artifi cial eyes out of 
glass. These early glass eyes were crude, uncom-
fortable to wear, and very fragile. Even so, the 
Venetians continued making them and kept their 
methods secret until the end of the eighteenth 
century when German glassblowers developed 
superior techniques and the center for glass eye 
making moved to Germany. Shortly thereafter, 
glass eye making was introduced in the United 
States.  
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19.3     Recent Developments 

 During World War II, the imported German glass 
used for glass prostheses became unavailable in 
the United States. As a result of this shortage, the 
US Government in conjunction with a number of 
American fi rms popularized the techniques for 
making artifi cial eyes out of acrylic plastic. The 
popularity of this method has continued to increase 
over the years, and today the vast majority of 
patients wear ocular prostheses made of acrylic.  

19.4     Steps in Construction 
of Artifi cial Eye 

 It is recommended to wait for 6 weeks following 
enucleation to allow complete healing prior to fi t-
ting of prosthesis. 

 Socket impression is obtained by inserting the 
impression tray into the socket and then injecting 
   alginate through a syringe into the tip of the 
impression tray (Fig.  19.1a ). This fi lls the socket 
with the impression material, which hardens in 

a b

c
d

  Fig. 19.1    Socket impression being obtained by inserting 
the impression tray into the socket ( a ). Alginate is injected 
through a syringe into the tip of the impression tray ( b ). 
Blank iris disc ( c ) and after it has been painted reproduc-

ing stroma and collarette ( d ). Appearance after lamination 
of corneal button ( e ). The iris cornea button recessed in 
the wax shape ( f ). Finished prosthesis after drawing of 
veins and pigment ( g )       
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roughly 2 min (Fig.  19.1b ). Impression is then 
poured in stone to make the fi rst two-piece mold. 
After removing from stone, each piece of mold is 
then tinfoiled and burnished. Special resinated 
wax is poured into the cavity and allowed to cool. 
Iris disc (sized 10 mm through 13.5 mm) and cor-
nea button are then selected with proper three- 
dimensional pupil (sizes 2–7 mm) (Fig.  19.1c ). 
Iris disc is then hand painted (1,200–1,500 brush 
strokes), copying colors of existing eye to repro-
duce anatomy of stroma and collarette 
(Fig.  19.1d ). After iris disc has dried, the corneal 
button is laminated in place (Fig.  19.1e ). Wax 
shape is removed from mold, and the mold is dis-
carded. The wax piece is trimmed, smoothed, and 
inserted in the socket. Thorough examination is 
done to check the fi t. At this time, wax can be 

increased or decreased depending on the need. 
While in the socket, the pupil center is marked. 
The wax piece is removed from socket, and the 
area where the iris is to set is carved. The iris/
cornea button is then recessed in the wax shape 
(Fig.  19.1f ). After smoothening, the wax mold is 
reinserted in the socket; at this time the gaze is 
adjusted.

   Upon completion of previous steps, a new 
mold is poured into a microwavable, two-
piece fl ask, upper and lower unit. Wax shape is 
removed, and iris button is retrieved, placed in 
the mold, and packed with acrylic. After cur-
ing, eye is removed, trimmed, and polished. The 
eye is tried in socket and checked once again for 
proper fi t and iris placement. Eye is removed 
and cut down for veining and pigmenting of 

e f

g

Fig. 19.1 (continued)
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 prosthesis. Veins are placed in position, reproduc-
ing pattern of existing eye (silk veins). Pigment 
(color) is placed in the same manner as veins. 
Prosthesis is cured for four additional hours. 
After curing, prosthesis is thoroughly exam-
ined and compared with patient’s exiting eye for 

accuracy (adjustment or correction of pigmenta-
tion is completed at this time). Mold is tinfoiled 
and burnished. Prosthesis is placed in mold and 
packed with clear acrylic, which encapsulates 
pigmentation and adds proper anterior curvature 
(Fig.  19.1g ). Prosthesis is removed, trimmed, and 
polished prior to fi nal fi tting and assessment for 
positioning (Fig.  19.2 ).

   The patient is then given instructions for care 
and for a follow-up in 3–6 months after they 
receive the prosthesis or anytime if they have 
questions or problems.  

    Conclusions 

 Given low complication rates following 
enucleation and custom designing of pros-
thesis, excellent cosmetic appearance can 
be achieved in the vast majority of cases. 
With proper fi t, maintenance, and cleaning, 
the prosthesis provides years of comfort and 
usefulness.      

  Fig. 19.2    Well-fi tting prosthesis offering excellent cos-
metic outcome       
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