


Orbital Tumors



Orbital Tumors

Diagnosis and Treatment

ZEYNEL A. KARCIOGLU, MD
Professor of Ophthalmology and Pathology
Dr. George Haik, Sr./St. Giles Professor of Ocular Oncology
Director, O’Brien Ocular Pathology Laboratory
Consultant, Tulane Cancer Center
Tulane University Health Sciences Center
New Orleans, Lousiana

With 482 Illustrations, 276 in Color



Zeynel A. Karcioglu, MD
Professor of Ophthalmology and Pathology
Dr. George Haik, Sr./St. Giles Professor of Ocular Oncology
Director, O’Brien Ocular Pathology Laboratory
Consultant, Tulane Cancer Center
Tulane University Health Sciences Center
New Orleans, LA 70112
USA

Library of Congress Cataloging-in-Publication Data
Orbital tumors : diagnosis and treatment / [edited by] Zeynel A. Karcioglu.

p. ; cm.
Includes bibliographical references and index.
ISBN 0-387-21321-X (h/c : alk. paper)

1. Eye-sockets—Tumors. I. Karcioglu, Zeynel A.
[DNLM: 1. Orbital Neoplasms—diagnosis. 2. Orbital Neoplasms—therapy. WW 202

O645 2004]
RC280.E9O75 2004
616.99�484—dc22 2004046867

ISBN 0-387-21321-X Printed on acid-free paper.

© 2005 Springer Science+Business Media, Inc.
All rights reserved. This work may not be translated or copied in whole or in part without the writ-
ten permission of the publisher (Springer Science+Business Media, Inc., 233 Spring Street, New York,
NY 10013, USA), except for brief excerpts in connection with reviews or scholarly analysis. Use in
connection with any form of information storage and retrieval, electronic adaptation, computer soft-
ware, or by similar or dissimilar methodology now known or hereafter developed is forbidden.
The use in this publication of trade names, trademarks, service marks, and similar terms, even if they
are not identified as such, is not to be taken as an expression of opinion as to whether or not they
are subject to proprietary rights.
While the advice and information in this book are believed to be true and accurate at the date of go-
ing to press, neither the authors nor the editors nor the publisher can accept any legal responsibility
for any errors or omissions that may be made. The publisher makes no warranty, express or implied,
with respect to the material contained herein.

Printed in China. (MP/EVB)

9 8 7 6 5 4 3 2 1 SPIN 10938430

springeronline.com



Preface

About every 10 years a new book appears on any given medical specialty
subject. Naturally, this is not because the entire body of knowledge in
that specialty is overhauled every 10 years but because the progress made

over a decade usually warrants expressing new perspectives on quite a few dis-
eases. Orbital oncology certainly qualifies as a subspecialty that merits an update
every decade. At least two or three excellent textbooks on orbital tumors have
been written since the mid-1980s. This book reports advances in knowledge about
orbital diseases and their treatment and offers an up-to-date, single-volume ref-
erence for orbital tumors with particular emphasis on new improvements in di-
agnostic and therapeutic measures.

I cannot claim deep personal knowledge on all the topics covered; this work
would not have been possible without the expert help of the contributing au-
thors and the work of others who published their findings in the medical lit-
erature of the past four decades. The contributors were selected not only from
ocular oncologists but also from practitioners in other fields, including radiol-
ogy, pathology, neurosurgery, medical and radiation oncology, and plastic sur-
gery to expand the input from other clinical disciplines into daily practice. My
role as the editor and author was to study others’ work, analyze it critically
by sifting it through the filter of my own experience in ophthalmology and on-
cology, and present the whole as an informative package. My contributions as
an author in 16 chapters are influenced by my ways of thinking and doing; the
reader should be aware of these prejudices; I alone am responsible for any er-
rors of omission and commission.

Part I comprises advances in oncogenesis and its relationship to orbital tu-
mors. Changes in the biological behavior of diseases in the general patient popu-
lation are much slower than technological advances; nevertheless, those alter-
ations take place as well. One of the major medical issues of our time, for example,
is the changes in the immunological status of individuals. This issue influences
the entire field of medicine, particularly oncology, including the treatment of or-
bital tumors. Chapters 2 to 5 summarize these influences.

Medical genetics gained momentum during the past two decades and now af-
fects the clinical practice of almost every discipline of medicine, including oph-
thalmology and orbitology. Chapters on principles of molecular genetics and im-
munosurveillance mechanisms of neoplasia and on the occurrence of multiple,
malignant neoplasms in retinoblastoma have been included to apply molecular
concepts to clinical practice related to orbital tumors.

Advances in one discipline often directly benefit practice in another field. 
In orbitology, no development has been more influential than the revolution
in imaging techniques, including ultrasonography, computerized tomography,
and magnetic resonance methods. Four chapters in Part II are devoted to 
the role of imaging in diagnosis of orbital tumors. Other diagnostic advances
entailing immunohistochemistry, flow cytometry, gene microarray, and 
the polymerase chain reaction are summarized in a separate chapter on or-
bital biopsy.

A brief section on inflammatory, space-occupying lesions of the orbit is pre-
sented in Part VI, including infectious and other inflammatory conditions and
thyroid-associated orbitopathy (Graves disease).

Up-to-date information on treatment of orbital tumors is summarized in Part
VII. Brief but current staging of malignant orbital tumors is included and advances
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in surgical, radiation,and chemotherapy are summarized in a practical fashion.
Not only is the book intended to help general ophthalmologists, oculoplastic sur-
geons, and orbitologists in their daily practice, it is also a reference for pediatri-
cians, radiologists, pathologists, neurosurgeons, and otolaryngologists who are
dealing with orbital tumors.

ZEYNEL A. KARCIOGLU, MD
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P A R T  O N E

Current Concepts 
of Oncogenesis



1

Molecular Models 
of Cancer Development

Domenico Mastrangelo

HISTORICAL OVERVIEW

Cancer is every malignant tumor whose cells have the
properties of endless replication, loss of contact inhi-
bition, invasiveness, and the ability to metastasize and
whose result, generally, if left untreated, is fatal.1 Can-
cer cells typically display three distinct phenotypes
that are not associated with normal cells:

1. Immortalization: an indefinite proliferative life
span

2. Transformation: the loss of response to normal
regulation of cell growth

3. Metastasis: the ability to leave the tumor and in-
vade other tissues at another location in the body

A close relationship between chromosomal alterations
and cancer was postulated by Theodor Boveri, who
conducted experiments on double-fertilized sea urchin
eggs. Boveri demonstrated the following:

• Individual chromosomes carry different informa-
tion.2,3

• The unresticted growth of tumor cells resembles
the same abnormal growth of double-fertilized sea
urchin eggs carrying the wrong chromosomal com-
plement.4

In his last book, on the origin of malignant tumors,
Boveri5 concluded that malignancy is the result of in-
appropriate balance of instructions (genetic informa-
tion) in the tumor cells.

The extraordinary relevance of the discoveries
made by Boveri in the field of cancer can be fully ap-
preciated only in light of the fact that it took almost
50 years after the publication of his monograph to find
out that chronic myeloid leukemia (CML) is associ-
ated with a characteristic chromosomal aberration
(the Philadelphia chromosome),6 another decade to
identify the chromosomes involved in the transloca-
tion producing this aberrant chromosome,7 a further
decade to identify the genes fused and activated as a
result of this translocation,8 and almost two more
decades to develop a drug against the fusion protein

(BCR-ABL) produced by the gene activated as a result
of the chromosomal translocation.9

At the time of Boveri’s investigations, the concept
of the gene was not developed yet. Subsequent re-
search on his observations seemed to demonstrate the
following:

• Except for the Philadelphia chromosome in CML,
“cancer-specific” aneuploidy is very rare.

• Aneuploidy may not necessarily be associated to
cancer development (as shown by the Down Syn-
drome).

• Cancers can be diploid (in the early stages of can-
cers of viral origin).10

This last observation originated from studies made by
Peyton Rous who in 1911 was able to repeatedly in-
duce tumors in a particular breed of chicken by means
of tumor-derived cell-free filtrates, probably contain-
ing a virus.11 By the early 1970s, virologist Hidesaburo
Hanafusa showed that the Rous sarcoma virus (RSV)
contains a gene (called src for sarcoma) that produces
a protein necessary for cancer development.12 Re-
moving the gene prevented the virus from inducing
cancer.13 These discoveries led researchers to entirely
abandon Boveri’s idea that aneuploidy was at the ba-
sis of the unregulated growth of tumor cells and to
shift the focus of cancer research to genes and gene
mutations.

At about the same period, Howard Temin,14–16 to-
gether with David Baltimore and Renato Dulbecco,
observed that certain viruses were able to synthesize
DNA from RNA by using an enzyme called reverse
transcriptase (RT). The viruses that produce this en-
zyme were called retroviruses, and the RSV was found
to belong to this group.

This discovery not only definitively disproved the
accepted dogma that protein synthesis within the cell
proceeds as a one-way process, from DNA to RNA and
to protein, it also had relevant consequences for fur-
ther investigations in the field of cancer research. In
the late 1970s, Michael Bishop and Harold Varmus
identified cellular src (c-src) homologues in organisms
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as diverse as fruit flies, chicken, fish, mammals, and
humans. These cellular genes (c-onc) are present in
normal cells, where they play an essential role in cell
growth regulation (proto–oncogenes). When they be-
come overexpressed or mutated (oncogenes), they are
able to confer to the cells the traits of rapid, uncon-
trolled growth that are typical of many tumors.17–19

ONCOGENES

Oncogenes represent the first identified class of acti-
vated human genes responsible for tumor develop-
ment in humans. A short list of these genes is given
in Table 1.1. The distinction between the terms
“proto-oncogene” and “oncogene” relates to the ac-
tivity of the protein product of the gene. A proto-
oncogene is a gene whose protein product plays an es-
sential role in cell growth regulation and has the ca-
pacity to induce cellular transformation if it sustains
a genetic insult. An oncogene is a gene that has sus-
tained genetic damage and therefore produces a pro-
tein capable of cellular transformation.

Many proto-oncogenes code for proteins that relay
growth stimulating signals from outside the cell to
deep within its interior. Cell-to-cell signaling begins
when one cell secretes a protein called growth factor.
The growth factor moves into the intercellular space
and binds to the receptors located on the target cell
membrane. After that binding, the receptor conveys a
proliferative signal to proteins located in the cyto-
plasm, in a cascade of protein activation that, in turn,
brings the signal to the nucleus, where other proteins,
known as transcription factors (TFs), respond by acti-
vating a cohort of genes to usher the cell through its
growth cycle (Figure 1.1).

Some oncogenes force cells to overproduce growth
factors. Sarcomas and gliomas, of particular interest
for this book, overproduce platelet-derived growth

factor (PDGF). Other cancers overproduce transform-
ing growth factor � (TGF-�). These growth factors can
drive proliferation in the same cell producing them.

Oncogenic versions of growth factors’ receptor
genes that induce aberrant receptors to release a flood
of proliferative signals within the cell, in the absence
of growth factors have been also identified. This is the
case, for example, of the Erb-b2 oncogenic protein. In
other cases, oncogenes perturb the cytoplasmic signal
cascade. This is the case with the RAS oncogene,
which normally (proto-oncogene) conveys stimulatory
signals from growth factor receptors farther down the
line, but, when activated, fires continuously even
when growth factors are not prompting it.

Still another family of oncogenes, such as those be-
longing to the Myc family, alter the activity of tran-
scription factors within the nucleus. Cells normally
produce Myc transcription factor when the cell sur-
face is stimulated by growth factors. Myc proteins, in
turn, activate genes that stimulate cell growth. How-
ever, in many types of cancer, such as blood malig-
nancies, Myc levels are kept high even in the absence
of growth factors.20 Since the discovery and charac-
terization of the first oncogene, a great number of
other oncogenes have been added to the list. For de-
tailed information regarding the types, mechanisms of
action, and related tumors and proto-oncogenes see
the Park reference21. For the purposes of this chapter,
the list in Table 1.1 is an acceptable synthesis.

From the point of view of Mendelian genetics,
oncogenes act in a dominant fashion: that is, a single
activated copy (oncogene) of the allelic pair is able to
induce cell transformation.

TUMOR SUPPRESSOR GENES

In 1971, while researchers were still identifying new
members of the family of oncogenes, Alfred G. Knud-
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TABLE 1.1. Oncogenes.a

Growth factors or receptors for growth factors PDGF: platelet-derived growth factor (brain and breast cancer)
erb-B receptor for epidermal growth factor (brain and breast cancer)
erb-B2 receptor for growth factor (breast, salivary, and ovarian cancers)
RET growth factor receptor (thyroid cancer)

Cytoplasmic relays in stimulatory signaling Kras activated by active growth factor receptor proteins (lung, ovarian, colon, 
pathways and pancreatic cancer)

N-ras activated by active growth factor receptor proteins (leukemias)
c-src, a protein kinase that becomes overactive in phosphorylation of target proteins

Transcription factors that activate growth c-myc activates transcription of growth stimulation genes (leukemia, breast, 
promoting genes stomach, and lung cancer)

N-myc (nerve and brain cancer)
L-myc (lung cancer)
c-jun and c-fos function as transcription factors

Molecules of other types Bcl-2 normal protein blocks cell suicide (lymphoma)
Bcl-1 codes for cyclin D1, stimulatory protein of the cell cycle (breast, neck, and

head cancers)
MDM2 codes for antagonist of p53 (sarcomas)

These genes are associated with the stimulation of cell division. Cancers result from mutation in only one allele of the gene.



son,22 by studying several cases of retinoblastoma (Rb)
demonstrated that this rare eye tumor affecting in-
fants and young children, is likely to depend on two
sequential mutations affecting a key gene, still un-
known at that time. The hypothesis, formulated by
Knudson to explain the different clinical phenotypes
of retinoblastoma, was based on the study of the re-
lationships between age at diagnosis, clinical pheno-
type (unilateral vs bilateral disease), and number of tu-
mor foci per affected eye. When the first mutation is
transmitted genetically from one of the parents, all
the somatic cells of the individual will carry it. As a
consequence, the individual will be likely to develop,
at an early age, a tumor affecting both eyes (bilateral
Rb), with multiple foci and, given the first mutation
in all somatic cells, an increased susceptibility to de-
velop second nonocular tumors. On the other hand,
when both the first and second mutations affect the
somatic cell (the retinoblast), the individual will de-
velop, later in life, a retinoblastoma affecting, com-
monly a single eye (unilateral Rb), with a single tu-
mor focus and no susceptibility to second nonocular
tumors.

Molecular studies using genetic markers that are
heterozygous in the majority of individuals showed
that tumor genotypes of affected patients usually dif-
fer from the corresponding constitutional genotype
(e.g., the genetic makeup of patient’s blood cells). In

its most simplified expression, this was evidenced as
difference in the electrophoretic migration pattern of
selected DNA markers. When these markers were
found to show a typical two-band model indicating
heterozygosity in the patient’s constitutional geno-
type (e.g., nucleated blood cells), it was common to
find a single band, indicating homozygosity, when the
tumor DNA of the same patient was comparatively
analyzed (Figure 1.2). As described by Cavenee et al.,23

this phenomenon, called loss of heterozygosity (LOH),
was considered to be specific to tumors involving the
loss or inactivation of a new type of cancer gene and,
as shown in Figure 1.2, seemed to represent the phys-
ical demonstration of the “two-hit” model hypothe-
sized by Knudson in the genesis of retinoblastoma.

With the introduction of the polymerase chain re-
action (PCR), which allows the amplification of large
amounts of specific DNA fragments, and the concur-
rent discovery of a number of new genetic markers from
within specific genes, molecular analysis of cancer be-
came available on a larger scale and armed clinical on-
cologists with a powerful new tool for genetic counsel-
ing and prenatal/presymptomatic diagnosis of different
types of cancer.24 Further investigations of a suspect
gene for the development of this tumor led to the iden-
tification of the gene Rb1, located in the long arm of
chromosome 13 (13q14), and, most important, opened
a completely new line of research on cancer genes. When
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considered from the point of view of Mendelian genet-
ics, Rb1, as opposed to the known oncogenes, seemed
to behave in a “recessive” way. That is, to develop a
fully expressed disease, it seemed necessary for both
copies of the gene to be lost or inactivated, thus imply-
ing that even a single functional gene is normally suffi-
cient to inhibit the proliferative activity of the cell.25

Therefore, it became evident that the cell contains genes
of two different types that regulate its proliferative ca-
pacity, one with stimulatory (oncogenes) and the other
with inhibitory activity. This last category of cancer
genes, of which Rb1 represents the prototype,26,27 was
called tumor suppressor genes (TSGs).

TSGs normally function to inhibit, or “put the
brakes on,” the cycle of cell growth and division; that
is, they function to prevent the development of tu-
mors. As for oncogenes, this task is accomplished by
a number of heterogeneous proteins in a number of
different ways.

• TGF-� can stop the growth of normal cells of var-
ious kinds; some colon cancer cells become obliv-

ious to TGF-� by inactivating a gene that encodes
a surface receptor for this substance.

• A variety of cancers discard the p15 gene, which nor-
mally codes for a protein needed to shut down the
machinery guiding the cell through its growth cycle.

• Some TSGs, such as NF1, the gene for neurofibro-
matosis type 1, block the flow of signals through
the growth stimulatory pathway (RAS oncogene).

• Some other genes, currently considered TSGs, are
involved in the repair of DNA mismatches; still
others are involved in the apoptotic cascade.

More recently, a simplified classification proposed
two different functions for these genes, namely that
of caretakers, or guardians of the integrity of the ge-
netic material, and that of gatekeepers, or regulators
of tumor growth by inhibition of cell growth or by
promotion of cell death. According to this classifica-
tion, both caretakers and gatekeepers share the char-
acteristics of “recessive” genes (i.e., two mutations are
necessary for inactivation), whose mutation predis-
poses to neoplasia. However, the caretaker pathway
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FIGURE 1.2. Schematic illustra-
tion of the “two-hit” hypothesis of
cancer development. A number of
different mechanisms have been
postulated to explain how a hetero-
zygous genetic marker is reduced
to homozygosity in the tumor
cells. Whatever the mechanism 
involved, the final result is a 
characteristic band pattern when
DNA electrophoresis is performed
to compare the constitutional
(blood) and the tumor genotypes.
The tumor cells are said to show a
loss of heterozygosity (LOH). The
bonds for the three retinoblas-
tomas at the bottom of the figure
show a clear LOH pattern.



to neoplasia, leading to genetic instability, requires
more mutational events than the gatekeeper path-
way.28 A short list of TSGs is given in Table 1.2.

The discovery of TSGs seemed to complete the pic-
ture of how the cell can be transformed by endogenous
influences of opposite sign on its proliferative activity,
that is, the activation of the stimulatory pathway
(oncogenes) or the disruption of the inhibitory path-
way (TSGs). In both cases, the deregulation implies the
loss of the normal control these genes exert on the en-
trance into the cell cycle or the permanence of the cell
in a quiescent state (G0) (Figure 1.1).

DNA MUTATIONS AND CANCER

The discovery and characterization of both oncogenes
and TSGs represented outstanding achievements in the
understanding of the molecular pathogenesis of cancer.
An important step in this process has been the eluci-
dation of the mechanisms by which proto-oncogenes
are activated to oncogenes and TSGs are inactivated,
resulting in the uncontrolled growth that characterizes
cancer cells. Further investigations on oncogenes made
it clear that their activation in cancer cells can be as-
cribed to several different mechanisms, as follows:

1. Structural alterations of the genes:
• Point mutations
• Chromosomal translocations, such as the t(9;22)

in chronic myeloid leukemia
2. Gene amplification (e.g., NMYC amplification in

neuroblastoma) evidenced as either
• Small separate chromosomes (double minutes) or
• Insertions within normal chromosomes (homo-

geneously staining regions, or HSR)
3. Loss of appropriate control mechanisms, by either

• Chromosome translocation (translocation of the
MYC gene on chromosome 8 to one of the 
immunoglobulin loci on chromosome 14 in
Burkitt’s lymphoma) or

• Insertional mutagenesis (insertion of a DNA
copy of a retrovirus into the cellular genome
close to a proto-oncogene)29

Despite the reported variety of the mechanisms in-
volved in the activation of proto-oncogenes, the
proposed mechanisms of inactivation of TSGs 
has remained limited to the structural alteration
evolving from a single base (point mutation) to
wider portions of the genome. With the increasing
interest in TSGs and the potential application of
genetic testing to the early diagnosis or identifica-
tion of predisposition to cancer, the role of muta-
tions in cancer development has become increas-
ingly relevant. Indeed, most researchers worldwide
acknowledge no “cause” of cancer other than 
mutation.

In one of the following paragraphs on gene
methylation, we will see that the close relation-
ship between mutations and cancer should be
viewed with a more relativistic eye, since gene ex-
pression may be altered even in the absence of
structural alterations of genes. Moreover, consid-
ering the complexity of cell structure and function,
and the number of different environmental influ-
ences a cell undergoes during its vital cycle, limit-
ing the possible molecular pathogenesis of cancer
to one or two mutations within a single gene, as in
the case of retinoblastoma, appears to be a very re-
stricted view of the problem.

NEW PERSPECTIVES 
ON DNA MUTATIONS

Studies on hereditary nonpolyposis colorectal cancer
(HNPCC) have shown that affected individuals may
inherit an inactive copy of one of the DNA mismatch
repair genes. The main function of these genes is to
produce proteins whose primary function is to iden-
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TABLE 1.2. Tumor Suppressor Genes.a

Genes for cytoplasmic proteins APC (colon and stomach cancers)
DPC4 codes for relay molecule in cell division inhibitory pathway (pancreatic

cancer)
NF1 codes for protein that inhibits a stimulatory (Ras) protein (brain, nerve, and

leukemia)
NF2 (brain and nerve cancers)

Genes for nuclear proteins MTS1 codes for p16 protein, brake on cell cycle clock (many cancers)
RB codes for pRB protein, master brake on cell cycle (retinoblastoma, bone, bladder,

lung, and breast cancer)
p53 codes for p53 protein, halts cell cycle in G1, and induces cell suicide (many

cancers)
p16 inhibits cyclin D-dependent kinase activity
WT1 (Wilms tumor of the kidney)
BRCA1 functions in repair of damage to DNA (breast and ovarian cancers)
BRCA2 functions in repair of damage to DNA (breast cancer)

Location not clear VHL (kidney cancer)

These genes are associated with inhibition of cell division. Cancers require both alleles of the gene to be altered.



tify and correct DNA replication errors. Mismatch re-
pair prevents spontaneous mutation; therefore, cells
defective in the DNA mismatch repair enzymes sys-
tem may accumulate mutations at rates several hun-
dredfold higher than normal.

Randomly dispersed throughout the human ge-
nome are tens of thousands of microsatellites, long
stretches of reiterated mono- or dinucleotides: for 
example An (A � adenine; n � repeated n times) or 
(C-A)n (C-A � cytosine–adenine dinucleotide; e.g.,
CACACACAn]. The accurate replication of such
repetitive DNA is usually compromised by the ten-
dency of template and daughter DNA strands to mis-
align during DNA synthesis. In cells with defective
DNA mismatch repair enzyme system, the precise
control of microsatellite length is lost, and therefore,
the cells contain many thousands of altered mi-
crosatellites. This accumulation of mutated repeats is
commonly known as microsatellite instability (MSI),
which is the defining characteristic of mismatch-
repair-deficient tumors.

MSI is a continuing process and is a direct conse-
quence of failure to rectify replication errors. In prac-
tice, MSI is defined by differences in the lengths of
several microsatellites between DNA from tumor and
normal tissue of the same individual.30 In principle,
the two alleles of a given chromosome of an individ-
ual contains microsatellite DNA made of repeats (e.g.,
CA repeats) of unequal length. In “genetic” terms this
means that individuals are most frequently heterozy-
gous (they have two different copies of the same DNA
portion in the two homologue copies of the same chro-
mosome) for most of the known microsatellite se-
quences within their genome. This implies that mi-
crosatellites are genetic markers of great value in
detecting the LOH process, which characterizes can-
cers that are due to the loss or inactivation of TSGs.
In routine laboratory activity, microsatellite DNA can
be easily amplified by using the PCR. The amplified
DNA is analyzed by resolving it through a polyacryl-
amide gel, where it can be evidenced as a band pat-
tern that is characteristic of any single microsatellite
in each individual.

While microsatellites have long been considered to
be genetic markers useful in detecting LOH in the tu-
mor genotype, as opposed to the somatic genotype of
the affected individual, their widespread use in the
characterization of different tumors has revealed that
MSI is another relevant process in carcinogenesis. In
simplified terms, the difference between LOH and MSI
resides in the qualitative difference of the DNA mi-
gration patterns one can find when the constitutional
(nucleated blood cells) and the tumor genotypes of an
affected individual are compared. LOH is the loss of
one or more bands in the tumors with respect to the
related constitutional genotype. MSI is not a loss but
a band shift, as shown in Figure 1.3, which presents

three cases of MSI in embryonal rhabdomyosarcoma
of the orbit.

Cells with a defective mismatch repair system
are said to carry a mutator phenotype, a phenotype
in which many genes carry mutations because of
uncorrected errors in DNA replication. These cells
are also said to carry genome instability, the pro-
cess leading, through accelerated somatic evolu-
tion, to a genomically heterogeneous population of
cells naturally selected for their ability to prolifer-
ate and invade, while simultaneously evading host
defenses.31 This picture leads to at least two differ-
ent considerations.

1. It is likely that several mutations in different mis-
match repair genes, rather than a single mutation
in one gene, represent the most relevant early
event in carcinogenesis.

2. The genome instability theory brings us back to
Boveri’s observations, since an unstable genome
is more likely to produce unbalanced distribu-
tion of chromosomes between the daughter cells
during mitosis, as observed by Boveri in his 
experiments on double-fertilized sea urchin
eggs.

RELEVANCE OF MSI 
TO ORBITAL TUMORS

Several reasons could be suggested for the extreme rar-
ity of reports on molecular analysis of orbital tumors.
For example, these tumors are relatively rare and in
many countries a consistent gap exists between oph-
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FIGURE 1.3. Three examples of MSI in embryonal rhabdomyosar-
coma of the orbit. MSI, like LOH, is a modification, in comparison
to the normal constitutional cells (blood) of the affected individual,
of the DNA migration pattern of tumor cells as revealed on agarose
or polyacrylamide gel. Unlike LOH, which is evidenced as the loss
of one or more bands in the tumor DNA, MSI is a qualitative dif-
ference that is evidenced as a “band shift.”



thalmology and molecular biology. Moreover, some of
the most recent reports on this subject were neither
conclusive nor enthusiastic about the application of
molecular biology techniques to the study of orbital
tumors.32 However, studies on orbital rhabdomyosar-
coma33 and metastatic spread to the orbit of intraoc-
ular tumors, such as retinoblastoma,34 have shown the
potential for a substantial contribution of molecular
biology to an improved understanding and treatment
of these tumors. In particular, studies on chromosome
11 in some cases of embryonal rhabdomyosarcoma of
the orbit have shown that several genes seem to be
involved in the pathogenesis of this disease. Moreover,
molecular investigations reveal a wide variety of 
alterations, ranging from allelic losses to LOH and
MSI.35 In light of findings of MSI in embryonal rhab-
domyosarcoma of the orbit36 and the potential impli-
cations of this finding for prognosis and treatment, it
is likely that more ophthalmic oncologists will be in-
terested in applying molecular biology techniques to
the diagnosis of orbital tumors.

EPIGENOMICS: DNA METHYLATION
AND HISTONE ACETYLATION

Methylation of DNA of certain control regions in our
genome can cause genes to be inappropriately “si-
lenced.”37 DNA methylation is a chemical modifica-
tion of cytosine, one of DNA’s four bases. This mod-
ification consists of the addition of a methyl group
(CH3�) to the cytosine residues of the DNA double
helix. The altered cytosine is called methyl-cytosine,
and it represents a critical factor in gene regulation.
The enzyme responsible for DNA methylation in hu-
mans is known as DNA cytosine methyltransferase
(DNA MTase). Abnormal methylation events occur
during aging and in the development of many cancers.
It is now well known that up to 65% of all cancers
originate from inappropriate DNA methylation of
some key genes rather than from mutations.

In many instances, hypermethylation of DNA is
the suspected cause of the cancer. Hypermethylation
inappropriately switches off critical genes, thus al-
lowing cancer to develop. Studies on DNA methyla-
tion in cancer have revealed that aberrant methyla-
tion of normally unmethylated CpG islands (portions
of DNA containing an elevated percentage of cytosine
on one side and guanine, the complementary base, on
the other) located in the promoter region of genes (the
regions promoting or enhancing gene transcription,
and hence, expression), is associated with transcrip-
tional inactivation of defined TSGs.38,39 Other genes,
such as those involved in the apoptosis process (e.g.,
CSP8)40 or DNA mismatch repair,41 may also be in-
volved, leading to their “silencing” or lack of expres-
sion, and hence to cancer initiation and progression.

One relevant aspect of the methylation process,
which was already known to operate in the inacti-
vation of the X chromosome42 and loss of imprint-
ing,43 is that it can be pharmacologically reversed.
If DNA MTase, the enzyme responsible for methyl-
ating the DNA, can be inhibited by a methyltrans-
ferase inhibitor, the overmethylation can be re-
versed, thereby switching the tumor suppressor
gene back on. This approach will provide a power-
ful platform for the development of anticancer drugs
(Figure 1.4).

In summary, four different features of DNA methy-
lation make this process relevant to understanding the
molecular bases of tumor development and potential
new approaches in cancer treatment:

1. DNA methylation is a functional and hence “epi-
genetic” process (no mutation is involved).

2. It, therefore, affects the function of genes, but not
their structure, as mutation does.

3. It explains functional phenomena involved in tu-
mor development, such as loss of imprinting or
“silencing” of TSGs.

4. It can be reversed with drugs such as 5-azacyti-
dine.
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FIGURE 1.4. Schematic illustration of how DNA methylation of
the promoter region of genes affects the transcription and hence the
expression of a TSG. It is evident that hypermethylation of the pro-
moter region turns the gene off, thus inducing, when both copies
of the gene are involved, uncontrolled cell proliferation. The nor-
mal gene expression can be restored by inhibiting the enzyme re-
sponsible for DNA methylation (DNA methyltransferase).



In eukaryotic cells, genes are complexed with core
histones and other chromosomal proteins to form
chromatin. The basic repeating unit of chromatin is
called a nucleosome. Each nucleosome is made of two
copies of each of the four core histones (H2A, H2B,
H3, and H4) wrapped by 146 base pairs (bp) of DNA
(Figure 1.5). With the aid of additional proteins, in-
cluding histone H1, the nucleosomes are further pack-
aged into 30 nm fibers. When these fibers unfold, DNA
becomes accessible for transcription; on the contrary,
when they are packaged together, DNA becomes in-
accessible. The unfolding involves posttranslational
modifications of the core histone amino-terminal
tails. Each core histone is composed of a structured,
three-helix domain and two unstructured tails. These
tails are susceptible to a variety of covalent modifi-
cations, such as acetylation, phosphorylation, and
methylation, whose roles are now beginning to be 
unveiled.44

At present, both genetic and biochemical studies
support an important role for histone tail acetylation
in transcriptional regulation. The acetylation status of
histones, in turn, depends on the activity of two en-
zymes with opposite actions: histone acetylase (HAT)
and histone deacetylase (HDAC). Both these enzy-

matic activities are required for the activation or re-
pression of transcription. Because of their important
roles in the regulation of such events, enzymes that
affect histone acetylation status are increasingly be-
ing associated with tumors.45 Histone deacetylation,
as operated by HDAC, involves the removal, through
hydrolysis, of the acetyl groups (COO�) from the �-
amino group of the histone’s lysine side chain, with
an overall increase of histone’s positive charge and
affinity for the negatively charged DNA, thus making
the DNA itself relatively inaccessible to transcription
factors (reduced gene expression). When HDAC is in-
hibited, the amount of counterenzyme, HAT, becomes
excessive, and hyperacetylation occurs. Hyperacetyl-
ation, in turn, leads to an increase in the negative
charge of histones, disrupting the structure of the his-
tone and allowing its DNA to unfold. The unfolded
state of histone then permits transcription factors to
reach previously hidden genetic information, with a
consequent increase in gene expression.46

The anticancer potential of HDAC inhibitors
stems from their ability to affect several cellular pro-
cesses that are unregulated in cancer cells. For exam-
ple, assuming that one or more TSGs are silenced in
cancer cells, the theoretical role of HDAC inhibitors
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consists of promoting the transcription of the silenced
gene or genes, thus reversing the cancer phenotype.
Preliminary reports indicate that HDAC inhibitors ac-
tivate differentiation programs, inhibit the cell cycle,
and induce apoptosis; but they also seem to activate
the host immune response and play a role in inhibi-
tion of angiogenesis. Hence the mechanisms whereby
HDAC inhibitors induce tumor cell growth arrest, dif-
ferentiation, and/or apoptosis are presumably more
complex than those suggested by this short review. In-
tensive research in phase I and II clinical trials using
several HDAC inhibitors has been initiated. HDAC
inhibitors seem to possess minimal toxicity and are
well tolerated at the doses needed to hyperacetylate
histones and achieve clinical outcomes.47,48 It is
worthwhile, when mentioning the potentialities of
histone acetylation status in regulating gene expres-
sion, to note that histone methyltranferases have been
found to contain a potential methyl-CpG-binding do-
main, raising the important possibility that histone
methylation, in a manner similar to histone deacetyl-
ation, might function in concert with DNA methyla-
tion to switch off tumor suppressor or DNA mismatch
repair genes in cancer.

DO MUTATIONS MATTER IN CANCER?

For nearly a century cancer has been blamed on so-
matic mutation. As we have seen, one of the funda-
mental distinctions between oncogenes and TSGs is
based on the assumption that a single mutation in-
volving one allelic copy of an oncogene (cancer “dom-
inant” gene) or two sequential mutations involving
both copies of a TSG (cancer “recessive” gene), are suf-
ficient to determine cancer. However, it has been
shown that many, if not all of the predictions made by
the somatic mutation model, as applied to cancer, are
difficult to meet.10 As shown in Table 1.3, the argu-
ments against the somatic mutation model in cancer
are numerous and consistent. For example, the 
somatic mutation model predicts that carcinogens in-
duce cancer by causing mutations within the DNA.
This prediction, however, is largely disproved by the

existence of a growing list of carcinogens (such as as-
bestos, Ni2�, hormones, butter yellow, arsenic, acryl-
amide, urethan) that do not cause DNA mutations. For
decades, the search for “cancer genes” and mutations
affecting them has been considered to be the most rel-
evant target of cancer research, and arguments that dis-
prove such consolidated knowledge sound like heresy.
However, if we look without prejudice at the evidence
emerging in the past few years, we can easily convince
ourselves that mutation represents only one aspect of
cancer pathogenesis and probably not the most rele-
vant one. The study of the genes involved in the DNA
mismatch repair system teaches us the following:

1. DNA mutations are still compatible with a nor-
mal cell life if the mismatch repair system is
working properly.

2. Mutations affecting both oncogenes and TSGs 
can be the result of uncorrected errors in the 
mismatches occurring during DNA replication.
Therefore these mutations (or their permanence
within the genome) can be due to defects in the
DNA mismatch repair system, thus configuring
the so-called mutator phenotype in cancer.

3. The genome of cells showing microsatellite in-
stability is, in turn, unstable.49

Studies on DNA methylation have clearly shown
that the degree of methylation of CpG islands within
the DNA is a key factor in the regulation of gene ex-
pression. These studies have yielded the following 
insights:

1. DNA hypermethylation (with no structural alter-
ation like mutation) of CpG islands within the
promoter regions of genes is the main mechanism
of gene silencing of TSGs.

2. DNA hypermethylation is also responsible for the
silencing of genes of the DNA mismatch repair
system that are considered to belong to the “care-
taker” category of TSGs. It is therefore reasonable
to infer that the hypermethylation of the promoter
regions of these genes is responsible for the per-
manence and accumulation of mutations in can-
cer genes such as oncogenes and TSGs.
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TABLE 1.3. Predictions Based on the Somatic Mutation Model as Applied to Cancer.

Predictions Arguments countering these predictions

Carcinogens cause mutations. There is a large list of carcinogens that do not cause mutations.
Mutations are cancer-specific. No cancer-specific mutations have been found yet.
Cancer-specific genes can transform normal human cells into No genes isolated from cancer are able to transform normal 

cancer cells. human cells into cancer cells.
Transformation is coincident with mutation. The latent period between carcinogen treatment and cancer 

ranges from many months to decades.
Cancer phenotypes are as stable as conventional mutations. The phenotypes of cancer cells are notoriously unstable.

Cancer cells are diploid, since mutations do not depend on Virtually all cancers are aneuploid.
karyotype alterations for expression.



3. DNA hypermethylation can be reversed with
drugs.50

It has become evident that both histone acetyla-
tion and methylation represent still another key fac-
tor in the regulation of gene expression. From the stud-
ies of these processes, and chromatin dynamics, we
have learned the following:

1. Acetylation of histone tails correlates with the
“opening” of chromation structure to allow tran-
scription (i.e., increased gene expression).

2. The reverse happens when histone tails are
deacetylated.

3. Histone acetylation is an enzymatic process that
can be modulated with specific drugs (e.g., HDAC
inhibitors).

4. Histone methylation, similar to histone deacetyl-
ation, may function in concert with DNA methyl-
ation in gene silencing.

5. The complex system of interactions of histone
proteins with DNA and the known consequences
on gene transcription and expression considerably
extend the information potential of the genetic
code, thus configuring the existence of the so-
called histone code.44,51,52

Recent investigations have aimed at characterizing
and defining the role of “epigenetic” factors in cancer
development, with special reference to the DNA mis-
match repair system, DNA methylation, and histone
acetylation. Concurrently, researchers have published
new hypotheses on the genesis of cancer that, while
discarding the somatic mutation model, exalted the
role of aneuploidy. These authors point out that can-
cer encompasses an extremely complex cell pheno-
type. Cancer cells are often undifferentiated, invasive,
and metastatic, showing abnormal morphology and
metabolism, genetic instability, and progression to
malignancy.

All this extraordinary complexity and perturbation
of normal cell function and morphology can be better
explained and understood by assuming that aneu-
ploidy, rather than gene mutation, is responsible for
cell transformation and, consequently, tumor devel-
opment. Aneuploidy is the gain or loss of individual
chromosomes from the normal diploid set of 46. Since
it is known that each chromosome contains thousands
of genes, the imbalance of chromosome distribution
between the daughter cells, represented by aneuploidy,
implies an imbalanced expression of all these genes
and consequently the great perturbation of cell func-
tions and morphology known to be at work in cancer.
Aneuploidy destabilizes a cell in much the same way
that a dent disrupts the symmetry of a wheel. It leads
to ever greater distortions with each revolution.

Accordingly, two phases can be hypothesized in
the development of cancer. In the first phase, car-

cinogens induce aneuploidy by chemically or physi-
cally altering one or more of the many proteins of the
spindle apparatus of the chromosomes. In the second
phase, aneuploidy destabilizes the karyotype and thus
initiates an autocatalytic karyotype evolution that
generates lethal preneoplastic or neoplastic karyo-
types.10,53,54 In Chapter 2, the possible causes of aneu-
ploidy will be discussed briefly. However, for the pur-
poses of this chapter it is worth noting that the
hypothesized first phase of cancer development, with
specific reference to the “physically altered proteins
of chromosomes,” recalls the process of histone acety-
lation, whereas the second phase, involving aneu-
ploidy, brings us back a century to Boveri’s observa-
tions on double-fertilized sea urchin eggs. All this
knowledge from Boveri’s observations leading back to
almost the same conclusions a hundred years later,
should stimulate some philosophical considerations
about the reductionistic attitude of modern science
and the value of direct observation of phenomena in
science. In more pragmatic terms, the evolution of
knowledge seems to teach us that the time of the so-
matic mutation theory is over and that fundamental
role of “epigenetic” events in cancer development
must be acknowledged.55
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Immune Surveillance and 
Cancer Pathogenesis

Domenico Mastrangelo

Scientists have debated the existence of a surveil-
lance role for the normal immune system (NIS)
in regulating the growth and spread of human

cancer since the first observation of spontaneous tu-
mor regression in experimental animals.1 This obser-
vation led to the concept that through surveillance,
the NIS could detect and destroy newly formed can-
cer cells. This concept persists even though 90% of
the most common cancers occur in a host with a fully
functioning NIS,2 and no good evidence has been re-
ported of an increase of common carcinomas in the
presence of severely decreased immune function.3

However, some degree of immunological response
against cancer exists both in animals and humans, as
shown by the following observations:

1. Components of the immune system that are ca-
pable of recognizing cancer cells have been iden-
tified in cancer patients.

2. Laboratory investigations have shown that cells
of the immune system can kill cancer cells.

3. The stimulation of the immune system with bac-
terial products or components of the immune sys-
tem itself can lead to tumor regression.

4. Patients with an impaired immune system (as in
HIV/AIDS) are more likely to develop certain
types of cancer, and cancer may display a more
aggressive behavior in these individuals.4

A detailed description of the mechanisms and biolog-
ical components involved in the immune response
against cancer is far beyond the scope of this chapter;
therefore we summarize only the most relevant and
practical aspects concerning the interaction between
the immune system and cancer.

IMMUNOLOGICAL RESPONSE 
TO CANCER

For the immune system to react against a tumor, tu-
mor cells must express antigens that are recognized
to be foreign by the individual’s immune system. As
outlined in Chapter 1, structural alterations of chro-

mosomes (i.e., aneuploidy) typical of cancerous trans-
formation lead to complex cancer-specific phenotypes,
including abnormal cellular and nuclear morphology,
metabolism, growth, DNA indices, invasiveness, me-
tastasis, and neoantigens.5,6 Neoantigens are usually
subdivided into two major classes:

1. Tumor-specific antigens (TSAs): These sub-
stances are unique to cancer cells and cannot be
found in their normal counterparts. Shared TSAs
found on related tumors from separate individuals
include oncoviral antigens expressed on the sur-
faces of infected cells. Oncogenic viruses found 
in humans include Epstein–Barr virus (EBV) in
Burkitt’s lymphoma and nasopharyngeal carci-
noma, human T-cell lymphotrophic virus 1 (HTLV-
I) in adult T-cell leukemia, human papilloma virus
in cervical cancer, hepatitis B virus (HBV) in pri-
mary hepatoma, and human herpes virus 8 in Ka-
posi sarcoma.

2. Tumor-associated antigens (TAAs): The TAAs
can be found in both normal and cancer cells, but
their expression is greatly increased in tumors. They
include the so-called oncofetal antigens, usually pres-
ent during embryonic and fetal development, but ei-
ther absent or present at very low levels in normal
adult tissue. The two most important antigens of this
group are represented by the carcinoembryonic anti-
gen (CEA) (colon, pancreas, lung, breast, and prostate
cancers, cirrhosis of the liver, chronic lung disease,
and serum of heavy smokers), and �-fetoprotein (AFP)
(liver and testicular cancer).7

The immune system is a complex network of spe-
cialized cells and organs that has evolved to defend
the body against attacks by foreign invaders. When
functioning properly, it fights off infections; when its
function is compromised, a number of diseases, rang-
ing from allergy to cancer, may arise.

Two major types of immune response can be dis-
tinguished in humans:

1. The humoral immune (HI) response is essentially
operated by B lymphocytes through the produc-



tion of antibodies. Antibodies can kill tumor cells
by different mechanisms:
• IgG or IgM antibodies that fix the complement

and can destroy soft tumors.
• Antibodies directed against antigens expressed

on tumor cell surfaces, which may interfere
with the adhesion molecules some tumor cells
need to survive

• IgG antibodies, which may mediate tumor cell
lysis through antibody dependent cell–mediated
cytotoxicity (ADCC), involving effector cells
such as macrophages, natural killer (NK) cells,
cytotoxic T lymphocytes (CTLs), and perhaps
blood neutrophils

2. The cell-mediated immune (CMI) response is op-
erated essentially by macrophages, NK cells, and
T lymphocytes. The mechanisms of cancer cell
killing vary, in this case, according to the cell type
involved, as follows:
• Macrophages, activated by T-cell �-interferon,

which kill tumor cells by the same mechanisms
they use to kill microorganisms (tumor necro-
sis factor �, lysozyme, oxygen radicals)

• NK cells, which kill tumors by the same mech-
anisms they use to kill virus-infected cells (per-
forin, granzymes, interferon gamma (IFN-�),
FasL-mediated apoptosis)

• Cytotoxic T lymphocytes (CTLs), which kill tu-
mors in an antigen-specific and MHC-restricted
manner (perforin, granzymes, IFN-�, FasL-
mediated apoptosis)7

As our discussion of the mechanisms of the immune
response to cancer will illustrate, CMI, with the in-
tervention of both CTLs (also defined as “killer” cells)
and NKs, represents the most efficient mechanism of
immune surveillance and immune response to cancer.
NK and killer CTL cells represent, therefore, the key
players in tumor immunity, being ultimately respon-
sible for the destruction of malignant cells. NKs par-
ticipate early as the effectors of the innate immune
system, and CTLs provide long-lasting effects.8

At the heart of the immune system is its ability to
distinguish between antigens that belong to the indi-
vidual (“self”) and those that do not (“non-self”). Vir-
tually every cell of the body carries distinctive mole-
cules that identify it as a self. Molecules that mark a
cell as self are encoded by a group of genes that is con-
tained in a section of a specific chromosome and is
known as the major histocompatibility complex
(MHC). MHC is essential to immune defense because
it determines which antigens an individual can re-
spond to and how strongly. Two different classes of
MHC are usually recognized:

1. Class I molecules, which alert killer T cells to the
presence of body cells that have been changed for

the worse (infected with a virus or transformed by
cancer) and need to be eliminated

2. Class II molecules, which are found on B cells,
macrophages, and other cells responsible for pre-
senting foreign antigen to helper T cells

Regarding the distinction between “self” and “non-
self,” it must be noted that the innate immune sys-
tem uses three strategies, which can be described in
terms of recognition of “microbial non-self” or “in-
fectious non-self,” recognition of “missing self,” and
recognition of “induced or altered self.” The basis of
microbial non-self recognition is the ability of the host
to recognize products (antigens) that are unique to mi-
croorganisms and are not produced by the host. The
second strategy relies on the detection of “markers of
the normal self.” The third strategy, the one of inter-
est for cancer immunology, is based on the detection
of “markers of abnormal self” that are induced upon
infection (i.e., viral infection) and cellular transfor-
mation (cancer). Markers of abnormal self tag the af-
fected cells for elimination by the immune system.9

The concept of self/non-self discrimination has re-
cently evolved toward a model of immunity based on
the idea that the immune system is more concerned
with entities that do damage than with those that are
foreign.10

The first line in the immune response to cancer is
represented by the natural killer cells, which account
for approximately 10 to 20% of peripheral blood lym-
phocytes and do not express surface antigens typical
of both T and B lymphocytes. Unlike CTLs, they do
not need to be activated to exert their cytotoxic ac-
tion. They are primarily restricted to peripheral blood,
bone marrow, spleen, and liver and are not found in
lymph nodes. NK cells are thought to represent an im-
portant defense mechanism against various intracel-
lular pathogens, such as herpesvirus, and against cer-
tain tumors.

Through specific membrane receptors, NK cells are
able to recognize MHC class I molecules [human
leukocyte antigen (HLA) class I in humans] on normal
cells, leading to the delivery of signals that inhibit
their function. As a consequence, NK cells destroy
only the target cells that have lost or express insuffi-
cient amounts of MHC class I molecules, a frequent
event following cancer transformation or viral infec-
tion.11

Traditionally, the effectors of the more specific and
long-lasting anticancer responses are CTLs. Like NK
cells, the CTLs kill tumor cells, but they do it more
efficiently and specifically. Also, their intervention re-
quires a network of specific interactions between dif-
ferent cells and molecules. The first element in this
network is represented by the so-called antigen pre-
senting cells (APCs), such as macrophages and den-
dritic cells. APCs are not a single category but rather
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a group of cells that share the same function, that is,
the processing of an antigen and presenting it to the
immune system in a form recognizable by T lympho-
cytes. The processing of an antigen by an APC in-
volves several steps:

1. The APC engulfs the antigen.
2. Enzymes in the APC break down the antigen into

smaller fragments.
3. These fragments are transported on the APC’s sur-

face and bound to MHC class I molecules.
4. A CTL is now able to recognize the antigen and

bind it.

A simplified scheme of the processes involved in the
activation of CTLs, which is valid for both virally in-
fected and transformed (cancer) cells, encompasses the
following phases:

1. The APC engulfs the antigen.
2. The antigen is processed and associated with

MHC class I antigen for recognition.
3. The MHC-associated antigen is recognized by

CD8� lymphocytes.
4. The presence of costimulatory molecules, such as

B7-1 and B7-2 on APC and the secretion of inter-
leukin 2 (IL-2), promote the differentiation of
CD8� lymphocytes (T cytotoxic) into CTLs;

5. CTLs lyse tumor cells.12

6. The same processing is simultaneously operating
within the MHC class II antigens for recognition
by CD4� lymphocytes (T-helper cells). As a 
consequence, CD4� lymphocytes produce lym-
phokines that stimulate B lymphocytes to enter
the cell cycle and start producing antibodies. No
major emphasis, however, is placed on this path-
way, given its secondary role in the immune re-
sponse to tumor (Figure 2.1).

If the proposed mechanisms of immunological re-
sponse to tumor worked as effectively as described,
cancer probably would not exist; unfortunately, this
is not the reality. It must therefore be assumed that,
for various reasons, the killing of tumor cells by an
immunological route is not as effective as described.
Among explanations that have been suggested are the
following:

1. Most tumor cells are poor APCs because they lack
costimulatory molecules (such as B7), and this
may determine anergy (lack of response) of T cells
to cancer cells.

2. Tumor cells may also lack other molecules (LFA-
3 and ICAM-1) required for adhesion of lympho-
cytes.

3. Some tumor cells show a reduction or complete
loss of MHC class I molecules. As reported, this
may help recognition by NK cells but, at the same
time, it may compromise recognition by CTLs.

4. Molecular complexes made of tumor antigens and
specific antibodies (blocking antibodies) can satu-
rate Fc receptors on macrophages, NK cells, neu-
trophils, and CTLs, thus preventing the interac-
tion of these cells with the tumor.

5. Tumor surface antigens may be internalized by
endocytosis and degraded (antigenic modulation),
thus reducing the stimulatory effects of new anti-
gens on the immune system.

6. Some tumors secrete factors (e.g., prostaglandin
E2, tumor growth factor �) that inhibit the devel-
opment and proliferation of T lymphocytes.

7. Tumors may secrete factors that induce apoptosis
in T cells.

More recently, major emphasis has been put on the
role of chemokines in both cancer immunotherapy
and development. Chemokines are a family of 40 to
50 proteins that regulate leukocyte transport by me-
diating the adhesion of leukocytes to endothelial cells
and the initiation of transendothelial migration and
tissue invasion. It has been found that tumors divert
chemokines’ function to favor tumor development
through several mechanisms, including direct growth
activity, stimulation of angiogensis, control of spread-
ing and metastatization, and interference with the re-
cruitment of different leukocyte populations. At the
same time, it is becoming increasingly evident that
through the manipulations of these factors, robust
anti-tumor responses can be induced.13,14 Still much

1 6 P A R T O N E : C U R R E N T C O N C E P T S O F O N C O G E N E S I S

Processed
antigen

APC

T
CD8+

Inhibition

MHC
Class I

Tumor
antigens

Processed
antigen

APC

Shed
antigens

Plasma
cell

Stimulation T
CD4+

B

Tumor
cell

Processed antigen
+ MHC class II

Antibody

FIGURE 2.1. Humoral and cell-mediated immunity to cancer.



remains to be understood on the manipulation of the
immune response.15 This is the ultimate scope of re-
search in the field of cancer immunology, and it is
therefore worthwhile to mention some of the major
achievements of immunology as applied to the field
of clinical cancer research. Immunology can be applied
for the detection of tumor antigens (CEA, AFP, etc.)
shed in the blood or urine, both in vitro and in vivo,
by antibody-based techniques such as ELISA (enzyme-
linked immunosorbent assay), radio immune detec-
tion (RAID), and immunoscintigraphy. Also, labora-
tory techniques, such as the mixed lymphocyte–tumor
culture (MLTC), test allow the study of the efficiency
of cytotoxicity of different cell populations to cancer
cells. Finally, immunology has shown a great poten-
tial in the field of cancer treatment, allowing the ap-
plication, with variable but promising results, of new
treatment modalities. In this regard, the following are
worth mentioning:

1. Anticancer vaccines. The expression of neo-
antigens on cancer cell surfaces raises the possibility
of using them exactly as bacterial or viral antigens
have been used to induce either active or passive im-
munity to cancer.

2. Therapy with lymphokine-activated killer
(LAK) cells. When human peripheral blood mono-
nuclear cells are cultured in vitro with IL-2, they be-
come highly cytotoxic to a wide variety of tumor tar-
gets, many of which are resistant to freshly isolated
NK cells.

3. Therapy with tumor-infiltrating lymphocytes
(TILs). This is a variant type of LAK therapy in which
the population of killer cells is directly isolated from
the tumor. The population of lymphocytes isolated
from the tumor and expanded under the influence of
IL-2 possesses receptors with high specificity for the
tumor, and the final result is a great improvement 
in the specificity of treatment and reduction of side 
effects compared with LAK.

4. In vivo cytokine therapy. Some cytokines, such
as �-interferon, �-interferon, IL-2, and TGF-�, have
been used with some success in cancer treatment.

5. Monoclonal antibodies. A number of treatment
modalities exploiting the principle of antigen–
antibody reaction have been used with some success
in the treatment of cancer and still show great po-
tential. The following three applications deserve
mention:

• Chimeric monoclonal antibodies (murine or hu-
man antibodies). These substances are much
less likely to elicit production of human anti-
mouse antibodies than a standard murine
monoclonal antibody

• Monoclonal antibodies conjugated with ra-
dioisotopes, toxins, or enzymes. In this case, the

specificity of the antibody for its particular anti-
gen on the cancer cell surface is exploited to
bring drugs or toxins directly into contact with
the cancer cell; the result is an overall decrease
of the drug dosage and the side effects of treat-
ment;

• Monoclonal heteroconjugates (bispecific mono-
clonal antibodies). Monoclonal antibodies have
been engineered to bind simultaneously to a
specific antigen expressed on cancer cell surface
and to a specific receptor on either CTLs or NK
cells.

AGING AND ONCOGENESIS

Advancing age has been described as the most potent
of all carcinogens.16 In humans, the incidence of can-
cer rises exponentially in the final decades of life, cul-
minating in a lifetime risk of 1 in 2 for men and 1 in
3 for women.17 This dramatic escalation in the inci-
dence of cancer among the aged is largely due to 
epithelial carcinomas that develop between ages 40
and 80.

Until recently, the most common explanation for
the increased incidence of cancer among older people
has been the accumulation of somatic mutations due
to cumulative exposure to both endogenous and ex-
ogenous DNA damaging agents18,19 and failure to re-
pair mismatches occurring during DNA replication.20

In Chapter 1 it was shown that failure to repair mis-
matches occurring during DNA replication represents
an early event in carcinogenesis21,22 and configures the
so-called “mutator phenotype,” in which many genes
carry mutations because of uncorrected errors in DNA
replication.23 The inability of the cell to correct mis-
matches that “normally” occur during DNA replica-
tion leads to an abnormal accumulation of “sponta-
neous mutations” and a consequent increase in DNA
damage and genome instability.

The demonstration of the “mutator pheno-
type”24,25 resolved one of the most important issues
linked to the theory of the accumulation of somatic
mutation with age: the insufficiency of the observed
spontaneous mutation rate to account for the exten-
sive tumor-associated genomic changes. In fact, in the
new scenario of the “mutator phenotype,” the age-
dependent increase in the incidence of cancer stems
from mutations affecting the genes governing the cor-
rection of mismatches occurring during DNA replica-
tion and the genome’s stability, with a consequent ac-
celerated pace of mutation overall.

Within this fundamental issue concerning the age-
related increase in the incidence of cancer, it must be
noted that several groups have provided experimental
evidence in support of the suggestion that DNA re-
pair activity declines with age. We showed in Chap-
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ter 1 that microsatellite instability (MSI) represents
the “signature” associated with DNA repair defects,26

and can be found in several cancer types. However,
MSI is not always associated with cancer in the aged.
Therefore, although the failing DNA mismatch repair
system surely accounts for a consistent explanation of
many age-associated cancer types, it does not explain
them all. Other mechanisms must be at work, in-
cluding those described in Chapter 1 as “epigenetic”
which entail both DNA methylation and modifica-
tions of chromatin structure. Age-progressive CpG is-
land methylation (and consequent gene silencing) has
been observed to take place in subsets of cells resid-
ing in normal tissues. One example may be repre-
sented by the age-progressive methylation of the genes
for estrogen receptors, with consequent silencing of
these genes and increased cancer incidence in older
women.

It has been outlined that the root source of genomic
instability, which, in turn, represents the hallmark of
nearly all solid tumors and adult-onset leukemia, is
represented by the imbalance between DNA damage
and repair, with damage prevailing because of either
an increased rate of mutation or a decreased ability of
the system to repair the damage incurred. Also, epi-
genetic events, such as gene methylation or histone
acetylation, play a fundamental role in the process of
genomic destabilization leading to cancer. Inherent in
the concept of damage accumulation is the concept of
time; it seems logical to assume that to allow for dam-
age to accumulate and produce the irreversible alter-
ations typical of cancer, a close relationship between
increased age and cancer incidence must exist at the
systemic level.

When aging and its relationship to cancer are con-
sidered at the cellular level, new and very interesting
aspects are discovered. Investigations on the physiol-
ogy of cell senescence and proliferative aging have led
to the discovery of the telomere–telomerase system,
which seems to be of extreme relevance to both aging
and cancer. It is known that with each cell division,
the genetic code is transferred as chromosomes are
replicated and distributed into daughter cells. To en-
sure that the transfer is carried out in an accurate and
efficient manner, different cellular mechanisms are in
place, including the semiconservative replication of
DNA and cell senescence.

The semiconservative replication of DNA is the
process of replicating the original DNA in such a way
that the finished products are two double DNA
strands, each with one original and one new strand,
to be distributed to the daughter cells. The mecha-
nism of DNA replication in linear chromosomes is dif-
ferent for the so-called leading and the lagging strands.
DNA synthesis proceeds from the 5� to the 3� DNA
ends, but native (double-stranded) DNA is a polar mol-
ecule; that is, the leading strand has a 5�–3� orienta-

tion, whereas the lagging strand has a 3�–5� orienta-
tion. Therefore, although in the leading strand the syn-
thesis of new DNA is straightforward, the process be-
comes more complicated in the lagging strand.
Semiconservative DNA replication requires a labile
short RNA primer to begin DNA polymerization in
the 5�-to-3� direction, in the lagging strand. After DNA
polymerization, the RNA primers are degraded and re-
placed by DNA synthesized from an upstream primer.
Because there is no DNA beyond the end of the chro-
mosome to serve as a template for an RNA priming
event, the gap between the final lagging strand seg-
ment (Okazaki fragment) and the end of the chromo-
some cannot be filled in (the “end replication prob-
lem”). Thus the 5� end of the lagging strand will lose
some nucleotides each time a cell replicates its DNA
(Figure 2.2). Thus, the extreme end of a chromosome
is not replicated and progressively shortens. This end,
called the telomere (telos � end, meros � part), is
made of repeats of 6 base pairs: (TTAGGG)n on one
strand and (AATCCC)n on the complementary DNA
strand. Human telomeres vary in length with age and
cell type, with a range of 6 to 12 kilobase pairs (kbp:
6000–12,000 bp) in somatic cells. With the mechanism
of Okazaki fragment replication, 50 to 100 bp are usu-
ally lost with each cell cycle. More important, loss of
telomeric DNA continues with successive cell divi-
sions until the telomeres reach such a critically short
length that replication is halted. This happens, on av-
erage, after 60 to 70 divisions in human cells, and at
this point the cell stops growing and enters senescence.
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The fundamental issue concerning telomeres and
their relationship with aging is the idea that progres-
sive telomere shortening represents a biologic or mi-
totic clock of the cell keeping track of the number of
replications a cell has used and indicating the time for
permanent growth arrest when telomeres are suffi-
ciently short. Telomere function is strictly associated
with the function of the related enzyme, telomerase.
Telomerase is a reverse transcriptase (i.e., an enzyme
capable of synthesizing DNA starting from a template
made of RNA) that can add TTAGGG examers to
chromosome ends, thus extending and maintaining
the length of telomeres and, as a consequence, the
number of divisions a cell may undergo.

The most outstanding discovery concerning the
telomere–telomerase system is that nearly the com-
plete spectrum of human tumors has been shown to
be telomerase positive, thus implying that tumor cells
use telomerase to gain the capacity for unlimited pro-
liferation and thus immortality. An exhaustive list of
telomerase-positive human cancers has been reported
by Granger et al.27 The discovery of the appearance of
telomerase activity as a distinctive feature of cancer
in comparison to normally growing cells has opened
new horizons in both diagnosis and treatment of can-
cer, since cancer cells can be identified for their dis-
tinctive expression of the enzyme telomerase, which
in not expressed by normal cells and can be treated
with telomerase inhibitors to “induce” cell senes-
cence. This model assumes that because many divi-
sions are needed to accumulate all the changes needed
to transform a normal cell into a cancerous one,28,29

cell senescence acts as an initial “cancer brake.” 
At this point it must be emphasized that telomer-

ase is not the only tool a cell can use to lengthen its
proliferative capacity; other mechanisms, which effect
alternative lengthening of telomeres (ALT), have been
identified.30 Increasing the proliferative potential by
either telomerase or ALT pathway is only one aspect
of the process of malignant transformation.31 As re-
ported by Granger et al.,27 there are at least six es-
sential alterations necessary for malignancy shared by
virtually all types of cancer. These are the generation
of self-stimulatory growth signals, insensitivity to in-
hibitory growth signals, resistance to apoptosis, un-
limited potential for proliferation (telomere lengthen-
ing), capacity for angiogenesis, and tissue invasion and
metastasis. Whatever the implications of these argu-
ments, the role of telomere shortening in proliferative
aging remains unquestionable, as does the role of telo-
mere lengthening in increasing the proliferative po-
tential of the cell.

The final picture that can be inferred from major
investigations concerning telomere physiology and
pathology sounds rather paradoxical with respect to
the introductory statement of this section. As a mat-
ter of fact, it is assumed from these investigations that

the progressive shortening of telomeres is indicative
of progressive cell senescence, and cell senescence, in
turn, acts as a “cancer brake,” theoretically allocating
cancer and aging at the two opposite ends of the same
spectrum. This seems to imply that, at the cellular
level, the notion that advancing age is the most po-
tent of all carcinogens is absolute nonsense.

Once again, the research on the role of chromoso-
mal ploidy and genome stability in cancer and speci-
ation gives us insight into a possible unifying theory
to solve the apparent paradox concerning the role of
aging in cancer in the light of telomere dynamics. In
summary, it has been found that telomere shortening
(and thus cell aging), plays an important role in ge-
netic instability, including chromosomal loss, recip-
rocal translocations, and cancer development.32 These
observations have led authors to propose that the fol-
lowing sequence of events in cancer transformation is
related to telomere dynamics. In ordinary somatic
cells, certain chromosomes may lose or have reduced
amounts of telomeric DNA (aging) and, therefore, may
undergo translocations or other structural alterations.
Because of this DNA rearrangement, cells get arrested
in the G2/M phase of their life cycle. Their chromo-
somes replicate, but the cytoplasm does not, thus re-
sulting in tetraploidy (four copies of the normal eu-
ploid number of chromosomes) and, if this continues
in the absence of telomerase, the cell undergoes apop-
tosis. On the other hand, it may happen that telomeres
are stabilized because of activation or upregulation of
telomerase or other pathways (ALT), in which case the
cell will survive and push to undergo mitosis. The
high number of chromosomes within this cell, and the
presence of only two centrosomes will trigger the am-
plification of other centrosomes to allow the cell to
divide. (Centrosomes are the structures joining the
two chromosomes of a couple within the cell. Their
function is to help organize the mitotic spindle, which
is the collection of microtubules that pull the dupli-
cated chromosomes apart during cell division, ensur-
ing that each of the two daughter cells has received
the same number of chromosomes.) At this point, the
cell will show a number of structural anomalies, in-
cluding telomere erosion, double chromosome num-
ber, and amplification of centrosomes. This will give
rise to multipolar mitosis, aneuploidy, and subsequent
cancer formation.33 In light of this view, telomere ero-
sion due to cell senescence is the key factor in in-
ducing the genome instability that represents the 
hallmark of malignant transformation, and the telo-
merase- or ALT-dependent lengthening of telomeres
intervenes in a second phase of malignant transfor-
mation to confer on the cell the capacity to overcome
the apoptotic pathway and push toward mitosis and
consequent expansion of the structural abnormalities
to future generations. This view seems to perfectly
reconcile telomere dynamics with both aging and can-
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cer and to validate the assumption that aging is the
most potent of all carcinogens.

VIRUSES AND ONCOGENESIS

In Chapter 1, we pointed out the role that viruses have
historically played in our understanding of the mo-
lecular bases of cancer. Viruses have been defined as
the Rosetta Stone for unlocking the mysteries of cell
growth control. They have also revealed the functional
foundations of the genetic bases of cancer and pro-
vided a conceptual framework applicable to all can-
cers.34 The concept that viruses cause cancer dates
back to the first decade of the twentieth century, when
Francis Peyton Rous demonstrated that tumors can be
induced in particular breeds of chickens by inoculat-
ing tumor derived cell-free filtrates, containing a
transmissible agent, most probably a virus.35

Viruses are a type of infectious agent that must in-
vade living cells in order to reproduce. According to
the type of nucleic acid that represents the virus ge-
nome, a distinction is usually made between DNA and
RNA oncogenic viruses, the latter also being referred
to as retroviruses. This basic distinction is not only
qualitative; it also reflects a substantial difference in
the way viruses attack and are assumed to transform
a normal cell into a cancerous one. All RNA onco-
genic viruses (or retroviruses) show the unusual char-
acteristics of reverse transcription. After infecting the
host cell, the viral RNA genome is transcribed into
double-stranded DNA by the viral enzyme reverse
transcriptase—typical of this kind of viruses. The 
double-stranded DNA is then integrated into the chro-
mosomal DNA of the host cell with the help of the
enzyme integrase. The integrated copy, termed a
provirus, is similar to a cellular gene, but its expres-
sion is regulated by the virus rather than by the cell.
Also, cellular genes, particularly cellular oncogenes,
are usually copied together with the integrated provi-
ral DNA in such a way that the viral genome carries
cellular oncogenes after infection. Once incorporated
into the viral genome, an oncogene is freed from nor-
mal cellular constraints and is expressed constitu-
tively in infected cells under the direct control of the
virus, leading to cell transformation and cancer de-
velopment. Alternatively, a retrovirus containing a
cellular oncogene may infect a cell type that does not
express that oncogene and thus lacks controls to reg-
ulate it. Therefore, in the case of retroviruses, a com-
bination of overexpression or inappropriate expression
of a modified oncogene leads to malignant transfor-
mation of the target cell.

Unlike retroviruses, the oncogenes of small DNA
tumor viruses are of viral, not cellular origin, and are
essential for both viral replication and cell transfor-
mation. Small DNA tumor viruses are dependent on

the host cell machinery to replicate the viral DNA.
Viral DNA encodes nonstructural proteins that stim-
ulate resting cells to enter the S phase of the cell cy-
cle, to provide an environment that enhances DNA
replication. One such protein, the large-T antigen of
the simian virus 40 (SV-40), is required both for initi-
ation of viral DNA synthesis and for stimulation of
cell entry into the S phase. The large-T antigen of SV-
40 was found to form a complex with a host cell pro-
tein (p53) in SV-40 transformed cells,36 and this led to
the conclusion that the gene synthesizing this protein
(the p53 gene) could be included in the growing list of
oncogenes. However, a decade later it was definitely
demonstrated that the p53 gene is in fact a tumor sup-
pressor gene,37 that is, a gene that inhibits instead of
stimulating cell growth. A second tumor suppressor
protein, the retinoblastoma gene product (pRb) was
also identified as one of several host cell proteins com-
plexed with the E1A oncoprotein in adenovirus trans-
formed cells.38 The SV-40 T antigen also forms com-
plexes with pRb and, by binding to and abolishing the
normal function of both p53 and pRb inhibitory pro-
teins, disrupts cell growth control mechanisms (Fig-
ure 2.3).39 Once again it is clear from the previous out-
line that the study of both RNA and DNA oncogenic
viruses and their close relationship with oncogenes
and tumor suppressor genes, respectively, has played
an outstanding role in the elucidation of the mecha-
nisms of control of cell proliferation in normal cells
and cancer. It may therefore sound rather paradoxical
to question whether there is a role for viruses in can-
cer development, and the great majority of scientists
working with tumor viruses would have no doubt at
all. However, it is clear that even in cancers with
proven viral etiology, the virus appears to be neces-
sary but not sufficient, for tumor development. The
interpretation is that viruses do not behave as com-
plete carcinogens, but rather act as initiating or pro-
moting factors. Additional changes must necessarily
accumulate to complement those produced by the
virus, to disable the multiple regulatory pathways and
checkpoints that control proliferation in normal cells.
Different data support this interpretation:

1. It is well known that the majority of individuals
infected with a tumor virus do not develop can-
cer. As demonstrated by epidemiologic data,
more than 90% of humans are infected with 
Epstein–Barr virus, but cancer due to EBV is 
rare, unless an individual becomes immuno-
compromised.

2. The latent period between the initial virus infec-
tion and tumor appearance is often too long to es-
tablish a clear-cut relationship between infection
and tumor development. This is clearly illustrated
by epidemiological evidence showing that, for ex-
ample, Chinese with chronic HBV infections ac-
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quired as newborns usually develop hepatocellu-
lar carcinoma (HCC) beyond 50 years of age.

3. Finally, although it could be assumed that the host
immune response may play a major role in ex-
plaining outcome, evidence from in vitro experi-
ments conducted on isolated cell systems still
confirms that additional changes must accumu-
late within a virus-infected cell for it to be fully
transformed and that the transformation potential
of a virus, given the necessity of these additional
changes, is not instantaneous but requires a long
latency period. Note that SV 40 or its cloned anti-
gen alone has been known since 1962 to be a par-
ticularly efficient aneuploidogen in human cells.
This effect would be produced, particularly by the
T antigen, by displacing histone proteins from
chromosomal DNA, thus inducing unwinding of
nucleosomally organized DNA, with the block of
the normal chromosomal binding sites for tubu-
lin fibers.5

A list of some of the major viruses and related human
cancers is presented in Table 2.1. The recognition of

the viral etiology of human cancer provides the ratio-
nale to develop preventive strategies to inhibit viral in-
fection, thus reducing cancer risk. Prophylactic vac-
cines can induce antibodies that can neutralize the
virus before it infects the cell. The HBV vaccine has
been used for more than 15 years to prevent transmis-
sion of the virus to newborns and to prevent the es-
tablishment of a lifelong persistent infection. Large-
scale immunization programs have been undertaken in
some countries to clarify the efficacy of the vaccine in
reducing the incidence of HCC.40 Given the worldwide
burden of HPV-related diseases, papillomavirus vac-
cines are under development, recombinant virus–like
particles (VLPs) are also under investigation.

Viruses can be also harnessed for novel approaches
to cancer treatment. A number of gene-based thera-
pies use viral vectors to deliver tumor suppressor
genes (e.g., p53): immune response genes (cytokines),
drug resistance genes, drug sensitivity genes, and
genes to inhibit activated oncogenes. A further appli-
cation of viruses to cancer therapy is represented by
the so-called viral oncolysis. A prototype of this ap-
proach is represented by a mutant form of adenovirus
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that fails to express E1B that can replicate and destroy
cancer cells that lack p53.41 For updated information
on this kind of therapy, see Reference 42.

IONIZING RADIATION, 
CHEMICALS, AND CANCER

The carcinogenic potential of ionizing radiation was
soon recognized after Roentgen’s discovery of x-rays
in December 1895. The first report of leukemia in five
radiation workers dates back to 1911.43 (Marie Curie
and her daughter, Irene, are both thought to have died
from complications of radiation-induced leukemia.)
Follow-up studies on atomic bomb survivors in Hi-
roshima and Nagasaki have confirmed that ionizing
radiation is a “universal carcinogen” in that it induces
tumors in most tissues of most species at all ages, in-
cluding the fetus. The universal nature of radiation as
a carcinogen is based on its ability to penetrate cells
and deposit energy within them in a random manner,
unaffected by the usual cellular barriers presented to
chemical agents. As a consequence, all cells of the
body are susceptible to ionizing radiation, and the
amount of damage will depend on the physical pa-
rameters that determine the radiation dose received
by a particular cell or tissue. Radiation can induce
DNA lesions including damage to nucleotide bases,
cross-linking, and DNA single- and double-strand
breaks (DSBs). It is now accepted that misrepaired
DSBs are the main lesions of importance in the in-
duction of both chromosomal abnormalities and gene
mutations.44,45

DSBs in DNA are produced when the two com-
plementary DNA strands are simultaneously broken
at sites close enough to one another and cannot be
kept juxtaposed. The two fragments generated by this
process are liable to become physically dissociated,

making repair difficult and providing an opportunity
for inappropriate recombination with other sites of the
genome. However, despite posing major threats to ge-
nomic integrity, DSBs can be deliberately produced for
“physiologic” purposes in the cells of the immune re-
sponse. Moreover, DSBs are potent inducers of muta-
tions and cell death.

There are two main pathways for DNA DSBs re-
pair: homologous recombination (HR) and nonhomol-
ogous end joining (NHEJ). HR requires that the dam-
aged chromosome enter into synapsis with, and
retrieve genetic information from, an undamaged
DNA molecule with which it shares extensive se-
quence homology; NHEJ does not have these require-
ments. As a consequence, NHEJ is more prone to er-
ror than HR and may facilitate the production of
chromosomal rearrangements and other large-scale
changes frequently occurring in irradiated cells.46,47

As a consequence of DSBs, large-scale mutational
events, such as deletions, chromosomal rearrange-
ments, and recombinational processes, are associated
with ionizing radiation. However, the search for ge-
netic changes specifically associated with radiation
has been disappointing, and there is no evidence of
site specificity for mutations induced by radiation.
Studies of oncogene activation or tumor suppressor
gene inactivation in radiation transformation in vitro
have been also disappointing. As we have seen in
Chapter 1, however, there is increasing evidence that
genomic instability may represent the earliest and
most important event in both radiation and chemical
carcinogenesis and may represent, as well, the best ex-
planation for the reported lack of specificity of ge-
nomic lesions induced by both radiation and chemi-
cal carcinogens.

As outlined, genomic instability is a hallmark fea-
ture of nearly all solid tumors and adult-onset leukemia.
Genomic instability is the process by which the entire
cellular genome becomes more prone than a normal
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TABLE 2.1. Major Viruses Implicated in Human Cancer.

Name of virus Type of cancer Cofactors

Epstein–Barr virus (EBV) Burkitt’s lymphoma Malaria
Nasopharyngeal carcinoma Nitrosamines
B-cell lymphoma Immunodeficiency
Hodgkin’s disease Unknown

Hepatitis B virus (HBV) Liver cancer Aflatoxin, alcohol
Human immune deficiency virus (HIV) Severe immune deficiency predisposing to EBV, HPV, herpes virus

Kaposi sarcoma, lymphoma, and cervical cancer
Human papilloma virus (HPV) Cervical cancer Smoking

Skin cancer (epidermodysplasia verruciformis, Sunlight
a rare hereditary condition) and conjunctival cancer

Human T-cell lymphotropic virus type I Adult T-cell leukemia/lymphoma Unknown
(HTLV-1)

Human T-cell lymphotropic virus type 2 Hairy cell leukemia Unknown
(HTLV-2)

Kaposi sarcoma-associated herpesvirus Kaposi sarcoma Unknown
(KSHV) Body-cavity-based lymphoma EBV and HIV



(stable) genome to make mistakes in the arrangement
of chromsomes and fragments of chromosomes within
the cell itself and, during mitosis, within the daughter
cells. As already mentioned, the root source of genomic
instability has to be researched in the processes of DNA
damage and repair. As a matter of fact, intrachromoso-
mal genomic instability in cancer reflects an increased
rate of appearance of DNA alterations in tumor cells,
which arises from either an increased rate of damage
overwhelming the ability of a normal repair system to
restore genetic integrity or a defective repair system un-
able to cope with a normal rate of damage. It is clear
that preserving genomic integrity is of immense rele-
vance for cells and organisms. That is evident when we
consider that our genome contains around 250 genes for
the purpose of DNA repair, 230 for high-fidelity DNA
replication, and 500 for chromosome segregation, cell
cycle checkpoints, telomeres, centromeres, and so on. 

When the cell becomes unable to repair DNA dam-
age for either of the reported conditions, genomic in-
stability will follow and will propagate to daughter
cells for a number of generations, thus amplifying both
the number of damaged cells and the amount of dam-
age per cell until, eventually, transformation occurs
and cancer develops.48

Evidence has been presented that an unstable ge-
nome persists for at least 12 and perhaps 25 population
doublings after radiation exposure. This transmissible
instability may enhance the rate at which spontaneous
mutations arise in the descendants of the irradiated cells.
The widespread and apparently random nature of ge-
nomic instability may account for the reported lack of
specificity of genomic lesions induced by both radiation
and chemicals; also, genomic instability tells us that ion-
izing radiation may produce nontargeted effects, or, in
other words, important genetic consequences of radia-
tion may arise in cells born from the irradiated ones that
in themselves received no direct nuclear exposure. 

At this point, it will be of interest to notice that
early investigations have shown that cytoplasmic ir-
radiation with low fluences of � particles can induce
a significant frequency of mutations in mammalian
cells,49 thus indicating that nuclear irradiation is not
required for the production of important genetic ef-
fects. The production of gene mutations after cyto-
plasmic irradiation has been hypothesized to involve
an enhanced production of reactive oxygen species
(ROS) within the process globally indicated as oxida-
tive stress. As demonstrated, DNA can be damaged in
a sequence-specific manner by oxidative stress.50 Ox-
idative stress results when the balance between the
production of ROS overrides the antioxidant capabil-
ities of the target cells; the interaction between reac-
tive oxygen and critical cellular macromolecules may
then occur,51 with subsequent modification of cellu-
lar proteins, lipids, and DNA, which results in altered
target cell function.

One further step in the mechanism of oxidative
stress within radiation-induced carcinogenesis is rep-
resented by the so-called bystander effect, that is, the
production of biologically relevant effects in cells that
receive no direct radiation exposure. Evidence has
been presented that cells irradiated with � particles
secrete cytokines and other factors that lead to en-
hanced production of oxygen species in cells not di-
rectly irradiated, with subsequent damage of their pro-
teins, lipids, and DNA52 and have increased potential
for genomic instability and cancer transformation (Fig-
ure 2.4). The International Agency for Research in
Cancer (IARC) has defined chemical carcinogenesis as
“the induction by chemicals of cancers that are not
usually observed, the earlier induction by chemicals
of cancers that are usually observed, and the induc-
tion by chemicals of more cancers than are usually
found.”53 Although operationally useful, this defini-
tion does not address the fundamental distinction be-
tween direct-acting carcinogens and those acting in-
directly through complex interactions with the test
organism.54 In 1973 the term “genotoxicity” was in-
troduced to denote toxic, lethal, and heritable effects
to karyotic and extrakaryotic material in germinal and
somatic cells55 and was assumed to be the basis of 
carcinogenicity of all chemicals. Subsequently, this
paradigm was largely questioned, and the distinction
between DNA-reactive (genotoxic) and epigenetic
(nongenotoxic) carcinogens was well established.56

DNA-reactive carcinogens are those that act in the
target cell of tissue(s) to form DNA adducts that are
the basis for neoplastic transformation. Epigenetic car-
cinogens lack chemical reactivity and hence do not
form DNA adducts, but produce their effects indi-
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rectly (Figure 2.4). A comprehensive list of chemical
carcinogens classified according to this distinction is
reported by Williams.56 The past two decades have
witnessed an extraordinary impulse of the genetics,
particularly under the influence of the Human Ge-
nome Project, and cancer has been increasingly viewed
as a genetic disease. This radical and partial view of
the pathogenesis of human cancer has been tempered
by the discovery that gene expression can be modu-
lated in the absence of structural damage of the genes
themselves. Therefore, cancer should be more appro-
priately defined as a “disease of genes,” implying that
while an altered gene expression is almost invariably
found in cancer, it does not necessarily derive from
spontaneous gene changes but from either a direct or
indirect insult on the DNA structure.

The paradigm of chemical carcinogenesis repre-
sents a milestone in the understanding of the real com-
plexity inherent the processes of cell transformation
and cancer development. As we have seen, together
with “direct” DNA-reactive chemicals, a number of
chemicals must be taken into account whose action,
through the intermediary of oxidative stress, can mod-
ify intercellular communication, protein–kinase ac-
tivity, membrane structure and function, and gene ex-
pression, to finally lead to deregulation of cell
growth.57

RELEVANCE OF IMMUNOLOGICAL 
RESPONSE TO ORBITAL TUMORS

Orbital tumors constitute a heterogeneous array of le-
sions that may originate from tissues of the orbit itself
(primary tumors), extend from neighboring structures
(secondary tumors), or come from distant sites (meta-
static tumors),58 and, as such, they pose numerous chal-
lenges in terms of diagnosis, imaging and treatment.
Moreover, given the heterogeneity of tumor types de-
veloping in the orbit, the causal role of genetic alter-
ations, viruses, chemicals, gene methylation, histone
acetylation, and so on, would not only be hard to de-
fine but would also require an entire book to be reported
in detail. Few studies exist in the literature concerning
molecular investigations on orbital tumors, with the
exceptions of primary orbital rhabdomyosarcoma and
retinoblastoma extended into orbital structures.

Even with these limitations, orbital tumors follow
the general principles regarding cancer etiology cited
in this chapter, and, as such, are of great interest 
for both pathology and molecular biology. Both
retinoblastoma and rhabdomyosarcoma, the first as a
secondary and the second as a primary orbital tumor,
cover the entire spectrum of the evolution of knowl-
edge reported so far in the field of cancer etiology and
pathogenesis. Retinoblastoma has represented the pro-
totype of cancer due to the loss or inactivation of a

tumor suppressor gene, and for a long time has re-
mained the most significant example of cancer deter-
mined by small structural modifications of a gene.59

Rhabdomyosarcoma of the orbit, to the contrary,
while occurring at an average age quite close to that
reported for retinoblastoma, has always shown a more
complex pathogenesis. In particular, gross chromoso-
mal alterations, such as the translocation t(2;13) (q35-
q14) or t(1;13) (q36-q14), involving the PAX3 and PAX7
genes, have been detected in alveolar rhabdomyosar-
coma,60 while a number of different genes (either
oncogenes or tumor suppressor genes) have been re-
ported to be involved in the genesis of the embryonal
form of the disease.61 More recently, the investigation
of the methylation profile of retinoblastoma has
shown that RASSF1A and CASP8 (a tumor suppressor
gene and a gene involved in the apoptotic process, re-
spectively) are frequently methylated and “silenced”
in retinoblastoma, thus showing that other genes may
play a role in the genesis of retinoblastoma and that
reducing its pathogenesis to the alteration of a single
gene represents an oversimplification.62,63 Moreover,
the recent observation that microsatellite instability
often occurs in embryonal rhabdomyosarcoma of the
orbit represents an important clue into the pathogen-
esis of this disease, possibly implying a role for ge-
nomic instability and the related events in the process
of cancer development.64

The same reasoning can be applied to orbital ma-
lignant tumors arising later in life. A recent review65

has shown that malignant lymphoma is the most com-
mon malignant tumor of the orbit in the population
over the age of 60 years, accounting for 24% of cases.65

Malignant lymphoma, particularly the diffuse large-
cell lymphoma (DLCL) has been shown to depend from
an aberrant hypermutation state whose nature and con-
sequences appear to be very similar to those described
elsewhere under the generic term of genomic instabil-
ity, which can be in part, considered “physiologic” for
lymphocytes belonging to the B-cell lineage.66 Finally,
human papilloma virus has been reported in neoplas-
tic and nonneoplastic conditions of the external eye,67

as well as its possible relationship with an increased
expression of the p53 protein, with consequent prog-
nostic implications, particularly in conjunctival squa-
mous cell carcinoma (CSCC),68 thus demonstrating the
potential of the application of molecular techniques in
the study of orbital tumors.68

In summary, although the application of the prin-
ciples and procedures of the molecular biology to can-
cer arising in the orbit is not very common, it can be
of great potential value for both diagnostic and thera-
peutic purposes. Therefore, it is highly desirable for the
ophthalmologist to become acquainted with the basic
principles in the perspective of a modern and more ef-
fective approach to patients with tumors involving the
orbit.
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The Changing Nature and Behavior
of Orbital and Periorbital Tumors

Alan A. McNab

This chapter discusses the changes over time in
the nature and behavior of orbital tumors and
related diseases, looking in particular at the 

influence of certain forms of viral and iatrogenic 
immunosuppression.

CHANGES IN THE INCIDENCE OF 
ORBITAL DISEASES OVER TIME

A glance through older textbooks of ophthalmology
reveals a number of orbital disorders almost unknown
to the modern ophthalmologist. Duke-Elder, in his
seminal System of Ophthalmology,1 describes such
conditions as orbital syphilis (syphilitic periostitis, or-
bital gummas, etc.), orbital tuberculosis (which may
return to the West with the emergence of resistant
strains of Mycobacteria and the increase in immuno-
suppression), and echinococcus (hydatid disease) of the
orbit (still common in some parts of the world). The
most significant change, however, has been in the clas-
sification and nomenclature of disorders that have
probably always existed but are now better under-
stood. These include the idiopathic inflammatory dis-
orders (“pseudotumors”), lymphoproliferative disor-
ders, and the vascular lesions of the orbit.

Some orbital tumors have increased in incidence
over time. One of the commonest tumors of the orbit
in current clinical practice is non-Hodgkin’s lym-
phoma (NHL). Although the classification of NHL has
changed, making comparison of older reports with cur-
rent reports difficult, good epidemiological data con-
firm the clinical impression of many specialists that
NHL is increasing in incidence over time, including
NHL of the orbit. Margo and Mulla examined the
Florida Cancer Registry from 1981 through 1993 and
showed a large increase in orbital NHL over this time,
with a steady but smaller increase in primary orbital
malignancy in general.2 A study from Singapore failed
to show any significant change over the period 1968
to 1995,3 but given the widely reported increase in
NHL, it is likely the increase noted in Florida is real.
In Australia, there was a steady increase in the inci-
dence of NHL (whole body) between 1982 and 1989

among both males and females,4 but between 1993
and 1998 the increase was confined to females, with
an increase of 1.8% per year.5 There is no adequate
explanation for this observed increase. A study from
Denmark, where a national orbital tumor registry was
established in 1974, has also shown a steady increase
in the incidence of both benign and malignant orbital
tumors over the period 1974 to 1997.6 All tissue spec-
imens derived from the orbit were registered during
this time, making the increased incidence observed
very likely to be a real increase rather than an arti-
fact. Data are limited on changes in incidence of sec-
ondary orbital tumors, but one study from Japan has
shown a small but steady increase in orbital metasta-
sis from primary tumors in the lung, liver, and adre-
nal gland since 1980.7 As the incidence of primary tu-
mors changes over time, it is likely the pattern of
orbital metastases will change also.

IMMUNOSUPPRESSION AND CANCER

Perhaps the greatest change in the nature and fre-
quency of some orbital disorders has been in those that
occur more frequently in the immunosuppressed pa-
tient. The treatment of many disorders, especially for
those of an autoimmune type and for the immuno-
suppression required for solid organ transplants, has
involved general suppression of the immune system
at the expense of an increased risk and incidence of
formerly rare disorders.

Immunodeficiency may be congenital, therapeutic,
or infectious [human immunodeficiency viruses
(HIV)]. We have seen increases in the latter two, and
in some parts of the world, HIV is the most prevalent
and serious infectious disease in the community. Im-
munodeficiency increases the risk of some but not all
cancers. The common feature of these cancers is that
specific infectious agents may be important in their
etiology; this may extend to a lesser extent beyond the
immunodeficient population to the normal popula-
tion. People with acquired immune deficiency syn-
drome (HIV/AIDS) are more susceptible to a variety
of malignant neoplasms (see Table 3.1). These include

2 7



Kaposi sarcoma (which is associated with human her-
pes virus type 8 (HHV-8)), non-Hodgkin’s lymphoma
of the Burkitt type (associated with another her-
pesvirus, the Epstein–Barr virus (EBV)), and conjunc-
tival squamous cell carcinoma (associated with hu-
man papilloma virus (HPV)). In some studies,
however, HIV/AIDS has not been shown to lead to an
increase in cervical cancer, which has a known asso-
ciation with HPV infection. This requires further
study, as does the apparent lack of certain other can-
cers that might be expected to be increased in
HIV/AIDS.8

Despite the worldwide epidemic of HIV/AIDS and
the increased incidence of these cancers, there has
been a relative paucity of cases of orbital non-
Hodgkin’s lymphoma. NHL in AIDS is typically
higher grade, is extranodal, and has a poorer outcome.
The first case of orbital involvement was reported in
19829 and the second as late as 1990.10 Since that time,
a handful of other cases has been reported.11–13

Here then is a paradox. We have a worldwide epi-
demic of HIV/AIDS. There has been a documented in-
crease in the incidence of NHL and, in particular, NHL
of the orbit; but there have been very few cases of NHL
of the orbit reported to be associated with AIDS. Our
own experience has mirrored this. In a survey of 73
cases of orbital and ocular adnexal lymphoma from
our institution, not one was known to be associated
with HIV/AIDS.14 Other large series also show no
cases of HIV/AIDS-associated NHL. NHL of the ocu-
lar adnexa typically occurs in the older population
(median age 65 in our series),14 whereas NHL in as-
sociation with HIV/AIDS occurs most commonly in
the third decade, coinciding with the median decade
in which AIDS is found.15 From a practical perspec-
tive, a younger patient with a higher grade lymphoma
of the orbit probably should be tested for HIV, al-
though the likelihood of a positive result is fairly low,
and most cases reported have been in patients already
known to have HIV/AIDS. Another large group of im-
munodeficient patients are those receiving solid organ
transplants. It is well recognized that this group is also
more susceptible to a range of cancers and infections.
Many of these are associated with particular viruses
and may occur in the orbit or ocular adnexa.

Infection by HPV is well documented to increase
after organ transplantation and the concomitant im-
munosuppression. The incidence of warts increases af-
ter transplantation, and at a later date, the incidence
of squamous cell cancers of the skin also increases.
Within these tumors can be found evidence of HPV of
various types, often more than one type in each 
tumor.16

Within the first 5 years of immunosuppression,
40% of transplant recipients experience premalignant
skin tumors such as actinic keratoses and Bowen’s dis-
ease, as well as squamous cell carcinoma (SCC) and
basal cell carcinoma (BCC).17 These tumors often have
a more aggressive pattern of growth and atypical mor-
phology.18 Sun exposure is a clear risk factor, and the
presence of skin cancers or premalignant skin lesions
may be a contraindication to organ transplantation be-
cause of the increased mortality associated with organ
transplantation from cancer, including skin cancer. In
addition to the association between immune suppres-
sion and HPV infection and the development of non-
melanoma skin cancer, there is evidence of a link with
herpes-like virus infection and skin cancers other than
Kaposi sarcoma in transplant patients.19 In a group of
non-AIDS immunocompromised patients, 82% of 33
skin lesions (BCC, SCC, actinic keratoses, etc.) dem-
onstrated herpes virus-like sequences of DNA.

The incidence of skin cancers (other than Kaposi
sarcoma) is also increased in patients whose immune
system is compromised by the HIV/AIDS virus. A
study from Italy found a threefold increase in non-
melanoma skin cancer (mostly BCC) in AIDS pa-
tients.20 This increase in nonmelanoma skin cancer
was noted to be less than that occurring in transplant
patients. Cutaneous SCC is often more aggressive
when it occurs in patients with HIV/AIDS,21 and such
lesions should be managed aggressively rather than
palliatively because they may be fatal, particularly
with antiretroviral therapies now prolonging survival
in HIV-infected patients for many years.22 Basal cell
carcinoma may behave more aggressively in AIDS pa-
tients also. Although metastasis from BCC is ex-
tremely rare, it is documented to occur when cellular
immunity is compromised, as occurs in AIDS.23 The
commonest mucocutaneous malignancy associated
with AIDS is Kaposi sarcoma, which is associated with
infection with HHV-8. The condition may occur in
the eyelids or conjunctiva but rarely affects the or-
bit.24 Conjunctival Kaposi sarcoma may be the pre-
senting feature of AIDS, but by far the commonest
conjunctival tumor associated with AIDS is SCC. This
is particularly true for AIDS occurring in Africa, where
conjunctival SCC is one of the commonest AIDS-
associated cancers. In African HIV patients, non-
Hodgkin’s lymphoma may be less frequent than in the
West.25 It is unclear whether this represents differ-
ences in prevalence of other associated viral infec-
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TABLE 3.1. Malignant Neoplasms of the Orbit and Ocular 
Adnexa Associated with AIDS.

Lymphoma Small, non-cleaved cell (Burkitt) lymphoma
Large non-cleaved-cell immunoblastic 

lymphoma
Hodgkin’s lymphoma (rare)

Kaposi’s sarcoma Eyelid
Conjunctiva
Orbit (rare)

Squamous cell Eyelid
carcinoma Conjunctiva (common especially in Africa)



tions. Because of the dramatic rise in incidence of
AIDS, Kaposi sarcoma has emerged as the most com-
mon cancer in parts of Africa.26 Conjunctival SCC has
dramatically increased in incidence in areas of Africa
where AIDS is prevalent, and it behaves in a particu-
larly aggressive manner.27 This dramatic rise in SCC
of the conjunctiva has not been mirrored in the West,
although SCC of the conjunctiva has certainly been
seen28 and may be the presenting sign in AIDS.29

IMMUNOSUPPRESSION
AND INFECTION

The hallmark of the acquired immunosuppression ap-
pearing after infection with HIV is the occurrence of
life-threatening infections by organisms that are usually
opportunistic or nonpathogenic. A range of orbital in-
fections has been seen, which may be bacterial, fungal,
parasitic, or protozoan. These are listed in Table 3.2.

Invasive Aspergillosis

The commonest orbital infection seen in association
with HIV/AIDS is invasive aspergillosis.30 Risk fac-
tors for invasive aspergillosis apart from HIV/AIDS in-
clude other causes of decreased cellular immunity,
neutropenia below 1000/mm3, defects of phagocyto-
sis, hematological malignancy, steroids or other im-
munosuppressive agents, and diabetes mellitus.31 As-
pergillus is a ubiquitous fungus found especially in
soil and in decaying vegetable matter. A. fumigatus
and A. flavus are the species most commonly seen in
orbital and paranasal sinus disease. A range of patterns
of disease may be associated with this organism,
broadly divided into noninvasive and invasive forms.
In nonimmunocompromised patients, two forms,
both less aggressive, may occur. Aspergillus sinusitis
may cause a chronic form of sinusitis in patients with
atopy whose immune systems are otherwise normal.
The sinuses may expand dramatically, with resultant
telecanthus and structural changes in the facial skele-
ton. A fungus ball (aspergilloma) may occur in poorly
aerated sinuses. Both these types of infection are char-
acterized by a lack of tissue reaction, invasion, or ne-
crosis. By contrast, in immunocompromised individ-
uals, infection with Aspergillus may take the form of

an invasive granulomatous inflammation with con-
comitant fibrosis, or a more fulminant necrotizing
form characterized by vascular invasion and associ-
ated tissue necrosis.

When invading the orbit, aspergillosis usually
spreads from the adjacent paranasal sinuses but may
spread hematogenously from distant sites of infection,
most commonly, the lung. The posterior orbit is com-
monly involved, presenting as an orbital apex syn-
drome, with loss of vision, ophthalmoplegia, loss of
sensation in the first division of the trigeminal nerve
and proptosis, often with pain.32 In the early phases
of the process, single nerves may be affected before
progression to a full orbital apex syndrome. The cav-
ernous sinus is usually also involved by the process.
All too often, spread occurs to the cranial cavity and
brain, with cerebral infarction or subarachnoid hem-
orrhage being terminal events. The diagnosis of 
invasive aspergillosis is aided by clinical imaging.
Computed tomography (CT) images often show opaci-
fication of adjacent paranasal sinuses, with enhancing
soft tissue masses usually invading the posterior or-
bit, with or without bone destruction. Intraluminal
calcification visible on CT images is said to be char-
acteristic but is present in less than 50% of cases.33

Magnetic resonance imaging often shows more wide-
spread enhancement than is seen on CT, showing in-
volvement of adjacent dura or optic nerve, for exam-
ple.34 The definitive diagnosis of invasive aspergillosis
is made by examination of affected tissue, both for his-
topathology and microbiology. If the condition is sus-
pected, tissue should be obtained as soon as possi-
ble. It is important to alert the laboratory to the
suspicion of fungal infection. Tissue may be obtained
by fine needle aspirate,35 or biopsy via an endoscopic
or open approach. Frozen sections should be re-
quested, since the establishment of an immediate di-
agnosis may allow the surgeon to proceed to appro-
priate debridement. 

Treatment of invasive aspergillosis is difficult. Re-
versal of any immunosuppression, if possible, is im-
portant. In AIDS patients, in whom invasive as-
pergillosis is often fatal, treatment with antiretroviral
drugs, including protease inhibitors, may prolong sur-
vival for extensive periods, even in the presence of in-
vasive aspergillosis.36 The role of wide surgical de-
bridement is unclear.37 Systemic and local antifungal
therapy is the mainstay of treatment, with the less toxic
liposomal form of amphotericin B most widely used.38

Mucormycosis

Mucormycosis is usually a fulminant form of fungal
infection occurring in a group of patients somewhat
different from those who are susceptible to invasive
aspergillosis (see also Chapter 27). Often referred to as
phycomycosis or zygomycosis, mucormycosis is a dis-
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TABLE 3.2. Infectious Diseases of the Orbit Occurring in
HIV/AIDS Patients.

Bacterial Orbital cellulitis/abscess
Syphilitic periostitis

Fungal Invasive aspergillosis
Mucormycosis (uncommon)

Parasitic/protozoan Infection with Pneumocystis carinii
Toxoplasmosis



ease caused by a variety of fungi from the order Muco-
rales in the class Zygomycetes. These organisms are
widespread molds that we are exposed to regularly in
daily life, but disease is rare because of their low viru-
lence and because of host defenses. The people most
susceptible are the debilitated, injured, and diabetic (es-
pecially ketoacidotic, poorly controlled diabetics), and
those who are immunocompromised, most commonly
by corticosteroids. Renal dialysis patients have also
been commonly affected possibly because of the previ-
ous widespread use of deferoxamine in these patients
to treat aluminum or iron overload.39 Iron overload of
itself may be a risk factor also,40 with some evidence
that the acidosis found in diabetics alters iron metabo-
lism and enhances the ability of the Mucor organisms
to grow in tissues.41 AIDS patients do not appear to have
an increased susceptibility to mucormycosis. This is
probably because of the vital role of polymorphonuclear
neutrophils (PMNs) in the prevention of the disease and
the relatively normal function of PMNs in AIDS.42

Spores enter the airways, and for rhino-orbital-
cerebral mucormycosis, the infection begins in the
paranasal sinuses, or nasal airway, then spreading to
the orbit and cranial cavity. The organism causes isch-
emic necrosis and invades blood vessels, including ma-
jor arteries. The disease process is usually more fulmi-
nant than in invasive aspergillosis, with time from
onset of symptoms to death often measured in days.
The predisposed patient presents with pain, headache,
swelling of the lids, ophthalmoplegia, and visual loss,
occasionally with a central retinal artery occlusion. The
classic black eschar due to tissue necrosis, which may
be seen in the skin, nasal mucosa, or palate, is a late
sign. Signs of intracranial involvement usually occur
within a short period, with death resulting from cere-
bral infarction or subarachnoid and intracerebral hem-
orrhage. Early diagnosis is essential in mucormycosis.
The tissue required for diagnostic purposes can be ob-
tained from the sinuses or the orbit and processed both
for histopathology (frozen section) and microbiology.
Reversal of any immunosuppression and reversal of
acidosis improves survival significantly. Widespread
surgical debridement has a clearer role in mucormyco-
sis than in aspergillosis and often involves orbital ex-
enteration and widespread removal of affected
paranasal sinuses.43 Antifungal therapy, both local and
systemic, is critical. There may be a role for adjunctive
hyperbaric oxygen therapy.44 Despite these measures,
mortality rates remain high in mucormycosis.

Other Infections and Orbital 
Inflammation in AIDS Patients

Fulminant bacterial infections of the orbit have been
reported in AIDS patients. Francis et al. reported a case
of orbital streptococcal gangrene (necrotizing fasciitis)
in an AIDS patient with extensive tissue necrosis and

visual loss secondary to infection with group A �-
hemolytic Streptococcus.45 Kronish et al. also docu-
mented a variety of bacterial infections in AIDS pa-
tients, including cases caused by low virulence or-
ganisms such as Propionibacterium acnes.30 Parasitic
orbital infections have also been reported, including
cases of Toxoplasma orbital cellulitis.46 Orbital in-
fection from Pneumocystis carinii is rare,47 but
Pseudomonas orbital cellulitis has been reported by
several authors.30,48

NONINFECTIOUS ORBITAL INFLAMMATION IN AIDS

A small number of cases of apparently noninfectious
inflammation of the orbit have been described in AIDS
patients. This includes a case of “pseudotumor”49 and
one of “ocular myositis” that responded to high doses
of corticosteroids.50 Extreme caution needs to be ex-
ercised in accepting such a diagnosis and then treat-
ing with further immunosuppression. If the diagnosis
is erroneous and the condition is, for example, a fun-
gal infection, the addition of the steroids may accel-
erate the process.

OTHER VIRUS-ASSOCIATED 
NEOPLASMS OF THE ORBIT 
AND OCULAR ADNEXA

A variety of neoplasms has been shown to be associ-
ated with viruses (in the absence of infection with
HIV); many of these may affect the orbit and ocular ad-
nexa. The best-recognized ones are listed in Table 3.3.

Epstein–Barr Virus

EBV is a herpes-type virus, well recognized to be as-
sociated with some types of lymphoma, particularly
Burkitt’s lymphoma (small non-cleaved-cell lym-
phoma). Burkitt’s lymphoma may also be linked to a
heritable or familial predisposition, which in turn is
associated with a chromosomal abnormality (translo-
cation from chromosome 8 to chromosome 14). It is
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TABLE 3.3. Neoplasms and Diseases of the Orbit and Ocular
Adnexa Linked to Specific Viruses.

Virus Neoplasm or disease

Epstein–Barr virus Burkitt’s lymphoma
Nasal T/natural killer cell lym-

phoma (lethal midline 
granuloma)

Nasopharyngeal carcinoma
Human papilloma Squamous cell carcinoma (eyelid,

virus conjunctiva, lacrimal excretory 
system)

Human T-cell Orbital T-cell leukemia/lymphoma
lymphotropic/leukemia Graves disease
virus 1



endemic in some parts of Africa and had been well be-
fore the onset of the HIV/AIDS epidemic. It also is
common in New Guinea, and its incidence parallels
that of malaria in its distribution. Sporadic cases do
occur outside these areas but are relatively uncom-
mon; in these cases, EBV is not often found to be ex-
pressed in the tumor cells. Burkitt’s lymphoma also
occurs more frequently in patients infected with HIV.
Burkitt’s lymphoma is often rapidly progressive and
in the endemic form occurs usually in childhood with
a mean age of 8 years. In Uganda it is the commonest
orbital tumor.51 The mandible is most commonly af-
fected, but the orbit and meninges are affected in about
10 to 20% of patients. Bone defects are common. The
sporadic form tends to affect older children (mean age
12 years), and the orbit may also be affected but with
less bony involvement. EBV has also been shown to
be associated with the nasal condition formerly called
lethal midline granuloma, now designated as a lym-
phoma characterized by T and natural killer cells.52

This disease is commonest in Asian, Native Ameri-
can, and Hispanic peoples, and in Hong Kong Chinese,
it represents a third of nasal lymphomas.53 Because it
usually arises in the nose and paranasal sinuses, sec-
ondary involvement of the orbit may occur, with or-
bital infiltration or uveitis being the commonest.54

Another tumor linked to EBV is nasopharyngeal car-
cinoma, which also has an interesting epidemiology;
this tumor represents up to 18% of all cancers in the
south of China.55 Orbital signs are frequently due to
skull base invasion with cranial neuropathies or, less
commonly, direct orbital invasion.

Human Papilloma Virus

HPV is linked to squamous cell neoplasia of skin and
conjunctiva, particularly in immunosuppressed pa-
tients, and SCC of the conjunctiva is a major health
issue in parts of Africa where AIDS is endemic. In non-
immunosuppressed patients, the role of HPV in the
development of SCC of the conjunctiva has been de-
bated. Some researchers have failed to link HPV with
conjunctival SCC,56–58 but others have shown a strong
link.57 A similar link has been shown for epithelial
neoplasms of the lacrimal sac.60,61

Human T-Cell Leukemia Virus 1

HTLV-1 was the first oncogenic retrovirus to be iden-
tified. HTLV-1 infection is endemic to the Caribbean,
Central and South America, southern Africa, and
Japan. It is linked to an adult form of T-cell leukemia
characterized by a malignant proliferation of T lym-
phocytes and a neuromyelopathy, usually causing a
progressive paraplegia. Ocular lesions may occur, in-
cluding uveitis in 15%, keratoconjunctivitis sicca in
37% with a lymphoplasmacytoid infiltrate of salivary

and lacrimal glands, interstitial keratitis in 10%, and
occasionally optic neuritis.62 A case of orbital T-cell
lymphoma has been reported in this infection,63 as
well as cases of optic nerve infiltration64 and orbital
and intracranial spread from nasal disease.65 Another
fascinating association noted with HTLV-1 is with
Graves disease.66 A number of reports have noted an
increased incidence of Graves disease in patients with
HTLV-1 infection, often associated with uveitis. It is
postulated that the HTLV-1 infection induces an au-
toimmune process manifesting as uveitis and/or
Graves disease. Up to 17% of patients with uveitis as-
sociated with HTLV-1 had a history of Graves disease
in one report.66

Mucosa-Associated Lymphoid Tissue 
Lymphoma and Microbial Infection

A fascinating insight into tumor biology has arisen
with the observation of an association between mu-
cosa-associated lymphoid tissue lymphoma (MALT
lymphoma, or marginal cell lymphoma) of the gastric
mucosa and infection with the bacterium Helicobac-
ter pylori. An association between H. pylori infection
and adenocarcinoma of the stomach has also been
noted.67,68 Additionally, a role for chronic infection
with hepatitis C virus has been suggested in MALT
lymphoma of the stomach.69 Inasmuch as MALT lym-
phoma is common in the orbit and ocular adnexa, fu-
ture research may detect an association with other in-
fective agents.

CONCLUSIONS

The incidence of disease processes of the orbit and oc-
ular adnexa, both infective and neoplastic, has
changed over time and varies enormously in geo-
graphic distribution. These trends have been largely
due to changes in the incidence of infections with
some bacteria and viruses. In addition, our under-
standing of the role of infectious agents in the devel-
opment of neoplasms has increased, and it is likely
that their role is greater than had been recognized 
in a large number of orbital and ocular adnexal 
neoplasms.
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CONCEPT OF METASTASIS

The most dreadful point in the progression of neopla-
sia is invasion and dissemination beyond the original
limits of tumor, since most deaths from cancer are
due to metastases.1,2 Metastasis refers to the spread of
neoplastic cells from the primary cancer site to other
areas of the body. Metastases develop after malignant
cells gain phenotypic characteristics that facilitate ac-
cess to lymphatic channels and blood vessels. Once
they outgrow local defense mechanisms in the distant
organs, they establish a new phase of independent neo-
plastic proliferation.3 The survival of a patient with
metastatic disease depends on the extent and size of
the dissemination and which vital organs are affected.
This chapter provides a brief review of the basic mech-
anisms associated with invasion and metastasis.

INVASION AND METASTASIS

The basic condition of cancer is invasion. Cancers
may either express their invasive behavior initially
or progress into malignancy from preexisting benign
tumors, premalignant conditions, or neoplasias in
situ. Invasion may compromise the function of any
organ (e.g., the eye) by compression, by local de-
struction, or by inhibition of normal function. In-
vasion and local extension in the head region beyond
the orbit may result in the destruction of vital struc-
tures and death. Invasion, dissemination, and me-
tastasis may also develop early in the process of the
disease when the tumor is relatively small and has
not been detected.2

DISSEMINATION AND METASTASES

Growing tumors may disseminate throughout the
body in several ways including through the cerebro-
spinal fluid, serous cavities, virtual spaces, lymphatic
channels, and blood vessels. Tumor cells enter blood

circulation, resist hemodynamic shear stress of the
blood circulation, eventually extravasate, and migrate
through tissue stroma to a site favorable for tumor
growth. Dissemination, however, does not necessar-
ily end in metastatic spread. Some tumor cells must
therefore be endowed with exceptional abilities to suc-
cessfully metastasize, since others, although capable
of forming tumors in specific organs, do not metasta-
size. Therefore, the cells that have access to the routes
of spread require the incorporation or development of
a metastatic molecular phenotype and imbalance of
cytoskeletal regulation.4 On the other hand, the local
microenvironment, the development of angiogenesis,
stroma–tumor interactions, and the elaboration of cy-
tokines all influence metastatic potential.5 Thus, the
malignant phenotype is a culmination of a series of
genetic changes in the primary tumor and its dissem-
inated cells.6

THE METASTASIC EVENT IN THE 
TEMPORAL PROGRESSION OF CANCER

Tumorigenesis is a multistep process associated
with accumulated genetic alterations in somatic
cells.3 The progression of a tumor through preneo-
plasia to frank neoplasia and then invasion and me-
tastasis is the result of successive rounds of clonal
expansion of somatic cells that acquire a selective
growth advantage as a result of mutations in genes
that control cellular proliferation and death (Table
4.1).7,8 Figure 4.1 is a schematic representation of
tumor progression including multiple sequential
steps involving host–tumor interactions. Although
modern medical technology permits early detection
of neoplasias, most tumors manifest or are detected
relatively late in the progression after the tumor has
acquired cell heterogeneity as result of spontaneous
mutations and chromosomal abnormalities. This
heterogeneity, detected at clinical presentation of
tumors, indicates higher growth rates and greater
metastatic potential.



TUMOR CELLS AND 
STROMAL INTERACTIONS

Angiogenesis

Angiogenesis, the growth of new capillary blood ves-
sels, is a prerequisite for cellular growth beyond the
size restriction dictated by oxygen and nutrient diffu-
sion. Angiogenesis is regulated by growth factors and
properties of the extracellular matrix.9,10 Promoters of
angiogenesis include basic fibroblast growth factor
(bFGF), acidic fibroblast growth factor (aFGF), vascu-
lar endothelial growth factor (VEGF), and angiopoietin
1. In contrast, endogenous proteins such as angio-
statin, endostatin, pigment epithelium derived factor
(PEDF), and angiopoietin 2, prevent vascular cells from
responding to a wide spectrum of angiogenic factors.
The structure of newly formed blood vessels differs
from that of normal vessels. The main differences in-
clude the cellular components, the properties and in-
tegrity of the basement membrane, and permeability.
These elements facilitate the leakage and passage of
cancer cells into the circulation. Microvessel density
and histological arrangement of blood vessels in the
tissue are an independent prognostic indicator of the
risk for future development of metastasis. Addition-
ally, angiogenesis is necessary for the growth of cells
in the new metastatic foci. To survive, tumor cells
must gain access to the vasculature within the pri-

mary tumor, survive transit, dwell for a time in the
microvasculature of the target organ, exit from this
vasculature, grow in the target organ, and induce an-
giogenesis (Figures 4.2 and 4.3).

Cellular Factors

Cell-to-cell interactions and cell-to-stroma interac-
tions are very important during the invasive stages.
The homeostasis of surface receptors and the adhesion
molecules, integrins and cadherins, favors tissue sta-
bility and integrity, whereas the loss or alteration of
these cell surface proteins has been associated with
increased metastatic potential.11 Downregulation of
gene expression of E-cadherin has been correlated with
increased invasiveness and metastatic potential. An-
other mechanism that facilitates invasion is degrada-
tion of surface protein complexes by mutated gene
products.

Tumor cell migration is necessary for the initia-
tion of the metastatic cascade. The interaction of sur-
face receptor proteins and components of the extra-
cellular matrix such as laminin, collagens, fibronectin,
and vitronectin regulates the shape, polarity, and mi-
gration of cells.12 Some members of the integrin fam-
ily of adhesion molecules play a fundamental role in
the angiogenesis and invasion.13 Overexpression of in-
tegrin �v�3 mediates cellular adhesion with the ex-

C H A P T E R 4 : M E C H A N I S M S O F T U M O R M E T A S T A S I S I N T H E O R B I T 3 5

TABLE 4.1. Carcinogenic Steps During the Metastatic Cascade.

Step Characterized by

I. Tumor initiation Carcinogenic insult; gene and chromosomal disarrangements
II. Promotion and progression Gene amplification; inactivation of suppressor genes

III. Uncontrolled proliferation Growth factors and hormones
IV. Angiogenesis Multiple stimulating and promoting factors
V. Invasion of tissues, blood vessels, and lymphatic channels Metalloproteinases; loss of MTP inhibitors, receptors, and 

adhesion molecules
VI. Vascular endothelial cell tumor arrest and extravasation Adhesion molecules and receptors; MTP; chemotaxis factors

VII. Tumor growth at secondary sites Homing factors, angiogenesis, growth factors
VIII. Evasion of host defenses and resistance to therapy Surpass macrophages; natural killer cells and blocking of T-cell 

response; expression of drug-resistant genes

Source: Modified from Liotta LA, Kohn EC. Invasion and metastasis. In: Bast RC, Kufe DW, Pollock RE, et al, eds. Cancer Medicine. 5th ed. New York:
BC Decker; 2000:121–131.

Regression and arrested growth Dissemination Metastasis

Initiation

Promotion
and progression Angiogenesis

Invasion

Acquired transformed phenotypes

Clinical detection

FIGURE 4.1. Tumor progression. The diagram shows
that the events of progression, invasion, dissemination,
and metastasis are associated with acquired transformed
phenotypes.



tracellular matrix proteins leading to changes in cell
shape and increased cell motility. Growth factors that
stimulate tumor cell motility include insulin growth
factor (IGF), hepatic growth factor (HGF), fibroblast
growth factor (FGF), and transforming growth factor �
(TGF-�). These factors may play a role in the “hom-
ing” of the tumor cell to secondary sites. Cell–matrix
interaction also leads to transcription and expression
of genes with increased amounts of proteases and dis-
ruption of the balance between activated matrix met-
alloproteinases (MMPs) and free endogenous tissue in-
hibitors of metalloproteinases (TIMPs) that facilitate
invasion and metastasis.14–16

GENE OVEREXPRESSION 
AND DOWNREGULATION

Invasiveness and metastatic ability of the neoplastic
cells appear as a result of accumulation of newly ac-
quired genetic alterations beyond those that initiate
oncogenesis.7 Some of these alterations may include
more than a few genes.8 Mutations occur at a higher
rate in cancer cells because their genetic material
(chromosomes or DNA) is intrinsically unstable.17

This genetic instability seems to be a “property” of
cancer cells. Abnormalities (i.e., loss or gain of chro-
mosomal material) are rather frequent in solid tumors
and have been associated with high-grade malignan-
cies.17,18 During the stepwise progression of cancer,
oncogenes are either activated or inactivated, muta-
tion or deletions occur in normal suppressor genes,
and there is gene amplification of promotion associ-
ated genes and growth factors. Thus, the association
between oncogene alterations and prognosis has been
extensively investigated, and the demonstration of
oncogene amplification is a valuable prognostic
marker in certain tumors. Certain genes, such as p53,

RB and p16, are altered in diverse tumor types, and
others are selectively modified in particular tumors
such as those of the von Hippel–Lindau (VHL gene)
syndrome.19 Because of heterogeneity of gene silenc-
ing and expression, most primary tumors contain sub-
populations of metastastic and nonmetastatic cells.
Genes differently expressed in cancer cells that reach
the bloodstream have the effect of inducing or sup-
pressing metastasis.

ORBITAL METASTASIS

The development of metastasis in a particular organ
depends on vascular architecture and blood flow. In
addition, the pattern of spread is influenced by the
type and site of the primary tumor. Surface receptors
in the cells of the receptor organ and in the dissemi-
nated cells together with release hormones, growth
factors, and cytokines constitute homing factors for
the development of metastasis in specific organs and
tissues.

Local Orbital Environment

ORBITAL VASCULAR BED

The cells responsible for metastases must traverse the
lungs before reaching the orbit through hematogenous
spread, although a few orbital metastases may arrive
by retrograde venous flow through the vertebral–
basilar plexus. The arterial supply to the orbit arises
from the internal carotid artery with some anasto-
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FIGURE 4.2. Angiogenesis is a required step for survival of the tu-
mor, invasion, and dissemination.

Local tumor
growth
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Distant tumor growth
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Angiogenesis

FIGURE 4.3. After an organ has been invaded, distant metastasis
is the result of growth in a distant tissue facilitated by tissue re-
ceptors (homing), on-site angiogenesis, and cell survival after im-
mune response of the host.



motic connections to the external carotid circula-
tion.20 The right carotid originates together with the
subclavia from the brachiocephalic trunk, whereas the
left carotid system originates directly from the aorta.21

Within the orbit, the ophthalmic artery gives off pos-
terior ciliary vessels and multiple muscular branches,
which give rise to the anterior ciliary vessels.22 These
arteries lead into the marginal and peripheral arterial
arcades of the eyelid, with anastomoses from the max-
illary branch of the external carotid artery. Blood ves-
sels and connective tissue form an integrated system.
The microvascular system is predominantly confined
to the adipose tissue compartments. The interrela-
tionships of the vascular system and the connective
tissue system are likely to be important factors in con-
trolling and regulating orbital blood flow.

Early studies suggested that orbital metastases
were more frequent on the left side. This suggestion
was supported by the direct origin of the left com-
mon carotid artery from the aorta. However, recent
reviews of reported series and case reports revealed
that unilateral involvement was very similar in both
sides, and both sides are simultaneously affected in
7% of cases.23

The presence of orbital lymphatics in a primate
model was demonstrated by using light and elec-
tron microscopic enzyme histochemistry.24 Lym-
phatic vessels were identified in the lacrimal gland
and in the dura mater of the optic nerve. In addi-
tion, structures demonstrating positive staining
markers at the orbital apex were highly suggestive
of lymphatics but did not meet the morphologic cri-
teria established.25 Lymphatic vessels were not
identified in the extraocular muscles or orbital fat
in other studies.26 Traditionally, lymph node dis-
semination from ocular and orbital tumors requires
prior invasion of the conjunctiva and eyelid, where
lymphatic channels are constitutively present.

ORBITAL TISSUE HOMING

Based on the presence of different tissue components
within the orbit (i.e., bone, striated muscle, fat and
connective tissue, lacrimal gland), some tumors ap-
pear to disclose specific homing tissue patterns.
“Homing” refers to cell trafficking to specific tissues
and organs that appears to be regulated by tissue- or
cell-specific adhesion molecules and receptors critical
to the extravasations process. This may reflect some
degree of organ tropism or the production of tumor
cells and host cells of some sort of products that specif-
ically bind to or favor the survival and growth of the
mestastatic cells. In addition, circulating tumor cells
may adhere specifically to the endothelial cells only
in the target organ. The expression of particular genes
has been recently shown to be associated with the de-
velopment of metastasis of certain tumors in a par-

ticular organ. In addition, preferential growth may be
induced by the local microenvironment.

Adhesion of circulating cells to endothelial cells is
mediated by a variety of cell adhesion molecules. The
first steps in the cell adhesion cascade (rolling and
tethering) are regulated by selectins (P, E, and L se-
lectin). The following steps of stable adhesion and
transmural migration predominantly involve integrins
(LFA-1).27

Although homing patterns are relatively well
known for normal and neoplastic lymphocytes, the
mechanisms for tissue- or organ-specific homing in
solid tumors are not fully understood. CD44 is a fam-
ily of transmembrane glycoproteins encoded by a sin-
gle gene containing 20 exons, 10 of which (v1–v10) are
variant exons inserted by alternative splicing.28 Some
variant isoforms, especially those containing se-
quences encoded by v6 to v10, might be related to 
capillary–lymphatic space invasion and metastasis
and are overexpressed in both human and animal neo-
plasms.29 In a rat pancreatic adenocarcinoma model,
one of the variant CD44 isoforms was proven to be
determinant in the metastatic process. For some hu-
man neoplasms (e.g., carcinomas of the digestive tract,
thyroid carcinomas, poorly differentiated endometri-
oid adenocarcinomas) correlations have been made 
between the particular pattern of CD44 variants
(CD44v6) produced by neoplastic cells and clinico-
pathological parameters of tumors, such as grade,
stage, presence of metastases, and survival. CD44 in
normal cells acts mainly as a receptor for hyaluronan
and has an affinity for other extracellular matrix li-
gands such as fibronectin, serglycin, and osteopontin.
In orbital diseases, CD44 receptors have been observed
in patients with Graves ophthalmopathy, character-
ized by increased amounts of hyaluronic acid in the
extracellular matrix and infiltration by lymphocytes.30

Chemoattraction is another mechanism to direct
the migration of tumor cells from their primary site
via the circulation to preferential targets of metas-
tases.31 The findings indicate that certain chemokine
receptors are found on breast cancer cells, and their
ligands are highly expressed at sites associated with
breast cancer metastases.32

As mentioned, tumor cells express adhesion mol-
ecules in the integrin family, and these receptors
play a pivotal role in the development of a meta-
static colony. Several integrin subunits (�2, �4, �3)
were found to have increased expression in orbital
metastatic lesions from prostate carcinoma, malig-
nant melanoma, and lobular breast carcinoma in
comparison to normal prostate tissue and normal
melanocytes.33 The increased expression of these in-
tegrins may be responsible for the tendency of these
tumors to metastasize to the orbit, as well as for the
tendency of prostate tumors to metastasize prefer-
entially to orbital bones.
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METASTATIC DISEASE IN THE ORBIT

Metastatic tumors constitute approximately 3% of all
orbital diseases and 10% of orbital neoplasms in most
series.23,34–36 The prevalence of ocular and orbital me-
tastasis in patients with cancer varies from 0.7 to 12%,
depending on whether the analysis was clinical or per-
formed in autopsy series.37–39 The frequency of the site
of origin parallels the general incidence of tumors.40 The
most frequent primary organs are breast in women, and
lung and prostate in men, and cutaneous melanoma.
However, metastases from a large variety of tumors have
been reported to occur in the orbit (Table 4.2).23

Ocular and adnexal metastasis in children occurs
almost exclusively in the orbit.41 Metastastic tumors
of the orbit in children include neuroblastoma, mainly
from an abdominal intra-adrenal primary lesion; Ew-
ing sarcoma originating in long bones; and Wilms tu-
mor, an embryonal growth of the kidney.42,43 In half
of the cases, metastastic neuroblastoma affects both
orbits, with compromise of the temporal orbit and ad-
jacent bone and periosteum, resulting in bilateral peri-
orbital hematomas.39

The spatial and tissue location of metastasis
within the orbit is variable. Frequency analysis sug-
gests that tumors from different primary sites tend to
metastasize predominantly within certain tissues of
the orbit. The orbit is bordered by bone and contains
fat and muscle tissues. Melanoma has a strong ten-
dency to metastasize muscle (41–76% of the cases),
whereas thyroid and prostate carcinomas metastasize
bone.23 Breast carcinoma usually metastasizes fat and

muscle.44,45 Some tumors are discrete like metastasis
of melanoma, breast carcinoma, and renal carcinoma
(Box 4.1), whereas others are diffuse like lobular car-
cinoma of the breast and carcinomas with a scirrhous
fibroblastic response.46 Regarding location, a recent
study combining the data from published series and
case reports suggests that the lateral and the superior
orbit are the most commonly affected quadrants for
metastatic tumors.23,35

Temporal Relationship Between Metastasis
and Time of Diagnosis of Primary Tumor

Metastatic carcinomas of the orbit frequently pose a
diagnostic challenge because they may occur long af-
ter a primary tumor has apparently been successfully
treated; they may even occur as the first manifesta-
tion of an undetected primary neoplasm (Box 4.2). In
approximately 15 to 42% of the cases, the orbital man-
ifestations precede the diagnosis of the primary tu-
mor.23,35 This group of early-metastasizing tumors in-
cludes lung, stomach, colon, pancreas, thyroid, and
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TABLE 4.2. Primary Sites of Orbital Metastasis.

Site Cell type

Breast Lobular carcinoma, ductal carcinoma
Lung Bronchiogenic carcinoma, adenocarcinoma, 

small-cell carcinoma, carcinoid tumor, 
malignant bronchial adenoma

Prostate Carcinoma
Skin Melanoma, squamous cell carcinoma
Kidney Renal cell carcinoma, Wilms’ tumor
Urinary bladder Transitional carcinoma
Gastrointestinal Adenocarcinoma, carcinoid tumor, gastric 

tract carcinoma
Liver Hepatocellular carcinoma
Pancreas Adenocarcinoma, islet cell carcinoma
Parotid gland Malignant mixed tumor
Thyroid Follicular carcinoma, papillary carcinoma
Adrenal gland Sympathoblastoma, neuroblastoma, 

adrenocortical carcinoma
Testis Seminoma
Choroid Melanoma
Miscellanea Bile ducts, gall bladder, ovary, cervix, 

vagina, peritoneum (mesothelioma),
chordoma, pheochromocytoma, sarco-
mas [Ewing’s sarcoma, fibrosarcoma,
malignant fibrous histiocytoma, leio-
myosarcoma (uterus), liposarcoma, an-
giosarcoma, osteosarcoma, rhabdomyo-
sarcoma, malignant schwannoma].

BOX 4.1. Extraocular Muscle 
Involvement in Orbital Metastasis 
and Dissemination

Breast carcinoma
Cutaneous melanoma
Neuroblastoma
Lung carcinoma
Carcinoid tumor
Seminoma
Pancreatic carcinoma
Lymphoma
Leukemia

BOX 4.2. Clinical Presentations of 
Orbital Metastases

I. The primary tumor is removed, but within
a few months metastases develop.

II. Metastases are already present when the pri-
mary tumor is first detected.

III. Metastases appear first, and the primary le-
sion remains occult.

IV. The primary tumor is removed, and metas-
tases develop several years later.

V. Metastases regress after removal of the pri-
mary tumor.



ovary. The evaluation of these patients is facilitated by
higher resolution image analysis and available serolog-
ical tests. The diagnostic procedure when a metastatic
orbital tumor is suspected is fine-needle aspiration or
incisional biopsy.47 The use of immunohistochemical
techniques is required for confirmation or identifica-
tion of the primary tumor in case of an unknown or
occult primary lesion.

The mean interval from the diagnosis of the pri-
mary tumor to the development of the ophthalmic
sign or symptom is highly variable and is related to
the biology of the primary tumors and the develop-
ment and application of diagnostic methods and ther-
apy.23 An interval of more than 3 to 5 years is expected
in breast, thyroid, and prostate carcinoma, and carci-
noids. Lung, renal, and gastrointestinal tumors are
more frequently diagnosed after the appearance of or-
bital metastatic signs and symptoms and usually fol-
low a fulminant course with short survival.

It is important to note that tumors with isolated
orbital metastasis carry the best prognosis for survival.
Approximately 2% of the body metastases occur in
the setting of cancer of unknown primary site. The
initial pathology study usually identifies four light-
microscopic diagnoses including poorly differentiated
neoplasm, adenocarcinoma, squamous cell carcinoma,
and poorly differentiated carcinoma. The optimal
management of these patients requires appropriate
clinical and pathology evaluation to identify treatable
subgroups, followed by the administration of specific
therapy.

Metastatic melanoma to the orbit constitutes a
unique situation because of the long delay from onset
and treatment of the primary tumor and the first ap-
pearance of metastasis. It may manifest in one of four
clinical settings: from an excised cutaneous lesion, in
association with an active skin melanoma, with his-
tory or evidence of a spontaneously regressed mela-
noma, or from an occult primary site. Most patients
present with widespread metastatic disease at the
time of ocular manifestions.48 The survival after the
diagnosis of metastastic disease is poor: the average
time from diagnosis to death is 4 months (range 2–6
months).23 In addition, a patient with a metastastic
melanoma may have had a spontaneously regressed
cutaneous melanoma that was unnoticed, or an occult
primary melanoma.49 This scenario most likely ex-
plains findings of metastatic melanoma without an ap-
parent primary lesion or in an unknown primary. The
long delay between the origin of the primary tumor
and the first manifestation of metastatic disease may
indicate a superior or more effective host–tumor im-
munologic response. However, when metastatic dis-
ease develops, the survival rate of the patient does not
differ among those with a concurrent growing primary
tumor, spontaneously regressed melanoma, or occult
primary site.50

METASTASTIC DISEASE FROM 
PRIMARY ORBITAL TUMORS

The vascular circulation of the orbit has the peculiar
feature that lymphatic vessels are not usually present
within the deep orbital tissues. Therefore, dissemina-
tion of primary malignant tumors of the orbit occurs
through the venous system (Figure 4.4). Lymphatic
vessels are seen only in the anterior orbital septum
and are related to eyelid and conjunctival lymphatics
(see earlier subsection entitled Orbital Vascular Bed).
The superior lymphatics drain mainly to the preau-
ricular lymph nodes, and the inferior lymphatics drain
into the submandibular nodes (Figure 4.4).

CONCLUSIONS

Invasion and metastasis are currently recognized as
early events in cancer progression. Trends in the man-
agement of advanced metastatic disease include the
use of molecular techniques for the early diagnosis of
disseminated disease and the clinical application of
serum markers that may indicate a more precise indi-
cation of immunomodulation. The knowledge gained
by means of sophisticated molecular techniques in-
volving cell adhesion, proteolysis of the extracellular
matrix, migration, and angiogenesis signaling has
opened a wide field of novel therapies. The use of
agents against growth factor receptors and integrin re-
ceptors, matrix metalloproteinase inhibitors, and prod-
ucts inhibiting the signaling pathways underlying me-
tastasis, including oncoprotein signaling cascades and
calcium mobilization, may lead to the interruption of
the metastatic process in selected patients.
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FIGURE 4.4. Orbital venous drainage and the periorbital lymphatic
system.
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Multiple Malignancies in
Retinoblastoma

Zeynel A. Karcioglu

Retinoblastoma (Rb) is considered to be the pro-
totype for hereditary neoplasms in humans.1,2

Current thinking in tumor pathogenesis is that
the regulatory mechanisms of cell division are im-
paired and control over cell proliferation is lost. In Rb
and other tumors, this may be a result of mutations
in genes of two types: tumor suppressor genes and
oncogenes. One of the first tumor suppressor genes to
be isolated was from Rb (Rb-I).3,4 The function of these
genes is to act on normal cells to limit their prolifer-
ation. In other words, the tumor suppressor gene 
applies a continuous growth restriction. Therefore,
whenever it is genetically absent or otherwise ren-
dered nonfunctional, cell growth is uncontrolled. On
the other hand, oncogenes produce proteins that stim-
ulate cell division and proliferation.

Molecular identification of Rb-I led to the confir-
mation of the hypothesis that all retinoblastomas
carry two mutations, one in each allele of the gene.5,6

In hereditary Rb, one mutant allele is inherited and
the other develops within the retina. In sporadic cases,
both mutations take place during retinal development.
The hereditary form of Rb is estimated to constitute
approximately 40% of all cases of the disease.7–9 More
than 90% of hereditary cases present with multiple
tumors bilaterally at a mean age of I5 months. On the
other hand, nonhereditary Rb is typically unilateral
and presents with a single focus of tumor at a mean
age of 27 months. However, it has been reported that
approximately 15% of unilateral cases have inherited
mutations.10

STUDIES OF THE GENE FOR Rb

After the cloning of Rb-I for Rb, which is now con-
sidered to be a member of a family of genes including
p107 and p130, it became evident that mutations of
the Rb tumor suppressor gene were also present in a
wide variety of other human neoplasms.11–18 As is the
case in retinoblastomatoma, all Rb-I mutations in
other neoplasms lead either to loss of expression of Rb
protein (pRB) or the production of malfunctioning pro-
tein.19–22 The understanding of the Rb suppressor gene

in tumors led to other practical insights. Patients with
the hereditary form of Rb were recognized to be at a
greater risk than the general population to develop a
second malignant neoplasm (SMN) later in life. 
Today, with early detection and improved treatment 
modalities, second, third, and even fourth malignant
neoplasms are increasingly becoming the leading
cause of mortality among Rb survivors. Since second
malignant tumor is the most commonly encountered
presentation of these multiple tumor-harboring pa-
tients in this chapter the term “second malignant neo-
plasms” designates these lesions.

Prior to the advent of genetic experimentation and
examination of the molecular basis of susceptibility
to multiple malignancies, the development of second
tumors had been reported sporadically as the result of
clinical observations. The most startling report was
by Abramson and coworkers indicating that the inci-
dence of SMNs in the hereditary form of Rb was 20%
after 10 years, 50% after 20 years, and 90% after 30
years.23 Although the SMN incidences were exagger-
ated, this paper was significant in attracting attention
to the second malignancy issue in Rb, and more re-
ports were published throughout the 1980s.22–30

Draper and coworkers conducted a population-based
study using records from cancer registries and hospi-
tals in England, Scotland, and Wales.26 All cases listed
with the National Cancer Registration Scheme be-
tween 1962 and 1977 were included. Their base was
882 patients with Rb, 2% of whom developed an SMN
at 12 years’ follow-up, and 4.2% at 18 years’ follow-
up. Three hundred eighty-four of these instances of Rb
were determined to be hereditary, and the incidence
of SMN in the hereditary group was 8.4% at 18 years.16

Abramson’s group adjusted their figures to an SMN
incidence of 16% at 35 years. The same group later
published a more conclusive retrospective cohort
study examining the second malignancy mortality
rate among long-term survivors of Rb.31 In the new
study, 1603 patients were enrolled at one year after
the diagnosis of Rb. A total of 305 deaths was recorded:
167 from Rb, 96 from SMNs, and 42 from other causes.
The great majority of Rb deaths (143 of 167 patients)
occurred between the first and ninth year after initial
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diagnosis, agreeing with other studies and indicating
the rarity of late mortality due to Rb.31 Nine hundred
nineteen (57%) of the 1603 patients had unilateral dis-
ease. The most common second primary malignancies
were bone and soft tissue sarcomas, followed by cu-
taneous melanoma and brain tumors. When the rela-
tive risk of mortality was calculated, it was found to
exceed the expected rates 300-fold for malignant tu-
mors of bone and soft tissues,32–34 100-fold for mela-
noma, and 24-fold for brain tumors. At 40 years of fol-
low-up, the cumulative mortality for all SMNs was
26 � 3.5% (expected 1.3%) for bilateral Rb and 1.5 �
0.7% (expected 1.1%) for unilateral Rb. In the bilat-
eral Rb patients, external beam radiotherapy (EBRT)
further increased the risk of mortality (Figure 5.1). The
cumulative mortality from SMNs among patients who
received radiotherapy was 30.3 � 4.8% as opposed to
6.4 � 3.8% for those who did not receive EBRT. Acute
leukemias have also been reported among the patients
who survive Rb.35,36 Several investigators have re-
stricted their studies of Rb, some focusing on the bi-
lateral form37–38 and others on the hereditary.25,28 Des-
jardins and coworkers reported nine SMNs in 80
bilateral Rb patients who had been followed for more
than 30 years. Six of these SMNs may have been ra-
diation induced.37 Roarty and coworkers reported cu-
mulative SNN incidence in bilateral disease ranging
from 4.4% (10 years postdiagnosis) to 26.1% (30 years
postdiagnosis).38

Among studies based exclusively on nonhereditary
(unilateral and bilateral) cases, Minoda reported a cu-
mulative SMN incidence of 4.8 and 15.7%, respec-
tively, at 10 and 20 years after diagnosis.39 In another
study that included only hereditary Rb patients,
Lueder and coworkers reported cumulative SMN in-
cidences of 6, 14, and 14 at 10, 20, and 30 years after
diagnosis, respectively.28 In another group that in-
cluded only hereditary disease patients, DerKinderen
and coworkers reported a cumulative SMN incidence
of 19% in Rb patients at the age of 35 years.25

Other studies include both unilateral and bilateral,
and hereditary and nonhereditary patients as mixed
groups. In a joint study conducted in Europe, DeSut-
ter and coworkers reported a cumulative SMN inci-
dence ranging from 10 to 30% in the Rb population
with 40% bilateral disease.40 In another European
study that included approximately 35% hereditary Rb
patients, Winther et al. reported a relative risk for
SMN development as 15.4% for hereditary and 1.7%
for nonhereditary Rb patients.29 Smith and coworkers
in the United States studied 53 Rb patients, 79% of
whom were reported as hereditary; their actuarial
SMN incidence was 6, 19, and 38% after 10, 20, and
30 years, respectively.41

TYPES OF SECOND MALIGNANCY

The most common SMN, osteogenic sarcoma (Figures
5.2 and Figure 5.3), occurs at about the same age as in
the normal population, around the second decade.42–44

The frequency of bone and soft tissue sarcomas is not
surprising, since many of these tumors seem to har-
bor Rb-I mutations.45,46 The osteogenic sarcoma in-
cidence in the literature varies from 19 to 54% of all
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FIGURE 5.1. (A) Socket atrophy, scarring, and contraction of the
eyelid tissues, and charring of the skin with loss of eyelashes and
eyebrow hair (white arrow) following EBRT for Rb. (B) Extensive
scarring and neovascularization (black arrow) of the external eye,
secondary to EBRT for Rb.

FIGURE 5.2. A 13-year-old girl with osteogenic sarcoma (T) origi-
nating from the superior lateral rim of the orbit. The patient had
been treated with EBRT for bilateral Rb at the age of 2.
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SMNs.23,26 Hawkins et al., whose survey included at
least 90% of children with cancer in the United King-
dom, estimated that the relative risk of bone tumors
increased 4l5 times in patients with Rb.47 Soft tissue
tumors (Figures 5.4 and 5.5) are ranked as the second
most common SMN, with an estimated increased rel-
ative risk of 130 times.47

Mortality from cutaneous melanoma as an SMN
seen in Rb survivors is also far above the age-matched
expected levels.47,48 The increased incidence of mela-
noma is a rather unexpected finding, since melanoma

has not been shown to harbor Rb-I mutations and
more often develops outside the radiotherapy site.49

Many SMNs, including osteogenic and soft tissue sar-
comas and carcinomas of breast and other sites, have
proven to have somatic mutations of Rb-I; this is
thought to be the common pathway of oncogenesis in
the development of SMNs in children with Rb.50 The
carriers of Rb-I may have a dramatic increase in sus-
ceptibility to other common cancers when the usual
age of onset of these neoplasms is approached.

At present few reliable data are available on pa-
tients older than 40 years of age. Two studies of fam-
ily members of patients with bilateral Rb, however,
revealed more deaths due to stomach, bronchial, blad-
der, and breast carcinoma than expected in the nor-
mal population, particularly in first-degree rela-
tives.51,52 Data indicate that the observed excess
mortality due to SMNs is far above the incidence of
that expected to occur in the same age group of the
normal population. What is not clear, however, is
what happens as these patients proceed through life.
Is the risk lifelong? If it is, the risk represents a unique
situation for Rb patients, since more than 90% of
these patients are cured of their primary neoplasm.

The SMN issue is rapidly becoming a significant
public health concern, claiming a large segment of the
population living with a history of a “cured” malig-
nancy after exposure to chemotherapy, radiation, or
both. In the early 1990s it was projected that at the
end of the year 2000, one of every 900 individuals in
the United States between the ages of 16 and 44 years
would be a survivor of a childhood malignancy.53 In
general, it is estimated that 70% of children with a
diagnosis of malignancy survive 5 years. In Rb, how-
ever, the percentage of survivors and the length of the
survival period are greater than for other malignan-
cies. Recent data suggest that 95% of these patients
do not develop metastatic disease and are cured of Rb
for life.54 Although the rate of metastasis varies from
one series to another, Shields and Shields seem to be
correct in their estimate that the mortality rate in Rb
today due to the primary disease is less than 5%.54–56
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FIGURE 5.3. Axial magnetic resonance images from the same pa-
tient depicting the osteogenic sarcoma (T) compressing onto the left
globe; arrows indicate remnants of calcified Rb. (A) T1-weighted
image. (B) T2-weighted image.

FIGURE 5.5. Extensive esthesioneuroblastoma developed in the
left orbit and nasal cavity following enucleation and postoperative
irradiation of the left socket for recurrent bilateral Rb.

FIGURE 5.4. Large rhabdomyosarcoma originating from the infe-
rior orbital rim and mandible, following EBRT for bilateral Rb.
(Courtesy of Dr. Barrett Haik, Memphis, Tennessee.)



Even the small percentage of patients who develop
metastatic disease survive longer with aggressive 
chemotherapy.57

The increased risk of developing additional malig-
nancies in the survivors of childhood cancer may well
be lifelong. However, from the standpoint of implica-
tions for public health, the age range to concentrate
on is between I5 and 45 years. After the fourth decade,
the overall incidence of malignancies rises sharply in
the general population. Whether survivors of Rb are
at a higher risk to develop malignancies than the gen-
eral population over 50 years of age is not yet known;
accumulation of data for another 20 to 25 years is
needed to provide the answer.

The occurrence of third and additional nonocular
malignancies in Rb survivors is another interesting as-
pect of this problem. Abramson reported that approx-
imately 1% of hereditary Rb patients develop second
nonocular neoplasm each year. Approximately 50% of
these patients die as a result of these tumors.58 It is
becoming more and more apparent that the survivors
of SNMs are at risk for the development of third,
fourth, and even fifth nonocular malignancies.59,60

Abramson and coworkers reported a series of 211 (19
unilateral,192 bilateral) Rb patients who had devel-
oped second malignant neoplasms. One hundred forty-
two of these patients died within approximately 2
years as a result of their cancers. In 28 patients, a third
nonocular tumor developed; all but one had received
EBRT for the initial treatment of Rb. A fourth and a
fifth tumor developed in 6 and 2 patients, respectively,
out of the total of 211 Rb patients.

Another interesting finding is the higher mortality
from SMNs in females. In the study of Eng and
coworkers, death from second malignancies in fe-
males, was reported to be significantly higher than in
males.23 Although there are biological differences be-
tween genders, the increased mortality in females is
quite striking and difficult to explain. Again, more
studies are needed to qualify the gender issue.

ROLE OF EBRT IN 
SECOND MALIGNANCIES

There is general agreement that radiotherapy increases
the incidence of SMNs in patients with Rb.24,61–64 The
only large study reporting that the SMN incidence was
independent of radiation therapy was that of DeSut-
ter and coworkers.40 Radiation-induced tumors of the
eye are classified as those that arise within the “field
of radiation” (i.e., eyelids, orbit, periorbital sinuses,
skin, and subcutaneous tissues overlying the perior-
bital area). In the study of Roarty and coworkers, the
30-year incidence of SMN following radiation therapy
for Rb was reported to be 35.1%; in the same series,
only 5.8% of Rb patients who did not receive radio-

therapy developed SMNs; 29.3% of these malignan-
cies developed within the field of radiation, 8.1% were
outside the radiation field (i.e., elsewhere in the
body).38 Similarly, Draper and Abramson and their col-
leagues report an increased risk in radiation-treated
patients, primarily within the field of radiation.24,26

If one considers conceptual and technological ad-
vances in radiation therapy over the past 50 years, the
risk today may very well be less than what has been
stated in the above-mentioned series. The case cited
by Roarty et al., for example, dates back to 1922.38

Similarly, Abramson’s series included patients from
60 years ago who received 3500 to 26,000 cGy of ra-
diation with orthovoltage equipment. Others received
up to 12,000 cGy of radiation on a betatron, probably
in multiple courses. Draper’s series dates back to the
1950s, and patients were reported to have received ra-
diation of 1200 to 7500 cGy, although the majority
were within the range of 3500 to 4000 cGy, compara-
ble to today’s treatments.26 Modern supervoltage ra-
diation therapy equipment has less effect on normal
bone than older orthovoltage equipment, is much
more precise, and delivers a lower dose to a smaller
area than older methods. It is not yet known, how-
ever, whether the use of this modified equipment will
reduce the incidence of SMNs in the future.

Whatever improvements have been taking place,
the fact remains that radiation treatment in Rb in-
creases the risk of SMNs within the radiation field by
a factor of 5 to 6; there is not enough evidence to in-
dicate that it has the same effect on the incidence of
SMNs elsewhere in the body. Attempts to determine
a dose–response effect have been unsuccessful because
radiation doses have decreased over the years and pa-
tients who received the highest doses have the longest
follow-up periods. Since there is no determined 
“tumor-forming radiation dose,” the only way to min-
imize the risk of SMNs due to EBRT is to use care-
fully fractionated treatment with shielding of normal
tissues as much as possible. For example, brachyther-
apy applications with 125I or 106Ru plaques are ideal
in that they deliver curative doses to the tumor but
minimize radiation toxicity to adjacent tissues. Indi-
viduals with hereditary Rb also have been reported to
be prone to develop benign tumors such as lipomas
and dysplastic nevi that may progress into cutaneous
melanoma.65 Thirty percent of patients with heredi-
tary Rb who had lipomas also developed an SMN, sug-
gesting that certain Rb-I mutations may increase the
risk of both benign and malignant tumors.

Another issue is the contribution of chemotherapy
to SMN development. It is known that treatment with
cytotoxic agents may lead to development of subse-
quent malignancies. This is best documented with cy-
clophosphamide, which is probably the most widely
used alkylating agent.66 Although there are anecdotal
reports of SMNs developing in Rb patients following
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cyclophosphamide treatment, most of these patients
have also received radiotherapy. The real risk of che-
motherapy is difficult to determine. Hawkins and
coworkers estimate a 26-fold risk of SMN develop-
ment in Rb patients treated with radiation but no che-
motherapy, and a 78-fold risk in patients who receive
both radiation and chemotherapy.47 For bone sarco-
mas, the relative risks are significantly higher: 174
times for Rb patients who receive no chemotherapy
or radiotherapy, and 340 times and 771 times, re-
spectively, in patients who receive radiation but no
chemotherapy, and radiation with chemotherapy. The
alkylating cytotoxic agents and ionizing radiation are
known carcinogens. It is quite conceivable that these
agents alone, or in combination, increase the fre-
quency of somatic mutations needed to produce SMNs
in Rb patients.50,67

The high frequency of SMNs, radiation retinopa-
thy, and orbital growth retardation in Rb patients who
are treated with EBRT forced many investigators to
look into alternative treatments.68,69 Neutralization
of chemotherapy as a primary treatment for intraocu-
lar Rb seems particularly promising. Historically,
combination chemotherapy has been utilized only
when Rb is accompanied by extraocular extension and
metastasis. The preliminary results of the new ap-
proach suggest that combination chemotherapy can
markedly reduce the tumor bulk so that more con-
servative, local modalities (cryotherapy, photocoagu-
lation, etc.) can be employed to eradicate the tumor.
This approach is particularly useful as a means of
avoiding enucleation or EBRT.70–72 Most chemore-
duction regimens consist of vincristine sulfate, etopo-
side, and carboplatin and achieve tumor shrinkage ap-
proximately 70% of the time. Gallie et al. reported
better response when cyclosporin was added to the
regimen, which may reverse the chemoresistance of
the tumor that is due to the expression of phospho-
glycoproteins.70,73

Although the promising results of the primary ap-
plication of the chemotherapy in treating intraocular
Rb should be celebrated, it should not be forgotten
that the possibility of SMN development deterred
widespread use of chemotherapy in Rb in the first
place. There is evidence that alkylating agents 
increase the risk of leukemia when used in patients
with childhood cancers and that cyclophosphamide
may induce SMNs in patients with Rb.26,66 Therefore,
enough follow-up time should be allowed before the
use of primary chemotherapy is fully endorsed; after
all, it took more than three decades to unveil the role
of radiation in the induction of SMNs in Rb patients.
It should also be kept in mind that the rapid im-
provement of the overall survival rate of Rb within
the last century is primarily due to timely decision on
enucleation. There is no doubt that efforts should be
made to maximize the benefits of new chemicals and

technologies; however, it is also important to be con-
scious of the potential danger of tumor dissemination
when trying to preserve vision.

MANAGEMENT OF 
SECOND MALIGNANCIES

Management of SMNs is difficult, and the prognosis
is not rewarding. Robinson et al. studied 344 cases of
postirradiation sarcomas.74 Cumulative disease-free
survival of patients with these sarcomas was 17% at
5 years with a median survival of 1 year. The mean
time from diagnosis of the primary tumor to the di-
agnosis of SMN was 11 years, and most of these post-
irradiation sarcomas were high-grade malignancies,
detected at advanced stages. Most of the tumors were
located in areas where radical surgery could not be per-
formed, and the response rate to chemotherapy was
poor. Robinson and coinvestigators comment that the
prognosis for sarcomas that develop outside the field
of radiation is also very poor in patients with Rb.
Smith and coworkers report their experience with a
28.9% “cure” in 162 patients with SMNs; the average
time from diagnosis of the primary to development of
the second malignancy was 10.8 years.75 Another se-
ries reports eight hereditary Rb patients with 11 SMNs
(10 sarcomas) with better results.41 In this series, an
aggressive approach with combined radiation and che-
motherapy led to four patients having no evidence of
disease for 22 to 72 months following treatment.

CONCLUSIONS

Today it is widely accepted that there is a significantly
increased incidence of second malignant neoplasms in
Rb survivors, particularly in bilateral and hereditary
cases. Most SMNs develop between the ages of 10 and
30, and the cumulative probability of death from SMN
is approximately 25% at 40 years after bilateral Rb di-
agnosis. There is evidence that death from SMNs is
more frequent among females than males. There is
also general agreement that radiation therapy in-
creases the likelihood of SMN development within
the field of radiation and elsewhere. The effect of che-
motherapy on the development of SMNs is suspected
but not proven, since most of the patients with metas-
tases do not survive long enough to develop other ma-
lignancies, and there simply are not enough follow-up
data to permit the evaluation of primary chemother-
apy patients. Most common SMNs are bone and soft
tissue sarcomas, central nervous system malignancies,
and cutaneous melanoma. In general, it is believed
that hereditary factors, such as oncogenic mutations
in specific sites of the Rb-I gene, could predispose in-
dividuals to develop Rb as well as SMNs. Furthermore,
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treatment modalities involving cytotoxic drugs and
ionizing radiation may raise the incidence by induc-
ing an increased number of somatic mutations.
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Diagnosis of 
Orbital Tumors



Sensory problems, including numbness and tin-
gling, as well as cold/heat sensation, should also be
inquired about. Visual history related to clarity and
color vision should be questioned. Awareness of a pos-
itive or negative scotoma should be checked.

OCULAR EXAMINATION

The ocular examination should include the best cor-
rected visual acuity and intraocular pressure applana-
tion in the primary position and in different vertical
and horizontal gazes. A neuro-ophthalmologic exam-
ination, including motor and sensory functions, pupil-
lary examination, contrast sensitivity, color vision as-
sessment, confrontation visual fields, and central
visual acuity with an Amsler grid should also be done
(see Chapter 7).

During biomicroscopy, the integrity of the corneal
and conjunctival epithelium should be checked as
well as the conjunctival and subconjunctival blood
vessels for dilatation, fusiform distension, tortuosity,
and congestion. Chemosis of varying degrees is also a
common finding in orbital tumor patients (Figure 6.1).

Fully dilated indirect ophthalmoscopy should be
performed on every patient because many orbital dis-
eases cause a wide variety of funduscopic changes,
which may provide clues regarding the location, size,
and the nature of the orbital pathology.4 The major fun-
dal manifestations of a space-occupying mass in the or-
bit include chorioretinal folds, retinal vascular changes,
and optic disk edema and/or atrophy (Table 6.1).

Chorioretinal folds appear as a series of delicate
striae, which are most often present in the posterior
pole (Figure 6.2). Lines are usually parallel, but rarely
they may radiate haphazardly to all directions.5 Al-
though chorioretinal folds are most commonly seen
with orbital tumors, they are also seen with muco-
celes and other types of cysts and also in cases of or-
bital injury.6–9 Most chorioretinal folds are without
symptoms and do not affect visual acuity.

The etiopathogenesis of chorioretinal folds is not
known, but they are most likely due to the compres-
sion of the globe by a space-occupying lesion in the
orbit.10 However, the compression theory fails to ex-
plain the process fully, since in some cases folds are

Acomplete ocular history and a physical exam-
ination are mandatory for every orbit patient.
In an emergency, some parts of the eye ex-

amination can be postponed, unless the results are per-
tinent for the patient’s differential diagnosis.

HISTORY

History taking should begin with the most important
issue: the chief complaint of the patient. The answer
may be “pain around my eye,” “protrusion of my left
eye,” “double vision,” or simply “When I went to my
ophthalmologist to renew my glasses, the doctor noticed
such and such and advised me to come and see you.”

The physician’s inquiry should include general
questions about the onset and the duration of the chief
complaint. The patient’s systemic health should be in-
vestigated, and inquiries of past and present illnesses,
injuries, surgeries, and drug treatment should be
made.1,2 Particular attention should be paid to history
of cancer, thyroid disorders, and past episodes of in-
fectious diseases.2,3 The allergy history of the patient
should also be questioned.

If the patient is complaining of “bulging of the
eye,” it may be beneficial to ask for an old photograph
or a driver’s license to verify the presence or absence
of orbital changes. The onset of proptosis should be
questioned in detail. Did it begin with an acute epi-
sode of redness and swollen eyelids and/or conjunc-
tiva? Did it begin as a painful episode? Did the pain
ease afterward? Did the pain increase or decrease dur-
ing the course of the disease? Is the pain intermittent,
and does it radiate to a particular spot on the patient’s
face? Does the patient feel a dull pain behind the eye
when moving the eyes from right to left and up and
down? Was the proptosis totally painless? Does the
proptosis get worse when the patient sneezes or
coughs? Was the proptosis intermittent, getting worse
during certain times of the day, and did this inter-
mittency stabilize later in the course of the disease?
Does the patient feel irritated and gritty in the eyes;
is the protruding eye worse in this regard? Does or did
the patient hear a bruit (running-water sound) after
the development of the proptosis? Does the patient
have double vision?

6
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present without scleral indentation, and in other pa-
tients, rapidly expanding orbital tumors lead to scle-
ral indentation without chorioretinal folds.11 There is
no clear relationship between the size of the space-
occupying lesion and the extent or direction of the
chorioretinal folds. Furthermore, the position of the
chorioretinal striae is not a very dependable finding
on which to localize the compressing orbital lesion.5

Although choroidal folds have a typical appearance on
fluorescein angiography, appearing as alternating light
and dark lines, this test is not helpful in adding any-
thing to the clinical workup of a patient in the pres-
ence of chorioretinal folds. The folds usually regress

after treatment of the associated orbital pathology.12

However, they may persist many months or even years
after the exclusion of the primary orbital disease.

Congestion and increased tortuosity of retinal 
veins is another significant finding secondary to space-
occupying mass lesions of the orbit, which occur more
commonly with masses located in midorbit, causing sta-
sis through the vortex veins. The diameters of engorged
retinal veins are best measured and compared with the
fellow eye by means of fluorescein angiography.

Disk edema, optic nerve atrophy, and, occasion-
ally, optociliary shunt vessels13–15 are other findings
that should be noted during the funduscopic exami-
nation of the orbit harboring a space-occupying lesion
(Figures 6.3, 6.4, and 6.5). Optociliary vessels are ve-
nous shunts that develop to carry blood from the reti-
nal vasculature to the juxtapapillary choroidal circu-
lation when the retinal venous return at the optic
nerve head is blocked secondary to optic nerve tumors
and other pathology.16 Therefore, “retinochoroidal
venous shunt” is a better name for these collateral
vessels, which usually develop in meningioma, and,
rarely, in optic nerve glioma, central retinal vein oc-

FIGURE 6.1. (A) Congestion of the conjunctiva with tortuous ves-
sels in an orbital tumor. (B) Marked chronic chemosis in a pro-
ptotic orbit with long-standing optic nerve meningioma.

TABLE 6.1. Funduscopic Changes That May Be Seen Secondary to Orbital Disease.

Retinal vascular Optic disk edema
Chorioretinal folds Retinal detachment abnormalities and atrophy Optociliary shunts

Primary and secondary Primary and secondary Primary and secondary Optic nerve meningioma Optic nerve meningioma
tumors tumors tumors Optic nerve glioma Optic nerve glioma

Metastatic tumors Metastatic tumors Metastatic tumors Intraconal hemangiomas Cavernous hemangioma
Choroidal tumors Choroidal tumors Choroidal tumors nerve tumors Orbital vascular
Specific inflammation Trauma Trauma Dermoid cyst Hamartomas
Pseudotumor Cavernous sinus Mucocele Glaucoma
Mucocele and cysts thrombosis Fibrous dysplasia High myopia
Hyperopia Wegener’s granulomatosis,

sarcoidosis
Hypotony Phycomycoses
Scleritis, uveitis Postradiation
Retinal detachment treatment
Scleral buckle

FIGURE 6.2. Fundus photograph showing horizontally aligned
choroidal striae in a patient with intraconal cavernous hemangioma.
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clusion, juxtapapillary tumors, or cysts. As opposed to
choroidal folds and vascular changes, optic disk
changes are better seen by means of direct ophthal-
moscope or a contact lens. Optic nerve changes and
other neuro-ophthalmologic features are detailed in
Chapter 7.

The funduscopic examination of the orbit patient
is also important to detect posttreatment changes sec-
ondary to surgical complications, radiation therapy,
chemotherapy, and second primary malignancies.4,17,18

ORBITAL EXAMINATION

The external examination of the patient should assess
the facial features and critically evaluate the symme-
try of the ocular, eyelid, and orbital structures. Phys-

ical examination of the periorbital structures, includ-
ing eyelids and conjunctiva, should include inspection
of appearance and function, which are commonly al-
tered by a space-occupying lesion in the orbit. The hor-
izontal distance between interpalpebral fissures and
the width of the palpebral fissures should be measured
and recorded. Additionally, the distance between the
margin of the upper eyelid and the upper eyelid crease,
as well as the amount of inferior scleral exposure,
should be measured (Figure 6.6). The comparison of
these values to those of the fellow eye is usually help-
ful because most orbital tumors present with unilat-
eral structural abnormalities.

Levator function should be determined on both
sides and carefully recorded. Although there are many
methods to assess the levator function, it is usually
sufficient to measure the margin reflux (MRD: dis-

FIGURE 6.3. Papilledema in a patient with sphenoid ridge meningioma.

FIGURE 6.4. Optic disk changes in orbital 
disease: optociliary shunts (arrows) in (A) and
(D) and optic nerve atrophy with retinal infarc-
tion (B) in optic nerve meningioma (C). (S,
sclera; RD, retinal detachment; CH, choroid.)



5 4 P A R T T W O : D I A G N O S I S O F O R B I T A L T U M O R S

tance between the margin of the upper eyelid and the
corneal light reflex) and to obtain the full range of ver-
tical motion [Burke levator function (BLF)] of the up-
per lid. Normal values for MRD and BLF are 3–5 and
15–18 mm, respectively.19

The appearance of the eyelids in relation to the
globe should be observed individually by alternate cov-

erage of the eyes while the physician is facing the pa-
tient; then the eyes should be viewed simultaneously
from the same distance. Slowly growing masses of the
orbit usually do not alter the anatomic relationship of
the eyelids to the globe, and extraocular motility is af-
fected only at extreme gazes; therefore, when observed
one side at a time, these patients may look normal or
close to normal. When both eyes are observed simul-
taneously, however, the proptosis of one eye and/or lid
distortion becomes much more obvious.

The most important structural feature to rate in
the examination of an orbit with a space-occupying
lesion is proptosis, which is also known as exoph-
thalmos, protrusion, or the displacement of the globe
beyond the orbital rim.20 Proptosis is an old term hav-
ing its roots in Galenic terminology, meaning “falling
forward” or “falling out.” In its original context, how-
ever, it was used for traumatic prolapse of the uvea,
particularly of the iris.21 Exophthalmos, on the other
hand, is a rather new term, initially appearing in the
seventeenth century, to describe the forward thrust of
the eyes resulting from a systemic straining, such as
hanging. After Robert Graves’s association of the pro-
trusion of the eyes with thyroid disease, exophthal-
mos came to be commonly referred to as a manifes-
tation of thyroid-associated orbitopathy or Graves
disease.

The term “proptosis” is commonly used to describe
a forward displacement of the eye, secondary to a space-
occupying lesion in one orbit, in most cases a tumor
or a cyst. The displacement of the eye is determined
based on the distance in an anterior–posterior plane be-
tween the front surface of the cornea and the anterior

FIGURE 6.5. (A) Minimal propto-
sis of the right side with (B) severe
optic disk atrophy secondary to
optic nerve glioma (C, D).

FIGURE 6.6. Normal eyelid and periorbital distances in a young
adult (A) versus an elderly patient with bilateral proptosis (B). (VPF,
vertical palpebral fissure; HPF, horizontal palpebral fissure; MRD,
margin reflex distance; MCD, margin crease distance; IPD, inter-
palpebral distance.)

A

B
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margin of the zygomatic arch. This distance normally
varies from 16.5 to 21.5 mm in white men and 15.5 to
20 mm in white women. In black adults the measure-
ments are increased by approximately 2 mm.22 The de-
gree of global displacement is determined with a de-
vice called an exophthalmometer.

Many exophthalmometers have been designed, but
only a few have gained popularity for practical use 
in the clinic. One of the earlier exophthalmometers
was a simple and a very useful device, designed by
Luedde, that consisted of a piece of transparent plas-
tic ruler with a groove to fit onto the lateral orbital
rim. Millimetric scales were engraved on both sides
of the plastic bar. When the corresponding measure-
ments on both sides of the ruler are aligned, one can
superimpose the apex of the cornea on the ruler and
read that as the degree of displacement in millime-
ters.23 Although dependable measurements can be ob-
tained with this device, it measures the displacement
of one eye at a time, and the accuracy of the mea-
surement is dependent on the integrity of the orbital
rim anatomy. If there is asymmetry between the two
sides, the comparison of measurements would not be
accurate.24,25

Another device, the Hertel exophthalmometer, is
commonly used in today’s orbit clinic.26–29 This in-
strument with binocular measurements allows the ob-
server to view the images of the cornea profiles and su-

perimpose them on the measuring scale (Figure 6.7).
The Hertel exophthalmometer offers accurate and re-
producible measurements and the advantage of com-
paring one eye with the other during the same exami-
nation. In Hertel exophthalmometry, the distance
between the two lateral orbital rims is engraved on the
horizontal bar, which carries the sliding mirrors. This
baseline measurement should be kept at a constant in
repeat examinations to ensure dependable comparisons
between measurements; ideally the same person should
perform the exophthalmometry at each evaluation.

The Naugle exophthalmometer (orbitometer) is an-
other instrument used to measure globe displacement
(Figure 6.8). This device is designed to sit on verticalFIGURE 6.7. Evaluation with Hertel exophthalmometer.

FIGURE 6.8. Evaluation with Naugle exophthalmometer. Dr. Nau-
gle demonstrates the proper application of the instrument. (Cour-
tesy of Dr. Thomas Naugle Jr, New Orleans.)
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fixation bars that rest on superior and inferior perior-
bital rims, rather than the lateral canthi. Therefore, it
measures not only enophthalmos and exophthalmos,
but hypo- and hyperophthalmos as well. The main ad-
vantage of this instrument is that it renders accurate
measurements even when the lateral rim is irregular
or missing.30,31 This instrument is particularly useful
in evaluating patients with maxillofacial trauma.32

An exophthalmometry measurement above 21
mm or a difference of more than 2 mm between the
two eyes is usually considered abnormal. Measure-
ments less than 14 mm are considered to be an
enophthalmos.33,34

The direction of the globe displacement may carry
diagnostic significance; if the globe is pushed down
and out, natural location for the space-occupying le-
sion is superiotemporal (i.e., a lacrimal gland tumor)
(Table 6.2).35 The degree of asymmetry may also be
important. Slowly growing, benign lesions may pro-
duce extreme asymmetrical proptosis. On the other
hand, the thyroid disease usually produces less sym-
metrical displacement of the globes. The proptosis di-
rection is usually downward because the majority of
the primary orbital tumors develop in the upper half
of the orbit. Lateral displacement, on the other hand,
is usually seen as a result of secondary orbital lesions,
such as a mucocele or squamous cell carcinoma, orig-
inating from the ethmoidal sinuses. Squamous cell
carcinoma may displace the globe upward when it
originates from the maxillary sinus. In some instances,
simple transillumination with a muscle light reveals
the cystic nature of an orbital lesion; this is particu-

larly true for anterior orbital masses (Figure 6.9). Dis-
placement of the globe toward the nose is quite rare
because very few space-occupying lesions develop on
the lateral aspect of the orbit.

The proptotic eye should also be examined from
the standpoint of ocular motility in cardinal positions
and compared with the normal eye. Recordings of de-
viations should be made whenever applicable. Al-
though accurate recordings of prism values may be
useful for the posttreatment follow-up of the patient,
detailed diplopia measurements in prism diopters are
not always possible or necessary. The amount of de-
viation can be quickly approximated by a red glass test
in the clinic.36 The author’s preference is to use a mod-
ified Maddox cross engraved on transparent plastic
that has a white fixation light in the center (Figure
6.10). When the patient is seated with straight head
position at 50 cm, the numbers on the cross indicate
the amount of deviation in degrees. A red glass is po-
sitioned in front of the fixating eye, and the patient is
asked to point at the “white light” and the “red light”
on the surface of the device (Figure 6.11).

The position of the visual axis in a proptotic eye
may provide useful information. In some patients
with slowly growing orbital masses, the proptotic
eye adapts to the fellow normal eye and may have
parallel visual axis. This is commonly seen in der-
moid cysts, benign mixed tumors of the lacrimal
gland, and slowly growing neural tumors. In con-
trast, rapidly growing or posteriorly located masses,
as well as metastatic tumors to the extraocular mus-
cles, invade the nearest neuromuscular structures,

TABLE 6.2. Differential Diagnosis of Proptosis.

Associated findings
Location/Pathology Type of displacement (may or may not be present)

Benign lacrimal fossa lesions Inferonasal proptosis Choroidal folds; good EOM
(e.g., pleomorphic adenoma, cysts)

Malignant lacrimal fossa lesions Inferonasal proptosis Pain; poor EOM; enlarged lymph nodes
(e.g., adenocarcinoma, adenoid
cystic carcinoma)

Benign superionasal lesions Inferotemporal proptosis Usually without choroidal folds
(e.g., dermoid)

Anterior lesions Mild proptosis away from the site of Conjunctival and/or lid involvement
(e.g., lymphoma, dermoid) lesion

Benign muscle cone lesions Axial proptosis Posterior choroidal folds; venous
(e.g., cavernous hemangioma, congestion; early disk edema
schwannoma)

Extraconal and intraconal lesions Massive proptosis without a rule Lid, conjunctiva involvement;
(e.g., vascular tumors; choroidal folds; ON dysfunction and
rhabdomyosarcoma) disk edema; amblyopia

Diffusely infiltrating lesions Axial with or without “frozen” EOM is abnormal at all gazes; ON
(e.g., metastatic carcinoma, diffuse proptosis or enophthalmos dysfunction with/without disk
pseudotumor) edema, enlarged lymph nodes

Inferior lesions Superior proptosis Pain; sensory deficit in lower
(e.g., SCC of maxillary sinus) periorbital area

Medial lesions Lateral and superiolateral proptosis Pain; horizontal EOM limitation or
(mucocele; secondary SCC from diffuse
ethmoid sinus)

Posterior orbit, apical lesions Minimal, late proptosis ON dysfunction with normal disk;
(e.g., meningioma, glioma, diffuse EOM abnormality
paraganglioma)

EOM, extraocular motility; ON, optic nerve; SCC, squamous cell carcinoma.
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resulting in malfunction of the motility with con-
sequent strabismus.

The rotation of the proptotic eye should be as-
sessed. The rotation disturbance caused by proptosis
can be grouped into one of two categories: (1) abnor-
mal rotation of the eye turning toward the affected
quadrant, usually seen with slowly growing masses,
or (2) abnormal rotation resulting from secondary neu-
romuscular invasion. In the latter situation, the ab-
normal rotation of the eye is not limited toward the
direction of the affected sector. Infiltrating orbital le-
sions, on the other hand, produce the most severe im-
pairment of ocular rotation, whether they are neo-
plastic or inflammatory in origin. Orbital cellulitis,
diffuse pseudotumor, secondary squamous carcinoma
from the ethmoid sinus involving the posterior orbit,

and metastatic scirrhous breast carcinoma are good
examples of this pathology (see Chapter 24).

Generally, extraocular motility disturbance ac-
companying acute inflammatory disorders develops
rapidly and may be painful. The ophthalmoplegia of
Graves disease, on the other hand, develops gradually
without pain and may, in some instances, appear prior
to exophthalmos. In patients with known hyperthy-
roidism, ophthalmoplegia is usually noted in upward
gaze secondary to slow infiltration of the superior rec-
tus muscle by glycoproteins and chronic inflamma-
tory cells. As the disease progresses, the extraocular
motility disturbance becomes generalized, and finally,
the eye may come to a standstill in the abnormal po-
sition of upward or downward gaze owing to exten-
sive scarring of the extraocular muscle, in the direc-
tion of the deviation. The infiltrating tumors, on the
other hand, have a tendency to “freeze” the eye in the
primary position of gaze because of their haphazard
infiltration into the muscles and the soft tissues of the
orbit.

External examination must include the changes of
the soft tissues of the eyelids, conjunctiva, and peri-
orbital skin. Edema, hyperemia, and tenderness of
these tissues may be a part of the clinical picture in
orbital tumors; however, anteriorly located tumors
such as lymphomas may cause a certain degree of
lower lid edema and conjunctival chemosis. Edema of
the lids, greater in the lower than in the upper eyelid,
is occasionally associated with hemangioma and neu-
rogenic tumors, presumably secondary to long-stand-
ing venous stasis. Soft tissue involvement with the re-
sulting edema and/or retraction is more commonly
associated with Graves disease and pseudotumor (Fig-
ure 6.6B). Hyperemia is also more often encountered
with inflammatory lesions, particularly in acute pre-

FIGURE 6.9. (A, B, D) A recurrent cystic basal cell carcinoma pushes the left globe up significantly. (C)
Transillumination reveals the cystic nature of the anterior–inferior orbital tumor.

FIGURE 6.10. Maddox cross with a fixation light in the center. The
scale of the cross is adjusted so that when the patient is at 50 cm,
the engraved numbers on the plastic panel indicate the amount of
deviation in degrees.
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sentations.37 However, redness of the eyelids may be
seen in any rapidly growing malignant tumor that is
located anteriorly, such as more malignant types of
lymphoma, leukemia, rhabdomyosarcoma, and meta-
static tumors.38,39 Ecchymosis should not be confused
with hyperemia. The former is most often seen in met-
astatic neuroblastoma but may also be encountered
with amyloid and leukemic infiltrates (Figure 6.12). A
typical feature of ecchymosis, secondary to neuro-
blastoma, is its changing appearance from day to day.40

Xanthelasmas on the eyelids and periorbital skin

should also be observed, since they may be a part of
orbital xanthogranuloma or systemic disease (see
Chapter 15).41

The value of palpation of the orbit is limited ex-
cept for a few specific findings. First, because of the
close proximity of tissues, orbital structures are diffi-
cult to palpate and may cause a considerable amount
of discomfort to the patient unless done under general
anesthesia (Figure 6.13). The degree of ballottement is
usually measured subjectively and gives an idea about
the compressibility or firmness of the underlying mass
lesions. Anteriorly located tumors, including lym-
phomas, lacrimal gland tumors, and mucocele and der-
moid cysts, can be palpated. The examiner may get a
feel of the nature of their anterior surface; however,
in this age of advanced imaging, feeling the tumor to
determine its nature is rarely rewarding. On the other
hand, palpation of a mass to guide a biopsy needle ac-
curately may be a useful adjunct. Palpation of the or-
bital rim to feel an irregular edge indicative of tumor
infiltrate or an old trauma site may add to the use-
fulness of the examination. Furthermore, crepitation
within the orbit and, in some instances, arteriovenous

FIGURE 6.11. Evaluation of diplopia with a red glass positioned in
front of the fixating eye of the patient. The patient points to white
and red lights on the Plexiglas surface of the Maddox cross.

FIGURE 6.12. Bilateral ecchymosis of eyelid and periorbital skin
in a patient with multiple myeloma and amyloidosis. Note the dark
bruised lesion in the left upper lid; this area corresponds to a thumb
imprint, which was made during indirect ophthalmoscopy. (Cour-
tesy of Dr. David Hinkle, New Orleans.)

FIGURE 6.13. Palpation of the orbit under general anesthesia prior
to surgery.
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shunts, can be felt and may be useful findings in the
differential diagnosis.42 Auscultation with a stetho-
scope or Doppler testing is a much more dependable
approach to detect bruit in the orbit (Figure 6.14). The
use of a color Doppler instrument with conventional
B-scan ultrasonography may be useful to study vas-
cular tumors of the orbit as well as the blood flow
characteristics of other tumors (see Chapter 8).43,44

During the clinical evaluation, one should keep in
mind that the orbit is a small chamber, occupied by tis-
sues of many types, located in a very compact fashion.
Because of the close relationship of different tissue
types, certain disease entities of different etiology and
different tissue origin may clinically present with re-
markably similar signs and symptoms. For example, a
vascular tumor, a cholesteatoma, and a sarcoidosis
granuloma may develop very similar clinical and radi-
ological features. Another example of this dilemma
may be experienced in the early stages of a subperiosteal
abscess, secondary to ethmoiditis, which may mimic a
secondary squamous cell carcinoma originating from
the same sinus. Furthermore, there is surprising vari-
ability in the clinical manifestations of individual dis-
orders; good examples of this are metastatic tumor to
the orbit, idiopathic orbital inflammation, and Graves
disease. Similar confusion may occur in the evaluation
of ultrasonography, computed tomography scans, and
magnetic resonance images. Although many diseases
tend to be confidently interpreted on the basis of im-
aging, others may be very confusing. For instance, al-
though the enlargement of extraocular muscles is quite
typical of Graves disease, it may be seen in other con-
ditions, including metastatic carcinoma, hematoma,
rhabdomyosarcoma, inflammatory orbital pseudotu-
mor, and parasitic infections.

The ophthalmologist should have a systematic ap-
proach to the workup of orbital tumor patients and
keep in mind that one aspect of evaluation will not
necessarily offer the final diagnosis. Therefore, a sys-
temic history and physical examination, ocular/or-

bital examination, laboratory, imaging, and consulta-
tion findings should be evaluated as a whole to ensure
proper assessment of the patient.
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Diseases of the orbit present with typical local-
izing findings including proptosis, lid findings
(e.g., edema, retraction, ptosis), visual loss

(e.g., optic neuropathy), external signs (e.g., palpable
mass), or ophthalmoplegia. The clinician dealing with
orbital disease should be aware, however, that neuro-
ophthalmic disease can coexist with orbital disorders,
that orbital findings may be the presenting signs of
systemic or neurological conditions, and that certain
key portions of the neuro-ophthalmic exam should be
performed in selected cases of orbital disease. This
chapter discusses the major neuro-ophthalmologic fea-
tures of orbital disease and the common neuro-
ophthalmic pathology of the orbit that may mimic tu-
mors. The orbital tumors are not discussed in detail;
instead a review of the tumors of the optic nerve with
special emphasis on optic nerve glioma and menin-
gioma is included.

HISTORY

The history is critical in the evaluation of patients
with orbital disease and should include the typical as-
sessment of any patient-related risk factors (age, gen-
der, race, past medical history, surgical history, med-
ications, allergies, social and occupational history).
The history of present illness should include the
tempo, duration, timing, severity, frequency, and qual-
ity of the ocular complaint. Associated signs or symp-
toms, palliating and precipitating factors, and current
treatments should be recorded.

Age

The age of the patient may be helpful in the differen-
tial diagnosis of orbital disease. Most orbital lesions
of childhood are benign (e.g., dermoid, epidermoid,
capillary hemangioma, lymphangioma, optic nerve
glioma). The most common malignant orbital lesion
of childhood is rhabdomyosarcoma, which should be
considered in every case of acute proptosis in a child.
Leukemic infiltration, metastatic neuroblastoma, or
Ewing’s sarcoma may also occur in the orbit of chil-

dren. Conversely, orbital cellulitis is common in chil-
dren but less common in adults. Thyroid ophthal-
mopathy and orbital pseudotumor (idiopathic orbital
inflammation) may present with findings that can
mimic orbital neoplasms. These two conditions are
common in adults but less common in children. In ad-
dition, younger children with orbital lesions should
be evaluated and treated for amblyopia.

Past Medical History

The past medical history should include any prior oc-
ular or sinus disease (e.g., mucocele, malignancy, in-
fection) systemic medical problems (e.g., thyroid dis-
ease, diabetes, tuberculosis, sarcoid), prior radiation
therapy (e.g., radiation necrosis or secondary neo-
plasms), immunosuppressive history (e.g., risk for 
secondary infections or neoplasms), or previous ma-
lignancy. Social history (e.g., smoking, alcohol, occu-
pational exposure), family history (e.g., neurofibro-
matosis), past surgical history (e.g., orbital or sinus
surgery), medications (e.g., steroids, antibiotics), and
allergies may provide important information in the
evaluation of the orbital process.

Time Course of Orbital Process

In general, an acute onset (e.g., hours to days) or a rap-
idly progressive course suggests infectious or inflam-
matory disease in the orbit. In the setting of trauma,
an orbital retrobulbar hemorrhage or carotid cav-
ernous fistula may produce rapid orbital findings
within hours. On the other hand, neoplastic disorders
typically produce a painless and progressive course
(e.g., proptosis, visual loss, ophthalmoplegia). Some
neoplastic disorders may present relatively acutely,
however, including metastatic lesions, rhabdomyo-
sarcoma, adenoid cystic carcinoma, and paranasal si-
nus with orbital extension. Other tumors may mas-
querade as inflammatory disease by producing rapid
inflammatory signs.

Patients with orbital lesions may complain of tran-
sient monocular visual loss precipitated by gaze posi-
tion (gaze-evoked amaurosis). The optic nerve, the oc-



6 2 P A R T T W O : D I A G N O S I S O F O R B I T A L T U M O R S

ular blood supply, or the globe itself may be distorted
by an underlying mass lesion (e.g., orbital tumor, or-
bital pseudotumor, thyroid ophthalmopathy) in cer-
tain fields of gaze.1

Symptoms

Patients with orbital disease may complain of
diplopia, visual loss, ptosis, lid retraction, pain, prop-
tosis, or visual loss. A careful history is required to
document the onset, course, and progression of these
symptoms. Any history of trauma should be noted.

EXAMINATION

The assessment of the patient should include a gen-
eral workup as well as a complete ocular examination.
Table 7.1 lists the major signs in the ocular examina-
tion of importance in orbital disease.

General Physical Examination

Patients with systemic thyroid disease may have a goi-
ter. Orbital lesions (e.g., lymphoma or metastatic dis-
ease) may be associated with lymphadenopathy. Skin
rash may suggest inflammatory etiology (e.g., sys-
temic lupus erythematosus, sarcoid).

External Examination

The external examination of the ocular adenexa and
eyelids can provide important information about un-
derlying neuro-ophthalmic or systemic disorders.
Lacrimal gland enlargement may be seen in sar-
coidosis or underlying malignancy. Lid erythema or
edema should be noted. Significant lid swelling, in-
filtration, or superior orbital mass can produce 
mechanical ptosis. Any deformity in the eyelid con-
figuration (e.g., S-shaped eyelid in plexiform neuro-
fibroma) should be documented. The lid position
should be recorded and any lid retraction (e.g., thy-
roid ophthalmopathy) or lid lag (lid retraction in
downgaze) should be noted specifically.

Palpation for any underlying mass, lymphadenopa-
thy, or point tenderness may be helpful. Auscultation
for orbital or cranial areas might reveal a bruit [e.g., ca-

rotid cavernous fistula, arteriovenous malformation
(AVM)]. The globe position should also be noted (e.g.,
hypoglobus). The presence of enophthalmos (e.g., or-
bital floor fracture, metastatic scirrhous breast cancer)
should also be recorded.2 Testing of trigeminal func-
tion including corneal sensation may help localize an
orbital process with cavernous sinus extension.3,4 Or-
bicularis weakness may be seen in patients with sev-
enth nerve weakness or myasthenia gravis.

Proptosis or enophthalmos can be assessed in the
primary position or from a “worm’s-eye” view, with
the examiner looking up at the patient. Formal mea-
surement of proptosis (e.g., by Hertel exophthal-
mometer) is important in documenting exophthalmos
and following progression or regression of this sign.
Although thyroid ophthalmopathy is the most com-
mon cause of adult proptosis, other etiologies includ-
ing neoplasms should be considered. In addition, pa-
tients with thyroid eye disease may also have an
underlying orbital or intracranial tumor. Thyroid oph-
thalmopathy usually produces symmetric proptosis,
lid retraction, and lid lag. Asymmetric proptosis (e.g.,
greater than 4–5 mm difference between eyes), ptosis
rather than lid retraction, severe pain, or pupil in-
volvement should suggest alternative etiologies for
the proptosis.5,6 Other entities may produce proptosis
and extraocular muscle enlargement; these are listed
in Table 7.2.7–19

Slit Lamp Examination

The anterior segment exam may show conjunctival
chemosis or injection in thyroid disease or orbital in-
flammatory disease. Arterialization of the conjuncti-
val vessels might suggest an underlying carotid cav-
ernous fistula. Orbital AVMs may present with
findings similar to cavernous sinus AVMs and may re-
quire superselective angiography for diagnosis. Ante-
rior uveitis can be seen in patients with systemic in-
flammatory disorders including sarcoid.14–18

TABLE 7.2. Etiologies for Enlargement of Extraocular Muscles.

Endocrinopathy Thyroid ophthalmopathy
Acromegaly

Inflammatory Orbital inflammatory pseudotumor
Sarcoidosis
Wegener’s granulomatosis
Giant cell arteritis
Myositis

Neoplastic Lymphoproliferative disorders
Metastatic tumors
Primary muscle tumors (e.g., 

rhabdomyosarcoma)
Histiocytic

Infiltrative Amyloidosis
Infectious Trichinosis
Vascular Carotid cavernous fistula

Arteriovenous malformation

TABLE 7.1. Signs and Symptoms of Orbital Disease.

Proptosis or enophthalmos
Conjunctival chemosis 

and injection
Lid findings Lid retraction

Lid lag
Lid edema
Ptosis

Visual loss Exposure keratopathy
Optic neuropathy

Ophthalmoplegia and diplopia



Measurement of Intraocular Pressure

Elevated intraocular pressure may occur in thyroid
ophthalmopathy and carotid cavernous fistula. In-
creased pulse pressure (e.g., pulsatile mires on appla-
nation) may suggest an underlying carotid cavernous
fistula. Orbital tumors or hemorrhage may produce el-
evated intraocular pressure from increased intraorbital
pressure.

Testing Afferent Visual Function

Testing of the afferent system, including visual acu-
ity, visual field (e.g., automated perimetry, Goldmann
perimetry), and color vision testing (e.g., Ishihara color
plates), should be performed on any patient suspected
of having an orbital process that is causing an optic
neuropathy. Changes in refractive error (e.g., induced
hyperopia) may occur from orbital lesions compress-
ing the posterior globe. Orbital lesions may produce
severe proptosis with secondary exposure keratopathy
that may diminish the visual acuity.

Subjective tests comparing the afferent responses
in each eye can provide additional evidence for an
optic neuropathy. A red test object (e.g., a red top
bottle) can be used to subjectively compare color
saturation between hemifields in one eye or between
the two eyes. Subjective desaturation of the color
suggests an optic neuropathy. The subjective com-
parison of the brightness of light between eyes can
also suggest an underlying optic nerve disturbance.
The patient is asked to quantify or compare the
brightness of a handlight shone in one and then the
fellow eye. The difference can be quantified between
the eyes. The clinician arbitrarily assigns the bright-
ness of the better eye as 100% and asks the patient
to rate by relative percentage the brightness of the
involved eye. Contrast sensitivity tests using vari-
ous spatial frequencies and contrast levels can also
detect small or subtle differences in afferent func-
tion. These tests are highly sensitive but not as spe-
cific as the others just described.

Visual Field Testing

Visual field testing can help to localize a lesion af-
fecting the anterior visual pathway. Optic nerve re-
lated defects may be central, cecocentral, arcuate, or
altitudinal (Figure 7.1). Most lesions causing an optic
neuropathy in the orbit will produce ipsilateral visual
field loss consistent with optic nerve related field loss.
Some orbital lesions, however, involve the intracra-
nial optic nerve and chiasm, and combination visual
field defects may occur. Lesions that involve the an-
terior chiasm may cause optic nerve related field loss
in one eye and temporal field loss in the fellow eye
from compression of the junction of the optic nerve
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and chiasm. Lesions of the body of the optic chiasm
produce a bitemporal hemianopsia. Lesions of the op-
tic tract and other retrochiasmal diseases produce a
contralateral homonymous hemianopsia.

Confrontation visual testing can easily be per-
formed in the clinic. The clinician sits facing the pa-
tient and tests each eye separately, using his or her
own eye as a control. The field can be tested with
static or kinetic targets of various sizes or with the
examiner’s fingers or hand as the target. Formal visual
field testing provides more information than con-
frontation field testing. Kinetic manual perimetry
(e.g., Goldmann perimetry) offers the ability to vary
the test object size and brightness and the ability to
test the peripheral visual field; another advantage is
that the technician can monitor the testing. Gold-
mann perimetry also provides excellent information
about the shape of visual field defects. The disadvan-
tages of Goldmann perimetry are that the test is time-
consuming, requires a trained technician, and is not
universally available. Automated computed perimetry
(e.g., Humphrey visual field) has the advantage of re-
producibility, and the depth of field loss can be quan-
tified in decibels. The disadvantages of automated
perimetry are the need for a reliable patient, who is
able to follow instructions and pay attention to the
testing stimuli. Elderly, very young, inattentive, or
acutely ill patients may perform better on the 
Goldmann perimetry than automated testing. The
Humphrey automated perimetry strategies can test
the central 10 (e.g., 10-2 strategy), 24, 30, or 60 de-
grees. Patients with poor visual acuity (e.g., 20/200 or
worse) may not be able to perform automated perime-
try using the default stimulus size (e.g., Goldmann III
test object size in Humphrey perimetry). The size of
the stimulus can be increased (i.e., to Goldmann V) to
improve reliability in patients with impaired central
acuity.

FIGURE 7.1. Goldmann visual field of the right eye shows a cen-
tral scotoma and inferior arcuate visual field loss due to an optic
neuropathy.



Pupil Testing

Testing the pupillary light and near reaction is im-
portant in the assessment of afferent and efferent
pupillary problems. Patients with visual loss should
undergo careful assessment for a relative afferent
pupillary defect because orbital lesions may produce
an optic neuropathy. Patients with bilateral and sym-
metric visual loss may not exhibit a relative afferent
pupillary defect. The absence of a relative afferent
pupillary defect in a patient with a unilateral orbital
lesion is strong evidence against an optic neuropathy.

Anisocoria may result from damage to the efferent
sympathetic or parasympathetic pupil pathway. The
oculosympathetic pathway is a three-neuron arc that
begins in the hypothalamus, descends in the brain stem
to the spinal cord (C8-T2 level), then arches over the
apex of the lung, up the cervical sympathetic chain,
and enters the cranial cavity with the internal carotid
artery. The third-order neuron travels on the carotid
artery into the cavernous sinus and enters the orbit
through the superior orbital fissure. This third order
neuron of the sympathetic pathway may be affected by
orbital disease (postganglionic Horner syndrome). The
ciliary ganglion resides within the posterior orbit be-
tween the optic nerve and the lateral rectus muscle. A
tonic pupil may result from damage to the ciliary gan-
glion (including orbital surgery) or from orbital lesions.

Ocular Motility Measurements

Patients with orbital disease may present with
diplopia and ophthalmoplegia. The ocular motility
may be impaired by restrictive disease (e.g., orbital
floor fracture, mucocele, orbital tumor) or paretic dis-
ease. Figure 7.2 shows a patient with an elevation
deficit and ptosis due to a frontal sinus mucocele. A
rapid saccade that abruptly terminates (“hits the
wall”) suggests restrictive disease, whereas a slowed
saccade suggests paretic disease. Forced duction and
forced generation testing may be positive in restric-
tive etiologies.

Ophthalmoscopy

Compressive optic neuropathy may occur in patients
with orbital disease. The typical features of an optic
neuropathy may be present, including visual acuity
loss, visual field loss, and a relative afferent pupillary
defect. The optic disk in these cases may be normal
(i.e., retrobulbar optic neuropathy), swollen, or pale
(Figure 7.3). In most cases, if the compressive lesion
is producing optic disk edema, it will be located more
anteriorly in the eye, orbit, or the optic canal. In-
tracranial lesions are less likely to produce compres-
sive optic disk edema, although if large enough may

6 4 P A R T T W O : D I A G N O S I S O F O R B I T A L T U M O R S

produce papilledema (disk edema due to increased in-
tracranial pressure). Optic disk edema that is long-
standing may compress the central retinal venous cir-
culation, and collaterals between the retinal and
choroidal circulations may form to bypass this ob-
struction. These new blood vessels are referred to as
optociliary shunt vessels (although technically they
are collateral vessels and not shunts). Optic nerve col-
laterals in the setting of compressive optic neuropa-
thy (e.g., progressive visual loss and optic atrophy) are
a sign of orbital tumor, usually optic nerve sheath
meningioma, or, less likely, optic nerve glioma.

Retinal Findings

Orbital disease may produce retinal and retinal vas-
culature changes in the fundus.4 Venous engorgement
and tortuousity may be seen in carotid cavernous 
fistulas or less commonly in compressive orbital 
disorders. Secondary retinal vein occlusion with in-
traretinal hemorrhages and macular edema may be
seen. Choroidal folds may result from orbital lesions
compressing the globe. Fluorescein angiography might
demonstrate the folds more dramatically (Figure 7.4).

FIGURE 7.2. Ocular motility photos show an elevation deficit and
ptosis (A) due to a frontal sinus mucocoele (B).

A

B
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The evaluation of orbital lesions should include or-
bital imaging [e.g., orbital ultrasonography, computed
tomography (CT), or magnetic resonance imaging
(MRI)].

Retinal artery occlusions may result from orbital
infections (e.g., angioinvasive aspergillosis or mu-
cormycosis) or in acute orbital trauma (e.g., retro-
orbital hemorrhage with elevated intraorbital and in-
traocular pressure). Intraocular inflammation (e.g., ex-
udative retinal detachment, vitreous cells, retinal in-

A

B

C
FIGURE 7.3. Optic disk photographs show (A) mild optic nerve
swelling, (B) more severe optic disk edema, and (C) optic atrophy.

FIGURE 7.4. Optic disk photographs (A) show optic disk edema
and choroidal folds that are seen better on the fluorescein angio-
gram (B) as alternating light (hyperfluorescent) and dark (hypofluo-
rescent) lines. (C) Sagittal T1-weighted MR imaging shows an or-
bital mass compressing the posterior globe.

filtrates, retinal vasculitis, optic disk edema) may oc-
cur in patients with intraorbital inflammatory (e.g.,
scleritis, systemic lupus erythematosus, Wegener’s
granulomatosis), infectious (e.g., endophthalmitis
with extrascleral extension), or neoplastic (e.g., orbital
lymphoma) conditions.

ORBITAL IMAGING

In general, MR is superior to CT scanning for demon-
strating intracranial involvement of orbital lesions.



is uncommon.14,15 Neurologic manifestations include
optic neuropathy, papilledema, intracranial granu-
loma, vasculitis, and meningitis.16–18

Wegener’s Granulomatosis

Wegener’s granulomatosis is a systemic inflammatory
disorder characterized by necrotizing granulomatous
vasculitis of the upper and lower respiratory tract and
kidney involvement. The orbit may be involved in 20
to 40% of cases including conjunctivitis, episcleritis,
scleritis, keratitis, uveitis, optic neuropathy, and or-
bital extension (e.g., proptosis, chemosis, ophthalmo-
plegia) of sinus disease. Neurologic manifestations in-
clude peripheral and cranial neuropathy, seizure,
cerebritis, and focal neurologic deficit.10

Polyarteritis Nodosa

Polyarteritis nodosa is a multisystem small to
medium-sized vessel vasculitis that may affect the
heart, kidney, liver, and gastrointestinal tract. Orbital
inflammatory disease is an uncommon finding, but
choroidal and retinal ischemia related to vasculitis
may occur.

Giant Cell Arteritis

Giant cell arteritis is a vasculitis of the elderly that
typically presents with headache, scalp tenderness,
jaw claudication, and visual loss. Orbital involvement
is rare but may mimic orbital inflammatory pseudo-
tumor.15

ORBITAL EXTENSION OF 
INTRACRANIAL DISEASE

Intracranial tumors may rarely extend into the orbit.
Table 7.3 lists several systemic or intracranial pro-
cesses that may involve the orbit from direct exten-
sion.11–90 Orbital extension may produce ophthalmo-
plegia, optic neuropathy, and proptosis. Appropriate
head and orbital imaging may be needed in these cir-
cumstances.

The two most commonly encountered tumors of
the optic nerve that involve the orbit are optic nerve
glioma and optic nerve meningioma.

Optic Pathway Glioma

Optic nerve glioma is a tumor of childhood,20–34 and
presentation in adulthood might suggest a more ma-
lignant glioma.21 Although the tumor can present at
any age, most patients are less than 10 years old with
a mean age of 8.8 years. There is no gender predilec-
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CT scans show bony anatomy (e.g., hyperostosis, bone
destruction, bone remodeling) and calcifications bet-
ter than MR scans (Figure 7.5). Fat on T1-weighted
MR studies is hyperintense. Gadolinium contrast is
also hyperintense on T1-weighted images. Fat sup-
pression is necessary for orbital studies in order to vi-
sualize any pathologic enhancement. Thus, MR stud-
ies of the orbit should be performed with fat
suppression techniques and gadolinium contrast ma-
terial (Figure 7.6). In addition, specific signal charac-
teristics on MRI may help in distinguishing certain
tumor types (Figure 7.7).

SYSTEMIC DISORDERS THAT 
MAY AFFECT THE ORBIT

Although the focus of this chapter is on orbital tu-
mors and neuro-ophthalmology, the clinician should
be aware that other conditions can mimic an orbital
tumor. Complete evaluation (including imaging and
medical consultation) for these underlying disorders
may be necessary.

Sarcoidosis

Sarcoidosis is a multisystem, granulomatous disorder
of uncertain etiology. Sarcoid has a predilection for
the lungs (e.g., hilar adenopathy) and may produce an-
terior or posterior uveitis (e.g., choroiditis, retinal vas-
cular disease, optic neuritis, optic nerve granuloma).
Although lacrimal gland and extraocular muscle in-
volvement may occur in sarcoid, orbital involvement

FIGURE 7.5. Axial CT scan with bone windows shows right sinus
lesion with orbital extension due to renal cell carcinoma metastasis.
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tion.34 Optic pathway gliomas are associated with neu-
rofibromatosis type 1 (NF1) (see Chapter 17); the tumor
may be asymptomatic in these patients, or appear later
in life after initially normal imaging.22,24,25 Some stud-
ies have suggested that patients with NF1 may have
borderline favorable prognosis, but other studies have
shown little or no difference prognosis.26,29,31,33,35

Any part of the optic pathway may be involved
with a glioma, and prognosis depends in part upon the
extent and location of the tumor. One or both optic
nerves alone are involved in 24%, the optic disk is in-
volved in 1.6%, and the optic chiasm or tract is in-
volved in 75%. In general, the more anterior the le-
sion, the better the prognosis.

Optic pathway gliomas involving the orbit produce
proptosis, ophthalmoplegia, and painless progressive
visual loss.32 Visual loss is present at presentation in

87.5%. Hypothalamic symptoms (26%) or endocrino-
logic manifestations (e.g., diabetes insipidus, dien-
cephalic wasting, precocious puberty, somnolence,
growth failure) may occur in chiasmal-hypothalamic
tumors.36 Optic disc swelling (35%) or atrophy (59%)
is generally present, and rarely optociliary shunt ves-
sels may occur.23

Neuroimaging with an MR scan with gadolinium
is superior to CT scan for demonstrating intracranial
extension. The imaging typically shows intrinsic en-
largement of the optic nerve with variable contrast en-
hancement.30,37 Figure 7.8 shows a left optic nerve
glioma on an axial fat suppressed MR of the orbit. The
treatment of optic pathway gliomas is controversial.38

Most authors recommend a period of observation for
progression prior to initiation of therapy as gliomas
are often static lesions (after an initial but variable pe-

BA

DC
FIGURE 7.6. (A) Axial non-fat-suppressed MR images show the hy-
perintense fat on T1-weighted imaging (B). Axial and (C) coronal
MR studies show fat-suppressed postcontrast T1-weighted images.

Note the previously hyperintense fat signal on these T1-weighted
images. (D) Metastatic lesion to the right superior rectus muscle.
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riod of growth). Radiation therapy is generally reserved
for patients over age 5 years with progressive radio-
graphic findings or worsening clinical signs and symp-
toms.32 The risks of radiation are considerable and in-
clude cerebrovascular disease, moya moya disease,
cerebral atrophy, subnormal intelligence or learning
disabilities, secondary malignancies (e.g., astrocy-
tomas), cataracts, radiation retinopathy or optic neu-
ropathy, endocrinopathy, and hypothalmic dysfunc-
tion.39–41 These risks are generally higher the younger
the age of the patient. Chemotherapy is emerging as
a possibly safer alternative to radiation therapy par-
ticularly in younger children.32 Various agents and
combinations of agents have been used with some an-
ecdotal success including: actinomycin D, vincristine,
CCNV, 6-thioguanine, procarbazine, dibromodulatol,
topotecan, carboplatin, and etoposide.32

TABLE 7.3. Systemic or Intracranial Lesions That May Extend
into the Orbit.

Neoplastic Optic pathway glioma
Secondary intracranial meningioma 

or sheath meningioma
Pituitary adenoma
Lymphoproliferative disorders 

(e.g., lymphoma and leukemia)
Germinoma
Sinus histiocytosis with 

lymphadenopathy
Sinus tumors (e.g., nasopharyngeal 

cancer, metastasis, adenoid 
cystic carcinoma)

Metastasis
Extramedullary

hematopoiesis
Trauma Orbital, facial, and skull base fractures
Inflammatory Sarcoidosis

Wegener’s granulomatosis
Collagen vascular disorders
Giant cell arteritis
Orbital inflammatory pseudotumor
Hypertrophic pachymeningitis

Infectious diseases Mucoceles
Sarcoidosis
Aspergillosis
Mucormycosis
Cysticercosis

Primary bone diseases Osteopetrosis
Fibrous dysplasia
Craniometaphyseal
Dysplasia
Fibrosclerosis
Paget’s disease
Aneurysmal bone cyst
Pneumosinus dilatans

Vascular etiologies Orbital hemorrhage
Hematic cyst
Subperiosteal hemorrhage
Orbital venous and vascular anomalies
Arteriovenous malformations

Iatrogenic Intracranial oxidized cellulose 
hemostat

Postoperative (e.g., postoptic canal 
decompression, sinus surgery)

A

FIGURE 7.7. T2-weighted MR image of the orbit shows a markedly
hypointense lesion (A) consistent with a hypercellular fibrous tu-
mor, in this case solitary fibrous tumor of the right orbit (B).

B

FIGURE 7.8. Axial fat-suppressed T1-weighted postcontrast MR
scan of the orbit shows a left fusiform enhancing optic nerve mass
consistent with an optic nerve glioma.



Surgical therapy is generally limited. A strictly op-
tic nerve glioma with no useful vision or progression
may be resected. Chiasmal, hypothalamic, or optic
tract gliomas, cannot be completely resected because
of unacceptable visual and surgical morbidity. Any
exophytic and symptomatic component of these tu-
mors, however, may be debulked. Secondary hydro-
cephalus may require shunting procedure.32

The prognosis of optic pathway gliomas is quite
variable and is in part based upon location.42 Most
(80%) have stable vision after an initial period of vi-
sual loss. The 10-year overall survival rate is between
85% to 100% in various series, and spontaneous re-
gression may occur.27,28

Adult Malignant Glioma

As opposed to optic pathway gliomas in childhood,
gliomas in adults tend to be more malignant. The pa-
tients tend to be older males. The clinical signs and
symptoms include rapidly progressive loss of vision
unilaterally or bilaterally. The visual acuity usually
progresses to complete blindness over an average of
11 weeks. Optic nerve related visual field defects oc-
cur. The optic disk may be normal or show swelling
or atrophy. Proptosis or ophthalmoplegia may occur
if the lesion involves the orbital optic nerve. Retro-
orbital pain is quite common. Macular edema, a
cherry-red spot, and flame hemorrhages or hemor-
rhagic papillopathy may occur and simulate a central
retinal vein occlusion. Unlike childhood optic
gliomas, adult malignant gliomas are not associated
with NF-1. The treatment options are limited and in-
clude radiation therapy or chemotherapy. The pathol-
ogy is consistent with a malignant astrocytoma. The
prognosis is generally poor with an overall mortality
of 97% and a mean survival of 8.7 months (range 3 to
24 months).21,34

Meningiomas

Meningiomas may occur primarily in the optic nerve
sheath or extend into the orbit secondarily from the
intracranial cavity.43–58 Meningiomas typically affect
middle-aged patients. There is a female to male ratio
of 3 to 1, and Caucasians are more affected than
African-American patients.43,44 There is an increased
frequency of meningioma in neurofibromatosis I and
II, and multiple meningiomas (e.g., bilateral optic
nerve sheath meningiomas in NF-2) may occur in
these patients.45 The symptoms of a meningioma af-
fecting the anterior visual pathway include painless
and gradually progressive loss of vision or visual field.
Frontal or olfactory meningiomas may have mental
status changes. There may be diplopia from extraoc-
ular muscle, orbital, or cavernous sinus involvement.
The signs of anterior visual pathway meningioma in-

clude loss of visual acuity and field and an ipsilateral
RAPD. There may be optic disk edema, optic atrophy,
or the disk may be normal (retrobulbar optic neu-
ropathy). Optociliary collateral (“shunt”) vessels may
be present on the optic nerve head.55

Neuroimaging typically shows characteristic but
not necessarily diagnostic features of meningioma.58

Some patients may have meningocoele that might
mimic a sheath meningioma.47 MR imaging is supe-
rior to computed tomography (CT) scans in the eval-
uation of meningioma, but a CT scan may show hy-
perostosis of adjacent bone or calcification within the
lesion. Magnetic resonance imaging typically shows
an isointense lesion on T1-weighted images with ho-
mogenous gadolinium enhancement. There may or
may not be a classic but not pathognomonic dural tail
of enhancement. Optic nerve sheath meningiomas
have a more diagnostic radiographic appearance and
may display a classic “tram track” appearance of en-
hancement of the optic nerve sheath.

The management of symptomatic intracranial
meningiomas must be individualized. The tumor is
usually histopathologically benign but may compress
vital structures. A gross total resection is generally at-
tempted if the patient is a good surgical candidate, is
symptomatic with good expectation for improvement
with decompression, and if the surgery is technically
feasible. If the meningioma is encasing or surround-
ing vital structures (e.g. cavernous sinus, internal ca-
rotid artery), a subtotal excision may have to be per-
formed. Sequential neuro-ophthalmic evaluations and
neuroimaging studies are recommended to detect
postoperative recurrence or progression. Postoperative
radiation may be employed for malignant or aggres-
sive pathology or for residual, recurrent, or non-re-
sectable tumors if signs or symptoms progress.48–52,56

Optic Nerve Sheath Meningiomas

Optic nerve sheath meningiomas usually do not re-
quire biopsy for diagnosis if the typical clinical and ra-
diographic features are present.53,58 Figure 7.9 shows
a typical sheath meningioma on T1-weighted post-
contrast fat suppressed MR scan of the orbit. Obser-
vation for progression is a reasonable first step in man-
agement. Complete surgical excision usually produces
irreversible visual loss and is generally reserved for
eyes without visual potential and vision-threatening
or cosmetically unacceptable proptosis. Observation
is an acceptable protocol to evaluate progression with
serial neuroimaging (e.g., MRI head and orbits with
gadolinium and fat suppression) every 6 months for 2
years, then yearly if there is no growth. Most authors
would consider radiation therapy to be the treatment
of choice for optic nerve sheath meningioma if preser-
vation of visual function is the goal.48 Improved tech-
niques of delivery of radiotherapy (e.g., conformal,
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three dimensional, intensity-modulated, radiotherapy)
may decrease the risks of radiation side effects.52,54

CONCLUSIONS

Orbital disorders may present with neuro-ophthalmo-
logic findings (e.g., optic neuropathy). In addition, neu-
rologic and systemic diseases may present in the 
orbit. The clinician should understand the neuro-
ophthalmic considerations in orbital disease and per-
form appropriate evaluation and imaging.
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Ultrasonography is a noninvasive imaging tech-
nique that is essential in the evaluation of or-
bital diseases. Ophthalmic ultrasonography

employs high-frequency sound waves that provide the
high resolution required for ocular diagnosis. A lower
frequency of 8 MHz is used to obtain the penetration
needed to reach the orbital apex.1 The orbit is evalu-
ated with A- and B-mode scanning (Figure 8.1). Lesions
located in the posterior two thirds of the orbit are de-
tected through a transocular examination; lesions in
the anterior third of the orbit are detected through a
paraocular examination.2,3

The acoustic inner texture of an orbital lesion can
be correlated with its histologic features. The contents
of a normal orbit and lacrimal fossa show high re-
flectivity and marked sound attenuation owing to the
presence of large collagenous connective tissue sep-
tae, fat globules, blood vessels, and nerves.4,5 Most or-
bital pathologies display less coarse and heterogeneous
structures than the normal orbit, hence, usually have
lower reflectivity. This is in contrast to intraocular
pathology, which usually shows higher reflectivity
than the normal standard baseline displayed by the
clear vitreous body.

ASSESSMENT OF ORBITAL LESIONS

Primary Orbital Lesions

CYSTIC LESIONS

EPITHELIAL AND DERMOID CYSTS

The most common developmental cysts occurring in
the orbital and periorbital region and having a predilec-
tion for the superotemporal quadrant, are the epithelial
and dermoid cysts. Dermoid cysts contain one or more
epidermal appendages such as hair follicles, sweat
glands, and sebaceous glands; epithelial cysts contain
only stratified squamous cell epithelium. Echographi-
cally, epithelial and dermoid cysts appear on B scans as
smoothly rounded, echolucent lesions with good sound
transmission (Figure 8.2A,B). However, some dermoid
cysts show low internal amplitude echoes depending
on the number of hair shafts and other appendages

within the lesion, which invariably cause partial sound
attenuation. On A scan, epithelial cysts are low reflec-
tive. Dermoid cysts are medium to low reflective with
occasional high reflective spikes that indicate the pres-
ence of certain coarse structures such as fine hairs or
cartilaginous remnants.4,5

CONGENITAL CYSTIC EYE

Congenital cystic lesions contain protrusions through
defects present in the walls of microphthalmic eyes.
A congenital cystic eye results from failure in the in-
vagination of the primary optic vesicle and lack of dif-
ferentiation into its adult components. Echographi-
cally, the cystic portion shows typical roundish,
echolucent B-scan characteristics with very low in-
ternal reflectivity on A scan. The microphthalmic
globe, on the other hand, is highly dense on B scan
with marked shadowing. A-scan echography shows a
high reflective structure (typical of condensed tissue
structures) with marked sound attenuation almost
consistent with calcific structures.

HEMATOCELE

A hematocele is a cystic lesion (Figure 8.2C,D) that
results from spontaneous accumulation of blood. In-
variably it occurs without preexisting orbital vascular
disease.

VASCULAR LESIONS

INFANTILE HEMANGIOMA

A benign vascular tumor (Figure 8.3), infantile hem-
angioma usually appears during the first few months
of life. The majority of these lesions enlarge in size
within the first 2 years and in approximately 70% of
the cases undergo spontaneous involution by the age
of 7 years. The tumor is generally unilateral (although
bilaterality has been reported),6 and it occurs most
commonly in the superior nasal quadrant in otherwise
healthy children.

CAVERNOUS HEMANGIOMA

The most common primary benign orbital tumor of
adults (Figure 8.4A–C), cavernous hemangioma usu-
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ally appears in the third to fifth decades of life. The
tumor is characteristically unilateral and solitary, al-
though multifocal lesions have been reported.7,8 It is
most commonly found within the muscle cone, re-

sulting in slowly progressive proptosis of the globe.
On gross examination, cavernous hemangiomas are
well-encapsulated, round to ovoid masses with violet
hue reflecting the stagnation of poorly oxygenated

FIGURE 8.1. Transocular and paraocular display of normal orbit.
A-scan transocular examination of a normal orbit (A, bottom) re-
veals the following echospikes from left to right: the initial spike
(I), which has no clinical significance and represents echoes gener-
ated at the tip of the probe (dead zone of the ultrasound probe); the
baseline, which is a horizontal line and represents the vitreous cav-
ity (V); the ocular wall spikes (W), which are high reflective echo-
spikes; and the orbital spikes (O), which are multiple high reflec-
tive echo spikes (�100%) with marked attenuation because of the
coarse, dense structures within the orbit. (B) B-scan transocular ex-
amination of a normal orbit reveals the following areas from left to

right: an echogenic area (initial line, I), which has no clinical sig-
nificance and represents echoes at the tip of the probe (dead zone
of the ultrasound probe); a clear or echolucent area representing the
vitreous cavity (V); and an echogenic area that represents the pos-
terior ocular wall and the orbital tissues (O) behind it. This normal
retrobulbar echo pattern is derived from the orbital fat globules,
which are triangular; the pattern is indented by a V-shaped, echolu-
cent area that represents the optic nerve (ON). The display in
paraocular examination (A, top) is similar to that of transocular ex-
amination, except for the presence of the cystic structure of the
globe. However, the echographic criteria are comparable.

FIGURE 8.2. Cystic lesions (A,B)
dermoid cyst and (C,D) hemato-
cele. (A) Clinical photograph of a
child with right anterior, medial
orbital mass. (B) Transocular A
scan shows an anterior low 
reflective lesion (L) shown within
smooth high reflective echo spikes
that delineate the anterior (a) and
the posterior (p) wall of the cystic
structure. V, vitreous cavity; W,
ocular wall spike; O, orbital tissue
spikes. (C) Axial CT scan shows
well-delineated round mass (M) 
in the right orbit. (D) B scan (top)
displays a round echolucent orbital
lesion (L). A scan (bottom) shows
low reflectivity of the lesion (L)
with high posterior surface spike
(P) from the cyst wall. Occasion-
ally, there are moderately high 
reflective, dispersed spikes repre-
senting lines of clotted blood. I,
initial spike; V, vitreous cavity; 
S, sclera or ocular wall; O, orbital
tissue.
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blood within the tumor. Microscopically, the tumor
consists of large, dilated venous spaces lined by thin,
flattened endothelial cells, along with pericytes and
smooth muscle cells that are separated by irregular fi-
brous connective tissue septae.

LYMPHANGIOMA

Lymphangioma is a benign vascular tumor diagnosed
in early childhood (Figure 8.4D–F). Unlike infantile
hemangioma, lymphangioma enlarges progressively
during the growing years. The lymphangioma is non-

capsulated, often diffuse, with the capability of infil-
trating normal tissues. The tumor occurs most com-
monly in the extraconal space. Spontaneous bleeding
within the lesion is a frequent complication. Micro-
scopically, lymphangiomas are formed by endothe-
lium-lined, lymph-filled vascular channels separated
by loose connective tissue septae that are high reflec-
tive. The latter contain fine blood vessels that are re-
sponsible for the spontaneous bleeding. Unlike cav-
ernous hemangiomas, pericytes and smooth muscle
cells are not present.

FIGURE 8.3. Infantile hemangioma. (A)
Clinical photograph of a child with right
lower lid hemangioma. (B) B-scan
echogram (left) displays an irregular
echogenic lesion (L) with variable degrees
of sound attenuation. A-scan (right) shows
areas of moderate to high reflectivity 
representative of the cavernous spaces.
The capillary portions of the lesion are
typically low reflective with intense, 
diffuse vascularity (dynamic echography).
Color Doppler imaging provides an
overview of the significant blood flow 
representative of an active arterial blood
supply.5 Histopathology shows (C) 
proliferation of endothelial cells with 
numerous small capillaries and (D) areas
of cavernous spaces. The intermixing of
capillaries and lobulated structures 
provides the heterogenic components of
these lesions.

vascular spaces.10 (D) Axial CT scan shows an irregular mass (M)
in the right orbit. (E) B scan displays an irregular, large lesion (L)
with multiple, dilated lymph-filled spaces (arrows).2,11 (F) A scan
reveals a regular, heterogeneous pattern with highly reflective
echo spikes separated by low reflective, dilated lymphatic spaces.
In contrast to cavernous hemangiomas, the presence of clear
fluid instead of blood in the wider intracavernous spaces of 
lymphangiomas provides ample time for the ultrasound beam to
reach lower reflective levels (arrows).5 Sound attenuation is mod-
erately low (angle � �30°).

FIGURE 8.4. Vascular lesions: (A–C) cavernous hemangioma
and (D–F) lymphangioma. (A) Axial CT scan shows well-
delineated intraconal mass (M) in the left orbit. (B) B scan dis-
plays a well-defined round to ovoid echogenic lesion (L). (C) A-
scan reveals multiple, regular, highly reflective echo spikes with
the descending edges reaching a medium reflectivity indicating
the presence of blood within the venous spaces and the abun-
dant connective tissue septae.9 Sound attenuation is moderate
(angle � � 45°). Color Doppler imaging shows little or no evi-
dence of blood flow attributable to the stagnant blood within the



represents an enlarged, dilated vein. The lesion is char-
acterized by a stagnant blood flow that may result in
thrombus formation.

FAST-DRAINING CAROTID CAVERNOUS FISTULA

In fast-draining carotid cavernous fistula, there is a di-
rect communication between the internal carotid ar-
tery and the cavernous sinus. This results in dilation
of the superior ophthalmic vein (Figure 8.6C,D) with
arterialization of blood flow. The patient usually has
a history of head trauma and presents with pulsating
exophthalmos, a bruit over the globe, dilated and tor-
tuous episcleral vessels, and restriction of motility.

PERIPHERAL NERVE LESIONS

NEUROFIBROMA

A benign peripheral nerve tumor, neurofibroma is
characterized histopathologically by the proliferation
of Schwann cells, peripheral nerve axons, endoneural
fibroblasts, and perineural cells. Echographically,
neurofibromas are diffuse, irregular lesions with dense
internal vascularity that closely resemble infantile
hemangiomas. However, the clinical appearance is
quite different and is more periorbital with less bluish
discoloration.

SCHWANNOMA (NEURILEMOMA)
Schwannoma is a benign peripheral nerve tumor char-
acterized by pure proliferation of Schwann cells. It
usually becomes apparent in young to middle-aged
adults and is found in 1.5% of patients with neurofi-
bromatosis type 1. The patient generally presents with
painless progressive proptosis with downward dis-
placement of the globe, since schwannomas arise
more commonly from the supraorbital and supra-
trochlear nerves. Histologically, schwannomas show
a mixture of two patterns.19 The Antoni type A (dense
and cellular pattern) and the Antoni type B (loose, ede-
matous pattern forming cystic spaces). Echographi-
cally, on B scan, schwannoma appears as a well-
defined, roundish, internally echolucent lesion.20 On
A scan, the internal structure is quite regular with
moderate to low internal reflectivity with the latter
representing the Antoni type B areas.

PSEUDOTUMOR

An idiopathic orbital inflammatory disorder, pseudo-
tumor occurs mostly in the third to fifth decades of
life. The inflammation can be diffuse or localized re-
sulting in periscleritis, sclerotenonitis, tendonitis,
myositis, dacryoadenitis, or perioptic neuritis. The pa-
tient presents with a sudden onset of unilateral eye
pain, redness, chemosis, proptosis, and diplopia.21

Some cases may present with severe chronic inflam-
mation that eventually leads to progressive fibrosis of
orbital tissues and results in a frozen globe. Micro-
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HEMANGIOPERICYTOMA

Hemangiopericytoma is a vascular tumor originating
from the pericytes of blood vessels; consequently, it
may develop wherever capillaries are present (Figure
8.5).12 Orbital hemangiopericytomas are rare, slow-
growing, unilateral tumors with a predilection to the
superior orbit. They occur at any age, although the
majority appear in adulthood. Microscopically, the tu-
mor consists of spindle-shaped cells packed around
thin-walled blood vessels that are lined by endothe-
lial cells. The tumor is classified as sinusoidal, solid,
or mixed depending on the degree of vascularity be-
tween the tumor cells.13 Cystic changes within the
tumor may develop secondary to zones of necrosis.

ORBITAL VARICES

Primary orbital varices (Figure 8.6A,B) are congenital
venous malformations that usually become sympto-
matic in the second to fourth decade of life. The pa-
tient presents with a history of intermittent, posi-
tional proptosis. Microscopically, an orbital varix

FIGURE 8.5. Hemangiopericytoma. (A) B-scan echogram displays
a well-defined round to oval lesion (L).13,14 The internal structure
of the tumor can be irregular, showing solid and cystic components
depending on its histopathology. (B) On A scan, the internal re-
flectivity of the tumor ranges from low (as illustrated) to medium
with the latter representing tumor of a mixed nature.14 I, initial
spike; V, vitreous cavity; a, anterior and P, posterior surface spikes
of the lesion (L); S, sclera. Color Doppler imaging reveals high-
velocity blood flow.
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scopically, there is infiltration of the involved orbital
tissues by inflammatory cells consisting of lympho-
cytes, plasma cells, and eosinophils. Echographic find-
ings of pseudotumor depend on the involved tissue.

SCLERITIS

In scleritis the B scan shows an echolucent area be-
tween the anterior and the posterior scleral wall. In
most cases it is associated with a linear echolucent
area in the retroscleral space representing edema in
Tenon’s space (T-sign). On A scan, the high scleral
spikes are wider than normal and invariably show ab-
normal thickening. In episcleritis, the similar A- and
B-scan characteristics can be seen but in the immedi-
ate retroscleral space with a distinct echolucent rim
between the sclera and the rest of the orbital tissues;
a low reflective A-scan pattern indicates the edema-
tous space that usually exists in this condition.

MYOSITIS

In myositis there is usually a diffuse thickening of the
involved muscle including the inserting tendon to the
globe with echolucency on B scan and low reflectiv-
ity on A scan (Figure 8.7). Comparative assessment
with other muscles, especially the counterpart of the
other orbit, is quite revealing for the condition.

ORBITAL PSEUDOTUMOR

An orbital pseudotumor is invariably a diffuse condi-
tion with significant low reflectivity from the inter-
nal structure of the involved area. Lacrimal gland in-

volvement is invariably unilateral and follows the
same characteristic pattern but is localized to the area
of the lacrimal gland. (Other lacrimal gland conditions
are discussed under lacrimal gland lesions.)

RHABDOMYOSARCOMA

The most common primary malignant orbital tumor
in children is rhabdomyosarcoma. It arises from un-
differentiated mesenchymal cells that have the abil-
ity to differentiate into striated muscle cells. The pa-
tient presents with rapid, progressive proptosis. The
tumor can involve any part of the orbit with a predilec-
tion to the superior portion. The echographic findings
of rhabdomyosarcoma (Figure 8.8A,B) are quite simi-
lar to those of orbital inflammatory disease (pseudo-
tumor).22 However, the age group, the clinical pre-
sentation, and the ultrasonography and CT findings
are usually diagnostic of this condition.

Secondary Orbital Lesions

LYMPHOPROLIFERATIVE DISEASE

Lymphoid tumors of the orbit occupy a wide spectrum
of diseases ranging from the benign pseudolymphomas
(pseudotumors) to the atypical lymphoid hyperplasias
to the malignant lymphomas. Echographically (Figure
8.8C,E), lymphoid tumors share the same characteris-
tics. The patient’s age is important in the interpreta-
tion of the ultrasound findings especially with pseudo-
tumor, rhabdomyosarcoma, and lymphoma, for which

FIGURE 8.6. Vascular lesions: (A,B) orbital
varices and (C,D) fast-draining carotid cav-
ernous fistula. (A). Paraocular A scan shows
low internal reflectivity with expansion of
the lesion during Valsalva maneuver15 (ar-
row). (B) On B scan, orbital varices are lin-
ear, channeled lesions with echolucent in-
ternal structure.5 Sound attenuation is
minimal. Color Doppler imaging shows
nonpulsatile blood flow with apparent
change in dimensions during respiration.16

(C) B scan shows a large, dilated superior
ophthalmic vein (B1, arrow) which is typi-
cally meandering on sagittal topography.5,17

With dynamic echography, the size of the
venous structure changes with the arterial 
pulsations from a near collapsed size (B3) to
a widely dilated channel (B1). (D) A scan
shows blurred, low reflective spikes from
fast flowing blood (arrow). Sound attenua-
tion is minimal, and color doppler imaging
shows a pulsatile, arterial-type blood flow
pattern in the superior ophthalmic vein.18
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these findings are similar. Also, unilateral low reflec-
tive infiltrates in an adult is suggestive of pseudotu-
mor while bilaterality supports a diagnosis of 
lymphoma.

METASTATIC TUMORS

The orbit, devoid of lymphatic channels, is reached
by metastatic tumors via the hematogenous route.

The most common source of metastatic tumor to
the orbit in adults is the breast followed by lung,
prostate, skin melanoma, and gastrointestinal tract
in decreasing order of frequency. In children, neu-
roblastoma is the most common source of meta-
static tumor to the orbit occurring in about 40% of
cases. The disease may be bilateral and presents
with a sudden onset of proptosis accompanied by
lid ecchymosis (Figure 8.9).

FIGURE 8.7. Myositis. (A) Clinical photograph of a
young woman shows right eye injection. (B) B-scan
echogram shows enlarged right medial rectus 
muscle (upper and middle) with thickened inser-
tion (lower) (arrows). A-scan echograms show (C)
low reflectivity of the enlarged muscle belly (M)
and (D) low reflective thickened insertion (arrow).

FIGURE 8.8. (A,B) Rhabdomyoarcoma. (C–E) Lymphoproliferative
disease. (A) Clinical photograph of a child shows left eye proptosis.
(B) A-scan echogram shows diffuse, low-reflective lesion (L). Occa-
sionally, there is active vascularity displayed on dynamic echogra-
phy. On B-scan the lesion is echolucent with minimal sound at-

tenuation. V, vitreous cavity; S, sclera; a, anterior and P, posterior
surface spikes of the lesion. (C) Clinical photograph of an adult man
shows right eye proptosis and downward displacement of the globe.
(D) B-scan echogram shows large, diffuse echolucent orbital lesion
(L), which had low internal reflectivity on A scan (E).
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MUCOCELE

Mucocele is a cystic lesion filled with mucoid se-
cretions and epithelial debris that arises from the
paranasal sinuses. Orbital invasion occurs more
commonly from either frontal or ethmoidal muco-
celes. Mucoceles usually develop in adults and 
produce progressive proptosis, diplopia, or ptosis.
Echographically, mucoceles present a distinct char-
acteristic pattern almost pathognomonic of the con-
dition (Figure 8.10).

ASSESSMENT OF THICKENING 
OF EXTRAOCULAR MUSCLES

Thyroid Eye Disease

The most common cause of extraocular muscle thick-
ening, thyroid eye disease, usually entails multiple,
bilateral, and asymmetrical muscle involvement (see
Chapter 28). Clinically, the inferior rectus muscle is
most often involved, followed by the medial, the su-
perior, and the lateral rectus muscles. However, echo-
graphically, the superior rectus/levator complex is
most commonly enlarged followed by the medial, the
inferior, and lateral rectus muscles.22 Microscopically,
there is perivascular infiltration by lymphocytes and
plasma cells with increased deposition of hydrophilic
mucopolysaccharides in the muscle belly, sparing the
tendon. Topographically, there is enlargement of the
belly of the involved extraocular muscle with the 
acquisition of internal tissue echoes reflecting the his-
tological changes.9,25 On A scan, the internal struc-
ture is slightly irregular with medium internal reflec-
tivity (Figure 8.11).

Orbital Inflammatory Disease 
(Pseudotumor) and Lymphoma

Refer to the preceding section on pseudotumor and
lymphoproliferative disease.

Metastatic Tumors

Metastatic lesions to the extraocular muscles are usu-
ally unilateral with invariably a single muscle in-
volvement (see Chapter 24).26 There is a slow, pro-
gressive, painless increase in the size of the muscle
with late onset diplopia (in contrast to the rapid,
painful, acute myositis with early diplopia). Ultra-
sonography shows echolucency in the belly of the mus-
cle with low internal reflectivity similar in pattern to

FIGURE 8.10. Mucocele. (1) A-scan echogram shows a highly re-
flective anterior surface (anterior wall of the lesion, a) followed
by an echolucent low-reflective internal structure representing
the mucocele, M; B, orbital bone.24 Sound beam directed through
intraorbital portion of the mucocele. (2) The beam is moved
slightly and hits the edge of bone defect (red) and posterior wall
of the sinus (blue). When scanning the lesion from the intraor-
bital to the intrasinus site, the posterior wall of the mucocele
shifts from the intraorbital normal area into a deep intrasinus
part (shifting posterior high reflective sinusoidal pattern). (3)
Sound beam is directed entirely through bone defect. P, poste-
rior bony wall of sinus.

FIGURE 8.9. Metastatic carcinoma.
(A) B-scan echogram displays a poorly
defined diffuse lesion (L) with varying
echogenicity. (B) On A scan, the 
internal structure is quite irregular
with the internal reflectivity ranging
from low23 to moderately high. The
characteristic “V” pattern (arrow)
results from a central zone of dense
cellular infiltrates that become more
lobulated toward the periphery
(hence, the higher ascending limbs of
the lesions).5,22
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the orbital inflammatory pseudotumor category but,
in contrast, the tendon of the muscle is not involved.

Slow-Draining Carotid Cavernous Fistula

In slow-draining carotid cavernous fistula, there is an
indirect communication between the cavernous sinus
and the internal or external carotid arteries through
their meningeal branches. The patient presents with
prominent episcleral vessels, but minimal proptosis.
The small fistula results in low-flow, low-pressure
shunting that causes increase in episcleral venous pres-
sure and enlargement of extraocular muscles on the in-
volved side. Ultrasonography reveals diffuse enlarge-
ment of the muscles in the involved orbit when
compared to the counterpart muscles of the normal or-
bit. The belly of the muscles shows a slight increase in
width with a tendency of the internal reflectivity to shift
from a medium to a lower pattern owing to the vascu-

FIGURE 8.11. (A) Dynamic A-scan examination of normal rectus
muscle (M). 1, Probe is directed anteriorly toward the muscle in-
sertion, which produces a small defect adjacent to the scleral spike.
As the probe is angled more posteriorly (2–4), the sound beam shifts
toward the muscle belly, which produces a wider defect that moves
from left to right. (B) A-scan echogram of an enlarged rectus mus-
cle (M) in thyroid eye disease showing slightly irregular internal
structure with medium reflectivity.

lar congestion present in such a condition. Occasion-
ally, the superior ophthalmic vein (which is usually dif-
ficult to isolate and measure in the normal orbit) shows
widening and more echographic prominence than the
other orbit. This finding is far less significant than the
enlarged hyperdynamic superior ophthalmic vein de-
tected in the active carotid cavernous fistula condition.

OPTIC NERVE ASSESSMENT

Thyroid Eye Disease

Optic neuropathy (Figure 8.12A, B, and C) occurs in
about 5% of thyroid-associated orbitopathy patients.
It is caused by direct compression of the optic nerve
or its blood supply at the orbital apex by the enlarged
extraocular muscles. Topographically, the optic nerve
shadowing is enlarged with duplication of the nerve
sheaths.27–29

Optic Neuritis

Optic neuritis is an inflammatory or demyelinating
disorder of the optic nerve. Clinically, it is divided into
retrobulbar neuritis, papillitis, and neuroretinitis. On
ultrasonographic examination the perineural sheath
thickening shows a low reflective internal structure
(in contrast to the high reflectivity of a tumorous con-
dition such as meningioma). However, there is no
shifting of fluid visible on dynamic echography such
as that seen in cerebrospinal fluid retention (thyroid,
pseudotumor cerebri). Also, the thickening of the in-
tersheath space, although significant in comparison to
the normal state, is far less than that found in other
orbital disorders.

Optic Nerve Lesions

OPTIC NERVE GLIOMA (JUVENILE PILOCYSTIC ASTROCYTOMA)

A benign, slow-growing tumor (Figure 8.12D), optic
nerve glioma arises from astrocytes within the optic
nerve. The median age of onset is about 5 years of age,
with a slight preponderance for females. Neurofibro-
matosis type 1 occurs in about 10% of cases and is
characterized by bilateral involvement of the optic
nerve. The patient presents with progressive propto-
sis and visual loss.

OPTIC NERVE SHEATH MENINGIOMA

Optic nerve sheath meningioma is a benign tumor
(Figure 8.12E) that arises from the meningoen-
dothelial cells of the arachnoid layer. The tumor
usually affects middle-aged women. Neurofibro-
matosis type 1 is found in about 16% of cases. Pre-
sentation is with slowly progressive proptosis and
unilateral visual loss. Ultrasonography shows a dif-
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fuse thickening of the optic nerve following its me-
andering structure.

Pseudotumor Cerebri

Benign intracranial hypertension or pseudotumor
cerebri is characterized by raised intracranial pressure
in the absence of an intracranial mass lesion or men-
ingeal cancer. It occurs more commonly in young,
overweight women. The patient presents with head-
ache, neck stiffness, nausea, vomiting, and blurring of
vision. Examination reveals bilateral papilledema.
Topographically, there is duplication of the optic
nerve sheaths with significant widening of the dou-
ble-peaked borders on A scan, reflecting the expansion
of the perioptic subarachnoid space.

LACRIMAL GLAND LESIONS

Pleomorphic Adenoma (Benign Mixed Tumor)

Pleomorphic adenoma is a benign tumor that ac-
counts for 50% of epithelial tumors of the lacrimal
glands.30 Pleomorphic adenomas usually arise from
the orbital lobe and grow posteriorly, but in rare

cases they may affect the palpebral lobe.31 Presen-
tation is typically in adults as a slowly progressive,
nontender, firm mass in the superotemporal quad-
rant and proptosis. On gross examination, the tu-
mor is encapsulated with nodular irregularities on
the surface. Histopathology shows the tumor to be
composed of both epithelial and mesenchymal ele-
ments.32 The epithelial elements form ducts, acini,
and irregular tubules that are dispersed throughout
a matrix of mucoid, myxoid, and chondroid tissue.
Topographically (Figure 8.13A), pleomorphic ade-
noma appears as a well-defined round to ovoid
echogenic lesion in the lacrimal gland fossa.

Lymphoid Tumors of the Lacrimal Gland

Lymphoid tumors of the lacrimal gland range from
pseudotumors to reactive lymphoid hyperplasia to ma-
lignant lymphomas of various types. They tend to in-
volve the orbital and palpebral lobes of the lacrimal
gland, resulting in anterior and posterior extension.
Lymphoid tumors share similar acoustic characteris-
tics.35 Topographically, there is diffuse enlargement
of the lacrimal gland with quite regular internal struc-
ture and low reflectivity on A scan. Sound attenua-
tion is minimal.

FIGURE 8.12. Optic nerve disorders (A–C) thyroid optic neuropa-
thy, (D) optic nerve glioma, and (E) optic nerve meningioma. (A) B-
scan echogram shows crescent sign (large arrow) due to accumula-
tion of subarachnoid fluid around the optic nerve (small arrow). (B)
A-scan echogram reveals double-peaked borders representing a peri-
neural enlargement (between arrowheads) between the optic nerve
parenchyma (arrow) and the perineural sheaths. Upon lateral gaze,
retrograde “milking” of cerebrospinal fluid in this perineural en-
largement occurs, with secondary collapse of the subarachnoid
space shown on dynamic A-scan echography as almost visual ad-
herence of the two spikes (between arrowheads). (C) The change of
thickening of the intersheath space indicates a fluid retention con-

dition rather than tumefaction of the perineural sheaths. (D) Optic
nerve glioma. Echographically, there is widening of the internal lu-
men of the nerve (nerve proper) showing fusiform topographic pat-
tern (arrow) (upper). The perineural sheath normal double spikes on
A-scan are invariably touching (arrows), giving the appearance of a
thick, single spike with a double head (lower). (E) Optic nerve
meningioma. On A scan, the optic nerve proper appears thinner
than normal (owing to meningeal compression), while the inter-
sheath space is significantly wider (connected arrows) with a high-
reflective internal structure between the inner and the outer peri-
neural sheaths. Measurement of the intersheath space is possible
and indicative of the pathologic thickening.
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Carcinoma of the Lacrimal Gland 
(Adenocarcinoma and Adenoid 
Cystic Carcinoma)

Primary carcinomas (Figure 8.13B) account for about
50% of epithelial tumors of the lacrimal gland; ade-
noid cystic carcinoma is the most common primary
malignant tumor. These tumors usually occur in 
middle-aged adults. The patient presents with unilat-
eral progressive proptosis, pain, tenderness, ptosis, and
diplopia. On gross examination, carcinomas of the
lacrimal gland are poorly encapsulated, irregular, solid
masses. Histopathologically, they are divided into ade-
noid cystic carcinoma, pleomorphic adenocarcinoma,
and mucoepidermoid carcinoma.

Dacryoadenitis

Acute dacryoadenitis is a rare condition, seen most of-
ten in children as a complication of mumps, measles,
or influenza. The patient presents with pain, swelling,
and injection over the temporal aspect of the upper
eyelid, resulting in S-shaped deformity. Topographi-
cally (Figure 8.13C), there is enlargement of the
lacrimal gland with moderate echolucency. The A-
scan exam is quite similar to that of the normal gland,
retaining the high reflectivity with widening of the
high septated internal pattern. In contrast to the
chronic lacrimal gland inflammatory disease (lym-

phoproliferative disorders), the internal reflectivity of
these conditions is low, as discussed earlier.
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multiple, very thin sectioned scans within minutes
and can reformat the data in any plane required.3 For
routine orbital scanning purposes, sliced thicknesses
of 2 to 3 mm are used, and standard imaging proto-
cols are followed for axial and coronal views.2 In ax-
ial scanning, the slices are acquired parallel to the in-
fraorbitomeatal line; the coronal images are obtained
perpendicular to the axis of the orbit (i.e., the axial
cut). The window selected for orbital studies should
be appropriate for orbital tissue absorption properties,
with a width of 350 to 400 HU and a level of 80 to
100 HU. For better examination of the bone, a win-
dow wider than 1000 HU is necessary; this is called a
bone window. The apex of the orbit is very crowded
and therefore difficult to define. For this area, 1 mm
slices, parallel to a line from the posterior foramen
magnum to the hard palate, are utilized. Pre- and post-
contrast scanning are essential for full evaluation of
orbital lesions; this is most useful in suspected vas-
cular lesions. Specifics of a given study are usually
summarized on the films, which offer valuable infor-
mation (Figure 9.1 and Box 9.1).

The images depicted in this chapter are examples
of the capabilities of spiral CT with multidetector
scanning.4 The extraocular muscles are well defined
in the axial and coronal views. The extraocular recti
muscles outline the intraconal compartments well
(Figure 9.2A,B). The muscles themselves are best iden-
tified in the coronal plane. Parasagittal reconstruc-
tions can show detailed views of the entire optic nerve
within the orbit and through the optic canal, all the
way to the optic chiasm (Figure 9.2C). The optic chi-
asm is best viewed on the coronal reconstruction (Fig-
ure 9.2D). The lacrimal gland is also best seen in the
coronal view (Figure 9.2E).

Lesions affecting the orbital and extraorbital fat
can be well visualized in almost any plane with re-
constructions. Tumors involving the globe with or
without orbital extension may also be depicted with
CT, but MRI serves this purpose better. If bony in-
volvement is clinically suspected, bone algorithm re-
construction is the study of choice (Figure 9.3). Algo-
rithms for bone represent an artificially enhanced edge
contrast and are applied as filters during reconstruc-
tion. CT is also very sensitive for detecting calcifica-
tions within orbital lesions, which can be very help-

Computed tomography (CT) and magnetic reso-
nance imaging (MRI) are performed for the de-
tection and definition of orbital space-occupying

lesions. Both studies are highly sensitive for lesion de-
tection and are frequently complementary in generat-
ing a differential diagnosis. Imaging guidelines are well
established via protocols dedicated to orbital imaging.1

This chapter reviews quality imaging, highlighting
goals and limitations of both modalities. Basic anat-
omy of the orbit related to imaging is also reviewed.

COMPUTED TOMOGRAPHY

The basis of CT is the measurement of different tis-
sue absorption values, following exposure to x-rays.
The tissue absorption values are defined arbitrarily by
Hounsfield units (HU). Water is assigned an HU of
zero. HU values ranging from �1000 (air) to �1000
(bone) are obtained in the region of orbit and perior-
bital tissues. What is important in routine CT exam-
inations is the relative absorption value of a given tis-
sue to neighboring structures. This relativity in tissue
density is usually described with the terms “iso-
dense,” “hypodense,” and “hyperdense.” Normal
brain tissue, which usually appears gray, is said to be
isodense; hypodensity is seen in tissues with high wa-
ter content, as in edema, and appears dark gray to
black; hyperdensity represents tissues with high ab-
sorption of x-rays, such as cartilage and bone, and ap-
pears white (Table 9.1).

Computed tomography was the first modality that
allowed high quality imaging of orbital contents.2

There has been continuous improvement of CT since
its introduction. Today’s CT studies have evolved to
a spiral (helical) technique with multiple detectors or
a rotating detector system.3,4 This technique allows
one to scan in only a single plane, usually axial. Thin
slice, high-resolution images can then be reformatted
or reconstructed in any plane allowing very revealing
views of essential orbital structures. The patient re-
ceives approximately 35 mGy of radiation for single
slice spiral CT.5 On the other hand, for conventional
CT done under the biplane (axial and coronal) proto-
col, the patient receives approximately 75 mGy. The
new, multidetector spiral CT is capable of obtaining
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ful in generating a differential diagnosis (Figure 9.4).6–8

For orbital tumors with bony involvement, CT is su-
perior to all other modalities (Box 9.2).

The main advantages of CT are availability and
speed. With spiral scanning and multidetector ma-
chines, images can be obtained in a single plane vir-
tually in moments, and reconstructions can be per-
formed in any plane. CT does, however, present some
risks to patients.9–18 The main disadvantage of CT
over other imaging modalities is that CT uses ioniz-
ing radiation (Table 9.1).11–13 Radiation dose is related
to CT technique, but 5 rads to the orbit and lens is
common. This is well below a dose that could induce
cataracts.18 There is some risk of subsequent tumor
induction to the patient, particularly in the pediatric
age group.14–17 This risk is, however, very small. With
the use of intravenous contrast medium, the possibil-
ity of an allergic reaction is always present. The risk
can be reduced with the use of nonionic contrast ma-
terials and prophylaxis if allergy is a consideration. Al-
lergy is usually addressed with nonionic contrast ma-
terial and a combination of steroids, Benadryl, and a
histamine (H2) blocker such as Zantac. Diabetics or

patients with borderline renal function are at risk for
contrast-induced renal failure.9,10 The risk of contrast
material-induced renal failure is higher in patients
with renal failure, multiple myeloma, and other hy-
perviscosity syndromes and dehydration. In patients
with a serum creatine value higher than 1.5 mm/dl, a
nonionic contrast agent should be used. In patients
with known hyperthyroidism, iodized contrast agents
should be avoided.

CT Artifacts

Artifacts of CT studies (Figure 9.5A–G) include high
density foreign bodies such as a shotgun pellet in
the right orbit and face causing streak artifact (Fig-
ure 9.5C). More significant metallic streak artifacts
can be seen from dental fillings (Figure 9.5A). By
viewing the image at bone window, most of that ar-
tifact can be reduced (Figure 9.5B). Circular or ring-
type artifacts are usually related to detector prob-
lems. Figure 9.5D is an axial CT scan that was
performed on a machine with a detector failure. Mo-
tion can degrade the quality of imaging and intro-
duce artifacts at the time of scanning (Figure 9.5G).
Positioning artifacts can also be misleading. On oc-
casion, one may get the impression of proptosis 
due to an artifact. For example, a positioning arti-
fact (Figure 9.5E,F) makes the left globe appear to
be proptotic. The normal position of the globe in
adults is 9.4 mm behind the interzygomatic line
(range, 5.9–12.8 mm).18 Other artifacts include par-
tial voluming, where the scanning voxel will in-
clude tissues of two widely different densities such
as cerebrospinal fluid and brain. When these two
densities are averaged together they may create the
illusion of a lesion. Beam-hardening artifact
(Hounsfield artifact), which is mostly seen in the
posterior fossa in the middle cranial fossa and or-
bit, represents increased attenuation of the x-ray
beam due to the density and thickness of bone in
these areas. The beam-hardening artifacts present a
problem, particularly in the apex of the orbit and
the optic canal.

TABLE 9.1. Commonly Encountered Absorption Values 
in Orbital CT.

Hounsfield unit Fluid or tissue

�1000 Air
�70 to �100 Fat
0 Water
4–10 Cerebrospinal fluid
35–45 Brain
�1000 Bone

BOX 9.1. CT Imaging Parameters 
for Orbits

High resolution orbits
0.63 mm axials
Pitch 1
Table speed 1.25 cm/s
Intravenous contrast medium
Field of view 13 cm

FIGURE 9.1. Sample CT scan parameters.
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MAGNETIC RESONANCE IMAGING

MRI is also very useful for detecting and evaluating
orbital mass lesions because of its excellent tissue res-
olution.19–21 This technique allows one to generate
cross-sectional images of the tissues without using x-
rays. It is based on a physical phenomenon called the
nuclear magnetic resonance effect on the atomic nu-
clei, primarily hydrogen atoms of water molecules
within human tissues. When an external, static mag-
netic field is applied to the tissues, the random dis-

tribution of the atomic dipoles is distorted, and they
tend to align in the direction of the field. When the
applied radiofrequency pulse is discontinued, the
macroscopic, magnetic field returns to its original
state by emitting electromagnetic waves with preci-
sional frequencies. The waves emitted during the re-
formation of the magnetic status (relaxation) are
measurable and represent contrast values, corre-
sponding to the brightness of the individual pixels,
which, in turn, construct the images with the use of
mathematical algorithms.

FIGURE 9.2. Axial orbital CT images with contrast (A) at level of
the optic nerve and (B) showing the optical canal. (C) Parasagittal
reconstruction of orbital CT along the course of the optic nerve. (D)

Orbital coronal reconstruction of the orbits at midlevel. (E) Coro-
nal orbital reconstruction with contrast at the equator level of the
globe.

FIGURE 9.3. Bone windows: (A) normal axial CT, (B) normal coronal reconstruction, and (C) normal
sagittal reconstruction.
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There are two types of relaxation: longitudinal (T1)
relaxation and transverse (T2) relaxation. During the
T1 relaxation, the excess energy is transferred from
the nuclei to the environment. The T2 form, which
is also termed spin–spin relaxation, represents the de-
cay of the signal vector perpendicular to the strong
magnetic field. These signals, which are obtained from
biological tissues, depend on the water concentration
of tissues, which can be excited. The degree of this ex-
citation depends on the relaxation characteristics of
the protons in water molecules of the tissues being

examined. The water reveals a high concentration of
excitable protons and a slow relaxation. In contrast,
protons bound to macromolecules would reveal a fast
relaxation. The relaxation times are therefore deter-
mined by the composition of the MRI characteristics
of different types of tissues. A summary of signal char-
acteristics of orbital tissues listed in Table 9.3 and Fig-
ure 9.6 gives MRI nomenclature and parameters, 
respectively. Orbital MRI examinations are also per-
formed and interpreted according to predetermined
neuroradiology protocols (Box 9.3).20 MRI first became
widely available in 1986 and gadolinium contrast en-
hancement in 1988.21

Currently MRI is most often done with a 1.5-
tesla unit using either a head coil or a specially de-
signed surface coil. Fast spin-echo sequences greatly
reduce scan time over what is possible with tradi-
tional spin-echo techniques. Studies should include
pre- and postcontrast T1-weighted axial and coro-
nal images of the orbits extending through the op-
tic chiasm. Fat suppression is done on postcontrast
images, to increase lesion conspicuity by removing
high-signal fat. Following intravenous administra-
tion of contrast agents, such as gadopentate, di-
meglumine (Gd-DPTA), a different take-up by the
tissues is seen in MRI studies. The axial pre- and
postcontrast images should also be interlaced to op-
timize imaging of the optic nerves (Figure 9.7A–C).
This is done with 100% gap or an interlace tech-
nique. T2-weighted images should also be obtained
routinely through the orbits and optic nerves (Fig-
ure 9.7D). Many protocols also include a routine
brain scan consisting of precontrast T1-weighted ax-
ial and sagittal images, diffusion axial, T2-weighted
axial, FLAIR (fluid attenuation inversion recovery),
and postcontrast T1-weighted axial, sagittal, and
coronal images of the brain. MRI is also very sen-
sitive for detection of intra- and extraconal orbital
lesions. The optic nerve and chiasm are also very
well defined. Optic nerve lesions that are not de-
tected with CT may be well delineated with MRI.
MRI offers tissue resolution superior to that avail-
able from CT scanning, allowing better detection of

BOX 9.2. Indications for CT and MRI

CT MRI

Orbitocranial trauma Detection of orbital masses
Orbitocranial hemorrhage Evaluation of orbital and ocular masses
Detection of orbital masses Evaluation of sinuses
Evaluation of orbital bones Evaluation of optic pathway
Evaluation of sinuses Orbital changes secondary to ocular tumors
Detection of calcification Orbitocranial hemorrhage

FIGURE 9.4. Orbital mass with focal density. (B) The CT number,
shown as 451.29, is consistent with calcification, which is evidence
of a phlebolith in a lymphangioma.
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FIGURE 9.5. CT artifacts. (A) Dental fillings causing streak artifacts. (B) Artifact in the patient shown in (A) is reduced in bone win-
dows. (C) Shotgun pellets causing streak artifacts. (D) Detector artifact. (E,F) Positioning artifacts. (G) Distortion due to patient motion.

TABLE 9.2. Advantages and Disadvantages of CT and MRI.

Advantages Disadvantages

CT Availability and fast examination time Ionizing radiation
Evaluation of bony involvement Contrast reaction

Beam-hardening and other artifacts
MRI Detects virtually all lesions of the orbit Motion and other artifacts

except trauma Missile and thermal injuries
No ionizing radiation Incompatible with a number of medical devices and metal implants

Longer scanning times
Overweight and claustrophobic patients cannot be accommodated
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small lesions. Changes of the globe, such as retinal
or choridal detachment and scleral compression,
which may happen secondary to orbital tumors, also
are properly evaluated with MRI. Furthermore, tis-
sue characterization by MRI is useful in leading to
a differential diagnosis of the space-occupying le-
sions in the orbit.FIGURE 9.6. Sample MRI parameters.

TABLE 9.3. Commonly Encountered Signal Types in Orbital MRI.

Signal type

Tissue type Tl-weighted T2-weighted Fat suppression

Globe Hypo (dark gray) Hyper (white) Hypo (dark gray)
Fat Hyper (white) Hypo (white) Intermediate (gray)
Extraocular muscle Hypo (dark gray) Hypo (light gray) Hyper (white)
Optic nerve Hyper (light gray) Hypo (light gray) Hyper (light gray)
Cerebrospinal fluid Hyper (dark gray) Hyper (white) Hypo (dark gray)
Bone Void (black) Void (black) Void (black)
Vessels Void (black) Void (black) Void (black)

BOX 9.3. MRI Parameters for 
Orbital Study

Axial T1-weighted: 3 mm with 100% gap
Coronal T1-weighted: 3 mm with 100% gap
Coronal T1-weighted: 3 mm with 10% gap
Postcontrast fat-saturated T1-weighted axial and 

coronals: 3 mm with 100% gap
A routine brain scan is often included.

FIGURE 9.7. Fat-saturated
postgadolinium images: (A)
coronal image through poste-
rior orbit, (B) axial image
through optic nerve, and (C)
coronal T2-weighted image
through the optic chiasm.
(D) Direct coronal T2-
weighted image at midorbit.
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In particular, cystic or vascular lesions are better
characterized on MRI and its multisequenced param-
eters.5–7 For example, a lymphangioma of the orbit can
be suggested with a high level of confidence based on
the T1- and T2-weighted relaxation characteristics
(Figure 9.8).6

Since the MRI does not use ionizing radiation, it
does not pose any significant patient risk. Because
MRI utilizes high-strength magnetic fields, however,
injuries can occur. The deflection of aneurysm clips
or other metallic devices can cause injury to the pa-

TABLE 9.4. MRI Artifacts.

Artifact Cause

Wrap around Wrong field of view
Bioinhomogeneity Magnetic field distortion by metal objects
Motion Patient motion during procedure
Flow or pulsation Misregistration with resulting artifacts
Chemical shift Usually related to fat protons’ 

resonating at a frequency different 
from water protons

Partial volume Related to two different tissues being
measured in a single voxel, the 
resultant display is an average of the 
two tissues

FIGURE 9.9. MRI artifacts. (A) Wraparound artifact due to wrong field of view. (B) Distortion because of the
iron pigment in patient’s mascara. (C) Surgical clip results in distortion or shielding of magnetic field. (D)
Metal artifact (dental hardware). (E) Ghosting from orbital motion. (F) Distortion due to head motion.

FIGURE 9.8. (A) Coronal T1-
weighted image of a relatively 
homogeneous mass in right orbit,
isointense to the ocular muscles.
(B) This T2-weighted image shows
a multicompartment cystic mass
with high signal indicating fluid.
The lesion was a lymphangioma.
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tient.22.23 In addition, there are case reports of ocular
injuries due to deflection of small metallic fragments
present in the orbits of sheet metal workers when
these patients were placed in the magnet.24 Thermal

injuries can occur with pacing or monitoring wires
that form a loop adjacent to the skin.25

MRI Artifacts

MRI artifacts far outnumber CT artifacts.26–30 The
main cause of this is the prolonged acquisition time
for MRI: the longer the time, the greater the extent of
motion artifacts because of eye movements. Some of
the common MRI artifacts are listed in Table 9.4 and
shown in Figure 9.9.

ANGIOGRAPHY AND 
ORBITAL INTERVENTIONS

With the development of magnetic resonance angiog-
raphy (MRA) and computed tomographic angiography
(CTA), the use of catheter diagnostic angiography has
diminished dramatically. Catheter diagnostic angiog-
raphy is not commonly used for orbital tumor diag-
nosis other than for vascular lesions. This imaging
technique, however, remains the examination of
choice for evaluating some of the vascular patholo-
gies, particularly carotid cavernous fistula. The cath-

FIGURE 9.10. Radiographs from views of a right internal carotid
angiogram. (A) Anterior–posterior (AP) view shows a typical high-
flow fistula from the right carotid artery to the cavernous sinus. (B)
Lateral view: typically type A fistulas are treated endovascularly
from the arterial side.

FIGURE 9.12. Proptosis with chemosis, congestion, and tortuosity
of the conjunctival vessels in a carotid cavernous fistula.

FIGURE 9.11. Angiograms
of a right internal carotid 
artery after placement of a
detachable balloon: (A) AP
view and (B) lateral view.
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eter angiogram is essential to classify the arteriove-
nous fistula and also determines the best treatment
option.31,32 Angiography is briefly reviewed in this
chapter because of its limited role in differential di-
agnosis of lesions occupying orbit–cranial space. Bar-
row and coworkers classify spontaneous carotid cav-
ernous fistulas as follows:31

Type A: Direct high flow fistula between the internal
carotid artery and the cavernous sinus (Figures 9.10,
9.11, and 9.12)

Type B: Dural shunts between meningeal branches of
the internal carotid artery and the cavernous sinus
(Figures 9.13, 9.14, and 9.15)

Type C: Dural shunts between meningeal branches of
the external carotid and the cavernous sinus

Type D: Dural shunts between the meningeal
branches of both the internal and external carotid
arteries and the cavernous sinus

FIGURE 9.13. A type B fistula: (A) lateral angiogram and (B) en-
larged lateral angiogram.

FIGURE 9.14. (A) Sheath placed into the superior ophthalmic vein. (B) Lateral view of microcatheter and contrast injection into the su-
perior ophthalmic view and cavernous sinus. Radiographs of a right internal carotid angiogram after placement of a detachable balloon
in the cavernous sinus to seal the fistula; the balloon was introduced from the arterial side.

FIGURE 9.15. Tip of microcatheter in cavernous sinus; microcoils
at level of fistula.
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As in other disciplines, interpreting computed
tomography (CT) and magnetic resonance
(MR) scans requires practice and experience. A

systemic radiological approach to examining the im-
ages is needed to reach a differential diagnosis. The
images should be studied for lesion appearance, local-
ization, information on contrast enhancement, bony
orbit evaluation, and detection of calcification.

LESION APPEARANCE

In reviewing information about the appearance of an
orbital lesion on the CT or MR scans, we may clas-
sify a lesion being solid or cystic, well circumscribed
or ill defined, and localized or infiltrative.1–3 Com-
paring the density of the lesion with that of the vit-
reous body will help to identify a solid lesion, whose
density is higher than that of the vitreous on CT im-
ages. The wide range of signal intensities related to
the internal structure and proteinaceous or blood con-
tent will not always allow us to differentiate a solid
from a cystic orbital lesion (Figure 10.1).2–6

Information obtained from MR images allows us
to identify tissue components such as melanin,
methemoglobin, deoxyhemoglobin, ferritin, proteina-
ceous material, and fibrous tissue.1,2–7 Therefore, the
clinician will derive more information from the ap-
pearance of a lesion from MRI than from CT.

LOCALIZATION

The role of CT and MRI in orbital disease is mainly
to evaluate the orbital content and the localization of
the lesion, particularly if surgery is contemplated. CT
gives us about the same information as MRI on the
extent of an orbital lesion and its localization in the
globe, the intraconal–extraconal space, the orbital
apex, the extraocular muscles, or the lacrimal gland.
However, CT remains the modality of choice in the
evaluation of the bony orbit, paranasal sinuses, and
adjacent structures.3,8–11

MR imaging is preferred for studying optic nerve
and optic nerve sheath lesions.1,2,12–14 MR imaging of-
fers contrast resolution (tissue discrimination) supe-
rior to that available from CT scanning, as well 
as three-dimensional capability. Hard bone artifacts
visible in MR imaging are not seen on CT scans. 
Contrast-enhanced T1-weighted images will allow us
to identify the enhancing lesion within the optic nerve
(optic nerve lesion) or surrounding it (optic nerve
sheath lesion); in addition, the involvement of the op-
tic nerve can be traced through the optic canal to the
chiasm and optic tracts.1,2,12–14

Although CT is excellent for bony detail of the
lacrimal drainage system, it provides more limited soft
tissue detail than MRI and suffers from image degra-
dation in out-of-plane images.15 New MRI protocols,
including topical instillation of gadolinium-DTPA (di-
ethylenetriamine penta-acetic acid) into the conjunc-
tival cul-de-sac (MRDt) or injection of contrast-
enhanced saline solution after cannulation (MRDc),
three-dimensional gradient-echo T1-weighted acquisi-
tion, 2 mm thick images through the nasolacrimal
duct, and dynamic acquisition after contrast instilla-
tion for timing dye progression, contribute to the phys-
iological study of tear evacuation and appear to be use-
ful in assessing the anatomic and functional lacrimal
system.16,17 No significant difference in sensitivity
was found among dacryocystography, CT dacryocys-
tography, MRDt, and MRDc.

CONTRAST ENHANCEMENT

The positive enhancers are strongly paramagnetic pro-
ton relaxation agents, the most widely used of which is
gadolinium. The most common uses of gadolinium are
in the detection of the integrity of the blood–brain bar-
rier and defining the extent of abnormal tissue. Because
retrobulbar fat also displays bright signal in T1-weighted
images, the use of fat suppression sequences is crucial
in demonstrating enhanced tissues within the orbit. In
the diagnosis of orbital disorders, abnormalities of the
blood–brain barrier are rarely of clinical value.18
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Unlike CT examination, which uses iodinated con-
trast materials, the enhancement of vascular struc-
tures in MR imaging is not uniform, and their visu-
alization depends on the velocity of the flow. As a
result, one cannot identify contrast MR images sim-
ply by looking at vessels.

In orbital lesions, the degree of contrast enhance-
ment within an orbital lesion or abnormal enhance-
ment of optic nerve and optic nerve sheath tumors
may guide the differential diagnosis.1–3 Moderate to
marked contrast enhancement is usually noticed in
solid tumors as well as in acute inflammatory orbital
lesions.1–4,19 Minimal contrast enhancement suggests
a chronic or sclerosing orbital inflammation, a fibrotic
tumor, or posttherapeutic scar tissue.1–4,19 No en-
hancement is documented in hemorrhagic process,
dense scar tissue, collection of fluid, or the necrotic
portion of neoplasms.5,20 Linear enhancement sur-
rounding a nonenhancing, well-delineated lesion sug-
gests that the tumor is cystic. Well-defined linear or
enhancement signal a void within an enhancing le-
sion may suggest the presence of air, high blood flow
vessels (artery or vein), fragments of cortical bone, or
foreign bodies.1,2,4,19

MRI will give the clinician more information from
the enhancement pattern of an orbital lesion than can
be obtained by means of CT.

BONE EVALUATION

Bone changes induced by an orbital lesion include
cortical bony indentation and molding, bone ero-
sion, bone lysis, and hyperostosis. Although MR
scans may give indirect information, it is often dif-
ficult to separate the air-containing sinuses from
the bone changes induced by an orbital and/or si-
nus lesion. A CT scan with bone windows, three-
dimensional CT, or spiral CT is almost always pre-
ferred to assess an orbital disorder suspected to
affect the bony orbit as well as congenital orbital
disorders and orbital trauma.9–11,21,22

Molding of the bone by a well-circumscribed or-
bital mass is highly suggestive of a congenital lesion
(e.g., dermoid cyst, lymphangioma) or a slowly grow-
ing benign lesion (e.g., cavernous hemangioma, neuro-
fibroma, neurilemoma, benign lacrimal gland tu-
mor).1–4 Bone erosion or scalloping is usually seen in
a more aggressive inflammatory or neoplastic primary
or secondary lesion.1–3,8

Bone destruction is found in very aggressive pri-
mary or secondary malignant tumors but also in in-
flammatory lesions (idiopathic orbital inflammation,
eosinophilic granuloma) or benign tumors (aneurys-
mal bone cyst).1–3,23 The destruction of the cortical
bone is visible on CT scans as a loss of the highly

A B

DC
FIGURE 10.1. Axial images of two young patients presenting with
swelling of the medial canthal area. (A,B) T1-weighted images; both
lesions demonstrate the same signal intensity. (C,D) T2-weighted
images; both lesions demonstrate the same signal intensity. There-

fore, based only on the precontrast MR characteristics, it is diffi-
cult to differentiate the solid (capillary hemangioma, A and C) from
the cystic (dermoid cyst, B and D) lesions.
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dense cortical bone and on MR scans as a disconti-
nuity of the linear signal void produced by the normal
cortical bone (Figure 10.2).1–3,23,24 Osseous spiculation
and inhomogeneous density are findings suggestive of
malignancy on CT scan. Tumor infiltration of the
bony orbit may be identified on MR films by replace-
ment of the cortical bone, which shows discontinuity
of its signal void, and of the fatty bone marrow, which
loses its low signal intensity.1–3,24

Hyperostosis may be seen in benign osseous 
tumors (meningioma) and malignant bone tumors
(osteosarcoma), and in metastatic lesions as in pros-
tate carcinoma.25 On CT scans the hyperostotic bone
appears expanded and less dense than the normal os-
seous orbital wall.3,11 Occasionally, the tumor may
cause an en plaque bony sclerosis with or without soft
tissue mass.

DETECTION OF CALCIFICATION

CT is the method best suited for the detection of cal-
cification. Punctate or conglomerate increased densi-
ties on CT scans or foci of signal void on MR scans
may be seen in trauma, vascular tumors, optic nerve
sheath tumors (meningioma), epithelial lacrimal gland
tumor (Figure 10.3), and malignant osseous tumors
(osteosarcoma).1–4,11,12,24

RADIOLOGICAL
DIFFERENTIAL DIAGNOSIS

CT and MR studies give minimal information about
the histologic specificity of an orbital tumor. In many
situations an accurate histologic diagnosis based on
CT and MR characteristics of the tumor is not possi-
ble.1–3 Therefore the radiological differential diagno-
sis of an orbital lesion will be stated by reviewing all
the information provided by the scans, particularly
about the appearance of the lesion. Soft tissue lesions
may be categorized as well-circumscribed solid le-
sions, infiltrative/ill-defined solid lesions, or well-
circumscribed cystic lesions. The differential radio-
logical diagnosis may also depend on specific tumor
location such as the optic nerve, lacrimal gland, or
bony orbit.

Well-Circumscribed Solid Orbital Lesions

The most common well-circumscribed orbital tumors
are cavernous hemangioma, neurilemoma, neurofi-
broma, fibrous histiocytoma, and hemangiopericy-
toma.1–4,25 Cavernous hemangioma is one of the most
common primary orbital tumors in adults and pre-
sents on MRI as a well-defined, oval-to-round intra-
conal orbital mass. On T1-weighted images, cavernous

A

B
FIGURE 10.2. Images of left orbital metastasis from breast car-
cinoma. The infiltrative lesion produces bone destruction. (A)
Contrast-enhanced coronal CT. Bone destruction is well identi-
fied as discontinuity of the cortical bone. (B) Contrast-enhanced
coronal T1-weighted image. Bone destruction is suggested by dis-
continuity of the signal void of cortical bone. Meningeal neo-
plastic infiltration not seen on CT was identified on postcon-
trast MR scans.

A

B
FIGURE 10.3. Adenoid cystic carcinoma of the lacrimal gland. (A)
Coronal CT scan (bone window) showing the highly dense calcifi-
cation within the tumor. (B) Axial T1-weighted image showing the
calcified portion of the tumor as signal void.
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hemangioma appears to have a homogeneous, isoin-
tense to slightly hyperintense signal with respect to
the vitreous, and a hypointense signal with respect to
the orbital fat.4 On T2-weighted images, the tumor
has a high signal intensity with respect to the orbital
fat (Table 10.1). Heterogeneity in tumor signal may be
related to the presence of calcified phleboliths, which
produce signal void on T1- and T2-weighted images
and may mimic vessels with high blood flow. Other
well-circumscribed solid lesions that can conceivably
have identical MR characteristics include neurile-
moma, neurofibroma, fibrous histiocytoma, and he-
mangiopericytoma.4,6,26 However, less common 
well-circumscribed orbital lesions such as lympho-
proliferative disorder, metastasis from skin melanoma
or carcinoid tumor, capillary hemangioma, orbital
varix, rhabdomyosarcoma, and extraocular extension
of intraocular malignancies may also present with the
same nonenhancing MR features as cavernous hem-
angioma (Table 10.2).4,7,27–30 Gradient echo images are
most helpful in differentiating calcification from in-
trinsic blood vessels.

Well-circumscribed solid orbital lesions usually
demonstrate heterogeneous moderate to marked en-
hancement after gadolinium-DTPA administration
(Tables 10.1 and 10.2).4,8,26–29 However, unlike other
orbital lesions, cavernous hemangioma shows increas-

ing homogeneous enhancement on delayed images,
owing to the pooling of the contrast medium within
the tumor (Figure 10.4). Tumor enhancement and de-
lineation are best evaluated on Gd-DTPA-enhanced
T1-weighted images by means of fat suppression 
(frequency-selective presaturation) techniques.

Orbital CT will give less information than MRI 
regarding spatial location or tissue components.3 All
solid well-circumscribed lesions demonstrate higher
density than those in the vitreous body, as well as
variable degree of enhancement after contrast admin-
istration.3,8 Calcified phleboliths are occasionally seen
as highly dense foci within a cavernous hemangioma.3

The age of the patient, the clinical presentation,
and the anatomic location of the lesion will help the
clinician or radiologist in arriving at a differential 
diagnosis.

Ill-Defined Solid Orbital Lesions

The clinical differential diagnosis of the most com-
mon solid ill-defined orbital lesions in children in-
cludes capillary hemangioma, lymphangioma, plexi-
form neurofibroma, idiopathic orbital inflammation,
and metastasis.1–3,25 In adults there can be idiopathic
orbital inflammation, metastasis, primary orbital tu-
mor, and lymphoproliferative disorder.1–3,25

TABLE 10.1. MR Features of the Most Frequent Well-Circumscribed Orbital Lesions on Spin-Echo Sequences.a

Degree of lesion
enhancement after

T1-Weighted image T2-Weighted image Gd-DTPA

Cavernous hemangioma Homo Homo Hetero/Homo (late)
Iso/Hyper Iso/Hypo ���

Neurilemoma Hetero Hetero Hetero
Iso/Hyper Iso/Hypo �/���

Neurofibroma Hetero Hetero Hetero
Iso/Hyper Iso/Hypo �/���

Fibrous histiocytoma Hetero Hetero Hetero
Hyper Hypo ����

Hemangiopericytoma Homo Homo Hetero
Iso/Hyper Iso/Hypo ����

aThe abbreviations apply to all tables in this chapter: Homo, homogeneous; Hetero, heterogeneous; Iso, isointense; Hyper, hyperintense; Hypo, hypointense.

Lesion appearance and signal with respect to vitreous

TABLE 10.2. MR Features of the Less Common Well-Circumscribed Orbital Lesions on Spin-Echo Sequences.

Degree of lesion
enhancement after

T1-weighted image T2-Weighted image Gd-DTPA

Lymphoproliferative disorders Homo Homo Homo
Iso/Hyper Iso/Hypo ���

Capillary hemangioma Homo/Hetero Homo/Hetero 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 malignant Homo Homo Homo
melanoma carcinoid) Iso/Hyper Iso/Hypo �/���

Lesion appearance and signal with respect to vitreous
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Solid ill-defined orbital lesions usually present on
MR studies as a diffuse, infiltrating, nonencapsulated
pattern that often involves the extraocular muscles,
the lacrimal gland, and sometimes the bony orbit. Id-
iopathic orbital inflammation has a homogeneous
isointense to slightly hyperintense signal with respect
to the vitreous and a hypointense signal with respect
to the orbital fat on T1-weighted images.19 On T2-
weighted images, the lesion may appear isointense to
hypointense with respect to the vitreous.19 The in-
creased signal of an inflammatory process is related to
its acute stage and its high concentration of free wa-
ter.18 Other differential diagnoses that can conceiv-
ably have identical MR characteristics most often in-
clude capillary hemangioma, plexiform neurofibroma,
metastasis, lymphoproliferative disorder, and rhabdo-
myosarcoma (Table 10.3, Figure 10.5).1–4,27–29 Malig-
nant processes and occasionally inflammatory lesions
may produce bone changes as disruption of the regu-
lar signal void of the adjacent cortical bone or re-
placement of the high signal of the fat marrow by the
hypointense lesions.1–4,27–29

After administration of Gd-DTPA, these solid, ill-
defined orbital lesions demonstrate diffuse moderate

to marked enhancement on T1-weighted images. This
enhancement as well as the extent of the lesion is best
delineated on fat-suppressed scans. Minimal and het-
erogeneous enhancement is usually seen in the scle-
rosing type of idiopathic orbital inflammation, and
marked enhancement is actually seen in the acute
type, making its radiologic differentiation easier
(Table 10.3).19,20

MRI does not provide sufficient tissue specificity
to allow reliable differentiation among benign reactive
lymphoid hyperplasia, atypical lymphoid hyperplasia,
and malignant non-Hodgkin or Hodgkin lymphoma
and between lymphoproliferative disorders and idio-
pathic orbital pseudotumor.19,28 The main role of MRI
in evaluating an ill-defined orbital lesion is to delin-
eate the extent of the lesion if surgery is contemplated.

There are no specific CT features of ill-defined or-
bital mass that can help the clinician or the radiolo-
gist to identify the histologic nature of the lesion.3 CT
may give some information regarding the malignancy
or chronic behavior of the lesion if bone changes are
identified on bone window scans.3,23 Radiolucent ar-
eas within the tumor may suggest necrotic changes.
The age of the patient, the clinical presentation, and

A B
FIGURE 10.4. Orbital cavernous hemangioma. (A) Axial postcon-
trast T1-weighted image. This well-circumscribed lesion demon-
strates heterogeneous enhancement shortly after contrast injection.

(B) Fat-suppressed coronal postcontrast T1-weighted image. Fifteen
minutes later, the lesion shows marked homogeneous enhancement
owing to the pooling of the contrast agent.

TABLE 10.3. MR Features of the Most Common Ill-Defined Orbital Lesions on Spin-Echo Sequences.

Degree of lesion
enhancement after

T1-Weighted image T2-Weighted image Gd-DTPA

Metastasis Homo/Hetero Homo/Hetero Homo/Hetero
Hyper Hypo �/���

Primary orbital tumor Homo/Hetero Homo/Hetero Homo/Hetero
Hyper Hypo �/���

Lymphoid proliferative disorder Homo Homo Homo
Hyper Hypo ���

Capillary hemangioma Homo/Hetero Homo/Hetero Homo/Hetero
Iso/Hyper Iso/hypo ���

Acute idiopathic inflammation Homo Homo Homo
Iso/Hyper Iso/Hypo ���

Chronic idiopathic inflammation Homo Homo Homo/Hetero
(sclerosing type) Iso/Hyper Hypo �/�

Lesion appearance and signal with respect to vitreous
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the anatomic location of the lesion will help the cli-
nician or radiologist in this differential diagnosis.

Well-Circumscribed Cystic Lesions

The most common clinical differential diagnosis of
cystic orbital lesions includes dermoid cyst, colobo-
matous cyst, teratoma, meningoencephalocele, lym-
phangioma, acquired inclusion cyst, chronic hematic
cyst (cholesterol granuloma), mucocele, subperiosteal
hematoma, and parasitic cyst.25 On MRI these lesions
appear as well-defined, round to oval lesions with vari-
able signal intensity depending on the composition of
their content (Table 10.4).1,2,5,31

Dermoid cyst may have an homogeneous or het-
erogeneous, isointense to hyperintense signal with re-
spect to the vitreous on T1-weighted images.5 On T2-
weighted images, the cyst may appear isointense or
hypointense to the vitreous.5 Dermoid cyst may have
a characteristic dumbbell configuration.5,25 The vary-
ing intensity pattern of dermoid cyst on nonenhanced
MR studies may also be seen in the other cystic or-
bital lesions. However, fat–fluid level is characteristi-
cally seen in dermoid cyst.5 The oily portion of the
cyst content appears in the nondependent portion of
the cyst and the keratin and water content in the de-

pendent portion of the cyst lumen. A fluid–fluid level
is suggestive of subacute hemorrhagic lymphangioma
or hemorrhagic cyst.4,32

Lymphangioma appears as a well-circumscribed
unicystic or multicystic, homogeneous, or heteroge-
neous mass.4,32 The lesion may show an isointense or
hyperintense signal on T1-weighted images and an
isointense or hypointense signal on T2-weighted im-
ages with respect to the vitreous (Table 10.4). This MR
pattern is likely to be secondary to prominent lym-
phatic channels containing clear fluid. The tendency
of orbital lymphangiomas to present with recurrent
hemorrhage makes them ideal for MRI evaluation by
demonstrating fluid–fluid levels (Figure 10.6). The su-
perior aspect of the cyst contains the methemoglobin
released from the lysed erythrocytes: the dependent
portion contains the settled cellular elements of the
hemorrhage with intracellular methemoglobin.4,32

Mucocele may have a variable signal intensity de-
pending on the chronicity of the cyst. The concentra-
tion of proteinaceous secretions increases, as do the
viscosity of the secretions and the slow resorption of
the water through the mucosa.5,33

After Gd-DTPA administration, no enhancement 
is documented within the lumen of the cyst (Table
10.4).2,5,31,32 The lack of enhancement within the le-

BA
FIGURE 10.5. Ill-defined infiltrative orbital lesion with a radiolog-
ical differential diagnosis including idiopathic orbital inflammation,
metastasis, and malignant lymphoma. (A) Coronal precontrast and
(B) postcontrast T1-weighted images show an infiltrative lesion in-

volving the superior rectus and levator palpebrae superioris mus-
cles and the surrounding orbital fat. Incisional biopsy confirmed the
diagnosis of B-cell malignant lymphoma.

TABLE 10.4. MR Features of the Most Common Cystic Orbital Lesions on Spin-Echo Sequences.

Degree of lesion
enhancement after

T1-Weighted image T2-Weighted image Gd-DTPA

Dermoid cyst Hetero Hetero �
Iso/Hyper Iso/Hypo

Epithelial cyst Homo Homo �
Iso/Hyper Iso/Hypo

Mucocele Homo Homo �
Iso/Hyper Iso/Hypo/Hyper

Hemorrhagic cyst/lymphangioma Hetero Hetero �/�
Iso/Hyper Iso/Hypo/Hyper

Lesion appearance and signal with respect to vitreous



that shows a slightly hypointense signal. On T2-
weighted images, fusiform JPA demonstrates a rela-
tively high signal intensity, whereas large lobulated
tumors tend to show a more heterogeneous signal.
The peripheral hyperintense portion [perineural
arachnoid gliomatosis or arachnoidal hyperplasia or
accumulation of cerebrospinal fluid (CSF)] surrounds
a central linear core of lower signal intensity (com-
pact proliferation of glial cells).2,12,35 On postcon-
trast studies, JPA shows variable enhancement that
can be traced through the optic canal to the chiasm
and optic tracts when it involves the intracranial
portion of the optic nerve.2,12,35 The nonenhancing
peripheral portion of the tumor, which is hyperin-
tense on T2-weighted images, probably represents
arachnoidal hyperplasia or an ectatic subarachnoid
space around the optic nerve.2,12,35 The perineural
arachnoid gliomatosis shows enhancement. Fat sup-
pression techniques are most helpful in distin-
guishing the contrast enhancement of the tumor
from the bright signal of the orbital fat.2,12,35

Involvement of the optic nerve with retinoblas-
toma or melanoma cells, lymphoproliferative tissue,
and metastatic process is best detected on postcon-
trast MR studies.12,13 In those cases, the pattern of 
enhancement within the optic nerve is localized or
diffuse. If intraorbital optic neuritis is suspected, T2-
weighted images and fat-suppressed postcontrast T1-
weighted images are recommended. On these pulse 
sequences, the intensity of the optic nerve is in-
creased.12,36,37

The most common clinical differential diagnosis
of an enlarged optic nerve sheath lesion includes
meningioma, meningeal spread of tumor, meningitis,
arachnoidal cyst, hemorrhage, and CSF expansion, as
seen with pseudotumor cerebri or orbital apex com-
pression.25 The intensity pattern of optic nerve sheath
meningioma on precontrast MR studies is variable,
and the tumor may appear isointense or hypo- or hy-
perintense with respect to the optic nerve on T1- and
T2-weighted images.2,12,38 Calcification shows a low
signal intensity on T1- and T2-weighted images with-
out enhancing after Gd-DTPA administration. On
postcontrast films, the tumor shows a marked en-
hancement that characteristically presents as a rim or
eccentric pattern surrounding the nonenhancing optic
nerve.2,12,38 Detection and delineation of small orbital,
or intracanalicular and intracranial, extension of the
tumor is best identified on postcontrast T1-weighted
images with fat suppression techniques.2,12,38

The spectrum intensities of optic nerve sheath
hemorrhage reflects the chronicity of the subarach-
noidal hemorrhage.12 Cystic accumulation of CSF
shows a high signal intensity on both spin-echo im-
ages. However, no enhancement of the optic nerve
sheath enlargement secondary to hemorrhage and CSF
accumulation is documented after Gd-DTPA admin-
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sion usually rules out a solid neoplastic process. En-
hancement may be seen within the capsule and septae
surrounding the cystic lesion. On Gd-DTPA-enhanced
T1-weighted images, the degree of enhancement of
lymphangioma is variable.2,5,32

Orbital CT gives excellent information regarding
the cystic features of the lesion because its density is
similar to that of the vitreous.3,11,31,33 However cystic
lesions with higher density (with a high content of pro-
tein, keratinaceous material, or blood products) may
simulate solid, well-circumscribed orbital tumor.3,5,11

MR studies are more specific than CT in identifying
tissue component within the cystic mass. The age of
the patient, the clinical presentation, and the anatomic
location of the cystic lesion will help the clinician or
radiologist in the differential diagnosis.

Enlarged Optic Nerve

The pattern of enhancement of an enlarged optic nerve
allows us to differentiate an optic nerve lesion from a
optic nerve sheath tumor. In optic nerve tumors, the
enhancement is seen within the optic nerve. In optic
nerve sheath lesions, the enhancement is eccentrically
surrounding a hypointense optic nerve.

The most common clinical differential diagnosis
of an enlarged optic nerve includes juvenile pilocytic
astrocytoma (JPA), malignant glioma, secondary tu-
mor from intraocular tumor (retinoblastoma, uveal
melanoma, melanocytoma), central nervous system
lymphoma or systemic metastatic disease, and optic
neuritis.25 All may assume a tubular, fusiform, lobu-
lar configuration.

The characteristic kinking and buckling of the
enlarged optic nerve is highly suggestive of JPA (op-
tic nerve glioma).2,12–14,34 On precontrast T1-
weighted images, JPA appears isointense with re-
spect to the cerebral gray matter. The tumor may 
be surrounded by reactive arachnoid hyperplasia 

FIGURE 10.6. Recurrent hemorrhagic orbital lymphangioma with
fluid–fluid levels. Axial T2-weighted image shows a multicystic le-
sion with heterogeneous high signal intensities and fluid–fluid lev-
els suggesting lysed and intact erythrocytes.
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istration. Linear enhancement of slightly thickened
meninges is highly suggestive of inflammatory pro-
cess (meningitis) or neoplastic infiltration (carcino-
matosis meningitis).

On CT, the tubular or globular enlargement seen
with an optic nerve sheath meningioma is nonspe-
cific.3,11 Tram-tracking, a sign in which the denser and
thicker optic nerve sheath outlines a central lucency
representing the residual optic nerve, is a characteris-
tic but not specific finding suggestive of optic nerve
sheath meningioma.3,11 Detection and delineation of
the intracanalicular and intracranial portions of the
optic nerve sheath meningioma are best achieved by
contrast-enhanced MR studies.11,13

Enlarged Lacrimal Gland

Lacrimal gland lesions may be classified as nonep-
ithelial and epithelial. The nonepithelial lacrimal
gland lesions include inflammation and lymphoid tu-
mors. The epithelial lesions include dacryops, pleo-
morphic adenoma, and malignant epithelial tumors
(adenoid cystic carcinoma).25

On MRI, among the nonepithelial lesions of the
lacrimal gland, an inflammatory process (dacryoad-
enitis) usually appears more ill defined than a lym-
phoid infiltrate, which can mold to the globe.1,2,39 Ep-
ithelial tumors of the lacrimal gland usually present
as a well-circumscribed mass in the lacrimal gland
fossa; these tumors produce scalloping of the frontal
bone. Adenoid cystic carcinoma may have an irregu-
lar, relatively well-defined, or infiltrative pattern with
possible evidence of bone destruction.1,2,39 The age of
the patient and the clinical presentation will help the
clinician or radiologist in the differential diagnosis.

On T1-weighted images, inflammatory or neo-
plastic lacrimal gland lesions may have an isoin-
tense to slightly hyperintense signal with respect to
the vitreous. On T2-weighted images, the enlarged
lacrimal gland shows an isointense to hypointense

signal with respect to the vitreous (Table 10.5). An
acute dacryoadenitis is easily differentiated from a
chronic and/or sclerosing inflammatory process or
epithelial tumor by its higher signal intensity on
T2-weighted images, which is suggestive of tissue
edema. Epithelial tumors of the lacrimal gland and
particularly malignant epithelial tumor have a more
heterogeneous appearance than nonepithelial le-
sions.2,39 Calcification within the enlarged lacrimal
gland is highly suggestive of adenoid cystic carci-
noma and appears as hypointense areas on T1- and
T2-weighted images without enhancement on post-
contrast scans.2,39 Destruction of the orbital roof
and lateral walls is evidenced by interruption of the
low signal intensity of the cortical bone and possi-
ble replacement of the signal of the fat marrow by
the infiltrative process. Owing to its high protein
content, dacryops shows a high signal intensity on
T1- and T2-weighted images.

After Gd-DTPA administration, nonepithelial lac-
rimal gland lesions demonstrate varying degrees of
homogeneous or heterogeneous enhancement.2,19,28,39

Minimal enhancement is usually seen in the scleros-
ing form of idiopathic lacrimal gland inflammation.
Moderate to marked enhancement is present in acute
or subacute form of dacryoadenitis and lymphoprolif-
erative disorders. Epithelial lacrimal gland tumors
demonstrate heterogeneous moderate to marked en-
hancement. The cystic cavity of dacryops is not
amenable to enhancement. Delineation of the en-
larged lacrimal gland is best accomplished with post-
contrast T1-weighted images using fat suppression
techniques.

CT characteristics of solid inflammatory or benign
neoplastic process of the lacrimal gland are nonspe-
cific with an enlarged lacrimal gland.3,11,40 Orbital CT
is more specific than MRI in detecting calcification
within the enlarged lacrimal gland suggestive of ade-
noid cystic carcinoma and in evaluating bone de-
struction in the lacrimal gland fossa.

TABLE 10.5. MR Features of Lacrimal Gland Enlargement on Spin-Echo Sequences.

Degree of lesion
enhancement after

T1-Weighted image T2-Weighted image Gd-DTPA

Dacryops Homo Homo �
Iso/Hyper Iso/hypo

Lymphoid proliferative disorder Homo Homo Homo
Hyper Hypo ���

Acute idiopathic inflammation Homo Homo Homo
(dacryoadenitis) Iso/Hyper Iso/hypo ���

Chronic idiopathic inflammation Homo Homo Homo/Hetero
(sclerosing type) Iso/Hyper Hypo �/�

Pleomorphic adenoma Homo Homo Homo
(benign mixed tumor) Iso/Hyper Iso/hypo ���

Adenoid cystic carcinoma Homo/Hetero Homo/Hetero Homo/Hetero
Hyper Hypo �/���

Lesion appearance and signal with respect to vitreous



Bony Orbit

Because cortical bone has a signal void, bone can be
demarcated from adjacent tissues. Good contrast is
therefore available between bone and orbital fat, mus-
cle, and brain. However, cortical bone may not be
clearly defined when it lies adjacent to structures in
which signal is not generated such as air, rapidly flow-
ing blood, dura, or calcification.

The presence of bone scalloping, deformity, hy-
perostosis, expansion, and bone marrow invasion can
all be demonstrated with MR.1,2,8,24 However, the de-
gree of bone destruction cannot always be easily as-
sessed by MR techniques. CT remains the modality
of choice for the evaluation of bone abnormalities as
well as for osseous, fibro-osseous, and fibrous tu-
mors.3,10,11,21,24

Benign osteoma shows a low signal intensity on
both T1- and T2-weighted images without enhance-
ment after Gd-DTPA administration.2,24 Osteosar-
coma appears as an ill-defined mass with a heteroge-
neous, hyperintense signal with respect to the vitreous
and gray matter on T1-weighted scans.2,24 On T2-
weighted images, the tumor has a heterogeneous
lower signal intensity with respect to the vitreous.2,24

After Gd-DTPA injection, osteogenic sarcoma dem-
onstrates heterogeneous enhancement. Replacement
of the cortical bone and fat marrow as well as orbital
and cranial extension are best identified on postcon-
trast fat-suppressed, T1-weighted images.2,24 CT scans
demonstrate an irregular, invasive, and destructive tu-
mor with lytic and sclerotic changes associated with
focal areas of calcification.3,11,24

The orbital bones affected by fibrous dysplasia ap-
pear to be thickened, with a very low signal intensity,
on T1- and T2-weighted images.2,24 The less calcified
portion of the tumor may not appear as hypointense
as the bony lesion itself. Depending on the histologic
features of the lesion, the fibrous stroma may enhance,
but the mature calcified portion of the lesions does
not enhance. Orbital CT scans demonstrate a lesion
with a sclerotic, homogeneous, dense, ground-glass ap-
pearance, but alternate areas of lucency and increased
density can be observed.3,11,24

Aneurysmal bone cysts of the orbit appear as mul-
ticystic, loculated masses associated with bone de-
struction and possible extension to the adjacent si-
nuses.24,25,41 These tumors have a heterogeneous
signal intensity, and fluid–fluid levels are usually pres-
ent. The spectrum of signal intensities noted in
aneurysmal bone cyst reflects the various stages of
evolution of the hemorrhagic content of the cystic por-
tion of the lesion.24,41 Orbital CT scans show irregu-
lar expansion and destruction of bone associated with
a mildly enhancing loculated cystic mass.3,11,24,41

The major role of MR studies in secondary orbital
tumors from the paranasal sinuses is to delineate the

extent of the infiltrative tumor process within the or-
bit, the sinuses, and the brain.2,42 These malignant
neoplasms 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. The bony wall of the orbit can be evaluated if there
is suspicion of orbital invasion. The lack of signal void
produced by orbital walls between the tumor and the
orbital tissue or the brain indicates either thinning or
destruction of the bone.2,42 After Gd-DTPA adminis-
tration, the tumor usually shows moderate to marked
enhancement. Fat suppression techniques are useful
in differentiating tumor margins from orbital fat.2,42

CONCLUSIONS

Orbital MRI is indicated as a first imaging step to eval-
uate the following aspects of orbital lesions:

1. Localization and extent of orbital process
2. Orbital, intracanalicular, and prechiasmal optic

pathways
3. Sudden proptosis (a hemorrhagic rather than a

neoplastic process)
4. Progressive bluish lid swelling (capillary heman-

gioma versus lymphangioma)
5. Progressive proptosis, looking for true neoplastic

growth, fibrosclerotic changes, mucinoid/cystic
degeneration, and hemorrhagic process

6. Tumor response after radiotherapy or chemother-
apy

7. Anophthalmic socket when orbital tumor recur-
rence is suspected

8. Orbital trauma when ferromagnetic material is ex-
cluded

9. Identification of fibrovascular ingrowth within
the biocompatible sphere when drilling is con-
templated

Orbital CT is indicated as a first imaging step to eval-
uate orbital lesions in the following situations:

1. A patient with proptosis with suspicion of os-
seous, fibro-osseous, or fibrous lesions

2. A patient with clinical diagnosis of lacrimal gland
lesion

3. Orbital trauma
4. Contraindication for MRI
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The distinction among the clinical imaging appli-
cations for the is-there-a-tumor, which-tumor-is-it,
how-is-it-doing paradigm may seem artificial. The lo-
calization of the tumor on imaging studies combined
with the clinical course of its signs and symptoms of-
ten suffices to determine management of cavernous
hemangiomas, for example. If an excisional biopsy
will be curative, knowing the exact type of tumor be-
fore surgery is also less important. Nevertheless, the
distinction is worthwhile, especially in judging the
value of new developments in orbital imaging. In view
of the enormous effectiveness of current CT, MRI, and
ultrasonographic orbital tumor imaging techniques,
with their ability to resolve even tumors only a few
millimeters in size, will new orbital imaging tech-
niques really influence the way orbital tumors are di-
agnosed and managed?

Many new techniques show promise in better an-
swering the which-tumor-is-it and how-is-it-doing
questions. Such new techniques have already helped
decide the malignancy potential of soft tissue tumors,
the tissues in which orbital inflammatory pseudotu-
mors originate, and the histopathology of lymphomas.
Ideally, one day, “in vivo histopathology” may cir-
cumvent the need for most biopsies. After all, the or-
bital biopsy procedure remains risky and can result in
visual loss and blindness if complications occur dur-
ing or after the procurement of the specimen.

STATE OF THE ART OF 
ORBITAL TUMOR IMAGING

Ultrasonography

Ultrasonography was widely employed in the diagno-
sis of orbital tumors in the late 1960s, before the ad-
vent of the CT. An early review was written by
Howard.1 Orbital tumor imaging by ultrasonography
has recently seen a number of innovations, including
three-dimensional imaging2 and vascular imaging,
called color Doppler imaging, because it uses the
Doppler signal from the blood flow. Ultrasonography
is flexible because the patient does not need to be in-
side a scanner. However, it is limited by the require-
ment for skilled operators and because penetration of

When a patient presents with exophthalmos,
the ophthalmologist will take the history,
perform a complete examination, and then

will likely request a computed tomography (CT) scan.
If the scan reveals a space-occupying lesion, diagnosis
and management will be determined based on the his-
tory, the patient’s signs and symptoms, and the fea-
tures of the tumor on CT; a biopsy procedure may be
performed to confirm the diagnosis. Additional imag-
ing procedures may be done later to evaluate the ef-
fectiveness of the treatment.

A DIAGNOSTIC PARADIGM

The common sequence just outlined requires orbital
imaging for three distinct purposes:

1. To confirm that the patient’s signs and symptoms
could be explained by an orbital tumor. This is
the is-there-a-tumor use of orbital imaging.

2. The nature of the tumor, such as its malignant
potential, tissue type, and extension into other tis-
sues, can be decided on the basis of specific radi-
ologic features (e.g., the smoothness of the lesion’s
boundary or its relationship to other orbital tis-
sues). This is the which-tumor-is-it use of orbital
imaging, needed to help decide how to manage the
tumor.

3. The use of follow-up imaging to monitor treat-
ment. This may be termed the how-is-it-doing
use.

Current orbital CT techniques are very good at an-
swering the is-there-a-tumor question; it is usually un-
necessary to order a different imaging modality, such
as a magnetic resonance imaging (MRI) scan, to con-
firm the existence of a lesion. However, CT may be
inadequate for the which-tumor-is-it question. Fre-
quently, other studies such as MRI are needed to de-
cide on tissue type or malignancy; often only biopsy
and histopathology results acquired from the specimen
can provide a definitive answer. Consequently, the
management of orbital tumors is based on a combina-
tion of clinical experience, history, radiologic features
on imaging studies, histopathology of the biopsy spec-
imen, and other factors to decide which tumor is it?

11

1 0 4

New Concepts in Orbital Imaging
Michael D. Abramoff



the deeper regions of the orbit at energy levels ac-
ceptable for the retina cannot be achieved. Since the
advent of the CT, ultrasonography has been largely su-
perseded for determining the presence of a tumor. It
is difficult to differentiate normal from abnormal tis-
sue by means of ultrasonography, and there are no
studies of the relationship between reflectivity and
histopathology in the orbit. However, ultrasonography
has been shown to be effective in specific cases.3

For example, it was found to be superior to CT in de-
tecting extraocular extension of melanoma.4 Color
Doppler ultrasonography may be able to differentiate
meningioma from glioma of the optic nerve,5 and it
may be effective in confirming the diagnosis of orbital
varix.6 As far as orbital imaging is concerned, ultra-
sonography probably cannot be developed further sim-
ply because improved imaging would necessitate pro-
hibitively high energy levels at the level of the retina.

Computed Tomography

CT was first described in 19737; the first description
of its use in orbital tumor imaging dates from 1977.8

Notwithstanding the advent of MRI in other special-
ties, it is still the most important imaging modality
for the diagnosis of orbital tumors.9 It is especially ef-
fective in determining the presence of tumors, even
those a few millimeters in diameter.

However, CT is less useful in identifying the type
of tumor once the presence of a growth has been con-
firmed. Although studies that really correlate orbital
CT features with histopathology after biopsy are rare,
in existing studies there is a lack of correlation be-
tween tumor type and radiological features in neck
metastases10 and optic nerve sheath tumors11. Still,
specific radiological features of tumors are commonly
thought to relate to specific diagnoses, such as the lo-
calization of the tumor relative to other orbital struc-
tures, smoothness and delineation of the boundary of
the tumor, associated calcifications or bone destruc-
tion, and homogeneity of contrast enhancement. For
tumors of some types, such as orbital inflammatory
pseudotumors and cavernous hemangiomas, the com-
bination of clinical course and features such as those
just named usually suffices for diagnosis, even with-
out a biopsy.12,13

Magnetic Resonance Imaging

Although potentially a noninvasive method of in vivo
neuropathology, MRI is still far from being sufficiently
specific, since dissimilar lesions often look the same
despite the use of refined imaging protocols. The first
MRI prototypes were tested on clinical patients in
1980, and the first report on the use of MRI in imag-
ing tumors in the orbit dates from 1984.14 Even in this
early report, the question of whether CT or MR is the

better orbital imaging technique was posed. This dis-
cussion has been continuing ever since, though cur-
rently most clinicians favor CT over MR as the ini-
tial modality to settle the is-there-a-tumor issue for
suspected orbital tumors.9

MRI has the advantage of high soft tissue contrast,
large imaging depth (depending on the type of coil),
and the absence of radiation load; however, image ac-
quisition is usually slower than CT scanning, com-
monly on the order of minutes. Subjects need to fix-
ate during this period and are not allowed to blink.15

Nevertheless, MRI was found to be superior to CT and
ultrasonography in helping to identify tumors, for ex-
ample, in classifying lacrimal gland tumors,16 diag-
nosing cavernous hemangioma,17 and differentiating
solitary fibrous tumors.18 However, it was found to be
ineffective in differentiating lymphoma from pseudo-
tumor19 and fibrous histiocytoma from fibrous tissue
tumors.20

CT, MRI, and ultrasonography usually suffice to
determine whether a tumor is present. Current imag-
ing techniques have an impact in differentiating the
tumor (which-tumor-is-it), but new developments in
imaging have potential in this regard.

NEW DEVELOPMENTS IN IMAGING

A large number of new imaging techniques have de-
veloped since the advent of CT, MRI, and ultra-
sonography. Some developments are essentially im-
provements of established techniques, such as spiral
CT, which offers faster acquisition, lower exposure to
ionizing radiation, and higher resolution than con-
ventional CT. Especially in the MRI field, there has
been a constant search for better and faster imaging
algorithms and stronger magnetic fields to decrease
noise and increase resolution. MRI magnetic field
strengths, measured in teslas, have improved from 0.3
T 20 years ago to 1.5 T as the current standard for clin-
ical imaging. These developments will gradually im-
prove the quality of orbital imaging.

However, other new orbital imaging techniques
represent real innovations that may become important
in orbital tumor diagnosis and management. Although
in vivo histopathology imaging of orbital tumors is not
yet feasible, what can be imaged is the change in func-
tion of the orbital structures that are the result of the
presence and growth of a tumor. Functional imaging,
defined as that range of imaging techniques in which
the aim is to extract quantitative information about
the physiological function of tissues, is different from
the CT, ultrasonography, and (current) MRI tech-
niques, which all show the spatial relationships of tis-
sues to each other. The functional changes can be ei-
ther macroscopic or microscopic and are specific to a
particular type of tumor. In malignant tissue, exam-
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ples of microscopic functional changes are an increased
ratio of cells to extracellular matrix, increased ratio of
apoptotic to normal cells, increased concentration of
the amino acid choline, oxygen perfusion, and in-
creased capillary flow. Changes in all these variables
have been imaged successfully in patients, and some
of them in the orbit. Examples of macroscopic func-
tional changes in the orbit are changes in tissue mo-
tion, or increased attachments to other tissues caused
by scarring or invasive growth, which have also been
imaged successfully in the orbit.

Some of the “new” techniques, such as positron
emission tomography (PET) and single-photon emis-
sion computed tomography (SPECT), have been
around for decades but are new to orbital imaging and
thus deserve mention.

MR-Based Techniques

MRI imaging is the most active research area for new
techniques. Some of these techniques, especially dif-
fusion imaging, are already being used by neurosur-
geons to discriminate tumor types. Others, such as
magnetic resonance spectroscopy (MRS) and func-
tional MRI (BOLD), were thought to be promising in
tumor characterization in the past, but have not been
shown to be really effective in clinical studies. This
section focuses on three techniques: diffusion imag-
ing, MRS, and dynamic color mapping. These are par-
ticularly attractive because they do not require new
hardware and can be performed on current clinical MR
scanners. In contrast, other interesting “new” tech-
niques discussed in this chapter, such as PET and
SPECT, typically require large investments in scan-
ners and nuclide instrumentation.

DIFFUSION-WEIGHTED MR IMAGING

Diffusion-weighted MRI, which is similar to regular
MRI and employs the same scanner, measures the po-
tential of water molecules to move and is based on
the random, microscopic movement of water mole-
cules in tissue. As water molecules collide, they
spread out (diffuse). Normally (e.g., in normal brain
gray matter), this motion is unrestricted, which leads
to spin dephasing and attenuation of the MR signal.
However, if the motion is restricted, which can hap-
pen if the tissues consist of parallel fibers, such as
nerves or skeletal muscles, or if there is a restricted
extracellular space, such as in high-cellularity tumors,
the MR signal will be less attenuated. Diffusion-
weighted images are MR images in which the signal
intensity shows the MR attenuation caused by diffu-
sion. On these images high diffusion is shown as black
and low diffusion (the optic nerve and extraocular
muscles) as white. The resulting MR signal can be nor-
malized in several ways, leading to images of differ-

ent “diffusion signals,” known by acronyms such as
TDC (true diffusion coefficient), ADC (apparent dif-
fusion coefficient) or Dav (average diffusion constant),
which are not discussed here.

Diffusion imaging measures function on a micro-
scopic scale. Diffusion in tissue is largely determined
by microscopic features such as density and type of
cells and intracellular matrix, since these structures
impede the free movement of water molecules to a
greater or lesser extent; compare this with the com-
mon forms of MRI such as T1, T2, and proton imag-
ing, which measure processes on the atomic scale.
Theoretically, changes in diffusion may more directly
reflect changes occurring within and between cells.

In brain gliomas, diffusion-weighted imaging was
found to differentiate between high and low cellular-
ity as found on histopathological examination (differ-
ent ADCs) in a prospective study.21 Cellularity is an
important histologic determinant of glioma malig-
nancy. Histopathological cellularity of lymphomas
was found to be predictable by means of diffusion im-
aging.22 In a prospective study of brain meningiomas,
diffusion-weighted imaging was found to differentiate
between aspecific and malignant meningiomas on the
one hand and benign meningiomas on the other, with
malignant and aspecific meningiomas showing low
Dav on imaging.23 In a prospective study of soft tissue
tumors, diffusion imaging could predict the malig-
nancy of soft tissue tumors as determined by histo-
pathology, with benign tumors (such as leiomyoma
and schwannomas) showing high TDC and malignant
tumors (such as liposarcoma and leiomyosarcoma)
showing low TDC.24

MAGNETIC RESONANCE SPECTROSCOPY

Magnetic resonance spectroscopy uses the same con-
cepts as MRI, but instead of imaging the spatial rela-
tionships of tissues, the concentrations of specific
chemical compounds within the tissue are imaged.
The radiofrequency pulse sequence of the scanner pro-
duces a signal decay, the amount of which is ulti-
mately determined by the chemical relationships in
the tissue. These series of signals can be transformed
into a spectrum, where the concentration of different
chemical compounds is imaged via different color in-
tensities. By using MRS, it is possible to image the
concentration of different compounds in a particular
region of interest such as the brain or the orbit. The
most interesting compounds for tumor characteriza-
tion are choline, creatine, N-acetyl aspartate, and N-
acetylaspartyl glutamate.25 Choline and creatine are
present in most cells, whereas N-acetyl aspartate and
N-acetylaspartyl glutamate are localized predomi-
nantly in neurons. The ratios between these com-
pounds help to indicate the type of tissue in the tu-
mor. The proliferative capacity of gliomas as measured
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by histopathology and response to treatment was
found to correspond to the choline/creatine level in a
prospective study.26 Medium to high ratios of choline
to creatine have been used as a marker for the pres-
ence of actively proliferating tumor cells, whereas de-
creases in the overall levels of choline, creatine, and
N-acetyl aspartate, as well as increases in lipid/lactate
proton resonances, were found to correspond to ne-
crotic processes.27

MR DYNAMIC COLOR MAPPING

MR dynamic color mapping uses a specific property
of the orbit.28 All tissues in the orbit are involved in
motion during gaze changes, and changes in tissues
change the motion of these tissues (Figure 11.1). For
example, a tumor originating in a rectus muscle will
move along the same trajectory as that muscle, even
when it is spreading through other tissues. Once it has
grown invasively into another tissue, however, the
motion of the tumor starts to mimic the motion of
the invaded tissue. If a tissue is adjacent to another
tissue, it may or may not have similar motion, but
the more connected the tissues become, the more their
motion becomes similar.

Dynamic color mapping involves two stages: a
stage of cinematic MR, where sequences of MR im-
ages are acquired with the eyes moving along differ-
ent gaze positions, and a second stage, during which
the motion fields in these image sequences are com-
puted and imaged. Though MRI is able to image real-
time motion (called dynamic MRI), it is at present too
slow to do so in the comparatively small orbit at ac-
ceptable resolution.15 Therefore, motion imaging uses
cine acquisition. Here, the tissues are allowed to move
over the full range of motion with small increments.
After every increment (stop), a new image is acquired
(shoot). The result is a sequence of images (Figure
11.2). The difference between dynamic and cine ac-
quisition is relative, not absolute, because in the limit
where the time increments are very small, cine ac-
quisition is the same as dynamic acquisition. The
term cine derives from “cinematic”: the stop–shoot
technique is comparable to cartoon animation.

Cine acquisition has been used to image the role
of connective tissue in determining extraocular mus-
cle paths,29–31 the role of connective tissue ligaments
in eyelid motion,32 and the optic nerve path.33 The
motion in the anophthalmic socket has also been stud-
ied.34 Cine MR requires gaze sequencing to allow the
patient to gaze over the specified range. An example
is the Snow White machine (Figure 11.3), consisting
of a transparent acrylic half-pipe fitted snugly in the
scanner bore. On the inside is a row with nine fixa-
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FIGURE 11.1. Anatomy of the right orbit showing the results of
new research. The orbit has been opened, and the globe and Tenon’s
capsule have been removed. In the superior part of the orbit, the
extraconal fat and the periorbital have been removed. The pulleys
(faintly bluish fibers) insert on the orbital walls via the periorbital
(blue arrow) but are stable because of their interconnections (black
arrow) even when the pulley insertions are removed from the wall.
The intraconal fat (yellow arrow) has fluidlike behavior, even
though it is part of the same connective tissue network as the pul-
leys. (With permission from M. D. Abrámoff, “Objective Measure-
ment of Motion in the Orbit” [Ph.D. thesis]. Transatlantic Pub-
lishing, New York, 2001.)

FIGURE 11.2. Typical frame of an
orbital cine MRI sequence. The 
corresponding position of the eyes
is shown. (With permission from
M. D. Abrámoff, “Objective 
Measurement of Motion in the 
Orbit” [Ph.D. thesis] Transatlantic
Publishing, New York, 2001.)



tion marks indicated with numbers 1 through 9. This
sequence is horizontal, and the marks are 8° apart if
the rotational centers of the eyes are 200 mm from
the device. There are also two rows, vertical with re-
spect to the patient’s face, one 20° to the left and one
at 20° to the right of the straight-ahead fixation mark.
The Snow White machine was left transparent to min-
imize reactions of claustrophobia (Figure 11.4). To
compute and visualize the two- and three-dimensional
motion of the orbital tissues, there are specific com-
puter algorithms.35,36 The resulting images use colors
to specify the direction of the moving tissues and also
the magnitude of the motion (Figure 11.5). These im-
ages have been validated in recent studies.35–37

The use of two- and three-dimensional MR dy-
namic color mapping revealed that the orbit behaves
similarly to the organ of gaze and that the so-called
soft tissue in the orbit is actually quite rigid in the an-
terior, forming a skeleton, while the soft tissue in the
posterior part of the orbit is almost fluidlike.38,39 The
cause of ocular motility changes after some forms of
decompression surgery were also found.

MR dynamic color mapping has been used in the
orbit to discover microscopic neuromas, small and

painful nerve tumors in the optic nerve stump. Neu-
romas, which can arise after enucleation and implan-
tation in the orbit because of constricted motion, can
cause persistent pain that is not responsive to other
treatment (Figures 11.6 and 11.7).40 These tumors
were suspected because the MR dynamic color map-
ping showed restricted motion of the optic nerve
stump and attachment of the stump to the scleral
cover of the implant.

MR dynamic color mapping may also help in de-
termining the origin of orbital tumors, as was shown
in two patients in whom the tumor was found to be
originating in the rectus muscle because it moved in
the same direction and at the same magnitude as that
muscle and not with the optic nerve to which it was
adjacent.37

In summary, a considerable amount of evidence ex-
ists for diffusion-weighted imaging, and a somewhat
lesser amount for magnetic resonance spectroscopy and
MR dynamic color mapping, to suggest that these may
be promising techniques to characterize orbital tumors
and help decide the which-tumor-is-it question.

Radionuclide Imaging

PET and SPECT are techniques that image the uptake
of radioactively labeled compounds into tissue; these
labeled compounds are called radiotracers and are usu-
ally injected intravenously. The subsequent tissue up-
take of the radiotracer is measured over time and used
to make a series of images. Although PET and SPECT
rely on similar principles to produce their images, im-
portant differences in instrumentation and, especially,
clinical use necessitate separate discussion.
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FIGURE 11.3. Snow White machine fixation aid. (With permission
from M. D. Abrámoff, “Objective Measurement of Motion in the
Orbit” [Ph.D. thesis] Transatlantic Publishing, New York, 2001.)

FIGURE 11.4. Patient being slid into the scanner; the Snow White
machine is in place. (With permission from M. D. Abrámoff, “Ob-
jective Measurement of Motion in the Orbit” [Ph.D. thesis] Transat-
lantic Publishing, New York, 2001.)



POSITRON EMISSION TOMOGRAPHY

A PET scanner is similar to a CT scanner in appear-
ance. Instead of imaging the transparency of tissues to
x-rays, however, PET scanners measure the emission
of positrons (photons) from the radiotracer that has
been injected intravenously. Because of the amount of
radioactivity thus introduced into the body, individu-
als are limited to approximately five scans per year.
After injection, multiple scans are made over several
hours. Among the most commonly used positron-
emitting nuclides are 11-carbon (11C) and 18-fluorine
(18F). These nuclides replace the normal, nonemitting
atoms in medically interesting compounds to obtain
a labeled compound that is taken up into the tissue
of interest. Thus, 18-fluorine replaces normal fluorine
in fluoridated glucose, resulting in the labeled com-
pound [2-18F]fluoro-2-deoxy-D-glucose, usually known
as FDG.

FDG PET takes advantage of the increased gly-
colytic activity associated with neoplastic disease.
FDG PET has been shown to be superior to MR in the
detection of squamous cell carcinoma head/neck
metastases in a prospective study, although neck dis-
section and biopsy of lymph nodes remained neces-
sary.41 FDG PET has also been found to be superior
to gallium scanning in the staging of lymphoma
(Hodgkin’s, indolent non-Hodgkin’s, or aggressive
non-Hodgkin’s), with four patients reclassified to a
higher stage, necessitating a change in treatment.42

When 11-carbon replaces 12-carbon, the resulting
radiotracer compound is referred to as 11C PK11195
(1-[2-chlorphenyl]-N-methyl-N-[1-methyl-propyl]-3-
isoquinoline carboxamide). This compound binds
specifically to peripheral benzodiazepine receptors on
macrophages, and, in the absence of blood-borne in-
flammatory cells, on the surface of activated mi-
croglia.43 Activated microglia proliferation is a marker
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FIGURE 11.5. Normal orbital soft tissue motion imaged by MR
dynamic color mapping. (A) Static MR image from the sequence.
MRI images are as viewed from below. (mrm, medial rectus mus-
cle; ON, optic nerve.) (B) MR dynamic color map. The subject
gazes from left to right. Wherever the flow is zero or cannot be
measured reliably, the original MR image is visible. (C) The cir-
cle serves as an aid to relate a particular color to orientation and

motion. The arrowheads on the perimeter of the circle indicate
motion of 0.3 mm/deg directed anteriorly and left, respectively.
Blobs that move in the orientation indicated by the white arrows
(posteriorly and left-anteriorly) at 0.3 mm/deg are included as ex-
amples. (With permission from M. D. Abrámoff, “Objective Mea-
surement of Motion in the Orbit” [Ph.D. thesis] Transatlantic
Publishing, New York, 2001.)

FIGURE 11.6. (A) Static transversal MR scan of the face of a pa-
tient who had persistent pain after enucleation with implant, op-
tic nerve attached. (B) MR dynamic color mapping with patient gaz-
ing from left to right. (C) Same with patient gazing from right to
left. The implant on the left shows decreased motion compared to

the healthy right orbit (0.14 mm/deg) but moves concurrently with
the stump. Shear is absent, and the optic nerve is continuous with
the implant. (With permission from M. D. Abrámoff, “Objective
Measurement of Motion in the Orbit” [Ph.D. thesis] Transatlantic
Publishing, New York, 2001.)
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of inflammation of and damage to neural tissue. Bind-
ing of 11C PK11195 is minimal in normal nerve tis-
sues and increases significantly in cases of neuronal
damage or inflammation; the compound has been used
to visualize activation of microglia in patients with
stroke, multiple sclerosis, facial nerve lesion, and 
Rasmussen’s encephalitis.44 The suitability of 11C
PK11195 PET to detect inflammation in the orbit and
along the optical tract is under investigation by the
author.

SINGLE PHOTON EMISSION COMPUTED TOMOGRAPHY

In SPECT, a scanner is used to image the number of
�-rays coming from the tissue being studied. There-
fore, different radioactive labels that emit �-rays are
needed, such as 123-iodine (123I), the long-lived nu-
clide 99m-technetium (99mTc), and indium-111 (111In).
Just as in PET, these �-ray-emitting labels can be in-
corporated into compounds that target the tissue 
of interest, such as methoxyisobutylisonitrile labeled
with 99m-technetium (99mTc-MIBI), N-isopropyl-p-
[123I] iodoamphetamine (123I-IMP), and [111In]-DTPA-
octreotide (111INOCT). 123I-IMP SPECT has been
found to be sensitive and specific in differentiating
uveal melanomas from nevus, as determined by his-
topathology of the melanoma specimen and follow-up
of nevus eyes by ultrasonography and funduscopy.45

111INOCT SPECT can differentiate the origin of 
mucosa-associated lymphoid tissue (MALT) lym-
phoma, including lymphomas in the orbit, as gastric
or extragastric, as shown in a prospective study that
used SPECT imaging to compare the histopathology
of biopsy specimens.46

The radiotracer 99mTc-MIBI, probably a marker for
mitochondrial activity, was found to be successful in
differentiating malignant from benign orbital masses.47

Although not directly related to tumor imaging,
SPECT imaging of Graves orbitopathy activity has
been found to be effective: 111INOCT SPECT was able
to predict the response of Graves orbitopathy to im-
munosuppressive therapy and radiotherapy in 22 pa-
tients in a prospective study.48

The radionuclide imaging techniques are mean-
while well established in oncology. However, because
of the issues of ionizing radiation exposure and cum-
bersome instrumentation needs, among others, they
are still not available in many clinics, precluding their
widespread use in orbital imaging.

CONCLUSIONS

The natural history of new imaging techniques usu-
ally starts with a first stage of amazement at the re-
sults of initial studies, with the new technique prom-
ising to answer a multitude of questions and clinicians
clamoring for it. This period is commonly followed by
the emergence of larger studies showing that the tech-
nique is not as universally applicable and effective as
initially thought. Finally, balance is achieved when
the new technique has become established and is
known to be useful in a limited number of applica-
tions. The new techniques discussed in this chapter
are probably somewhere in the first or second stage.
Only future prospective studies of orbital tumors can
show whether these techniques are really effective in
managing orbital tumors and improving outcome, and
whether they will be helpful in achieving “in vivo 
histopathology.”

Newer, more exotic techniques offer great prom-
ise; however, there is not yet enough evidence from
clinical trials to warrant their consideration for wide-
spread use. Among the most promising new tech-
niques is nanoparticle MR imaging.49 Monocrystalline
iron oxide nanoparticles (MIONs) can be made to bind
(conjugate) to specific peptides that bind, for example,
to a specific receptor. These nanoparticles are capable
of responding to a radiofrequency pulse in a magnetic
field, so that they light up in MRI. MRI can thus specif-
ically image the concentration of the receptor to
which the MION–peptide conjugate binds. If a recep-
tor is chosen that binds to specific tumor cells, tumor-
specific imaging is possible, similar to antibody-
specific staining in histopathology. Currently, the
emphasis in nanoparticle imaging is on searching for
useful peptides that also bind to the nanoparticle.50

It is important to realize that good results from tu-
mor imaging in other tissues such as the brain may
not necessarily apply to orbital tumor imaging, espe-
cially in different types of MR imaging, such as diffu-
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FIGURE 11.7. Histological section of surgically removed implant
of patient who had persistent pain after enucleation and abnormal
MR dynamic color mapping. The scleral cover on the right is con-
nected to the stump of the optic nerve on the left by a mass of col-
lagen fibers forming a pseudodisk (black arrow). Inset: Macroscopic
aspect of the removed implant with the optic nerve including the
remnant of the central retinal artery attached to it (hematoxylin–
eosin, original magnification � 0.8. (With permission from M. D.
Abrámoff, “Objective Measurement of Motion in the Orbit” [Ph.D.
thesis] Transatlantic Publishing, New York, 



sion imaging and MRS, because the orbit is surrounded
by air-filled spaces, the sinuses. The air can lead to
susceptibility artifacts. In addition, the scale of orbital
pathology is usually much smaller than in the brain,
partly because of the constricted space in the orbit;
tumors often present earlier and at smaller size. Imag-
ing techniques that can discriminate tumor tissue
types in tumors 10 cm in diameter may not be able
to do so in orbital tumors typically no larger than a
few centimeters.

It is clear that a single technique for “in vivo his-
topathology” is not yet feasible. Instead, a large num-
ber of different techniques are available, all of them
suitable to a greater or lesser degree for specific tumor
types in a specific context. Since the techniques are so
specific, it is very important to ask the right question.
This implies that history and clinical examination in
addition to is-there-a-tumor imaging techniques will re-
main essential in the foreseeable future, since they help
decide which imaging technique should be employed
to further confirm, rule out, or stage a lesion.
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Orbital Biopsy
Zeynel A. Karcioglu and Luis E. Remus III

Biopsy of a mass lesion implies tissue sampling
for histopathologic examination. Tissue sam-
pling can be done with different methodolo-

gies.1–5 Orbital biopsy techniques include excisional,
incisional, core, and aspiration biopsies and intraop-
erative biopsy with frozen section and Mohs methods;
sentinel node biopsy is also utilized occasionally for
staging purposes of certain tumors. Final diagnosis of
any disease process is based on its histopathologic fea-
tures. Most of the anteriorly located and well-delineated
tumors can be excised in toto and provide ample tissue
material to be examined histopathologically. Incisional
biopsy material provides a moderate amount of tissue
for pathological examination which is usually obtained
from mid- or posterior orbit. Infiltrating tumors can be
sampled by multiple incisional biopsies. It is easier to
reach the mid- and posterior orbit with core or fine-
needle aspiration biopsy (FNAB) techniques, but these
methods provide a limited amount of tissue material.

All biopsies should be performed using appropriate
sterile techniques and protective clothing and local or
general anesthesia. Orbital biopsy techniques with
their advantages and disadvantages are summarized in
Table 12.1.

EXCISIONAL BIOPSY

Somewhat of a misnomer, “excisional biopsy” means
histopathologic examination following total surgical re-
moval of a mass lesion. Although this is not exactly a
biopsy, “excisional biopsy” is a time-honored term that
is commonly used among surgeons. This type of pro-
cedure offers a large tissue sample (Figure 12.1) to pro-
vide dependable diagnosis in a great majority of cases.
It is important that the specimens be properly labeled
before they are submitted to pathology (Figure 12.1).

INCISIONAL BIOPSY

Incisional biopsy is partial tissue excision from a mass
lesion for histopathologic studies without complete re-
moval of the tumor. This type of biopsy affords an ad-
equate tissue sample under direct visualization. Fur-
thermore, if there is any doubt about whether the

sample is representative, a frozen section can be per-
formed intraoperatively; if that sample is not satisfac-
tory, additional tissue can be obtained. Incisional biopsy
must be performed as a surgical procedure and most of
the time as an orbitotomy under general anesthesia.

The surgeon should be confident that the biopsy
material is representative of the clinically abnormal
tissue and should ensure that it is not crushed or cau-
terized during its removal. Therefore, wedge biopsy
samples and tissue plugs of the tumor should be ob-
tained expeditiously. The hemostasis of the area
should be accomplished with pressure after the re-
moval of the biopsy sample. In frozen sections, the
cauterization of the base of the biopsy site should be
done once it is certain that no other specimens from
the same area will be obtained. Fragile tumors of cer-
tain types, such as lymphomas and soft mesenchymal
tumors, are more prone to crush artifacts and there-
fore should be handled very gently with the forceps.

It is important for biopsy samples to be processed
expeditiously by the circulating OR nurse, patholo-
gist, or technician, particularly if any additional spe-
cial procedures such as special tissue stains, im-
munohistochemistry, cultures, gene studies, and flow
cytometry are required. Most samples from incisional
and excisional biopsies can be adequately evaluated
by conventional histopathological methods of forma-
lin fixation and staining with hematoxylin and eosin
(H&E) and offer extra tissue for additional studies.
However, in certain instances the clinical presenta-
tion, or a previous biopsy or frozen section diagnosis,
may suggest to the surgeon and the pathologist the
necessity of special studies. In these cases, it is wise
to save fresh frozen tissue for future special studies.
For example, if sebaceous gland carcinoma is sus-
pected, the pathologist should be alerted at the time
of the biopsy that a fat stain (oil red-O) may be needed
and that a piece of fresh tissue for fat staining should
be saved. Unfixed tissue must also be saved for the
flow cytometry, molecular studies, and certain types
of immunohistochemistry preparation. Most of the
immunohistochemistry studies, however, can be done
on formalin-fixed, paraffin-embedded tissue material.
If numerous special studies are to be ordered from a
single biopsy specimen, the on-service pathologist
should be so advised and the tissue submitted “fresh,”
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that is, in a sterile specimen container without for-
malin or any other fixative.

If margins of the tumor excision are to be deter-
mined on permanent sections, it is absolutely essen-

tial to devise a labeling scheme with numbers or let-
ters to mark multiple biopsy specimens very carefully,
and to list every single one on the pathology request
slip (as specimen #1: inferior margin, specimen #2: in-
ferior lateral margin, etc.).

CORE BIOPSY

Lidocaine 1% with epinephrine (1:100,000) should be
injected subcutaneously and into the orbit in the re-
gion of the tumor approximately 15 to 20 minutes be-
fore a fine-needle aspiration or core biopsy. This
amount of time offers not only good local anesthesia
but also sufficient hemostasis within the orbit. Com-
pression onto the globe and the biopsy site should be
applied by hand for approximately 2 minutes after the
procedure to ensure hemostasis.

Core biopsy can be performed with different types
of instrument consisting of a trephine needle and an
obturator (stylet) that fits inside the trephine needle.
It is important to use a sharp needle with a stylet prop-
erly fixed by a locking device that does not move the
needle. The needle harboring the stylet is then intro-
duced into the orbit. When the approximate area of
the tumor is reached, the needle is pushed into the tu-
mor with a slight rotary motion. It is difficult to feel
soft and partially necrotic tumors, but when firm tu-
mors are penetrated, the surgeon feels a distinct yield-
ing sensation. After the penetration, the stylet is re-
moved and the needle is advanced approximately 0.5
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TABLE 12.1. Dos and Don’ts in Orbital Biopsy.

Biopsy Comment

Excisional Advise the pathologist and the radiologist if the lesion presents with atypical clinical features.
Do a quick frozen section on an unknown mass before it is totally submitted in formalin; fresh tissue may 

be needed for special studies and cultures.
Excise cystic lesions intact; a well-formed cystic lesion may be helpful for histopathologic examination.
Do not cauterize small mass lesions and do not let them dry out before fixation; cauterization and drying 

artifact may interfere with histopathologic evaluation.
Incisional Communicate with the pathologist.

Try to obtain a representative piece of the mass.
Do not cauterize the biopsy site or the bed of the biopsy site; cauterization artifact should be avoided if

additional tissue is obtained.
Try to obtain at least a 2.5 cm segment of temporal artery for biopsy purposes, and let the pathologist 

know that the entire specimen should be serially sectioned.
Core Communicate with the pathologist.

Do not use large trephines through the skin, only through conjunctiva.
Make a small cut before using trephine/stylet complex through the skin.
Place firm pressure onto the orbit after the biopsy procedure, followed by ice compress for 24 hours.

Fine-needle Communicate with the radiologist/cytologist.
aspiration biopsy Be sure that enough tissue sample is obtained for all pathology studies.

If imaging reveals that the lesion is vascular, do not make too many passes with the needle and do not 
apply too much suction.

Place firm pressure onto the orbit following the biopsy procedure followed by ice compress for 24 hours.
Frozen section Communicate with the pathologist; invite him/her to the operating room and/or examine the frozen 

section in the lab with the pathologist when necessary.
Orient the pathologist to the margins carefully, particularly on repeat tissues obtained from margins.
Do not use the Mohs technique in orbit cases; it is easy to lose track of the specimens while mapping a

three-dimensional surgical field.
In recurrent tumor excisions, ask the pathologist to review previously removed tissues (if available).
Do not undertake major procedures (e.g., enucleation, exenteration) based on diagnosis of frozen sections;

remember the limitation of the technique.

FIGURE 12.1. Sampling skin ellipse: The conventional way of sam-
pling of a skin tumor for frozen and permanent sections.



to 1.0 cm, depending on the size of the tumor. The
needle is rotated a few times clockwise and then a few
times counterclockwise. The thumb is then placed on
the hub of the needle, which is extracted with slight
lateral movements. With gentle boring and suction ap-
plication, a considerable amount of tissue can be col-
lected within the chamber of the needle. If the attempt
at the biopsy is not successful, the procedure should
be repeated from the same entry site. If the second bi-
opsy attempt is also unsuccessful, ultrasound or CT
monitoring should be used on the third try.

In some instruments, a spiral fixator that fits into
the needle is used instead of negative pressure to bore

into the tumor and pull tissue into the needle shaft.
The author prefers to perform core biopsies with a
Jamshidi bone marrow biopsy needle (Figure 12.2); be-
cause of the slight distention at the end of the needle,
more tissue can be pulled into the shaft of the in-
strument.

If the lesion is anteriorly located and covered with
a conjunctival surface, core biopsies can be performed
with a disposable cutaneous punch or a small-
diameter corneal trephine that easily bores into the
lesion through the conjunctiva (Figure 12.3). The ad-
vantage of the core biopsy over the incisional biopsy
is that the former can be done under local anesthesia
without elaborate surgical exposure. However in some
instances (e.g., fibrotic or nectotic tumors), tissue may
not be representative for histopathologic examination,
and core biopsy may cause bleeding more readily than
FNAB, particularly after several passes. Most of the
core biopsy instruments can be utilized under ultra-
sound or CT guidance (Figure 12.4).2,3

FINE-NEEDLE ASPIRATION BIOPSY

The main advantage of the FNAB over the other bi-
opsy techniques is that it can be performed with sim-
ple local anesthesia or, in some cases, even without
anesthesia in a rapid fashion in the clinic. The prin-
cipal disadvantage is that if postbiopsy orbital hem-
orrhage occurs, the closed orbit may make manage-
ment more difficult. Another disadvantage from the
standpoint of tissue sampling is that the material ob-
tained is usually scanty and can be examined only by
cytopathology, ruling out histopathology. Further-
more, the material obtained with FNAB would be in-
sufficient in most cases for other studies including
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FIGURE 12.2. Core biopsy being performed with Jamshidi needle
following local anesthesia. The Jamshidi needle’s shaft distends
slightly toward the tip to allow a generous tumor sample to be
pulled into the needle.

FIGURE 12.3. A pediatric corneal trephine (A) can be attached to
a straight hemostat to create a useful tool (B) for sampling tumors
located in the anterior and mid orbit.



flow cytometric studies, immunophenotyping, and
electron microscopy.

Martin and Ellis are the first investigators credited
with performing tumor biopsy, using a small gauge
needle.6 The procedure, although it was initiated in
the United States during the 1930s, failed to be
adapted universally. Instead it became popular in Eu-
rope among the hematologists and oncologists during
the late 1950s and early 1960s.7,8 In the 1970s inter-
est in cytopathology and FNAB was revitalized in the
United States, and more and more cytopathologists
were trained in this subspecialty.9 Furthermore, ad-
vances in radiologic imaging techniques, including ul-
trasonography, computed tomography (CT), and 
fluoroscopy, opened the door for surgeons and radiol-
ogists to perform FNAB.10 The first use of FNAB in
orbital tumors was by Schyberg.11 In the United
States, however, it was popularized by Kennerdell and
coworkers in the late 1970s and early 1980s.4,5

Technique

Aspiration of anterior and midorbit lesions that can
be palpated is easy. However, core biopsies, and in
some instances incisional biopsies, offer better tissue
material in these regions. Most of the lesions that re-
quire FNAB are located posteriorly in the orbit and
cannot be readily palpated or visualized. Therefore, the
surgeon needs to rely on information obtained from
imaging studies. In the orbit, depending on the loca-
tion, it may be easier to do the FNAB with or with-
out an aspiration syringe pistol (Box 12.1). In many in-
stances, it is possible to insert the needle through the
conjunctiva, then advance it slowly into the mass. 
The positioning of the needle into an orbital mass is
much easier when the biopsy is performed under im-
aging guidance. Once one is comfortable that the tip

of the needle is within the tumor, the syringe may be
moved back and forth with short quick strokes. To
ensure that the specimen contains more diagnostic
cells than blood, the needle should stay in the same
axis to minimize bleeding. Although the range of the
strokes vary with the size of the tumor mass, it should
not exceed 10 mm, and the direction of the needle
should not be changed significantly; one should al-
ways keep the anatomic limitations of the orbit in
mind. Once the surgeon feels that the tumor is pene-
trated, suction should be applied to the aspirating sy-
ringe, usually about a third of the length of the bar-
rel, and the junction of the needle and the hub of the
syringe should be watched for the appearance of any
blood or specimen.

When the sample is recognized, the vacuum in the
syringe should be equated to normal by releasing the
trigger of the syringe pistol. When the pressure in the
syringe is equalized, the needle should be withdrawn
from the orbit, following a curved path around the
globe to avoid any scleral damage. The needle should
not be withdrawn from the mass before the pressure
in the syringe has been equalized; with residual vac-
uum, the small sample may be sucked into the sy-
ringe where it is difficult to recover and even if re-
covered may be dry and not suitable for examination.
When the biopsy needle is out, gentle pressure should
be applied onto the globe and orbit with a gauze pad,
similar to pressure applied following a retrobulbar
block.

If too much suction is applied to vascular lesions,
particularly to lymphoid lesions, bleeding may take
place that produces a poor sample. If bleeding contin-
ues following the biopsy, there may be a serious com-
plication such as intraorbital hematoma (see Chapter
31).12 Therefore, biopsy procedures for lesions that
show significant vascularity with imaging should be
performed with minimum suction and with limited
needle passes into the tumor.
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FIGURE 12.4. An FNAB procedure performed under CT guidance.
Note that the position of the needle can easily be followed on the
monitor.

BOX 12.1. Equipment and Supplies
Needed for FNAB

1. 10 or 20 mL disposable syringe with straight
or Luer-Lok® tip or butterfly needle.

2. 21 to 25 gauge, 0.6 to 1 mm external diame-
ter disposable needles

3. Aspiration handle (e.g., Cameco® syringe pis-
tol, or Aspir-Gun®)

4. Vials of 50% alcohol, tissue culture transfer
medium, glutaraldehyde, etc.

5. Alcohol spray fixative
6. Alcohol and Betadine sponges, gauze pads, 

etc.



Smear Preparation

Most cytopathologists, radiologists, and even general
ophthalmologists are reluctant to perform FNAB in
the orbit; the procedure is usually performed by ocu-
lar oncologists and orbital surgeons who are not well
trained for the preparation of tissue material for the
smears.

Smear preparation should be done immediately af-
ter the completion of the aspiration. The needle is de-
tached from the syringe, and the syringe pistol is pulled
back to fill the syringe with air. The needle is reat-
tached to the syringe, and the tip of the needle is placed
on the center of a glass slide, touching its surface.

Then a small amount of the needle contents is ex-
pressed onto as many glass slides as possible. Next, a
second plain glass slide is positioned over each aspi-
ration sample, and the two slides are pulled apart in
a single gentle motion to achieve spreading. When all
the smears have been completed, slides are fixed with
appropriate fixatives, in most cases with 95% ethyl
alcohol; a few smears are air-dried instead.

Smear preparation is an essential part of the FNAB.
It should be done by an experienced person, not by a
surgeon who does FNAB occasionally. It is important
that aspirated material not be splattered onto the sur-
face of the slide; it should be smeared thinly, occu-
pying only a small area of the slide.

FNAB Interpretation

As it was commented in 1933, “Aspiration biopsy is
as good as the combined intelligence of the clinician
and the pathologist” (quoted in ref. 13). This state-
ment is particularly true for orbital FNAB, since the
procedure is usually performed by a surgeon and in-
terpreted by a cytopathologist. Therefore, success will
depend on the close working relationship between
these individuals. The cytopathologist or an experi-
enced technician, who will prepare the smears, should
be with the surgeon during the performance of the bi-
opsy. If a technician prepares the smears, the surgeon
should contact the pathologist to offer information
about the patient and the tumor that was aspirated.
The information should include the clinical history of
the patient, a detailed description of the location of
the mass, and its consistency during aspiration. The
surgeon’s differential diagnosis is extremely helpful
for the interpretation of the smear; therefore, it should
be conveyed to the pathologist accurately. If the final
cytologic diagnosis does not fit the clinical presenta-
tion of the patient, this should also be communicated
to the pathologist with a request for another review
of the slides or a repeat biopsy. The limitations of the
FNAB in the diagnosis should always be kept in mind.
Major therapeutic decisions should not be based 
on cytology findings alone, particularly when the 

cytology does not fit the clinical presentation of the 
patient.14

FNAB of orbital masses yields tissue material in
80 to 90% of cases and obviates the need for the open
biopsy in approximately 50% of cases.15,16 Char and
coworkers reported that 15 of 17 (88%) of metastatic
orbital cases were diagnosed accurately with FNAB.16

The cytology examination may reveal a false negative
result, primarily in tumors containing a considerable
amount of fibrous tissue. In the series of Char and
coworkers, FNAB was negative in one scirrhous car-
cinoma of the breast and in one lung carcinoma with
fibrosis. Posteriorly located small lesions contiguous
to vital structures of the apex are usually difficult to
aspirate.

When the FNAB is undertaken with CT or ultra-
sound guidance, or with electromyography control,
the yield may be better and the procedure may be
safer.17 However, in most cases, no significant mor-
bidity is associated with this procedure. Another ap-
proach is to perform FNAB in the operating room, ex-
posing the field with the mass lesion. The main
advantage of this approach is that accurate sampling
is obtained with minimum damage to adjacent nor-
mal structures of the orbit. Also multiple biopsies may
be done with this method.

In another series, by Tijl and Koornneef, FNAB was
performed with a 23-gauge needle without local anes-
thesia; positive cytopathology diagnosis was obtained
in 43 out of 46 biopsies. Twenty-six of these patients
later had incisional biopsies and the accuracy of FNAB
based on the comparison of histopathological and cy-
topathological diagnosis was determined to be 57%.18

Karohel et al. reported only 47% accuracy in FNAB
performed under direct visualization.19 Karohel et al.
had rather low FNAB accuracy; however, most of their
patients’ lesions did not lend themselves to aspiration
biopsy. Zadjela, Tarkanen, and Kennerdell, and co-
workers reported much higher FNAB accuracy, reach-
ing to 100% in some series.15,20,21

FNAB is a simple and safe diagnostic biopsy tech-
nique that provides information by establishing or ex-
cluding the diagnosis of neoplasm without any sig-
nificant alteration to the natural behavior of the
tumor.22 Some authors advocate not using FNAB for
masses anterior to the orbital septum; however, oth-
ers consider it to be applicable to any orbital tumor
because it is easy to perform and less invasive than
other biopsy techniques.5,18 It is also no more painful
than a venipuncture; therefore, there is no need for lo-
cal anesthesia. Because of this, the anatomy of the bi-
opsy site is minimally distorted, and the tissue arti-
fact secondary to an anesthetic injection is avoided.

The sampling error of FNAB is higher than the
other biopsy techniques because of the indirect ap-
proach to the tumor and because of the small amount
of tissue recovered as a sample. The diagnosis of
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pseudotumors and lymphomas is particularly difficult
with FNAB.4,5 Furthermore, inflammatory mass le-
sions masquerading as neoplasms such as Wegener’s
granulomatosis may be misleading with FNAB.23 Fur-
thermore, the sampling error increases in small lesions
located at the orbital apex, tumors containing a sig-
nificant amount of fibrous tissue, and lymphoprolif-
erative lesions.

Complications

Complications of FNAB elsewhere in the body are not
many; most of them are directly related to the needle
size. A complication rate of less than 0.03% has been
reported in large series when aspiration needles of
finer gauge than 20 are utilized.24 When minor com-
plications such as discomfort or a small hematoma oc-
cur, they are of little consequence elsewhere in the
body. However, in the orbit, a small but persistent he-
matoma may lead to significant clinical problems, par-
ticularly if it is located toward the apex of the orbit.
In most instances, tumor seeding and tissue damage
are not significant issues in systemic FNAB practice.
In the orbit, however, tumor tissue seeding may lead
to serious consequences. For example, if a superior lat-
eral orbital mass undergoes biopsy with a presumed
diagnosis of a lymphoma and turns out to be a pleor-
morphic adenoma of the lacrimal gland, the violation
of the capsule with the needle may lead to recurrent
tumors in the future. If a small dermoid tumor is as-
pirated and the contents leak into the adjacent soft
tissues of the orbit, leakage may trigger an acute in-
flammatory process, which would make surgical re-
moval of the lesion much more difficult. Therefore,
the orbital mass lesions subjected to FNAB should be
carefully selected.

Even when serious complications are not encoun-
tered, failure to obtain a representative specimen is
higher in orbital tumor FNAB than in other parts of
the body because of the difficulty in locating deep or-
bital lesions.25

Although FNAB is minimally invasive and quite
safe in a great majority of instances, it has complica-
tions. A survey done among 202 ophthalmic/orbital
surgeons indicated interesting but distressing results.
In this study, 152 patients were divided into two
groups. On the first group of 138 patients, FNAB was
performed by an oculoplastic/orbital surgeon, and
complications were reported in 10 cases (7 orbital
hemorrhages, 1 extraocular muscle hemorrhage, 1 pto-
sis, and 1 cutaneous scar). In the second group, with
14 patients, the biopsies were done by other physi-
cians who were not oculoplastic/orbital surgeons.
This group had many complications including 3 or-
bital hemorrhages, 2 perforated globes, 1 motility dis-
turbance, and ptosis. Three of the patients became
blind and another 3 died. The deaths were attributed

to direct injury of the brain during the biopsy proce-
dure, to meningitis, and to brain abscess.26

INTRAOPERATIVE BIOPSY 
(FROZEN SECTION)

The use of intraoperative biopsy with a frozen tissue
sectioning method originated in the late nineteenth
century after the invention of the freezing micro-
tome.27 This technique was initially very slow, and it
was not until the early 1900s that diagnosis during
surgery with the frozen section method was accepted
as a routine procedure. Even after the improvement of
the frozen section technique, many surgeons and
pathologists were reluctant to utilize it for decades.28

Over the years, many of the technical difficulties were
resolved and the anxieties that plagued the surgeon
and pathologist when the technique was unfamiliar
have been put aside. Intraoperative biopsy with frozen
section technique is now available throughout the
world and is utilized in all surgical disciplines.

Indications

The main purpose of an intraoperative biopsy pro-
cessed as a frozen section is to enable the surgeon to
make decisions that may change the therapeutic
course of action during surgery.29,30 Two primary rea-
sons for frozen section in tumor-containing orbits and
adnexa are to provide histopathologic diagnosis for the
clinically abnormal tissue and to determine the sur-
gical excision margins of tumor specimens to ensure
the adequacy of the excision.31,32 Lesser indications
for the frozen section technique include the follow-
ing: to confirm the adequacy of the tissue amount
and/or nature for permanent processing; to identify in-
advertent excision of a normal structure such as the
lacrimal gland, peripheral nerve, or sinus mucosa; and
to confirm the appropriateness of the tissue obtained
for ancillary studies such as electron microscopy, im-
munohistochemistry, or molecular genetic studies.33

Another very useful application of frozen section in
the orbit is to differentiate inflammatory lesions from
neoplastic ones. Once the lesion has been determined
to be an inflammatory or infectious process, speci-
mens are obtained for cultures, polymerase chain re-
action (PCR), and other studies, and the surgery is
completed.

Technique

To obtain the maximum amount of information from
the frozen section biopsy, the tissue orientation must
be accurately known. First, the pathologist must be
familiar with ophthalmic/orbital tissues so that the
identification of the tissue types (conjunctiva, lacrimal
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gland, lacrimal sac, etc.) does not present any diffi-
culty. A critical step in tissue orientation is commu-
nication between the surgeon and the pathologist. It
is beneficial if clinical information and intraoperative
findings are shared with the pathologist; even better,
the pathologist can physically walk into the operating
room to observe the procedure and specimen collec-
tion as a means of orienting himself or herself to the
anatomy and gross pathology. It is also helpful in
many instances for the surgeon to walk to the labo-
ratory and examine the frozen section specimen with
the pathologist. This communication also is very use-
ful to decide on further pathological procedures (e.g.,
molecular genetic studies or immunohistochemistry)
and to ensure that the pathologist apportions the spec-
imen accordingly. If there is any shortage of tissue,
this advice could be relayed to the surgeon while the
surgical field is still open. In complicated cases, par-
ticularly in recurrent tumor excisions, it is helpful if
the pathologist can study the histopathologic sections
obtained prior to the frozen section. For reporting pur-
poses, direct communication via telephone or inter-
com is ideal; however, if the patient is under local
anesthesia, communication by intercom should be
done discreetly.

No fixative is needed for frozen section specimens;
tissue should be placed on a piece of cardboard or
gauze and kept wet with a few drops of saline or 
borate-buffered saline prior to delivery to the frozen
section laboratory. In frozen sections intended for ex-
cisional margin analysis, labeling of tissue should be
done meticulously and immediately at the time of ex-
cision. The tissue specimen from the margin may be
placed on a piece of cardboard with its excision mar-
gin facing down. The direction of the excision margin
should be clearly written on the requisition slip to
guide the pathologist in determining the proper ori-
entation. A simple diagram drawn on the same piece
of cardboard helps to orient the pathologist.34

The conventional approach to excisional margin
analysis is to remove the tumor and label the speci-

men accurately and let the pathologist obtain samples
from the margins in the laboratory for frozen section
purposes (see Figure 12.5). A more surgeon-friendly ap-
proach is to obtain the tumor bulk for permanent sec-
tion processing and then sample and label the exci-
sion margins (e.g., M1, M2, etc. for the medial eyelid
margins of an eyelid tumor; L1 and L2, etc. for the lat-
eral margins) (Figure 12.6). In this approach, the
pathologist should be oriented to the cut surface of
the specimen and needs to know whether the cut sur-
face of the specimen is placed up or down on the piece
of cardboard.

The advantage of the conventional approach is that
the pathologist has full control of the specimen and
the deeper margins can be sampled easily. The ad-
vantage of the latter approach is that the surgeon will
be better oriented to the margins with a list to hand
and a simple diagram on the drapes. Such information
is very useful, particularly if repeated margins turn out
to be positive, since the surgeon knows exactly at
what point the margin becomes negative (Figure 12.7).
This method, which is the premise of Mohs micro-
graphic surgery, can also be effectively utilized in con-
ventional frozen section sampling.

To obtain the most accurate results from the frozen
section, the labeling of the margins should be done
meticulously at the time of excision. The labeling
should be short and simple and clearly understandable
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FIGURE 12.5. Diagram of the sampling technique from the mar-
gins of an excisional biopsy of an irregular tumor (T). The labeling
of the margins should be marked meticulously at the time of exci-
sion to ensure accurate results from the frozen section. If the mar-
gins are not accurately labeled, the entire exercise is useless and
may be misleading if tumor-containing margins are left behind.

FIGURE 12.6. Orientation and labeling of the samples (M1, L2, etc.)
for frozen section to monitor the margins of excision of an eyelid
tumor (T). Note that the excision margin of the sample is positioned
face down on a piece of cardboard. M: medial; L: lateral.



to the pathologist. Tissue removed for frozen section
should be handled delicately to avoid crush artifacts
at the time of excision and transportation. Most of the
samples in ophthalmic surgery consist of small pieces
of tissue. Even the slightest handling can result in
crush artifacts, which in turn may produce mislead-
ing results. A point commonly overlooked by the sur-
geon who is unfamiliar with the frozen section pro-
cedure is that the margins of tissue remaining around
an area of tumor involvement should not be cauter-
ized until the tissue or frozen section submitted ear-
lier has been proven to be free of tumor. This is be-
cause cautery artifacts would make it difficult to
interpret the adjacent layer of tissue from question-
able margin. Maintaining marginal integrity is partic-
ularly important with the deep margins of the exci-
sion, which usually involve the subcutaneous adipose
tissue.

Frozen section diagnosis in ophthalmology is most
commonly utilized in eyelid and conjunctival tumors
rather than orbital lesions. For most of the localized
presentations of basal and squamous cell carcinomas
of the eyelids, the conventional sectioning of the skin
ellipse (Figure 12.1) or the pentagonal eyelid excision
(Figure 12.6) would reveal satisfactory information
about surgical excision margins. If the margins are free,
the primary closure takes place. If, on the other hand,
one or all margins are found to be involved with the
tumor, additional full-thickness frozen sections from
the area of concern are submitted for further study. If
the deep surgical margin happens to be involved with
the tumor, additional specimens are obtained from the
base. At this point it is helpful to map the base of the
excision and code the deeper layers of tissues with
numbers and/or letters (Figure 12.7). Thus the areas of
residual tumor are marked on the diagram, and only
those areas will be excised. Mapping identifies the ex-
act location of residual tumor, and therefore unin-

volved tissue can be spared; surgical excision is con-
tinued until the margins are histopathologically proven
to be tumor free. This histographic frozen section tech-
nique is the basis of Mohs micrographic surgery.35,36

Mohs Microsurgical Technique

The original Mohs technique utilized tissue fixation,
which facilitated the histopathologic examination but
was toxic to the external eye. To avoid the toxicity,
Mohs developed the fresh tissue technique, by which
tissues are anesthetized and excised in the unfixed
state. The Mohs technique, intended particularly for
eyelid lesions,35,36 has proven to offer very good cure
rates for epithelial malignancies of the skin when the
lesions happen to be located in flat areas. In a series
of 7000 basal cell carcinomas and over 2500 squamous
carcinomas of the skin treated with micrographic sur-
gery, Mohs reported 5-year survival rates of 99.3 and
99.4%, respectively.36 The reliability of the Mohs
technique in the excision of eyelid carcinomas was at-
tested by a 5-year nonrecurrence rate of 99% in 1773
cases of basal cell carcinoma and of 98.1% in 213 cases
of squamous cell carcinoma.37,38

There is no doubt that the Mohs technique has
helped to improve the prognosis after the surgical
treatment of skin tumors, as well as eyelid malignan-
cies, and has decreased morbidity and mortality. How-
ever, the great majority of periocular lesions, particu-
larly lower lid tumors, can be effectively excised under
conventional frozen section control. This point was
eloquently summarized in Cook and Bartley’s study:
“When performed by a collaborative ophthalmic 
surgeon-pathologist team, results of excision with
frozen section control may equal or surpass those from
the Mohs micrographic technique.”39 Although Mohs
microsurgery is a valuable adjunct, it should not be
presented as dogma; it is important to select the sur-
gical approach that best fits each individual case.

The Mohs technique is most useful for the mor-
phea type of basal cell carcinoma and superficially in-
vasive squamous cell carcinoma; in many cases of
nodular tumors it is not necessary. It is also not very
useful for the orbital surgeon. Since the greatest ad-
vantage of this technique is the examination of the re-
maining margins layer by layer, when the tumor in-
vades the orbital soft tissue, particularly within the
mid- and posterior orbit, it becomes extremely diffi-
cult to map the areas of involvement and orient the
sectioning for histopathologic evaluation. Conse-
quently, the accuracy of the technique suffers consid-
erably when one is dealing with invasive malignan-
cies of the orbit. The limitations of frozen sections in
orbit tumor surgery should be kept in mind, and no
major procedure should ever be based on frozen sec-
tion diagnosis. In the orbit, the usefulness of the ex-
cisional margin analysis is less than the eyelid tumors;
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FIGURE 12.7. Diagram of the labeling technique for multiple
frozen sections obtained from different levels of the tumor (T) ex-
cision; this is the main principle behind the Mohs microsurgical
technique.



however, frozen section becomes very valuable in the
identification of tumor types such as lymphoma, rhab-
domyosarcoma, and other sarcomas.

Interpretation of Frozen Sections

Since the main advantage of the frozen section is to
offer intraoperative decision-making flexibility to the
surgeon, the turnaround time for the diagnosis should
be as short as possible. The average acceptable time
is 10 minutes for simple margin assessment and 15 to
20 minutes for diagnostic biopsies.31,40 However, turn-
around times longer than 20 minutes may be en-
countered when technical problems arise or if several
pathologists are reviewing a complex case. Even in the
fastest hands, at least 5 to 7 minutes should be al-
lowed per frozen section processing. If three or four
frozen sections are requested to control the margins
of a moderate-sized specimen, the surgery time can
easily be prolonged by submitting tissue for frozen sec-
tion study. Frozen section could occasionally add
about an hour to surgical time. The patient and the
anesthesiologist should be informed about this prior
to surgery. The surgeon should keep the time element
in mind and not order frozen sections casually, par-
ticularly if the permanent sections are going to be
available within a day or two. Furthermore, if the
frozen tissue is the only sample to be submitted for
permanent processing, the freezing artifact may prove
to be a disadvantage in the interpretation of paraffin-
embedded tissue. It is a waste of valuable time to or-
der a frozen section and then to close the field prior
to knowing the results.

The surgeon and the pathologist should always
keep in mind that frozen section preparations contain
artifacts in comparison with permanent, paraffin-
embedded sections. Frozen sections contain more
wrinkles, folds, staining condensations, and distor-
tions of cellular detail due to sectioning and/or stain-
ing defects. Frozen section diagnosis usually offers an
accuracy rate of approximately 95% despite the limi-
tations of the process.31,41

Discrepancies between frozen and permanent di-
agnosis can be put into two main groups: (1) sampling
errors by the surgeon and the pathologist and (2) in-
terpretation errors by the pathologist. Inaccurate di-
agnosis based on poor sampling is common. A com-
mon scenario is to leave the site of pathology outside
the sample; therefore false negative results are more
frequent than false positives.32 This is also true re-
garding the interpretation errors. Tumor cell clusters
that can easily be discovered in better quality perma-
nent sections may not appear or may be overlooked
in frozen section counterparts of the same block. It is,
therefore, not advisable to undertake major surgical
procedures such as orbital exenteration based on
frozen section diagnosis.

Because of all these limitations, for a certain per-
centage of frozen sections, those interpreting the re-
sults cannot come to a conclusion and the diagnosis
must be deferred until the permanent sections can be
reviewed. Average deferral rate is approximately 4%
to 5% in general surgical pathology practice; the ex-
act percentage of deferrals in ophthalmic surgical prac-
tice is not known.42

SENTINEL NODE BIOPSY

Sentinel lymph node (SLN) biopsy is a technique that
allows the early detection of metastasis within a clin-
ically negative regional lymphatic drainage basin. The
rationale behind SLN biopsy is to identify the patients
who develop microscopic lymph node metastasis at
the time of initial diagnosis and are most likely to 
benefit from lymph node dissection to avoid distant
metastasis.43,44

The application of this technique to ocular and ad-
nexal tumors was recently introduced by Esmaeli and
coworkers.45–47 The technique of mapping sentinel
lymph nodes begins with lymphoscintigraphy of
99mTc sulfur colloid and isosulfan blue dye (Figure
12.8). Identification of the positive lymph nodes is
done with a handheld gamma probe during lym-
phoscintigraphy, and the lymph nodes to be harvested
for histopathologic examination are marked on the
skin as soon as they have been identified. Skin inci-
sions are made over the positive lymph nodes, and the
lymph nodes that are stained with blue dye are iden-
tified and removed for histopathologic examination.

The harvested lymph nodes are submitted for rou-
tine formalaldehyde-fixed and paraffin-embedded sec-
tions; the entire node should be serially sectioned at
2 mm intervals for H&E staining. Depending on the
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FIGURE 12.8. Sentinel lymph node biopsy: lymphoscintigraphy
showing tumor-positive satellite lymph nodes in the region of a
conjunctival/orbital melanoma. (Courtesy of Dr. Bita Esmaeli,
Houston, TX.)



tumor type, certain immunohistochemical stains can
be used (e.g., S-100 and HMB-45 for melanoma, cy-
tokeratin for squamous cell carcinoma).

Although with proper patient selection SNL biopsy
is useful in the clinical management of early conjunc-
tival and eyelid tumors, its application to orbital tumor
management is limited and its significance in the stag-
ing of orbital tumors warrants further study.48–50

METHODS USED IN TISSUE DIAGNOSIS

From the time physicians are exposed to clinical med-
icine, the mantra echoing down the hall from the sur-
gical pathology laboratory has been “If you want to
know what pathology you are dealing with, bring a
piece of sick tissue.” Over the past two centuries, the
histology laboratory has been propelled by numerous
critical developments. Among these have been the im-
provement of reliable fixatives, manageable embed-
ding materials, and, particularly, the invention of the
microtome, which allows for preparation of thin sec-
tions with subsequent display on the traditional slide.
One recent critical development was the introduction
of synthetically prepared dyes or stains that enhanced
the morphological characteristics of the tissue under
study. Today we have made such significant progress
in the diagnostic arena that we are no longer depen-
dent on morphologic descriptions of multicolored tis-
sue sections alone. Like many other fields in medi-
cine, today’s surgical pathology laboratory daily
exploits the discoveries and developments coming out
of research into the workings of the immune system.
The use of specific antibodies directed toward specific
antigenic sites allows for fuller elucidation of the bi-
ological characteristics of neoplasms. The application
of flow cytometric techniques allows for the close
monitoring of therapeutic intervention in hematologic
diseases as well as enhanced correlation with surgical
biopsy specimens.

We turn now to a brief and directed review of the
varied techniques that are used to arrive at a tumor
diagnosis; we discuss the methodologies and provide
specific examples.

Immunohistochemical Stains

Special stains have historically been limited to little
more than the use of natural and synthetic dyes to dis-
play or enhance specific morphologic characteristics
of the tissue in question.51 For example, a reticulin
stain might be used on a suspected hemangiopericy-
toma specimen to enhance the morphology and eval-
uate the clustering of tumor cells. The immunohisto-
chemical (IHC) stain utilizes specific antibodies that
have been prepared by means of specific antigens iso-
lated from a given neoplasm (Tables 12.2, 12.3, and
12.4).52–56 Once prepared, the antibody is conjugated
with a “tag” that serves to localize the antibody and
thus the antigen in question. In the majority of cases,
the tag shows up as a brown stain on a blue back-
ground. The use of a “panel” of antibodies allows the
identification of a specific lesion (Table 12.3). Figure
12.9 is a composite photograph that shows some pos-
sible histopathology for a space-occupying lesion of
the orbit: lacrimal gland tumor, inflammatory infil-
trate, and large-cell lymphoma. From the clinical
standpoint, any of the three histological biopsies could
be representative of the neoplastic process. The stick-
ing point is that two of the three diagnoses have po-
tentially poor prognosis for the patient. Historically,
the pathologist would study the tissue section(s) un-
der various magnifications of light microscopy look-
ing for various specific morphologic characteristics to
arrive at a final diagnosis. The great majority of these
preparations are stained with H&E stain. In current

1 2 2 P A R T T W O : D I A G N O S I S O F O R B I T A L T U M O R S

TABLE 12.2. Antibody Panels Commonly Used in Flow Cytometric Analyses of Hematologic Disorders.

Cluster designations

Diagnosis CD5 CD10 CD19 CD20 CD23 CD79b FMC-7 CD25 CD11c CD103

SLL/CLL � � � �(w) � � � �/� �/� �
Mantle cell lymphoma � � � � � � � � � �
Follicle center lymphoma � � � � �/� �/� �/� � � �
Marginal zone lymphoma � � � � � �/� �/� �/� � �
Hairy cell leukemia � � � � � �/� �/� �/� � �
MALToma � � � �

SLL/CLL, small lymphocytic lymphoma/chronic lymphocytic leukemia; �, positive; �, negative; �/�, often positive; �/�, occasionally positive; w, weak
expression; FMC, Flander’s Medical Center; MALToma, B-cell lymphoma of mucosa-associated lymphoid tissue.

TABLE 12.3. Antibody Panels Commonly Used for Study of
Paraffin-Embedded Tissues.

Neoplasm Antibody panel

Carcinoma Carcinoembryonic antigen epithelial 
membrane antigen, neuron-specific 
enolase (NSE), and cytokeratin (CK) anti-
bodies: CK-7, CK-20, panCK, and high
and low molecular weight CK

Sarcoma Actin, CD-31, CD-34, desmin, CD-68/KP-1, 
myoglobin, S-100, vimentin

Neuroendocrine Chromogranin, NSE, synaptophysin, panCK



practice, additional tools are available to the patholo-
gist to facilitate the diagnosis—IHC is used almost re-
flexively. Routinely, tissue specimens are embedded
in paraffin. Other techniques include the use of alter-
native embedding materials (e.g., celloidin, epoxy
resin, and acrylics) and electron microscopy (trans-
mission and scanning).57,58

The use of IHC, plastic embedding, and transmis-
sion electron miscroscopy as an adjunct to routine
paraffin embedding with H&E staining gives the
pathologist more tools to arrive at the proper diagno-
sis. In the case shown in Figure 12.10, the use of IHC
revealed that the patient had intermediate-grade large
B-cell lymphoma of the lacrimal orbit.

In the examination of other neoplastic processes
that may be found in the orbit, be they primary or
metastatic, the same use of IHC staining serves
strictly as an adjunct to routine histologic study. Fig-
ures 12.11, 12.12, 12.13, and 12.14 show algorithms
for using IHC to arrive at a final diagnosis. In all the
algorithms, the starting point is the examination of
the routine H&E stained slide. After the pathologist

has made the initial morphologic diagnosis, these al-
gorithms can be used to generate a final diagnosis.

Perhaps the most important point to remember is
that communication between the surgeon and the
pathologist is essential if a correct and appropriate di-
agnosis is to be reached. For example, most tissues
fixed in 10% formalin are amenable to IHC staining
when embedded in paraffin. However, this is not an
absolute. On occasion the special staining will require
fresh tissue, or the tissue will have to be prepared in
a fixative other than routine formalin. One other con-
sideration is that a specific amount of tissue might be
required. Conversations with the pathologist will
minimize potential diagnostic pitfalls.

Flow Cytometry

Flow cytometry (FC) is an analytical technique that
again utilizes specific antibodies.59,60 FC differs from
IHC in that whereas IHC utilizes formalin-fixed, paraf-
fin-embedded soft tissue, FC makes use of suspensions
of live cells. The cells may be leukocytes isolated from
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TABLE 12.4. IHC Cell Markers Commonly Used in Differential Diagnosis of Orbital Tumors.

Markers Tumors that react positively

Muscle Cell Markers

Actin Smooth and skeletal muscle tumors
Desmin Smooth and skeletal muscle tumors

Vimentin Melanoma, hemangiopericytoma, most sarcomas, neurofibroma

Endothelial Markers

CD 34 Hemangioma, hemangiopericytoma, Kaposi sarcoma, neurofibroma
CD 31 Hemangioma, Kaposi sarcoma

Neural and Neuroendocrine

S-100 protein Schwannoma, neurofibroma, glioma, melanoma, lacrimal gland tumors (�/�),
Langerhans and non-Langerhans cells, histiocytoses

Neuron-specific enolase Carcinoid, neuroblastoma, paraganglioma, Merkel cell carcinoma
Neurofilament proteins Carcinoid, neuroblastoma, paraganglioma
Chromogranin Carcinoid, neuroblastoma, paraganglioma
Glial fibrillary acidic protein Glioma, glial tissue in encepholocele cells, teratoma

Melanocyte Markers

Melan A Primary melanoma, metastatic melanoma (�/�), lymphangioma (�/�)
HMB45 Primary melanoma (normal melanocytes are HMB45 negative), lymphangioma, 

metastatic melanoma (�/�)
Tyrosinase Metastatic melanoma

Histiocyte Markers

Lysozyme Juvenile xanthogranuloma (JXG), Langerhans cell histiocytoses, lacrimal tumors (�/�)
Factor XIIIa Fibrous histiocytoma, JXG, sarcomas, schwannoma, melanoma, granular cell tumor

Keratins (K) (cytokeratins) Squamous cell carcinoma (K14, 17, 19), Merkel cell carcinoma (K8, 18, 20), basal cell 
carcinoma (�/�), lacrimal gland carcinoma (�/�), sarcomas (�/�), hemangioma
(K18), metastatic melanoma (K8, K18)

Epithelial Membrane Antigen Meningioma, sarcomas (�/�)

Metastatic Carcinoma Markers

BRCA 225 Breast, lung (�/�)
ERs � PRs Breast
CA 19 � 9 Gastrointestinal tract, breast (�/�), lung (�/�)
PSA, PSAP Prostate
TTF_1 Lung, thyroid



the peripheral blood, a cell suspension derived from a
solid lymph node, or cells obtained from a fine-needle
aspiration. Regardless of the source, the cells are ulti-
mately incubated with labeled/tagged antibodies.
Once prepared, the cells are analyzed on an instru-
ment called a cell sorter.

The data produced from this analysis allow for the
differentiation and relative enumeration of the cells.
For example, analysis of leukocytes from the periph-
eral blood would produce a graphic distribution as
shown in Figure 12.15. The distribution of the data
signals generated is based on two concepts: forward
scatter and side scatter. Forward scatter varies de-
pending on the size of the cell, mature lymphocytes
being the smallest leukocyte and the monocyte/
granulocyte lineage being larger. The second concept,

that of side scatter, is a reflection of the cytoplasmic
complexity of the cells.

Just as in IHC, the concept of analytical panels is
utilized in FC. Because it uses antibodies that are re-
active to specific cellular surface antigens, the FC pro-
file, again, when coupled with a surgical biopsy spec-
imen (e.g., a bone marrow core biopsy of bone), will
allow for a much more specific diagnosis. Some of the
more routinely used antibody panels in FC are listed
in Table 12.2.52,53,61,62

DNA Sequencing and 
Antibody/Gene Microarray

The human genome can now be manipulated to such
an extent that single nucleic acid substitutions are es-
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FIGURE 12.9. Combination of routine and
ancillary testing. For the superior lateral 
orbital lesion shown, the clinical differential 
diagnosis included lacrimal gland tumor, 
inflammatory infiltrate, and lymphoma. (A)
Intraoperative frozen section analysis
showed that the lesion is not an epithelial
tumor. (B) The paraffin-embedded sections
were more compatible with one of the latter
two diagnoses. (C) The combination of flow
cytometry results [CD19 (�), CD20 (�),
with �-chain restriction–B-cell lymphoma],
morphologic study of the routine H&E 
sections (mixture of small and large 
lymphocytes), along with IHC staining of
the paraffin tissue (CD3 (�), CD10 (�), and
bcl-2 (�) generated a final diagnosis of an 
intermediate-grade large B-cell lymphoma 
of the orbit.

FIGURE 12.10. Alternative embedding and staining techniques: (A) paraffin-embedded H&E stain, (B)
paraffin-embedded IHC staining, (C) celloidin embedding, (D) transmission electron microscopy, and (E)
scanning electron microscopy.



sentially a routine, albeit highly complex, laboratory
testing method. The relatively new technology of high
performance liquid chromatography (HPLC) makes
possible the anatomic sequencing of the DNA (or
RNA) isolated from intact cells. This in turn permits
specific, single nucleotide substitutions, deletions, or
additions to be uniquely identified.63–66 An example
of such an analysis is shown in Figure 12.16.

The antibody microarray is simply a derivation of
the gene microarray.67 In the latter, specific gene se-
quences are applied to the surface of a glass slide. The
number of DNA sequences generally number from

1000 to 10,000 per slide. The patient’s single-stranded
DNA sequences are then applied to the slide and the
various strands allowed to anneal. The resulting sig-
nal is analyzed, and the diagnosis is made. In the case
of the antibody microarray, specific antibodies are ap-
plied to the surface of the slide and then the patient
cells are poured over the surface. The specific anti-
bodies retain cells depending on the expression of the
appropriate antigens on the cell surface.

Almost all orbital and adnexal biopsies are small,
and routine morphologic findings may not be suffi-
cient for diagnosis.68,69 The utilization of ancillary
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FIGURE 12.11. Immunohistochemi-
cal algorithm for identifying malig-
nant pleomorphic tumors including 
melanoma, liposarcoma, spindle cell
squamous cell carcinoma (SCC), 
leiomyosarcoma, rhabdomyosarcoma,
malignant fibrous histiocytoma
(MFH), and malignant peripheral
nerve tumors (MPNST).

FIGURE 12.12. Immunohistochemical
algorithm for differential diagnosis of
small blue round cell tumors.



testing has improved the diagnostic accuracy, partic-
ularly for distinguishing reactive lymphoid prolifera-
tions from lymphoma. Recent studies indicate that
lymphoid neoplasms can be accurately distinguished
from reactive lymphoproliferative and inflammatory
lesions by a combination of routine light microscopy
IHC, and FC.68–70

In other tumors of the orbit, including car-
cinomas, sarcomas, and secondary and metastatic
lesions, FC immunotyping rarely plays a role in di-
agnosis; rather, IHC, molecular studies, and cyto-
genetic analysis are often the primary adjunct to
light microscopic examination. Neoplasms that are
not amenable to FC analysis are subjected to rou-
tine procedures for paraffin-embedded tissues, given
earlier in Table 12.3.

Molecular Studies

Clinical laboratory and surgical pathology testing has
become more restricted in recent years, often as a re-
sult of limitations imposed by third-party insurers.
However, some of the restrictions are not for unwel-
come financial considerations alone but rather for wel-
come increased diagnostic specificities from new tech-
nologies that turn from broad, nonspecific screening
algorithms to disease- and diagnosis-specific tests. The
most technologically advanced procedures are related
to direct analysis of the genetic material contained
within neoplasms. Direct analysis of a cell’s genetic
constitution is the most specific method for arriving
at a pathologic diagnosis. The PCR technique is fun-
damental to this new methodology.
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FIGURE 12.13. Immunohistochemical
algorithm for differential diagnosis of
poorly differentiated spindle cell tumors.

FIGURE 12.14. Immunohistochemical
algorithm for identifying spindle cell
sarcomas.



It was Kornberg and Ochoa’s work on DNA repli-
cation that allowed the development of all the indi-
vidual research and clinical components that are the
basis of all molecular studies. For this monumental
contribution, these biochemists were awarded the
1959 Nobel Prize in physiology/medicine.71

PCR allows the generation of several million
copies of a specific region or segment of DNA or
RNA. Analysis of these copies then permits specific
diagnoses related to specific changes in the genome
of the analyzed cell. Developed in 1987 by Mullis
and Faloona,72,73 PCR methods use template (dou-
ble-stranded) DNA, two oligonucleotide primers
(20–30 mers) that are base complements of the 3�
ends of the region of interest on the template DNA,
a mixture of the four deoxynucleotides (dATP,
dCTP, dGTP, dTTP), appropriate buffers, ions, and

Taq polymerase, a thermally stable enzyme isolated
from the bacterium Thermus aquaticus. The en-
zyme is critical in DNA replication of the bacterium
and is simply a variant of the same enzyme charac-
terized by Kornberg and Ochoa. The enzyme was iso-
lated in the 1960s by bacteriologist Thomas Brock
from a bacterium isolated from a hot spring in Yel-
lowstone National Park.74

Once the genetic segment has been amplified, it
must be analyzed for its specific content. The easiest
and most commonly used method is simple gel elec-
trophoresis followed by ethidium bromide staining and
visualization under ultraviolet light. An example of
this gel separation is shown in Figure 12.17, which also
demonstrates the sequential reactions taking place in
the amplification cycles. The variation in the distance
traveled by the PCR fragments depends on the amount

C H A P T E R 12 : O R B I T A L B I O P S Y 1 2 7

FIGURE 12.16. DNA gene/
nucleotide sequencing chromatogram.
This technique allows for individual
nucleic acid identification and any
changes from a known sequence—
deletion, addition, or substitution.
(Courtesy of Dr. Timothy Formosa,
MD)

FIGURE 12.15. Graphic depiction of 
forward scatter and side scatter. (A) The
smaller cellular elements of blood 
(lymphocytes) are clustered to the lower
portion of the scattergram (less forward
scatter) and to the left side (less side 
scatter). (B) The larger and more complex
cells (monocytes and granulocytes) will
cluster higher up and also move toward
the right (increasing forward and side
scatter). (Courtesy of Dr. David 
Lawrence, MD)



of the deoxynucleotides incorporated into the frag-
ments during the actual amplification process.75
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Orbital Lymphoma
Bita Esmaeli and Misha Faustina

Malignant lymphomas are neoplastic transfor-
mations of cells that reside predominantly
within lymphoid tissues. Lymphoid tumors

are the most common primary orbital malignancy in
adults,1,2 yet they constitute only about 2% of all lym-
phomas.3 Many studies have described the clinical and
histopathologic features of primary orbital lym-
phomas.1–4 However, the advent and popularity of
more sophisticated diagnostic tests such as positron
emission tomography (PET) and gastrointestinal en-
doscopy will often lead to discovery of lymphoma else-
where in the body of a patient who has orbital or oc-
ular adnexal lymphoma. This chapter discusses the
classification and staging workup for primary orbital
lymphomas as well as the characteristics and course
of systemic non-Hodgkin’s lymphoma (NHL), which
may secondarily spread to the orbit or present with
involvement of the orbit at the time of initial diag-
nosis of systemic lymphoma.5,6 The section entitled
Management reviews the treatment options currently
available for orbital lymphoma. The majority of pub-
lished reports focus on the use of external-beam radi-
ation therapy or systemic chemotherapy for treatment
of orbital lymphoma.7–11 In addition to these modali-
ties, more recent treatment options are discussed,
such as immunotherapy (monoclonal antibody ther-
apy), which may be effective in the treatment of low-
grade non-Hodgkin’s lymphoma of the orbit.12

CLINICAL FEATURES

Lymphoid tumors are the most common primary or-
bital malignancy,1,2 constituting approximately 10%
of all orbital tumors and 40 to 60% of lymphoprolif-
erative disease in the orbit.5 The majority of orbital
lymphomas are non-Hodgkin’s type and are seen pri-
marily in adults in the 50- to 70-year age group.

Orbital lymphomas are usually unilateral but may
involve both orbits and demonstrate a predilection for
the lacrimal gland. Patients with orbital lymphoma
usually present with a painless proptosis of insidious
onset, downward displacement of the globe, eyelid
edema, a palpable nontender orbital mass, and ptosis
(Figure 13.1). Imaging studies usually confirm the pres-
ence of a mass, most commonly in the superior and

anterior orbit but less commonly deep in the orbital
apex (Figure 13.2).

The distinction between “primary” and “sec-
ondary” orbital lymphoma is somewhat arbitrary.
Primary lymphomas are thought to be isolated to the
orbit, with the orbit as the only extranodal site of
involvement of lymphoma. Thus, by definition,
“primary” orbital lymphomas are stage I. Secondary
orbital lymphomas are those in which the orbit is a
secondary extranodal site of involvement either
where there was a previously diagnosed NHL or
where the orbital lymphoma is diagnosed simulta-
neously with the discovery of systemic lymphoma.
Given the more recent sensitive tools such as PET
for detecting small foci of lymphoma and the rou-
tine use of bone marrow biopsies as part of the stag-
ing workup, we suspect that the incidence of truly
“primary” orbital lymphoma is lower than suggested
in most textbooks. Table 13.1 compares some fea-
tures of what have been termed primary versus sec-
ondary orbital lymphomas, although these distinc-
tions are somewhat arbitrary and not applicable to
every patient with orbital lymphoma.6

MORPHOLOGIC FEATURES

Accurate histopathologic evaluation is the most crit-
ical diagnostic step in the management of orbital lym-
phomas. Open incisional biopsy or fine-needle aspira-
tion of an orbital mass that is suspected to be a
lymphoma is often necessary to establish the diagno-
sis and guide management. Tissue should arrive at the
pathology department fresh (without preservatives)
and sterile. Care should be taken to avoid excessive
crushing or manipulation to preserve the tissue ar-
chitecture. Under the hood in the pathology labora-
tory, touch preps and permanent and frozen sections
can be prepared. Additional fresh tissue is reserved for
special lymphoma studies.13,14

Malignant lymphoma is diagnosed when diffusely
arranged population of immature and mitotically ac-
tive lymphocytes are found in the orbit.15,16 Histologic
hallmarks of this disease are monoclonal populations
of B cells confirmed by immunohistochemical stud-
ies, with prominent nucleoli, chromatin margination
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at the nuclear membrane, nuclear membrane irregu-
larities, and cellular atypia.

In addition to sections prepared with standard
hematoxylin eosin stain, lymphoma studies currently
utilized include the following:

• Immunohistochemistry: a sensitive technique to
identify antigenic expression of lymphoma cells,
which can aid in the histologic classification of
lymphomas. The numerous target antigens char-
acterized thus far include CD20 for mature B lym-
phocytes, CD10 for precursor B lymphocytes, and
many others that help classify the lymphoma.

• Flow cytometry: measures cellular parameters
while a suspension of sampled cells flows through
a laser beam. Clonality of lymphocytes can be rap-
idly determined with flow cytometry.

• Cytogenetics studies: evaluate chromosomal dele-
tions, additions, and translocations by gene karyo-
typing and are useful in evaluating tumors with
characteristic chromosomal abnormalities.

• Molecular studies of the biopsied tissue: can pro-
vide additional information that may help charac-
terize the type of lymphoma. The polymerase
chain reaction can amplify the DNA or RNA, al-
lowing for detection of minute genetic aberrations.

Approximately 85 to 90% of orbital lymphomas are
low-grade, diffuse proliferations of small, monoclonal
B-cell lymphocytes (Figure 13.3). The remaining 10 to
15% have follicular or nodular characteristics. Lesions
displaying high mitotic activity are most likely asso-
ciated with extraorbital disease. Follicular lesions
with germinal centers are more likely indicative of lo-
calized disease.

CLASSIFICATION

Histologic classification of lymphoma has evolved and
improved as newer techniques are utilized to eluci-
date the antigenic expression, cytogenetic features,
and molecular characteristics of lymphomas. In the

past, the most commonly used system of classifica-
tion for lymphoma was the National Cancer Insti-
tute’s Working Formulation, which divided lym-
phomas into low, intermediate, and high grades based
on their histologic characteristics and morphologic
features (Box 13.1). The availability of monoclonal an-
tibodies, which identify surface antigens on lymphoid
cells, has helped the classification of lymphomas
based on their immunophenotype. The chromosomal
and molecular characteristics of lymphomas are now
studied routinely and correlated with their clinical be-
havior. The Revised European–American Classifica-
tion of Lymphoid Neoplasms (REAL) is the most re-
cently and widely used pathology classification
system based on morphology, immunophenotype,
genotype, and clinical features of the lymphoma (Box
13.2).17 In this classification, lymphomas are catego-
rized as indolent, aggressive, or highly aggressive. In
addition to the histologic subtypes included in the ear-
lier classification schemes, several new entities, such
as the peripheral T-cell lymphomas, are included in
REAL.18

INVESTIGATION

As with lymphomas in other sites, detailed investiga-
tion is necessary to determine the stage of the disease
before a definitive treatment plan is established.19 A
thorough staging workup is necessary to identify pa-
tients with orbital lymphoma who may harbor addi-
tional foci of lymphoma throughout the body, thus re-
quiring systemic or combined-modality treatment.

A complete history and physical examination may
provide evidence of systemic, although clinically
silent, disease or presence of constitutional signs. In
addition to a usually painless and nontender orbital
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FIGURE 13.1. Patient with a left lacrimal gland mass causing me-
chanical ptosis of the left upper eyelid.

FIGURE 13.2. Axial noncontrast, T1-weighted magnetic resonance
image of an intraconal lymphoma in the posterior left orbit 
(asterisk).



mass, which may be palpable or visible during the ex-
amination, there may be visual loss due to compres-
sive optic neuropathy, a condition revealed by a thor-
ough ophthalmic examination.

Box 13.3 summarizes the recommended staging
workup for orbital lymphomas. An imaging study of
the orbit is critical in delineating the extent of orbital
involvement. A characteristic diffuse to moderately

well-defined orbital mass with molding to the globe,
optic nerve, and orbital bones strongly suggests the di-
agnosis of orbital lymphoma (Figure 13.4). On com-
puted tomography, lymphomas appear homogenous in
texture and isodense to muscle, showing mild en-
hancement with contrast.

Fine-needle cytology or open biopsy of orbital and
adnexal masses is often necessary to confirm the di-
agnosis and help with the histologic classification of
orbital lymphomas.

Imaging studies of the abdomen, thorax, and pelvis
are performed to rule out disseminated disease. A bone
marrow aspiration is performed to rule out marrow in-
volvement. Upper GI tract endoscopy and barium stud-
ies are done to detect gastrointestinal involvement and
are particularly important for certain subtypes of orbital
lymphoma, such as mantle cell lymphoma with a
predilection for gastrointestinal involvement.

PET is replacing bone and gallium scans for de-
tecting small foci of lymphoma throughout the body.
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TABLE 13.1. Primary vs Secondary Orbital Lymphomas.

Primary lymphomas Secondary lymphomas

Characteristics Isolated, extranodal, orbit is often the first site of Disseminated, systemic involvement, may appear 
lymphoma involvement late as part of generalized relapse

Location Usually unilateral Usually unilateral
Age Most common in 50- to 70-year-old age group Most common in 50- to 70-year old age group, but 

younger patients more likely to have high-grade 
lymphomas

Sex M � F M � F
Histology Low-grade, indolent, small lymphocytic, follicular, More often intermediate- or high-grade (diffuse mixed 

or MALT or large cell type) but low-grade secondary orbital
lymphomas also common

A

B
FIGURE 13.3. Histologic findings for the lacrimal gland mass shown
in Figure 13.1. (A) Histologic section (with H&E stain) demonstrates
a mostly follicular lymphoma with areas of diffuse infiltration by a
mixture of small cleaved and large noncleaved lymphoid cells. (B)
Immunohistochemical staining of paraffin-embedded tissue sec-
tions demonstrates that the lymphoma cells are positive for CD20,
confirming B-cell lineage.

BOX 13.1. U.S. National Cancer 
Institute Working Formulation of 
Non-Hodgkin’s Lymphomas

Low-Grade Lymphomas
Small lymphocytic
Follicular, predominantly small cleaved cell
Follicular, mixed, small cleaved cell and large 

cell

Intermediate-Grade Lymphomas
Follicular, predominantly large cell
Diffuse, mixed, small and large cell
Diffuse, large cell (cleaved and noncleaved)

High-Grade Lymphomas
Diffuse large cell, immunoblastic
Lymphoblastic (convoluted and non-convoluted)
Small noncleaved cell (Burkitt’s and 

non-Burkitt’s)



It appears to be sensitive for detecting extranodal sites
of involvement, including bone marrow.20

The Ann Arbor Staging System is most commonly
used to designate a stage for lymphomas and is sum-
marized in Table 13.2.

MANAGEMENT

Most published reports advocate the use of external
beam radiotherapy or systemic chemotherapy for 
the treatment of primary orbital lymphomas.7,8,21,22

While external beam radiotherapy may be successful
in controlling local orbital disease in the majority of
patients with low-grade indolent orbital lymphoma,
the risk of distant relapse is not insignificant with ra-
diotherapy alone. For more aggressive histologic sub-
types of orbital lymphoma for which widespread sys-

temic involvement is likely, systemic chemotherapy
or systemic immunotherapy may be more appropri-
ate. In some patients, combining systemic chemother-
apy with local radiation treatment is warranted.11,23 The
therapeutic approach chosen for each patient varies
according to the stage and histologic classification of
lymphoma in addition to other comorbid risk factors.

Radiotherapy

Lymphomas are markedly radiosensitive. Primary ra-
diotherapy for stage I indolent orbital lymphoma can
achieve local control in more than 90% of patients, but
the rate of distant relapse may be as high as 40% with
external beam radiotherapy alone.21,22 The median to-
tal dose of radiation used in external beam radiother-
apy for non-Hodgkin’s lymphoma of the orbit is 40 Gy
(range 20–50 Gy).22 Low-grade lesions are usually
treated with a 30 Gy dose; intermediate-grade lym-
phomas may be more appropriately treated with higher
doses (�40 Gy). Distant relapse rates have been ob-
served in 20 to 25% of patients with low-grade lym-
phoma and 40 to 60% for higher grade lymphomas.21,24

Field arrangement varies according to tumor loca-
tion. Most studies of radiotherapy for primary orbital
lymphoma have reported minimal acute ocular tox-
icity, but long-term follow-up can demonstrate com-
mon ocular side effects of dry eye syndrome, ocular
surface irritation, and, occasionally, cataracts.24–28 To-
tal dose and length of time between fractions markedly
influence the degree of ocular toxicity. A regimen of
daily radiation fractions less than 2.25 Gy reduces ra-
diation-induced morbidity. A cumulative dose of 16.5
Gy or higher is likely to lead to lens opacities.27 Ade-
quate shielding can decrease the risk of cataract for-
mation and the amount of radiation delivery to the
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BOX 13.2. Revised European-
American Classification of Lymphoid
Neoplasms (REAL)

Indolent Lymphomas
Follicular lymphoma
B-chronic lymphocytic leukemia/small 

lymphocytic lymphoma
Lymphoplasmacytic lymphoma
Marginal zone lymphoma (nodal, extranodal, 

splenic)
T-cell/natural killer large cell granular 

lymphocyte leukemia
T-chronic lymphocytic leukemia/

prolymphocytic leukemia

Aggressive Lymphomas
Mantle cell lymphoma
Diffuse large B-cell lymphoma
Peripheral T-cell lymphoma (unspecified)
Peripheral T-cell lymphoma (angioimmuno-

blastic, angiocentric)
T-cell/natural killer cell, hepatosplenic, 

intestinal T-cell lymphoma
Anaplastic large cell lymphoma

Highly Aggressive Lymphomas
Precursor T or B lymphoblastic leukemia/

lymphoma
Burkitt’s and Burkitt’s-like lymphoma
Adult T-cell leukemia/lymphoma

BOX 13.3. Recommended Staging
Workup for Orbital Lymphoma

Thorough history and physical examination
Dilated eye examination
Complete blood count and biochemistry profile
Liver function tests
Chest radiography
Computed tomography or magnetic resonance 

imaging of orbit
Computed tomography of abdomen, thorax, and

pelvis
Bone marrow aspiration
Open or fine-needle biopsy of orbital mass
Upper endoscopy and barium studies
Total body positron emission tomography

Source: Data from Harris NL, Jaffe ES, Stein H, et al. A revised European–
American classification of lymphoid neoplasms: a proposal from the Inter-
national Lymphoma Study Group. Blood 1994;84:1361–1392.



corneal surface. Despite shielding, tear film insuffi-
ciency and subsequent dry eye syndrome frequently
occur after radiation therapy for orbital lymphoma.
Significant radiation vasculopathy of the retina and
optic nerve does not usually occur with the usual to-
tal dose used for orbital lymphoma (� 50 Gy).28

Newer approaches in radiation delivery could im-
prove the treatment of orbital tumors in the future.
Intensity-modulated conformal therapy, which prom-
ises isodose delivery to tumors while sparing the un-
involved neighboring structures, may minimize the
ocular toxicity due to radiotherapy.29

Systemic Chemotherapy or 
Combined Modality Therapy

Chemotherapy is usually indicated for the more ag-
gressive histologic subtypes of orbital lymphoma with
potential for future systemic involvement or with ex-
isting disseminated disease.

Indolent lymphomas are very sensitive to both sin-
gle-agent and combination chemotherapy. Single-agent

therapy is carried out with alkylating agents such as cy-
clophosphamide. For intermediate- to high-grade lym-
phomas, initial combination chemotherapy is usually
with a doxorubicin-containing regimen such as cy-
clophosphamide, doxorubicin, vincristine, and pred-
nisone (CHOP) or cyclophosphamide, vincristine, dox-
orubicin, and dexamethasone (CVAD). The most
common life-threatening toxic effect from chemo-
therapy is myelosuppression, resulting in anemia, in-
fection, and abnormal bleeding. Congestive heart fail-
ure secondary to decreased left ventricular function is
another significant toxicity of these regimens.

Combined chemotherapy and radiation therapy
may be an appropriate option for intermediate- to
high-grade lymphomas.23 The rationale for combined
modality therapy originates from observations that
systemic extranodal sites of relapse are common fol-
lowing radiation therapy alone. Single-institution and
cooperative group series, in which chemotherapy was
combined with radiotherapy, have reported 5-year rates
of relapse-free survival of 94 to 100% for stage I lym-
phomas and 72 to 78% for stage II disease.23,30,31 Fur-
thermore, overall life-threatening toxicity and cardiac
toxicity are significantly lower in patients receiving
combined chemotherapy and radiation because fewer
cycles of chemotherapy may be required.23

Aggressive chemotherapy induction regimens fol-
lowed by stem cell transplantation have been investi-
gated at the M. D. Anderson Cancer Center.32 Hyper-
CVAD, with escalated doses of cyclophosphamide,
high-dose methotrexate, and cytarabine followed by
autologous or allogenic stem cell transplantation, can
result in improved rates of remission for the more ag-
gressive lymphomas.

Immunotherapy and Radioimmunotherapy for
Low-Grade Indolent NHL of the Orbit

Although external beam radiotherapy is effective at
controlling orbital lymphomas, it is associated with
the risk of distant relapse and ocular toxicity. Sys-
temic chemotherapy is an effective treatment for
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A

B
FIGURE 13.4. Magnetic resonance images in a patient with large-
cell lymphoma demonstrate multiple intraorbital masses infiltrating
the lacrimal gland and the extraocular muscles. (A) Axial noncon-
trast T1-weighted image. (B) Coronal fat-suppressed, contrast-en-
hanced T1-weighted image.

TABLE 13.2. Ann Arbor Staging System for Lymphoma.

Stage Description

I* Involvement of a single lymph node region or 
lymphoid structure (e.g. spleen or Waldeyer ring)

II* Involvement of two or more lymph node regions on 
same side of the diaphragm or localized involvement
of an extranodal lymphoid structure and of one 
or more lymph node region on same side of 
diaphragm

III Involvement of lymph nodes on both sides of 
diaphragm � extranodal sites

IV Involvement of two or more extranodal sites or liver 
or bone marrow

aInvolvement of an extranodal organ or site is designated with the suffix E
(stage IE or stage IIE).



higher grade or more advanced stages of lymphoma,
but in the elderly patient the presence of comorbid
disease may mitigate against intensive chemotherapy
approaches. Thus, new and alternative treatment op-
tions for orbital lymphoma may be desirable.

Recent reports have suggested that monoclonal an-
tibody therapy may be effective in the treatment of
low-grade NHLs.33–35 Investigators have characterized
the patterns of expression of surface antigens on B cells
and have developed targeted therapy with monoclonal
antibodies directed against several of these antigens.
One of these surface antigens is CD20, which is a hy-
drophobic phosphoprotein that is expressed on mature
B cells and most B-cell malignancies but not on stem
cells, pre-B cells, or plasma cells. Rituximab (Rituxan)
is a genetically engineered chimeric mouse/human an-
tibody discovered in 1990 by IDEC Pharmaceuticals;
it binds with high affinity to cells expressing the CD20
antigen and causes tumor lysis via both complement-
dependent and antibody-dependent cellular cytotoxic-
ity.36 It also can sensitize chemoresistant human lym-
phoma cell lines and induce apoptosis in vitro.
Rituximab was approved by the U.S. Food and Drug
Administration in 1997 for the indication of relapsed
or refractory CD20-positive B-cell low-grade or follic-
ular NHL. It is the first monoclonal antibody approved
for the treatment of cancer and the first single agent
approved specifically for therapy of lymphoma. It is
administered as an intravenous infusion at a dose of
375 mg/m2 once weekly for 4 consecutive weeks. Out-
patient therapy is feasible and is completed within 22
days (treatment on days 1, 8, 15, and 22). The overall
response rate to rituximab is 48% for relapsed low-
grade lymphomas. The response rate is somewhat
higher for follicular lymphomas (58%).33–36

Rituximab is well-tolerated and does not deplete
marrow reserves. Most side effects are mild and infu-
sion related, usually occurring with the first infusion.
The common reported side effects include transient
chills, fever, nausea, fatigue, headache, and pruritis;
less frequently there can be bronchospasm, hypoten-
sion, rash, or anaphylaxis.

Radioimmunotherapy refers to administration of a
monoclonal antibody in combination with a radioac-
tive ligand. Beta particles emitted by commonly used
radioisotopes are tumoricidal over a distance of many
cell diameters, allowing eradication of antigen-nega-
tive tumor cells by radioactive cross fire from neigh-
boring antigen-positive antibody-coated cells. This ad-
ditional mechanism for tumor lysis leads to a more
dramatic treatment effect than the nonradioactive 
antibody.

IDEC-Y2B8 (Zevalin) is a murine IgG1 � mono-
clonal antibody directed against the CD20 antigen
that is conjugated to MX-DTPA and bound to the beta-
emitting radioisotope yttrium-90.37 Zevalin is usually
given as a single dose following an infusion of ritux-
imab. Radioimmunothearpy with Zevalin in combi-
nation with rituximab has shown greater efficacy for
treatment of low-grade lymphoma than rituximab
alone. Dosimetry has shown that at doses of up to 0.4
mCi/kg, no normal organ, including red marrow, re-
ceived a radiation dose greater than 14 Gy.38

The experience at M. D. Anderson for treating low-
grade lymphomas of the orbit with rituximab therapy
alone or in combination with Zevalin, its radioactive-
liganded counterpart, has been positive.12 Three pa-
tients with low-grade lymphoma of the orbit were
treated with four weekly doses of rituximab; two ad-
ditional patients were treated with one dose of ritux-
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FIGURE 13.5. Computed tomography scans of the orbit in a pa-
tient with low-grade follicular lymphoma of the left lacrimal gland.
(A) Before monoclonal antibody treatment, a mass was visible in

the inferior left orbit (arrows). (B) Two months after administration
of rituximab and yttrium-90-labeled ibritumomab tiuxetan, the or-
bital mass had shrunk considerably.
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imab followed by Zevalin. All five patients achieved
complete resolution of their orbital lymphoma in re-
sponse to monocloncal antibody therapy (Figure
13.5). The potential benefits of radioimmunotherapy
include fewer side effects than accompany external
beam radiation therapy and systemic chemotherapy,
repeatability in case of recurrence, and a shorter du-
ration of therapy than is possible with both the other
two modalities. If in larger studies monoclonal 
antibody treatment proves to be as effective as ex-
ternal beam radiotherapy or chemotherapy for the
treatment of indolent lymphomas of the orbit, it
may indeed be an exciting alternative therapy for or-
bital lymphomas.
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Vascular Tumors
Kaan Gündüz and Zeynel A. Karcioglu

Vascular tumors and malformations of the orbit
comprise an important group of orbital space-
occupying lesions. Reviews indicate that vas-

cular lesions account for 6.2 to 12.0% of all histopatho-
logically documented orbital space-occupying lesions
(Table 14.1).1–5 There is ultrastructural and immuno-
histochemical evidence that capillary and cavernous
hemangiomas, lymphangioma, and other vascular le-
sions are of different nosologic origins, yet in many
patients these entities coexist. Hence, some prefer to
use a single umbrella term, “vascular hamartomatous
lesions” to identify these masses, with the qualifica-
tion that, in a given case, one tissue element may pre-
dominate.6 For example, an “infantile hemangioma”
may contain a few caverns or intertwined abnormal
blood vessels, but its predominating component is
usually capillary hemangioma. This nomenclature
does not cover all bases either; it should be noted that
although many vascular lesions are made of multiple
histopathologic types, all are not. For instance, al-
though caverns lined by endothelial cells are seen in
many vascular lesions, no other tissue element is 
encountered with the classic intraconal “cavernous
hemangioma.” In this chapter, the time-honored ter-
minology is used to review cavernous hemangioma,
capillary hemangioma, lymphangioma, orbital varix,
hemangiopericytoma, angiosarcoma, intravascular pap-
illary endothelial hyperplasia, arteriovenous fistulas,
vascular leiomyoma, angiolymphoid hyperplasia with
eosinophilia, and Kimura disease.

From the standpoint of treatment and predicting
prognosis, it is important to determine the predomi-
nating tissue element: if a lesion predominantly con-
tains capillary hemangioma, for example, it may scle-
rose significantly as the patient ages, and, if treated,
it may respond well to steroid injections. On the other
hand, lesions with predominantly cavernous histology
and/or large blood vessel malformations do not regress
over the years and do not respond to intralesional ste-
roid injections, even though both these pathologies
may be identified as “vascular hamartomatous le-
sions.” In some cases, light-microscopic examination
with routine stains may not be sufficient to determine
an answer; in these instances immunohistochemistry
may help. A number of cellular antigens identify the
endothelial cell. These include CD31, CD34, factor

VIII related antigen (v,w,f), CV141 (endothelium,
mesothelium, and squamous cells), and VEGFR-3
(channels, neovascular endothelium). None of the cell
markers is absolutely specific in its application; a com-
bination is recommended in difficult cases. CD31 is
the most often used endothelial cell marker, with pos-
itive membrane staining pattern in over 90% of cap-
illary hemangiomas, cavernous hemangiomas, and an-
giosarcomas; CD34 is expressed only in about 50% of
endothelial cell tumors. Lymphangioma pattern, on
the other hand, is negative with CD31 and CD34, 
but, it is positive with VEGFR-3. VEGFR-3 expression
is also seen in Kaposi sarcoma and in neovascular 
endothelium. In hemangiopericytomas, the tumor
cells are typically positive for vimentin and CD34 and
negative for markers of endothelia (factor VIII, CD31,
etc.)

Another focus of debate is whether lymphangioma
and varix are related lesions. It has been suggested that
orbital venous anomaly be used for both types of le-
sion.7 However, most orbitologists still use lymphan-
gioma and varix separately. Angiolymphoid hyperpla-
sia with eosinophilia and Kimura disease were once
thought to represent the same entity, although differ-
ences between the conditions do exist. They no longer
are considered to be the same disease.8

CAVERNOUS HEMANGIOMA

Cavernous hemangioma is the most common benign
orbital tumor in adults. It comprised 3.1 to 9.0% of
all histopathologically proven orbital tumors in five
series (Table 14.1).1–5 It most frequently occurs in pa-
tients 40 to 60 years old.3 Rarely, cavernous heman-
gioma can occur in children. Unlike capillary heman-
gioma, it is not associated with the presence of
hemangiomas elsewhere in the body.

Clinical Features

Orbital cavernous hemangioma can occupy an intra-
conal or extraconal position in the orbit (Figures 14.1
and 14.2). When the cavernous hemangioma is located
intraconally, it leads to a slowly progressive axial prop-
tosis (Figure 14.1). When it is located extraconally in
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FIGURE 14.1. (A–C) Typical 
cavernous hemangioma 
presentation with slowly progres-
sive unilateral proptosis due to an
intraconal lesion. (B,C) Axial 
T1-weighted MR images with and
without contrast reveal a well-
encapsulated, oval lesion within
the cone. (D) Histopathologically,
the specimen consists of multiple
cavernous spaces separated by 
fibrous septae; most of the caverns
are filled with blood. (E) The gross
specimen after surgical excision
shows a reddish blue encapsulated
lesion. (F) Fundus photograph
shows the choroidal folds (arrow)
secondary to the compression of
the lesion.

TABLE 14.1. Frequency of Various Vascular Tumors of the Orbit.

No. of Cavernous Capillary
Author cases hemangioma hemangioma Lymphangioma Varices Hemangiopericytoma

Shields et al.1 645 20 (3.1%) 7 (1.1%) 4 (0.6%) 2 (0.3%) 5 (0.8%)
Sen5 266 16 (6.0%) 5 (1.9%) 4 (1.5%) — 1 (0.3%)
Günalp and Gündüz3 1092 35 (3.2%) 15 (1.3%) 3 (0.3%) 3 (0.3%) 1 (0.1%)
Henderson et al.2 1376 60 (4.4%) 30 (2.2%) 18 (1.3%) 4 (0.3%) 16 (1.2%)
Seregard and Sahlin4 300 27 (9%) 2 (0.7%) 2 (0.7%) 4 (1.3%) 1 (0.3%)

Vascular Arteriovenous
Author leiomyoma Angiosarcoma fistula Aneurysm Hamartoma

Shields et al.1 2 (0.3%) — — — —
Sen5 — — — — —
Günalp and Gündüz3 — 3 (0.3%) 3 (0.3%) — —
Henderson et al.2 1 (0.1%) — 5 (0.4%) 2 (0.1%) 1 (0.1%)
Seregard and Sahlin4 — — — — —

the orbit, the displacement of the globe is opposite the
position of the tumor. Rarely, a cavernous hemangi-
oma presents as a lacrimal gland mass9 or as an in-
traosseous tumor.10,11

A palpable mass is rarely present. There are usu-
ally no significant inflammatory signs such as eyelid
edema or conjunctival injection. Visual acuity is usu-

ally good unless the cavernous hemangioma com-
presses the optic nerve. When the tumor is located in
the vicinity of the globe, it may induce hyperopia and
choroidal folds. It is interesting that the hyperopia and
choroidal folds may persist even after complete re-
moval of the cavernous hemangioma (Figure 14.1).12

Ocular motility may be slightly limited. Amaurosis



fugax, in extreme positions of gaze, is probably related
to ischemia of the optic nerve as it is compressed by
the retrobulbar mass.13 The rare occurrence of cav-
ernous hemangioma in a patient with hyperthy-
roidism has been described.14

Ophthalmoscopic findings include choroidal folds,
optic disk edema, and optic atrophy.15 The develop-
ment of optic atrophy is related to the presence of a
long-standing tumor. These tumors have been misdi-
agnosed in the past as optic neuropathy. Such errors are
rare now, since the advent of neuroimaging studies.

Cavernous hemangioma is typically a solitary uni-
lateral tumor. However, rarely bilateral and multiple
hemangiomas have been reported in the same patient
(Figure 14.2).16 Multiple orbital cavernous hemangi-
omas may occur as a sporadic lesion or in association
with Maffucci syndrome (multiple enchondromas,
soft tissue hemangiomas, and a generalized tendency
to neoplasia) and blue rubber bleb nevus syndrome
(bluish cutaneous and mucosal hemangiomas, soft tis-
sue hemangiomas, enteric hemangiomas with gas-
trointestinal bleeding) (see Chapter 16).17

Radiologic Features

A-mode ultrasonography demonstrates medium to high
internal reflectivity. B-mode ultrasonography shows a
regular outline with sharply defined borders and mod-
erate acoustic solidity.12 CT (computed tomography) and
magnetic resonance imaging (MRI) show a well-cir-
cumscribed round to ovoid orbital mass usually occu-
pying the intraconal space (Figures 14.1 and 14.2).15 The
cavernous hemangioma usually spares the triangular
space in the orbital apex, although exceptions exist.15

On MRI, which details internal tissue features well, cav-
ernous hemangioma has a heterogeneous structure. The
tumor is isointense to the cerebral gray matter and ex-
traocular muscles on T1-weighted images and hyperin-
tense on T2-weighted images. On contrast injection, the
cavernous hemangioma shows progressive filling and en-
hancement. The initial patchy enhancement increases
gradually and becomes homogeneous. This pattern is
consistent with the pooling of the contrast medium in
the caverns within the lesion and is considered to be
characteristic of cavernous hemangioma. Other orbital
tumors may display similar characteristics.

The differential diagnosis of well-circumscribed
orbital lesions on CT and MRI include cavernous hem-
angioma, schwannoma, fibrous histiocytoma, heman-
giopericytoma, and certain metastatic lesions. How-
ever, cavernous hemangioma is the most frequently
encountered well-circumscribed orbital lesion.

Morphologic Features

Grossly, the orbital cavernous hemangioma is an en-
capsulated mass. The lesion is purple and has a 
spongelike consistency. On a cut surface, it displays
numerous ectatic vascular spaces (Figure 14.1).
Histopathologically, it consists of large, congested
vascular channels separated by thin fibrous septae and
flattened endothelial cells lining the vascular chan-
nels (Figure 14.1). There can be smooth muscle in the
wall of blood vessels. There may be a few inflamma-
tory cells and macrophages in the interstitium of the
tumor. Foci of lymphocytes are absent or sparse in
contrast to lymphangioma where multiple foci of lym-
phocytes and/or germinal centers are present.12,15
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FIGURE 14.2. Axial CTs
from three different 
cavernous hemangiomas. (A)
A long-standing, large 
cavernous hemangioma
within and outside of the
cone of the right orbit. Note
the bony invasion of this 
lesion into the cranium
(white arrow). Inset: the 
cavernous hemangioma (c)
invading the bone (b). (B)
Large but well-delineated
cavernous hemangioma of
the orbit causing massive
proptosis and compression of
the globe. Note that the 
lesion is larger than the one
shown in (A) but is much
better circumscribed, 
without any bony invasion.
(C,D) A multilobulated 
cavernous hemangioma of
the left orbit.



It is debated whether capillary and cavernous hem-
angiomas are related or coexistent tumors. The cav-
ernous type may evolve from a preexisting capillary he-
mangiomatous progenitor.12 The lesion may begin as a
capillary proliferation. Over an extended period of slow
growth, these channels may undergo progressive ectasia
and acquire a coat of smooth muscle cells. One other
possibility is the coexistence of two tumors. The capil-
lary component represents the growing portion of the tu-
mor. The capillary channels gradually enlarge and turn
into cavernous spaces. These areas represent the bosse-
lations observed on the tumor surface. Using transmis-
sion electron microscopy, Iwamoto and Jacobiec con-
cluded that capillary and cavernous hemangiomas
represented different nosologic entities based on the pres-
ence of smooth muscle cells providing support for the
endothelial cells in the cavernous type versus the pres-
ence of pericytes serving this role in the capillary type.15a

Management and Prognosis

The treatment of cavernous hemangioma is surgical
excision of the tumor.12,18 Sometimes an asympto-
matic lesion located in the posterior orbit can be ob-
served conservatively for signs of optic nerve com-
pression and visual loss. There are several surgical
approaches for the excision of larger symptomatic le-
sions. A cutaneous or a conjunctival approach can be

used. A cutaneous approach may provide better expo-
sure of intraconally located tumors in the mid- and
posterior orbits. It is important to use blunt dissection
to free the tumor from the surrounding attachments.
Sometimes a cryoprobe can be used to assist in the in-
tact removal of the tumor with less bleeding from the
surrounding vessels.19 A Kronlein approach with oste-
otomy is rarely indicated. However, this approach may
be necessary for tumors located near the orbital apex.

Incomplete excision of an orbital cavernous hem-
angioma can result in recurrence of the tumor many
years later.18 Some of these recurrences can later dem-
onstrate spontaneous regression documented on serial
neuroimaging studies. Therefore, recurrence develop-
ing in an incompletely excised cavernous hemangi-
oma does not require immediate surgical intervention.

CAPILLARY HEMANGIOMA

Capillary hemangioma is the most common vascular
orbital tumor in children. Capillary hemangioma ac-
counted for 0.7 to 2.2% of all histopathologically proven
space-occupying lesions in five orbital tumor series
(Table 14.1).1–5 The real frequency of orbital capillary
hemangioma is probably higher because many patients
do not undergo a biopsy procedure. The clinical courses
of eyelid and orbital capillary hemangiomas are similar.
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FIGURE 14.3. (A) Preoperative,
(B,C) intraoperative, and (D) 
postoperative photographs of a 
5-year-old girl with an upper eyelid
hemangioma (E). The lesion was
predominantly composed of 
proliferating endothelial cells but
it also contained occasional 
abnormally formed large blood 
vessels. (F) Positive immuno-
histochemical staining (brownish
color) with factor VIII depicts 
tumor components infiltrating into
orbicularis muscle.



Clinical Features

Capillary hemangioma of the eyelid or orbit is usu-
ally apparent at birth or within the first 8 weeks of
life.15 Females may be affected slightly more often
than males.20,21 About 83% of capillary hemangi-
omas occur in the anterior orbit. The tumor is usu-
ally palpable in the anterior orbit, with or without
some extension into the eyelid, giving the appear-
ance of a red cutaneous lesion (Figures 14.3, 14.4,
and 14.5). About 17% of capillary hemangiomas oc-
cur deep in the orbit (Figure 14.6).21 When the le-
sion is confined to the deep orbital structures, a child
may show only proptosis and displacement of the
globe. Astigmatic and myopic refractive errors can

be demonstrated in almost half of the patients with
sizable lesions involving the upper eyelid and or-
bit.22 Other tumors that should be considered in the
differential diagnosis of capillary hemangioma in-
clude teratoma, metastatic neuroblastoma, and,
rarely, rhabdomyosarcoma.

The capillary hemangioma usually enlarges for sev-
eral months and then slowly regresses without treat-
ment. Approximately 70% of the capillary hemangi-
omas regress completely by 7 years of age.22 The child
with eyelid or orbital capillary hemangioma may also
have capillary hemangiomas in several visceral (pul-
monary, soft tissues, and skin) organs. In the case of
extensive visceral hemangiomas, secondary thrombo-
cytopenia, due to entrapment of platelets in the tu-
mor, can lead to extensive hemorrhage, a condition
known as Kasabach–Merritt syndrome. Subglottic
hemangiomas can result in respiratory distress.21
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FIGURE 14.4. One-year-old boy with a capillary hemangioma in-
volving the left inferior orbit. (A) Facial photograph showing bluish
discoloration, swelling of the left lower eyelid, and upward dis-
placement of the eyeball by the inferiorly located orbital capillary
hemangioma. (B) T1-weighted coronal MR image demonstrating the
inferiorly located capillary hemangioma with marked contrast en-
hancement. Note the signal-void areas representative of high flow
vessels. (C) Postoperative facial photograph 6 months after excision
of the lesion. There is no superior displacement of the globe.

FIGURE 14.5. (A) Large lower eyelid anterior orbit hemangioma
photographed before steroid injection. (B,C) Appearance and size of
the lesion postoperatively, 8 and 13 months after injection, respec-
tively.

A

B

C



Radiologic Features

CT usually demonstrates a well-circumscribed lesion
with a heterogenous internal structure. On MRI, cap-
illary hemangioma is isointense to hyperintense on
T1-weighted images and hyperintense on T2-weighted
images with respect to the extraocular muscle and
cerebral gray matter (Figure 14.4). It shows moderate
to marked enhancement after contrast injection.23

MRI shows high blood flow vessels that are charac-
terized as signal-void areas. These signal-void areas are
characteristic of capillary hemangioma.23

Morphologic Features

Grossly, the lesion is usually red with a multilobu-
lated appearance. Histopathologically, capillary hem-

angioma is composed of proliferation of endothelial
cells (Figure 14.3). There are numerous well-formed or
partially formed capillaries in the lesion. With trans-
mission electron microscopy, the endothelial cells are
usually found to contain lamellated cytoplasmic
structures known as Weibel–Palade bodies.

Management and Prognosis

For orbital capillary hemangioma, the treatment op-
tions consist of observation, intralesional corticoste-
roids, systemic corticosteroids, systemic interferon,
and surgical resection. Since capillary hemangioma
tends to regress with advancing age, tumors that do
not displace the globe or cause refractive errors or am-
blyopia can be followed with conservative manage-
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FIGURE 14.6. Facial photographs
of a 3-year-old girl with corre-
sponding coronal CTs before and
after steroid injection. The lesion
proved to be a vascular hamartoma
with mixed capillary, cavernous,
and lymphangiomatous 
components that responded well
to steroid injection (G) but later
developed a spontaneous orbital
hemorrhage (I). (A,B) Initial 
presentation. (C,D) Enlarged lesion
prior to injection. (E,F) Three days
postinjection, whitish steroid 
deposits are seen in the slit lamp
photo (arrow). (G,H) Four months
after injection. (I,J) One year after
injection.



ment. Myopic or astigmatic refractive errors should
be corrected, and conventional amblyopia treatment
with patching of the controlateral eye should be 
undertaken.22

For periocular hemangioma, intralesional cortico-
steroids can be used. The combination is usually a
mixture of a long-acting and a rapid-acting cortico-
steroid such as triamcinolone diacetate (Aristocort) or
acetonide (Kenalog) and betamethasone sodium phos-
phate and betamethasone acetate (Celestone).24 The
recommended dose is 40 mg of triamcinolone and 6
mg of betamethasone mixed in a single syringe and
injected directly into the mass through a 21- to 30-
gauge needle.24–26

During intralesional injection of corticosteroid
into a capillary hemangioma, injection pressures gen-
erally exceed the systemic arterial pressures. This
causes the embolization of corticosteroid particles
into the ocular circulation from retrograde arterial
flow.25,26 When the drug is injected into a terminal ar-
tery, the predominant flow is in the direction of least
resistance. The resistance to fluid flow in a terminal
artery is much less than the resistance in capillaries.
Retrograde flow into an arteriole can also occur if the
medication is injected at high pressure into a capil-
lary bed.

There are a number of practical guidelines that
should be followed to minimize the risk of emboliza-
tion of corticosteroid into the ocular circulation25,26:

1. Before each injection of corticosteroid into the le-
sion, aspiration into the syringe should be per-
formed to detect the presence of arterial blood. If
blood is aspirated into the syringe, the cannula
should be withdrawn and repositioned.

2. Multiple areas of the capillary hemangioma
should be treated with small volumes of cortico-
steroid. The individual treatment sites usually re-
ceive 0.1 mL of medication. The total volume of
corticosteroid is about 0.8 to 1.5 mL for periocu-
lar tumors between 4 and 8 mL in volume. The
injection volume accounts for approximately 20%
of the tumor volume. This is because the in-
jectable space comprising the interstitium and
vasculature are assumed to occupy 20 to 30% of
the total tumor volume in capillary hemangiomas.

3. The surgeon injecting the corticosteroids should
perform indirect ophthalmoscopy and, if there is
central retinal artery enucleation, immediate
paracentesis of the anterior chamber should be
performed and intravenous carbonic anhydrase in-
hibitors given. Retinal cells survive ischemia for
90 to 100 minutes. Therefore, immediate action
should be taken if retinal arterial occlusion is ob-
served on ophthalmoscopy.

4. After the injection, pressure should not be applied
to the tumor, and a pressure patch should not be

applied. A shield should be placed around the tu-
mor for 24 hours to prevent inadvertent pressure
to the lesion.

Rapid involution of the capillary hemangioma
starts in 3 days and continues for about 2 weeks. The
involution generally lasts for 6 to 8 weeks (Figures
14.5 and 14.6).24 Many tumors shrink to less than 20%
of the original volume, attesting to a successful out-
come. If involution is not satisfactory, a second in-
jection can be given 1 to 3 months (average 2 months)
after the first injection.24 Many patients show nearly
complete involution with two injections and rarely re-
quire additional corticosteroid injection. The effect of
intralesional corticosteroids on capillary hemangioma
seems to be related to a vasoconstricting effect. The
blanching of the lesion 1 or 2 days after intralesional
injection supports this hypothesis of the action of cor-
ticosteroids.24

Potential complications of local corticosteroid in-
jections of capillary hemangioma include subcuta-
neous fat atrophy,27 eyelid necrosis,28 and retinal 
artery occlusion.26 Orbital capillary hemangiomas lo-
cated posterior to the orbital septum should not be in-
jected because of the risk of bleeding or hematoma.24

However, the lesion can be exposed surgically, par-
tially debulked, and injected intralesionally.

Larger tumors that do not respond to periocular cor-
ticosteroid injections can be treated using a tapering
dose of oral prednisone or prednisolone (2 to 3
mg/kg/day).29 The full dose is given in the morning for
4 to 6 weeks and then tapered slowly. If rebound oc-
curs, the lesion usually responds to a higher dose for
2 weeks before tapering again. In time, an alternate-
day regimen may be effective. In the past, radiother-
apy was occasionally employed in the management of
selected orbital and adnexal capillary hemangiomas.29

Extensive capillary hemangiomas that do not re-
spond to systemic corticosteriods can be treated with
systemic interferon alfa 2a or 2b (Figure 14.7).30,31 The
recommended dose is 1 to 3 million U/day. Treatment
is usually started on a lower dose around 1 million
U/day and gradually increased to the upper therapeu-
tic level. The drug is expensive and treatment should
continue for months to establish a long-lasting re-
mission. Side effects include increased body tempera-
ture, elevated serum transaminases, leukocytosis, de-
lay in motor development, flulike syndrome, and
congestive heart failure.

Surgical resection can be used for anteriorly located
capillary hemangiomas that do not respond to intrale-
sional corticosteroid (Figures 14.3 and 14.4).32 More pos-
terior lesions can be difficult to debulk in large volumes
or to excise totally. Embolization treatment of orbital
capillary hemangioma as the sole treatment or prior to
surgical resection has also been reported.33,34 The tu-
mor is more amenable to surgical excision after em-
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bolization and closing of the feeder vessels.34 Intrale-
sional Nd:YAG laser photocoagulation has also been
used in selected cases of periorbital and head and neck
hemangiomas and vascular malformations.35,36

LYMPHANGIOMA

Lymphangioma is a common vascular tumor in chil-
dren. This tumor comprised 0.3 to 1.5% of all orbital
biopsies in five orbital tumor series (Table 14.1).1–5

The real frequency may be higher because some
asymptomatic and mildly symptomatic cases do not
undergo biopsy. Lymphangioma most commonly pre-
sents in patients under 10 years of age. However, it is
sometimes detected later in life following trauma and
intralesional hemorrhage. In such cases, the diagnosis
is difficult. In contrast to capillary hemangioma,
lymphangiomas do not regress spontaneously. How-
ever, they generally become more encapsulated in
later years of life as a result of the tendency of the
body to form a barrier to further tumor expansion.

When studied with arteriography or venography,
lymphangiomas show no demonstrable connections
to the venous system.6 This is in contrast to orbital
varices, which usually demonstrate connections to the
venous system.

Clinical Features

Clinically, orbital lymphangioma usually presents
with a slowly progressive proptosis, globe displace-

ment, ptosis, and eye motility restriction (Figures 14.8
and 14.9).37 The eyelids may have a bluish discol-
oration due to subcutaneous involvement of the lym-
phangioma (Figure 14.8). The conjunctiva may show
clear or hemorrhagic lymph channels (Figure 14.8).38

Rarely, a focal lesion may remain asymptomatic.
Spontaneous hemorrhage is the most dreaded oc-

currence in a lymphangioma and may lead to eyelid
ecchymosis, subconjunctival hemorrhage, and acute
proptosis (Figure 14.6). This may create diagnostic dif-
ficulty in a patient with a previously undiagnosed
asymptomatic lymphangioma. Acute increase in in-
traorbital pressure can result in compressive optic
neuropathy and vision loss.37,39 In the clinical differ-
ential diagnosis of spontaneous orbital hemorrhage,
the following possibilities should be considered in ad-
dition to lymphangioma: trauma, bleeding disorder,
orbital varix, and, rarely, cavernous hemangioma. One
characteristic feature of lymphangioma is that the
proptosis is exacerbated after trauma or upper respi-
ratory tract infection.38,40 Under these circumstances,
hemorrhage into the channels of the tumor may lead
to the development of chocolate cysts.

Orbital lymphangioma may occupy an intraconal
or extraconal (Figures 14.9 and 14.10) location.41 Dif-
ferential diagnosis of this tumor should include cav-
ernous hemangioma, hemangiopericytoma, fibrous
histiocytoma, or neurilemoma and solitary neural 
tumors.

Orbital lymphangioma can rarely be associated
with an orbital and/or intracranial arteriovenous mal-
formation.42,43 Another rare complication of orbital
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FIGURE 14.7. (A) Facial 
photograph demonstrating nonre-
gressing extensive left eyelid 
capillary hemangioma in a 3-year-
old girl after several corticosteroid
injections. (B) T1-weighted, 
contrast-enhanced axial orbital MR
image showing the hyperintense
capillary hemangioma. Note the
signal-void high-flow vessels in the
lesion. (C) Facial photograph after
alfa-2b interferon treatment 
showing marked regression of the
lesion at 1-year follow-up. (D) 
T1-weighted axial orbital MR 
image at 1-year follow-up 
demonstrating the marked resolu-
tion of the capillary hemangioma.
The tumor is isointense to slightly
hyperintense to the extraocular
muscle and cerebral gray matter.



lymphangioma is association with orbital cellulitis.
Because of its infiltrating nature, orbital lymphan-
gioma may provide a route of entry for infections into
the orbit from otherwise minor infections of the peri-
ocular skin and eyelids.44

Patients with orbital lymphangioma can have sim-
ilar lesions in the skin and mucous membranes of the
head including the soft palate (Figure 14.8). It is im-
portant to examine the skin and soft palate of the pa-
tient with orbital lymphangioma.38
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FIGURE 14.8. (A) Facial and (B)
slit lamp photographs show
swelling of the right periorbital 
tissues in a 4-year-old girl with
right orbital lymphangiomas; note
lateral displacement and clear 
conjunctival lymph channels on
the medial conjunctiva. (C) 
Photograph of the open mouth
showing a similar lesion affecting
the soft palate. (D) T2-weighted 
axial MR image demonstrating 
various lymphatic cysts 
hyperintense to the extraocular
muscle and cerebral gray matter in
the right orbit. The cysts contain
higher and lower intensity fluid,
demonstrating a fluid–fluid level.
The higher intensity fluid is due to
the release of methemoglobin into
the superior portion of the cyst.
Histopathologic examination re-
veals large bloodless ectatic lymph
channels lined by thinned 
endothelial cells. There are lymph
follicles within the connective 
tissue trabeculae. The 
lymphangioma channels may 
appear empty, if intralesional 
hemorrhage has occurred; however,
they will contain blood. Inset: Gross
photograph of the partially excised
lymphangioma. (F) Postoperative
facial appearance showing com-
plete resolution of right proptosis
and eyelid swelling after partial 
excision of the lesion.

FIGURE 14.9. (A) Lymphangioma
in a 24-year-old woman causing
marked axial proptosis due to 
multicystic tumor. The lesion is
well depicted in the B-scan 
ultrasonography (B) gross, and (C)
microscopic (D) specimens of the
tumor. Photomicrograph shows
two cystic lesions within the same
area, one filled with blood and the
other empty. Note the aggregates
of lymphocytes with and without
germinal centers within the fibrous
skeleton of the tumor (ls, 
lymphatic space).



Radiologic Features

A-scan and particularly B-scan ultrasonography may
help diagnosis by demonstrating the compressibility
of large, irregular cystic spaces. The demonstration
of multiple spaces differentiate this lesion from a
varix.

An irregular mass is demonstrated by CT and MRI.
The mass has a multicystic appearance on CT. MRI
shows internal tissue features better. Acute hemor-
rhage in the lesion appears hypointense with respect
to the extraocular muscle and cerebral gray matter on
T1- and T2-weighted images because of its high con-
centration of deoxyhemoglobin. As the hemorrhage
ages, the tumor demonstrates a hyperintense signal on
T1- and T2-weighted images as a result of lysis of red
blood cells with release of paramagnetic methemo-
globin (Figure 14.8). With aging, the methemoglobin
degrades into hemosiderin and ferritin, and the hy-
perintensity on T1- and T2-weighted images gradually
changes to hypointensity.23,45

Orbital lymphangioma may demonstrate fluid–fluid
levels in the lesion, especially on T2-weighted images.
The blood–fluid level is due to the coexistence of higher
and lower density fluid (Figure 14.10). The higher den-
sity is due to the presence of methemoglobin.23 In large
lymphangiomas, MRI can demonstrate the tumor’s
blood supply. Such vessels show a flow-void artifact.

Morphologic Features

Grossly, lymphangioma has an ill-defined appearance;
the lesion is blue or dark red. Histopathologically, it

is composed of bloodless ectatic lymph channels.
These spaces are lined by a single layer of flat mesothe-
lial cells (Figures 14.8 and 14.9). Hemorrhage into
these spaces produces chocolate cysts. Lymphoid ag-
gregates, with or without germinal centers, are often
seen. Fibrosis is present in lymphangiomas with
chronic recurrent hemorrhages.37 Lymphangioma
may resemble a cavernous hemangioma or varix mi-
croscopically as well as clinically.

Management and Prognosis

The indications for treatment of an orbital lymphan-
gioma are varied. Smaller lesions can be followed se-
rially with neuroimaging studies, provided a pre-
sumptive diagnosis of lymphangioma has been made.
Surgery is indicated for larger lesions producing cos-
metic disfigurement, proptosis and corneal exposure,
or signs of optic nerve dysfunction including relative
afferent pupillary defect.46 Therefore, the main indi-
cations for surgical intervention in orbital lymphan-
gioma are preservation of visual function and cosmetic
appearance.

The treatment of orbital lymphangioma can be
challenging. Smaller lymphangiomas can be com-
pletely excised. In the case of larger lymphangiomas,
the tumor should be treated by debulking or at least
partial excision of the anterior part of the lesion.37,46

Sometimes large blood cysts can be managed by sim-
ple aspiration. Electrocauterization has been used to
reduce the risk of bleeding at the time of surgical ex-
cision. To facilitate surgical removal of a lymphan-
gioma, CO2 laser has also been used.47 A number of
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FIGURE 14.10. (A) An eyelid and
anterior orbit lymphangioma 
prolapsing from the superior eyelid
with bluish purple glistening 
surface. The T1-weighted axial MR
images (B,D) reveal the 
multiloculated tumor anterior and
posterior to the orbital septum. (C)
The multicystic appearance of the
tumor is also seen clearly in the
intraoperative photograph with
yellowish, transparent cystic 
structures. (D) Some of the cystic
structures posterior to the globe
show fluid–fluid level (arrow).



potential complications, including damage to ciliary
nerves producing dilated pupils and symblepharon,
can occur with the use of CO2 laser.

Tunç et al. reported that 15 (58%) of their 26 pa-
tients with orbital lymphangioma demonstrated re-
currences after initial surgery at a mean follow-up of
9.2 years.37 They concluded that motility restriction
was significantly more frequent at initial examination
in patients, who later experienced recurrence than in
those without recurrence. This observation attests to
the fact that diffuse lymphangiomas causing motility
problems are difficult to excise completely and dem-
onstrate more recurrences than focal isolated lesion.37

Many lymphangiomas are not good candidates for sur-
gical treatment and do not respond well to radiation;
therefore, cell-targeted therapies for lymphangioma are
under investigation. Esmaeli and coworkers reported
promising results with Imatinib Mesylate (Gleevec®)
(Bita Esmaeli, M.D. personal communication, 2003).

If a lymphangioma is associated with an orbital
arteriovenous malformation, embolization of the arte-
riovenous malformation should be attempted first to
decrease the risk of bleeding at surgery.42 In the case
of intraconal lymphangiomas, if difficulty is encoun-
tered in excision of the lesion posteriorly, the surgeon
should consider leaving the residual apical component
to avoid damage to the major orbital vessels, includ-
ing the central retinal artery.41 There has been no re-
port to date on the malignant transformation of a be-
nign lymphangioma.

ORBITAL VARIX

The orbital varix is a rare orbital vascular lesion,
which accounted for 0 to 1.3% of all histopathologi-

cally proven orbital tumors in five orbital series (Table
14.1).1–5 The pathogenesis of this lesion is not clearly
understood. Weakening of the vein wall may be the
initial event in the development of a varix. This leads
to stagnant blood flow in the vein. The absence of
valves in the orbital veins, as in the veins above the
neck, increases the pooling of blood. Both factors,
weakening of the vessel wall and pooling of blood, re-
sult in thrombosis. After organization, the thrombus
recanalizes. However, the sluggish blood flow results
in proximal dilation, producing an enlarged varix.48

Clinical Features

Orbital varix is usually diagnosed between the ages of
10 to 30 years. However, it can be encountered in
every age group, including neonates.49 This lesion gen-
erally involves the superior ophthalmic vein. How-
ever, other veins of the orbit can also be affected.

Most patients with an orbital varix develop posi-
tional proptosis. This is because the lesion has con-
nections to the systemic venous circulation.6 The
proptosis is exacerbated when the patient assumes a
prone position, bends over, or performs a Valsalva ma-
neuver.50 As the eye becomes more prominent, the
palpebral fissure widens if the tumor is in the poste-
rior orbit. Positional proptosis may not be seen in all
cases of orbital varix because some small nondisten-
sible varices have minimal or no connection to the
systemic venous circulation (Figure 14.11).

Sometimes the lesion can have an acute onset with
painful proptosis, compressive optic neuropathy, and
decreased visual acuity, probably corresponding to the
thrombosis or hemorrhage of the affected vein.51 Spon-
taneous orbital hemorrhage is more likely to occur
with an orbital lymphangioma than with a varix.
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FIGURE 14.11. (A) Facial 
photograph demonstrating the 
upper eyelid edema, subcon-
junctival hemorrhage, and propto-
sis in a 7-year-old girl who had 
undergone an orbitotomy for the
orbital lesion. The lesion 
could not be identified during 
exploration. (B) Axial orbital CT
with Valsalva maneuver showing
the left orbital varix with ill-
defined borders (C). Histopatho-
logic examination of the lesion
shows the dilated or ectatic vein
with markedly thickened vessel
walls. An organized recanalizing
thrombus (arrow) is present within
the lumen of the varix (VxL). (D)
Facial photograph of the child 6
months after surgery shows no 
residual proptosis or eyelid 
abnormality.



Orbital varices have been divided into primary or
secondary types. A primary orbital varix is confined
to the orbit and is unassociated with an orbital or in-
tracranial arteriovenous malformation. The secondary
orbital varix develops in association with an intracra-
nial arteriovenous malformation that shunts blood to
the orbital venous system, causing the veins to dilate
secondarily.23

Radiologic Features

Plain x-ray images may demonstrate foci of calcifica-
tion (phleboliths) in the orbital varix.50 Venography
was a popular method in the demonstration of the or-
bital varix. Because it is an invasive technique, it is
rarely used today.52 Color Doppler flow imaging has
been used in the diagnosis of an orbital varix. The le-
sion demonstrates increased blood flow during the
Valsalva maneuver with color Doppler flow imaging.53

CT and MR images show an irregular mass usually
located in the posterior orbit (Figure 14.11). CT is supe-
rior to MRI in the demonstration of phleboliths. In some
cases, the orbital varix may not be visible with routine
CT or MR imaging. However, if the patient performs a
Valsalva maneuver during the CT or MRI scan, the le-
sion becomes apparent.50 If there is no associated hem-
orrhage or thrombosis, the orbital varix is hypointense
on T1-weighted images and T2-weighted images with
respect to the extraocular muscles and cerebral gray mat-
ter.23 The lesion demonstrates heterogeneous internal
signal intensity consistent with the presence of blood in
various stages of degeneration. Hyperintensity on T1-
and T2-weighted images is related to the presence of
methemoglobin, and hypointensity is related to the pres-
ence of deoxyhemoglobin.

Morphologic Features

Grossly, the lesion is dark red. A varix is a dilated vein
that has undergone thrombosis and hyalinization. His-
topathologic examination reveals that the lesion is com-
posed of irregular vascular channels lined by endothe-
lial cells (Figure 14.11). With the passage of time, there
is thickening of the walls of the veins, hemosiderin pig-
ment consistent with chronic hemorrhage, interstitial
fibrosis, an infiltration of chronic inflammatory cells,
and intraluminal calcification (phleboliths).48,49

Management and Prognosis

The treatment of orbital varix is difficult. Usually the
anterior portion of the lesion is excised surgically. Al-
ternatively, drainage of the blood clot and electrocau-
terization of the vessel wall have been done. One prob-
lem with surgical excision is that orbital varix is often
in a collapsed state when the patient is supine. This
may create difficulty in the exposure and dissection

of a varix in the posterior orbit. In such cases, surgi-
cal management of the lesion is greatly enhanced by
the application of jugular compression, placing the pa-
tient in the Trendelenburg position or having the anes-
thesiologist increase the intrathoracic pressure. Intra-
operative injection of a hardening substance and
subsequent excision of the varix have also been tried.
It is seldom possible to remove the entire lesion, es-
pecially when it is located posteriorly in the orbit.
Most patients with a primary orbital varix have a good
prognosis. Although recurrence after subtotal excision
is a concern, most patients remain stable without ev-
idence of rebleeding.48 However, intracranial bleeding
may occur secondary to an intracranial arteriovenous
malformation.

Endovascular embolization of an orbital varix prior
to or as an alternative to surgical removal has also
been used.54 This measure may decrease the risk of
bleeding during surgery.

HEMANGIOPERICYTOMA

The orbital hemangiopericytoma is a rare vascular tu-
mor in the orbit. The frequency of hemangiopericy-
toma in five orbital series1–5 was 0.1 to 1.2% (Table
14.1). It was first described in 1942 by Stout and Mur-
ray.55 It presumably arises from the fully differenti-
ated pericytes of the orbital blood vessels. In the great
majority of patients, the condition becomes clinically
apparent between the ages of 20 and 70 years.56–59

However, hemangiopericytoma can also occur in pa-
tients outside this age range.

Clinical Features

The patient with orbital hemangiopericytoma devel-
ops a slowly progressive unilateral proptosis with or
without pain and visual acuity decrease. Pain was pres-
ent in 21 to 29% of the patients in two series.57,59

The majority of these tumors occur superiorly in the 
orbit and produce downward displacement of the globe 
(Figure 14.12).56,57 However, rarely the tumor can oc-
cupy the inferior orbit.60 There may be intermittent
upper eyelid swelling resembling angioneurotic
edema.56 Sometimes the skin overlying the tumor is
bluish.56,58 Other manifestations of a space-occupying
orbital mass that may occur with hemangiopericy-
toma include ocular motility problems, visual field
loss, afferent pupillary defect, optic disk edema, and
choroidal folds.57

The slow growth rate of hemangiopericytoma is
evident by the long duration of symptoms reported by
many patients.56,58 However, malignant hemangio-
pericytomas can also demonstrate rapid growth, span-
ning a few months. In one such case the production
of conjunctival chemosis was reported.61
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There have been reports of choroidal,62 lacrimal sac,63

and optic nerve64 involvement by hemangiopericytoma.
Hemangiopericytoma may take a malignant clini-

cal course (Figure 14.13). Malignant hemangiopericy-
tomas tend to undergo local recurrence, invasion into
the central nervous system, and metastasis to distant
organs, particularly the lungs, bone, and liver. A rare
case of hemangiopericytoma metastatic to the breast
has also been reported. The biologic behavior of this
tumor cannot be predicted from the histopathologic
appearance of the lesion.59 A tumor with benign 
histopathologic features can demonstrate malignant 
clinical behavior.

Radiologic Features

A- and B-mode ultrasonography demonstrate, respec-
tively, low–medium reflectivity and acoustic hollow-
ness in the lesion. The reflectivity on A-mode ultra-
sonography is low in solid tumors and medium in
tumors that demonstrate cavitation.38 Orbital CT and
MR images show a well-circumscribed lesion usually
located superiorly in the orbit. On CT, orbital he-
mangiopericytoma can demonstrate calcification in
the lesion.65 Other vascular tumors such as hemangi-
oma, lymphangioma, and varix can also demonstrate
calcification in the lesion. Sometimes the heman-
giopericytoma can be extensive; involvement of the
sinuses and the cranial cavity is best documented on
CT and MRI.57

MRI discloses that the tumor is isointense with re-
spect to the extraocular muscles on T1-weighted im-

ages and hyperintense on T2-weighted images.57 The
tumor demonstrates moderate enhancement after con-
trast injection. As such, the tumor is indistinguish-
able from other well-circumscribed orbital lesions by
MRI (Figure 14.12). Hemangiopericytoma can develop
cavitation and therefore simulate a cystic lesion on
neuroimaging studies.57

Morphologic Features

Grossly, the hemangiopericytoma is a well-circum-
scribed lesion. The lesion is red and has an appear-
ance similar to cavernous hemangioma. The tumor
may or may not have a capsule surrounding the tu-
mor. Histopathologically, the tumor is composed of
pericytes with ill-defined borders, large cytoplasm,
and round to oval nuclei. Pericytes usually are
ovoid, but spindle cells can also be seen. The his-
topathologic pattern is mixed and even varies be-
tween different zones in a tumor.57,59 These cells
surround the sinusoidal or staghorn-shaped blood
channels lined by a single row of flattened endo-
thelial cells. The pericytes are surrounded by a re-
ticulin framework. The reticulin deposits surround
individual cells in hemangiopericytoma. This is in
contrast to other vascular tumors, in which the re-
ticulin framework surrounds a cluster of cells, not
each cell individually.57

The pericyte does not react with CD31, factor VIII
related antigen, and/or Ulex europaeus agglutinin I,
which stain the endothelial cells. However, it does re-
act with vimentin and CD34 (Figure 14.12).66
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FIGURE 14.12. (A,B) Axial CT and
sagittal T1-weighted MR images
show a well-delineated vascular 
tumor within intra- and extraconal
space. (C) Histopathologically, the
tumor was composed of 
proliferation of spindle-shaped 
pericytes with a low mitotic rate;
photomicrograph reveals the 
ultrastructural appearance of a 
neoplastic pericyte with a rounded
nucleus (N) and irregular deposits
of basement membrane material
(white arrows) in the intercellular
matrix between neoplastic cells
(C). (D) Immunohistochemical
preparation that is markedly CD34
positive (brownish staining).



Croxatto and Font counted the number of mitotic
figures per 40 high power fields (HPF) and found that in
the benign group of tumors there were 4 mitotic figures
per HPF and in the borderline group there were 14 mi-
totic figures per HPF. The malignant tumors averaged
35 mitotic figures per HPF.59 Hemangiopericytomas
that are capable of recurrence and metastasis usually
have more than 4 mitotic figures per 10 HPF. However,
hemangiopericytomas with fewer than 4 mitotic figures
per HPF can also demonstrate malignant potential.59

Other histopathologic features that may indicate ma-
lignant potential are cellular anaplasia, foci of necrosis
and hemorrhage, increased cellularity, and scarcity of
reticulin fibers.59 However, the biologic behavior of he-
mangiopericytoma cannot be reliably predicted from
the histopathologic appearance of the tumor.

Ultrastructurally, the hemangiopericytoma dem-
onstrates different cell types. The pericyte-like cell is
the type most frequently encountered and is consid-
ered to be diagnostic of hemangiopericytoma in trans-
mission electron microscopic studies (Figure 14.12).57

Management and Prognosis

Because hemangiopericytoma is usually well circum-
scribed, the best treatment consists of total excision
of the tumor. Tumors that invade the cranial cavity
require a transcranial approach for removal of the tu-
mor. External beam radiotherapy67 and brachyther-
apy68 have been used for incompletely excised he-
mangiopericytoma. A total radiation dose of at least
50 Gy should be delivered to prevent recurrence.67 If
the tumor is histopathologically malignant, some au-
thors prefer to use orbital exenteration and supple-
mental external beam radiotherapy even if the tumor
has been excised completely.

Completeness of initial tumor excision appears to
have the greatest impact on the subsequent tumor be-
havior. Incomplete excision of the tumor is associated
with a higher risk of local recurrence and distant me-
tastasis. An incompletely excised orbital heman-
giopericytoma can recur many years after initial sur-
gery. In one report, the tumor recurred 33 years after
the initial operation. Croxatto and Font noted a 30%
recurrence rate and a 15% metastasis-related death
rate in their review of 30 orbital hemangiopericy-
tomas.59 Recurrence is a risk factor for ultimate me-
tastasis (Figure 14.13). In the series by Karcioglu et al.,
3 of 7 (43%) patients with orbital hemangiopericytoma
eventually died from central nervous system metas-
tasis.57 Based on these results, orbital hemangioperi-
cytoma does not seem to have a better prognosis than
its counterparts elsewhere in the body.

When the tumor shows secondary invasion into
the adjacent bones, the sinuses, and the cranial cav-
ity or metastasizes to distant organs, palliative radio-
therapy and chemotherapy should be administered.
Chemotherapy consisting of doxorubicin hydrochlo-
ride, cyclophosphamide, and methotrexate has been
reported to be effective.59

ANGIOSARCOMA

Angiosarcoma, or malignant hemangioendothelioma,
is a very rare tumor of the eyelids and orbit (Table
14.1). It most often develops in the skin and other soft
tissues.69,70 Rarely the deep tissues and viscera may
also be involved. Angiosarcoma can also be encoun-
tered as a metastatic tumor in the orbit.71

The pathogenesis of angiosarcoma is obscure. It de-
velops de novo in most cases, although it has also been
reported to arise after irradiation of some vascular tu-
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FIGURE 14.13. Massive proptosis and inferior dislocation of the
right globe secondary to large hemangiopericytoma extending into
the cranium, perinasal sinuses, and nasal cavity. The histopathol-
ogy revealed sarcomatous changes with high mitotic rate (6 per HPF).



mor or from persistent chronic lymphedema in the ex-
tremities (Stewart–Treves syndrome).72 The tumor
may originate from the vascular system, the lym-
phatic system, or both.

Clinical Features

The majority of tumors arise in the upper part of the
face or scalp.69 The central part of the face, including
the eyelids and orbit is involved less often.73 The lower
face, including the mandibular region, is seldom af-
fected. Involvement of the facial skin may present with
maculopapular lesions resembling ecchymoses, edema,
cellulites, or ulceration, or in a nodular form.69

The patient with orbital angiosarcoma usually de-
velops rapidly progressive proptosis and displacement
of the globe. The tumor may secondarily invade 
the orbit from the sphenoid bone74 and can produce
painful ophthalmoplegia, simulating Tolosa–Hunt syn-
drome.75 Angiosarcoma is a very aggressive tumor that
has the capacity to invade the central nervous system
locally and to metastasize to lymph nodes and
hematogenously to distant organs such as the liver.69,76

Clinically, angiosarcoma is more common in chil-
dren.75,76 It is more frequent in the anterior and/or su-
perior orbit and is associated with swelling of the upper
eyelid.76 There is no sex predilection. The tumor seems
to have a worse prognosis in adults than in children.76

Radiologic Features

CT reveals a well-circumscribed or ill-defined mass in
the orbit. The tumor may be located anteriorly or pos-
teriorly.75,76 It is difficult to differentiate orbital an-
giosarcoma from other tumors by neuroimaging meth-
ods unless there is rapidly expanding bony infiltration.

Morphologic Features

Grossly, the angiosarcoma is usually an ill-defined,
reddish-blue mass. Histopathologically, the tumor is
composed of cords of pleomorphic atypical endothe-
lial cells lining bizarrely shaped vascular spaces. The
vascular spaces intertwine with dense, fibrous con-
nective tissue.69 A variant with epithelioid metapla-
sia has also been reported to involve the orbit.75 The
tumor stains positive for CD31, CD34, cytoplasmic
factor VIII, and Ulex europaeus agglutinin I antigens,
proving the endothelial cell origin of this tumor.66,76

Weibel–Palade bodies, characteristic of endothelial
cells, are present in only small numbers in angiosar-
coma because of poor differentiation of the cells.21

Management and Prognosis

Orbital angiosarcoma is probably best managed with
wide surgical excision, including orbital exenteration

if necessary. If there is a question of residual tumor,
supplemental radiotherapy should be considered. If
there is diffuse involvement of the eyelids, wide-field
external beam radiation therapy is the best treat-
ment.73 The prognosis for angiosarcoma of the scalp
and face seems to be poor. The 5-year survival rate of
face and scalp angiosarcomas is around 12%.69 How-
ever, long-lasting remissions have been reported after
total excision and external beam radiotherapy of or-
bital and spheno-orbital angiosarcomas.74,76

INTRAVASCULAR PAPILLARY 
ENDOTHELIAL HYPERPLASIA

Intravascular papillary endothelial hyperplasia (IPEH)
(Masson tumor) is an extremely rare lesion in the or-
bit. It represents an exuberant proliferation of vascu-
lar endothelium as a cellular response to the organi-
zation of a thrombus.77 This condition usually occurs
in a varix. However, IPEH can occur as a sequela to
thrombus formation in any orbital vascular hamar-
tomatous lesion.

Clinical Features

Intravascular papillary endothelial hyperplasia was
first described as an eyelid lesion.78 Later, orbital
cases were diagnosed.77,79 The patient with orbital
IPEH is usually an adult 20 to 55 years old. Ocular
findings may include proptosis, chemosis, restricted
ocular motility, disk edema, and choroidal folds, de-
pending on the location of the lesion. The onset of
proptosis may be acute or progressive. The tumor
may occasionally demonstrate invasion into the peri-
ocular tissues such as the temporal fossa.79 The pat-
tern of bone resorption is similar to organizing he-
matoma of the orbital bone. Another presentation
of IPEH is involvement of the superior orbital 
fissure.80,81

Radiologic Features

CT reveals a well-circumscribed or irregular lesion
without any pathognomonic features.77,81

Morphologic Features

Grossly, the lesion of IPEH appears as a smooth, blue-
gray mass that is round or oval. The wall of the vein
is in fact the circumscribed wall of the lesion. Micro-
scopically, the tumor consists of papillary fronds lined
by single or multiple layers of proliferated endothelial
cells with no atypia. Other features such as fibrin dep-
osition, degree of collagenization, and the inflamma-
tory cell component depend on the age of the throm-
bus.77,81 The histopathologic differential diagnosis
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includes angiosarcoma and angiolymphoid hyperpla-
sia with eosinophilia (Kimura disease).81

Management and Prognosis

The tumor can usually be managed by total excision.77

Incomplete excision may lead to recurrence, especially
if IPEH originated from a vascular tumor such as a hem-
angioma or lymphangioma.38 The prognosis for life is
generally good following resection of IPEH. The lesion
usually does not undergo malignant transformation.

ARTERIOVENOUS FISTULAS 
AND MALFORMATIONS

Arteriovenous fistulas affecting the orbit result from
some abnormal communication between the arteries
and veins. Three basic types of arteriovenous fistula
affect the orbit: carotid cavernous fistula, dural cav-
ernous fistula, and orbital arteriovenous fistula. Ca-
rotid cavernous fistula develops between the intra-
cavernous internal carotid artery and the cavernous
sinus. This type of fistula is usually traumatic but may
be caused by rupture of an aneurysm, especially in an
atherosclerotic individual. Carotid cavernous fistula
has a high flow rate.82

Dural cavernous fistula develops between the
small meningeal branches of the internal/external ca-
rotid artery and the cavernous sinus. These vessels

have thin walls and may rupture spontaneously, es-
pecially in the hypertensive patient after minor
trauma or on straining. This type of fistula usually de-
velops spontaneously and has a low flow rate.82,83

Orbital arteriovenous fistula usually results from
traumatic rupture of the ethmoidal artery into the or-
bital venous system. However, it can occur sponta-
neously. In one case of spontaneous orbital arteriove-
nous malformation, the communication was between
branches of the ophthalmic and facial arteries and the
orbital veins.84 This type of fistula has a low flow rate
similar to that of dural–cavernous fistula.

Clinical Features

The primary problem is a rise in the orbital venous
pressure. Clinical findings of arteriovenous fistulas
include dilation and tortuosity of the conjunctival
and episcleral vessels, chemosis, ocular motility
problems, proptosis, choroidal detachment,85 and
secondary glaucoma.86 Secondary acute angle clo-
sure glaucoma has also been reported to occur with
arteriovenous fistulas.87 Ocular motility problems
can be twofold. Generalized ophthalmoplegia is
probably due to congested swollen extraocular mus-
cles.82 Isolated abduction weakness can also de-
velop in patients with carotid cavernous fistula. The
abduction weakness is due to sixth nerve palsy oc-
curring either in the cavernous sinus or more pos-
teriorly near the inferior petrosal sinus.82 Rarely,
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FIGURE 14.14. (A) Facial
photograph of a 54-year-old
man with carotid cavernous
fistula affecting the right eye
demonstrates the proptosis
of the right eye and 
conjunctival and episcleral
injection. The right eye had
secondary glaucoma 
unresponsive to topical
drops. (B) T1-weighted axial
orbital MR image showing
the dilated superior 
ophthalmic vein on the right
side. (C) T1-weighted 
contrast enhanced coronal
orbital MR image showing
the equally enlarged 
extraocular muscles on the
right side. (D) Postoperative
appearance of the patient 2
months after balloon
catheterization and closure
of the fistula.



third or fourth nerve palsy can also be seen in pa-
tients with arteriovenous fistulas.82

The clinical and radiologic findings are more se-
vere in carotid cavernous fistula than in dural cav-
ernous and orbital arteriovenous fistulas (Figures
14.14 and 14.15).86 These findings typically occur ip-
silateral to the carotid cavernous sinus but may also
occur on the contralateral side owing to the presence
of connections between the cavernous sinus on both
sides.88 Anomalous intracranial venous drainage such
as atresia of sinuses can also lead to a clinical picture
similar to arteriovenous fistulas.89

Rarely, the anomalous arteriovenous vascular pro-
liferations present within a mass lesion simulating 
an orbital tumor (Figure 14.16).90 Some patients expe-
rience a severe exacerbation of symptoms before 
undergoing clinical improvement. This has been cor-
related clinically with superior ophthalmic vein
thrombosis.91 One report documented an occasion of
uncontrolled bleeding at enucleation after penetrating
orbital trauma, resulting from an unsuspected carotid
cavernous fistula.92 These anomalous vascular aggre-
gates may or may not have vascular feeder vessels. The
presence or absence of a circulatory relationship should
be investigated with angiography before surgery.

Radiologic Features

Orbital ultrasonography, CT, and MRI demonstrate en-
larged extraocular muscles and a dilated superior oph-

thalmic vein in arteriovenous fistula (Figure 14.14). An
arteriovenous malformation should be suspected in the
presence of symmetrically enlarged extraocular mus-
cles.86 Arteriovenous fistula is seen on CT with con-
trast enhancement and on MRI with a signal void of
the arterialized flow in the superior ophthalmic vein.
CT and MR angiography can be used, but these 
imaging techniques offer information concerning the
flow characteristics only, not etiology.93 Color Doppler
flow imaging has also been used to examine the supe-
rior ophthalmic vein in arteriovenous fistulas. Color
Doppler flow imaging findings correlate well with an-
giographic findings and can be used to monitor the sta-
tus of the patient postoperatively.94 Angiography may
be both diagnostic and therapeutic in patients with 
suspected arteriovenous fistula. Digital subtraction 
angiography is the examination method of choice in di-
agnosing arteriovenous fistula. Pathophysiologic classi-
fication into high-flow (type A) and low-flow (type B)
fistulas is crucial to decide on a management plan.95

Morphologic Features

Most patients with an arteriovenous fistula do not un-
dergo a biopsy procedure (Table 14.1). Histopatholog-
ically, these malformations consist of abnormally
formed arteries and veins with an irregular elastic and
muscular layer and secondary endothelial cell prolif-
eration that simulate the appearance of a capillary
hemangioma.96
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FIGURE 14.15. Photographs
of a 40-year-old man with
dural cavernous fistula 
involving the left eye show-
ing (A) proptosis and (B) 
conjunctival and episcleral
injection. Inset: T1-weighted
coronal orbital MR image
depicting the enlarged 
extraocular muscles on the
left side. (C) Cerebral 
angiogram demonstrating
the arteriovenous 
communication between the
meningeal branches of the
external carotid artery and
the cavernous sinus. (D) 
Appearance of the patient 2
months after transarterial
catheterization and 
embolization of the fistula.



Management and Prognosis

The prognosis for life is excellent for any patients with
an orbital arteriovenous fistula. However, the angiog-
raphy techniques used for this condition carry a de-
finitive risk of mortality and morbidity. Therefore, it
is best to avoid surgical intervention in many cases of
dural cavernous fistulas as long as the patient is not
severely symptomatic.86 The indications for treat-
ment of arteriovenous, mostly carotid cavernous fis-
tulas are visual loss, diplopia, severe headache, severe
proptosis leading to corneal exposure, and angle-
closure glaucoma.86

Extrinsic manual carotid compression has been
used to close dural and carotid cavernous fistulas. The
patient compresses the carotid artery with his con-
tralateral hand; if he experiences cerebral ischemia,
the hand becomes paretic and drops. Successful clo-
sure of 30% of dural and 10% of carotid cavernous fis-
tulas with this noninvasive technique has been 
reported.86

In contrast to dural cavernous fistula, carotid cav-
ernous fistulas generally require treatment. The most
widely used method in the treatment of carotid cav-
ernous fistula is cerebral angiography and balloon em-
bolization (Figure 14.14). The success of balloon em-

bolization ranges from 70 to 92% for carotid cavernous
fistulas.86 Other procedures that have been combined
with angiography include ligation and clipping of
small arterial feeders. These procedures are rarely em-
ployed today. Potential complications of cerebral an-
giography include bleeding, persistence of the fistula,
cranial nerve palsies, false aneurysm secondary to a
prematurely deflated balloon, internal carotid artery
occlusion leading to cerebral ischemia and ocular isch-
emic syndrome, and death from treatment-related
complications.

Because of the risks of the surgical procedures
through the internal carotid artery trunk, Hanneken
et al. developed an alternative approach.97 These au-
thors surgically expose the superior ophthalmic vein
in the orbit, enter the vein by needle puncture, insert
a balloon-tipped catheter and pass it into the cav-
ernous sinus, inflate the balloon to close the fistula,
and detach the balloon. However, if the superior oph-
thalmic vein is not dilated or is located deep in the
orbit, transorbital venous access may not be possible.

About 25 to 50% of dural carotid sinus arteriove-
nous fistulas close spontaneously.86 Therefore, the pa-
tients are best followed conservatively without angiog-
raphy. If the patient becomes severely symptomatic,
angiography should be undertaken. The transvenous
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FIGURE 14.16. (A,B) Long-
standing vascular malformation of
the upper eyelid and the anterior
orbit forming a mass lesion 
without any arterial or venous
connections. (C) Another 
arteriovenous malformation of the
upper eyelid that presented as a
pulsating mass. (D) The 
histopathology of the same lesion
shows abnormal arterial and 
venous blood vessels intertwined
within a vascular hamartomatous
mass. (E,F) The ultrasonographic
examination of the lesion reveals
multiple cystic spaces with 
B-mode scan and a marked varia-
tion of internal reflectivity with 
A-mode scan.



route is more effective than transarterial access in
these cases. The treatment of choice for endovascular
surgery is glue or particulate embolization to close the
various dural feeders. Clinical improvement or cure is
obtained in most embolized dural cavernous fistulas,
even those that were incompletely closed by angiog-
raphy. Goldberg and associates and Benndorf and
coworkers reported that cannulation of the superior
ophthalmic vein and embolization of the cavernous
sinus can also be employed in dural cavernous fistu-
las either after conventional angiography methods
have failed or as a primary treatment.98,99

LEIOMYOMA

Vascular leiomyoma is another rare benign tumor of
the orbit (Table 14.1). Leiomyoma is believed to arise
from the smooth muscle of orbital blood vessels, from
pericytes or from Müller’s muscle when it is located
anteriorly in the orbit.100,101

Clinical Features

Orbital leiomyoma can occur as an eyelid or orbital
tumor.100,102,103 In the orbit, leiomyoma can occur in
an intraconal or extraconal location, producing slowly
progressive proptosis.103a It can also occur at the or-
bital apex and demonstrate intracranial extension
through the bony orbital fissures.103

Radiologic Features

CT and MRI images show a well-circumscribed le-
sion in the orbit. On MRI, orbital leiomyoma is isoin-
tense with respect to the extraocular muscle and
cerebral gray matter on T1-weighted images and hy-
perintense on T2-weighted images.103a The lesion
shows moderate enhancement after contrast injec-
tion. The MRI features are similar to other well-cir-
cumscribed lesions of the orbit including cavernous
hemangioma, schwannoma, fibrous histiocytoma,
and hemangiopericytoma.

Morphologic Features

Grossly, orbital leiomyoma is a gray-tan, well-cir-
cumscribed tumor. There is a well-defined capsule in
most cases,101 but the lesion can also be unencapsu-
lated.100 Histopathologically, there are two principal
patterns: compact bundles and fascicles of spindle
cells separated by thin columns of interstitial colla-
gen, or mixed vascular channels and smooth muscle
cells with a predominating vascular component.

Studies using Masson trichrome stain and electron
microscopy have demonstrated the smooth muscle
origin of leiomyoma. Positive immunoreactivity with

smooth muscle actin provides the best evidence for
the smooth muscle origin of this tumor.66,100,103a

Management and Prognosis

Orbital leiomyoma is a benign tumor; the best treat-
ment is complete surgical excision.101 The prognosis
is still excellent for tumors that have been incom-
pletely excised and later, having recurred locally, have
been completely excised.

Transformation of an incompletely excised and ir-
radiated orbital leiomyoma into leiomyosarcoma has
been reported, but it is quite possible that the high
doses of external beam radiotherapy (115 Gy) might
have contributed to the development of sarcomatous
transformation in that case.101

ANGIOLYMPHOID HYPERPLASIA WITH
EOSINOPHILIA AND KIMURA DISEASE

Angiolymphoid hyperplasia with eosinophilia (ALHE)
and Kimura disease are similar clinical entities. Both
conditions are extremely rare in the orbit and perior-
bital tissues. In the earlier literature, these two con-
ditions were thought to represent the same entity.104

However, they are now known to be separate entities.
They present with dermal or subcutaneous nodules in
the head and neck region. Both are associated with eo-
sinophilia. Although Kimura disease has been most
frequently described in Asians and ALHE in cau-
casians, there seems to be no regional or racial
predilection. The term “epithelioid hemangioma” has
been suggested in place of ALHE.104

Clinical Features

Both ALHE and Kimura disease may demonstrate in-
volvement of the orbit,104–106 eyelids,107 and lacrimal
gland.106 Both conditions may present with proptosis,
eyelid swelling, ocular motility problems, or a palpa-
ble mass in the orbit.105 The rare occurrence of ALHE
in relation to an orbital prosthesis has also been re-
ported.108 Patients with ALHE may have obstructive
airway disease.105

Radiologic Features

The lesion may appear on CT as a well-circumscribed
or ill-defined lesion.105,106

Morphologic Features

Grossly, tumors diagnosed as ALHE are yellow to
brown and well circumscribed. An ill-defined lesion
extending into the adjacent orbital fat occurs rarely.
The basic histopathologic feature is a rather exuber-
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ant proliferation of small vascular channels lined by
enlarged endothelial cells that may form cell clusters
extending into the luminal space.107 In some speci-
mens, medium-sized arteries show fragmentation of
their internal elastic membrane and destruction of the
smooth muscle cells in their medial layer. Serial sec-
tions show intramural neovascularization.107 Inter-
spersed among the proliferating vessels is a dense in-
filtrate primarily of eosinophils with varying number
of lymphocytes, mast cells, histiocytes, and plasma
cells. It is this infiltrate that differentiates the lesion
from angiosarcoma and intravascular papillary endo-
thelial hyperplasia, which share the common feature
of an abnormal proliferation of endothelial cells.

Lesions diagnosed as Kimura disease are morpho-
logically similar to ALHE. Differentiation between
Kimura disease and ALHE is based on the character
of endothelial cells. Atypical endothelial cells are not
seen in Kimura disease, whereas ALHE is defined by
the proliferation of the atypical histiocytoid endothe-
lial cells.104,106 In Kimura disease, lymphoid follicles
and abundant fibrous tissue are present.104,106 In con-
trast, ALHE shows a relative scarcity of lymphoid fol-
licles and fibrosis.

Ultrastructurally, some capillaries show prom-
inent multilaminar basement membranes surround-
ing their walls. The apical surface of the endothe-
lial cells shows broad villous processes protruding
into the lumen.107

The histopathological and clinical features of
Kimura disease are most consistent with an allergic
or autoimmune process. Those of ALHE suggest a neo-
plastic disorder of the vascular endothelium.

Management and Prognosis

The preferred treatment is complete excision of the le-
sion.104–107 There are no recurrences among the few or-
bital cases managed with complete excision.104–107 Sys-
temic corticosteroid and immunosuppressive treatment
can be used for recurrences after initial incomplete ex-
cision in patients with ALHE.105 Both types of lesion
respond partially to external beam radiation therapy.
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Fibrohistiocytic Tumors
Zeynel A. Karcioglu

For the sake of simplicity, in this chapter fibro-
histiocytic lesions of the orbit are broken down
into two major categories: fibromatoses and 

histiocytoses.

FIBROMATOSES

Fibrohistiocytic tumors include benign and malig-
nant neoplasms as well as a variety of nonneoplas-
tic proliferations that are collectively termed reac-
tive fibromatoses. These lesions are currently
considered to originate from primitive mesenchyme
as a result of its differentiation into multiple cell
lines (Figure 15.1).1,2 Common fibromatoses of the
head and neck include desmoid-type fibromatosis,
juvenile fibromatosis (aggressive infantile fibro-
matosis),3 and nodular fasciitis.4 Desmoid-type fi-
bromatosis and nodular fasciitis are also known as
aggressive fibromatoses.5,6 Most fibromatoses tend
to involve fascial tissues of the trunk and extremi-
ties. These tumors are rarely seen in the head and
neck area, but when they occur in the oronasal cav-
ities, sinuses, and orbit, they are difficult to diag-
nose and treat. These lesions may seem to be
histopathologically benign but are often locally ag-
gressive and have a high rate of recurrence, particu-
larly in relatively restricted anatomic regions such
as the orbit. They often lead to the functional com-
promise of adjacent anatomic structures and in
many instances recur postsurgically, requiring fur-
ther treatment.

Schutz et al. report desmoid-type fibromatosis in a
63-year-old woman who presented with an intraorbital
mass with extension toward the apex of the orbit.5 Al-
though the lesion was histologically classified as fibro-
matosis, its clinical behavior was aggressive, with in-
vasion of orbital tissues and bone. In view of this and
the known tendency for tumor recurrence, the patient’s
eye was exenterated. Another example of a desmoid-
type lesion is described by Henderson in a 5-year-old
boy who presented with proptosis and papilledema.7

Juvenile fibromatosis of the orbit and periorbital
region was reported by Hidayat and Font in six pa-
tients ranging from 1 to 11 years of age.8 The major-
ity of lesions presented in the lower eyelid and infe-

rior orbital area. Extension of three tumors to the un-
derlying periosteum was documented; none metasta-
sized, but two of six lesions recurred after surgical 
excision.

Nodular fasciitis is another fibroproliferative le-
sion, sometimes termed pseudosarcoma.4,9 It usually
forms a discrete soft tissue mass, partially fixed to ad-
jacent soft tissues; about 10% of all cases occur in the
head and neck area. In a large series of 163 pseu-
dosarcomas of the head and neck, 13 were reported in
the orbit and periorbital tissues.9 Most of these lesions
develop in the eyelids rather than the orbital cavity.10

When nodular fasciitis develops within the orbit or
periorbital area, it usually presents as a well-circum-
scribed, painless, firm, and movable tumor. Such le-
sions are not difficult to excise in toto because they
are well delineated, and complete excision of nodular
fasciitis is usually curative.11,12 Histopathologically,
the lesion consists of irregular bundles or individual
fibroblasts within a myxoid matrix. Although the fi-
broblastic areas share the same appearance as the fi-
broblasts of giant cell fibroblastoma (GCF), multinu-
cleated giant cells are rarely seen in nodular fasciitis.
While some of these lesions may appear aggressive
histopathologically, the overall recurrence rate is re-
ported to range from 1 to 2%.9

The neoplastic group is somewhat easier to clas-
sify but may be similarly difficult to manage clini-
cally. The two major categories are fibroblastic and fi-
brohistiocytic tumors. Fibroblastic neoplasms can be
benign or malignant and comprise collagen-synthe-
sizing fibroblasts and/or fibrocytes; examples include
fibroma, fibromyxoma, solitary fibrous tumor (SFT),
GCF, and fibrosarcoma.13,14 These fibroblastic tumors
may occasionally develop in the orbit, but not as of-
ten as their fibrohistiocytic cousins, which frequently
present as primary orbital tumors. The neoplasms
originating exclusively from fibroblasts, namely, fi-
broma and fibrosarcoma, are the least commonly en-
countered orbital tumors. Fibromas can be difficult to
differentiate from loosely organized fibrous tissue.
Fibrosarcoma of the orbit is rare and is primarily 
encountered as a second malignant neoplasm in hered-
itary retinoblastoma patients following radiation
treatment.15 Although some fibrosarcomas are well
delineated, others infiltrate the orbital tissue haphaz-
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ardly, whether they originate within the orbital cav-
ity as a primary tumor or extend there by contiguity
(Figure 15.2).

Fibromyxomas are tumors of primitive mesenchy-
mal cells, composed of a scanty population of spindle
cells scattered within a myxomatous matrix of mucin.
These benign lesions very rarely develop as solitary
tumors in the orbit but more often extend into the or-
bit secondarily (Figure 15.3). In surgery, even the be-
nign lesions infiltrate to adjacent tissues and therefore
are difficult to resect. They tend to recur frequently.
It is rare to have a malignant fibromyxoma, but the
entire specimen should be examined to rule out focal
malignancy.

Fibrohistiocytic tumors are a diverse group of neo-
plasms, primarily composed of fibroblastic and histio-
cytic cells. Most authorities believe these tumors orig-
inate from a multipotential primitive mesenchymal
cell that can differentiate fibroblastic and fibrohistio-
cytic cell lines.9,16

Fibrous histiocytoma, the most commonly en-
countered mesenchymal orbital tumor in adults, may
be benign, locally aggressive, or malignant.17,18

Although this lesion usually presents with a mix-
ture of fibroblastic and histiocytic cells, it has a
broader range of histopathologic appearance. In certain
aggressive forms, multinucleated giant cells may 
be mixed with spindle cells of fibrous histiocytoma.
Clinically, the differential diagnosis includes other
solid mesenchymal tumors such as leiomyoma, neuri-
lemoma, hemangiopericytoma, and rhabdomyosar-
coma.19,20 Computed tomography (CT) and magnetic
resonance (MR) imaging are not very rewarding for dis-
tinguishing fibrous masses such as fibrous histiocy-
toma from orbital tumors of other types.21,22 As a rule,
benign lesions are well delineated and remodel the
bone because of chronic compression (Figure 15.4).
Malignant fibrous lesions tend to show infiltrating
margins like other malignant soft tissue tumors (Fig-
ure 15.5). Enhancement patterns of CT and MR im-
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FIGURE 15.1. The origin of cells leading to fibrohistiocytic tumors.

FIGURE 15.2. (A) Coronal and (B) axial CT
scans showing the extension of recurrent
fibrosarcoma into the brain and paranasal 
sinuses.A B



aging that may vary according to tissue type of the tu-
mor are summarized in Table 15.1.22

Fibrous histiocytoma usually presents a heteroge-
neous, isointense to hyperintense signal with respect
to extraocular muscles on T1-weighted studies. Fol-
lowing administration of GDPA enhancement of the
tumor is usually heterogeneous. Other soft tissue tu-
mors in the orbit can produce CT and MR features

similar to those of fibrohistiocytoma, except for tu-
mors of vascular origin, which enhance markedly and
homogeneously.21 Malignant fibrous histiocytoma
has been described as second primary malignancy in
children with hereditary retinoblastoma.23

Dermatofibrosarcoma protuberans (DFSP) is best
known as an aggressive form of fibrous histiocytoma
with indeterminate malignant potentials. DFSP con-
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FIGURE 15.3. (A,C) A well-
encapsulated maxillary fibromyx-
oma extending secondarily into the
inferior orbit (B); arrows point to
the apex of the tumor which was
abutting the globe. (D) Histo-
pathologic preparation shows a
mixture of elongated fibroblast-
like cells mixed with myxomatous
matrix.

FIGURE 15.4. The preoperative (A) and postoperative
(B) appearance of patient with benign fibrous 
histiocytoma (FH). (C) CT of the same patient reveals a
homogeneous tumor occupying the entire orbit poste-
rior to the globe. Although no “moth-eaten” appearance
of bone damage is seen, note the thinning of the orbital
walls posteriorly and medially.
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sists of fibroblast-like spindle cells. Xanthogranulo-
matous lesions may present diagnostic problems be-
cause of the presence of Touton-type giant cells, par-
ticularly when intermingled with a fibroblast-like
spindle cell population. Where there is an absence of
Langerhans cells, however, these tumors can be de-
finitively differentiated from true histiocytic lesions
because of the absence of Langerhans cells.24,25

Solitary fibrous tumor is a visceral spindle cell tu-
mor that can also be seen in the orbit.25 Clinically, it
presents as a slowly growing, well-circumscribed in-
traorbital lesion.26 Arteriograms have demonstrated
these tumors to be very vascular and difficult to dif-
ferentiate from other well-vascularized orbital lesions
such as fibrous histiocytoma, hemangiopericytoma,
and paraganglioma. Standardized ultrasonography, CT
and MR imaging are not very helpful in differentiating
SFT from other solitary vascular lesions. The most ac-
curate way to diagnose this lesion is to perform a bi-
opsy and examine the tissue with hematoxylin–eosin
and immunoperoxidase stains; SFT shows diffuse and
strong positivity for vimentin and CD34. Occasionally
these tumors present with aggressive growth and may
infiltrate the orbital bones and recur after excision.27

Giant cell fibroblastoma is another fibrous tumor
that is histologically benign without potential for dis-
tant metastasis, but it may behave clinically as an in-

filtrative tumor (Figure 15.6), which makes manage-
ment difficult.28–30

HISTIOCYTOSES

The histiocytoses include both Langerhans cell (Fig-
ure 15.7) and non-Langerhans cell proliferations.29,30

Langerhans cell histiocytosis (formerly known as his-
tiocytosis X), is caused by a proliferation of Langer-
hans cells.31–33 Although both Langerhans cell histio-
cytosis and xanthogranuloma (XG) are characterized
by the proliferation of histiocytes, significant mor-
phologic and clinical differences exist because their
cells of origin are class I and class II histiocytes, 
respectively.31

The light-microscopic features of Langerhans and
non-Langerhans cell histiocytoses are quite similar,
with a characteristic picture of histiocytic infiltration
with lymphocytes, plasma cells, and multinucleated
giant cells.32,33 Histopathologic variability is determi-
native of the age of the disease; the tumor ultimately
scleroses toward the end of the process of pathology.
Thus, it has been suggested that histiocytoses are
more sensitive to treatment in the early stages.34

Both groups of histiocytoses show the same kind
of pathology (Figure 15. 8). The landmark of the non-
Langerhans type of proliferation was thought to be
Touton-type multinucleated giant cells, but the ab-
sence of these cells does not rule out the diagnosis.
Touton-type multinucleated giant cells may be seen
in Langerhans cell histiocytosis as well, and, there-
fore, their presence or absence is not pathognomonic
for either entity. The only certain way to specify the
type of histiocytosis is to classify the histiocyte by
electron microscopy and/or immunohistochemistry.
Histiocytic lesions resulting from the proliferation of
Langerhans cells are identified with ultrastructural de-
piction of intracytoplasmic Birbeck granules and pos-
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TABLE 15.1. Correlation of MRI Enhancement Patterns 
with Histology.

Enhancement pattern Tissue type

Homogeneous signal Tl, T2 Benign
and with Gd DPTA

Homogeneous T1 signal Malignant
changing to heterogeneous 
T2 signal

High T2 signal Hypercellularity, calcification
Low T2 signal Hypocellularity, more collagen
Intermediate T2 signal Difficult differential diagnosis

FIGURE 15.5. (A) Malignant fibrous histiocytoma presenting with
massive downward proptosis. (B) Gross specimen of the tumor re-
veals a “firm” appearance of the cut surface. (C) Histopathology also

shows the aggressiveness of the tumor with numerous mitotic fig-
ures (single arrow) and pleomorphic tumor cells (joined arrows). 



itive reaction to S-100 protein and CD1a. Non-Langer-
hans cells express other surface markers, including
blood clotting transglutaminase factor XIIIa, CD68,
Mac387, and vimentin without Birbeck granules.30

These cell markers have been observed in juvenile

xanthogranuloma (JXG), xanthoma disseminatum,
and progressive nodular histocytosis.

Patients with Langerhans cell disease are generally
younger than those with XG; the majority of these pa-
tients present between the ages of 1 and 15 years, with
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FIGURE 15.6. (A) Intraoperative
and (B) CT appearance of a giant
cell fibroblastoma. Note the 
well-delineated but not 
encapsulated fibrous tumor (T),
which offers a very homogeneous
appearance on CT because of its
hypercellularity. The traction 
suture through the lateral rectus
muscle was pulled medially for
easy dissection of the lateral 
orbital mass; the silk suture was
covered with silicone tubing to
protect the cornea (K) during 
traction.A B

FIGURE 15.7. Langerhans hystiocytosis (eosinophilic granuloma in
a young child pushing the right eye inferiorly). (A) Irregular surface
of the upper eyelid and superior periorbital skin is due to radiation
treatment from which the child benefitted little. (B) Electron mi-
croscopic depiction of Langerhans histiocytes with Birbeck granules
(white arrow). Identification of these cytoplasmic organelles con-
firms the tumor cells to be Langerhans histiocytes.

FIGURE 15.8. (A) Intraoperative appearance of yellowish-orange
xanthogranulomatous tumor through lateral orbitotomy. (B) Gross
specimen from the same patient showing focally hemorrhagic, yel-
lowish, fatty-looking tissue. Inset: Histopathologic appearance of
the xanthogranuloma with diffuse infiltration of histiocytic cells
and numerous Touton giant cells (T).

B

A



the peak ages being 2 to 4 years.32,35 The three clas-
sic forms are eosinophilic granuloma, which primarily
affects bone; Hand–Schüller–Christian disease (a triad
of exophthalmos, diabetes insipidus, and multiple
bone lesions); and Letterer–Siwe disease (a syndrome
of multiple soft tissue and bone involvement).36 It is
recommended that a radiographic skeletal survey be
obtained when Langerhans-cell histiocytosis is a di-
agnostic possibility. The lytic bone lesions have a
predilection for the flat bones, most often involving
the skull.37 However, radiologic findings in these dis-
eases can be quite varied and include epiphyseal and
transepiphyseal lesions, pathologic fractures, and
dural extension of vertebral lesions. Less common
findings include the involvement of the clavicle and
small bones of the hands and feet and, rarely, ex-
tracranial “button” sequestra, soft tissue calcification,
and neurologic manifestations secondary to spinal dis-
ease.38 When systemic (bone marrow, lung, liver,
spleen, central nervous system, etc.) disease occurs,
the prognosis of non-Langerhans histiocytosis is much
worse.

Although histiocytosis X generally affects young
children, rare cases have been observed in adults.39

These diseases usually present with destructive le-
sions in orbital and cranial bones associated with sec-
ondary soft tissue masses in the orbit.

Orbital involvement is most commonly seen with
unifocal Langerhans cell disease (eosinophilic granu-
loma). A common site for eosinophilic granuloma is
the anterior superior orbit. According to Woo and Har-
ris, this is because frontal bone retains active bone
marrow, which contains Langerhans cell precursors
throughout childhood and adolescence.39 The same
authors propose that osteolysis in eosinophilic granu-
loma is due to the production of prostaglandin E2 and
interleukin 1 by the abnormal Langerhans cells. Their
management recommendations include intralesional
corticosteroid injection, which can inhibit the cyto-
kines. The solitary lesions are best managed by de-
bulking of the soft tissue mass with light debridement
following an incisional biopsy to confirm the diagnosis.
For multifocal, systemic involvement or in recurrent
cases, systemic corticosteroids and/or antimetabolites
or low-dose external beam radiation therapy (EBRT) are
used.40

Orbital XG presents as a space-occupying lesion 
in the orbital and periorbital soft tissues and usually
does not affect the orbital bones (Figures 15.9 and
15.10).41,42 The ocular signs and symptoms depend on
the location and the size of the lesion. Generally, or-
bital XG presents without pain, but pain related to pe-
ripheral nerve origin may be the presenting symptom.
The clinical differential diagnosis includes space-oc-
cupying lesions such as lymphoma, Sjögren’s disease,
and sarcoidosis, as well as other benign and malignant

tumors depending on the age of the patient, laterality,
and the location of the lesion (Figure 15.11). In most
cases, orbital XG originates from the soft tissues; how-
ever, intracerebral XG affecting the orbit secondarily
has been reported in both children and adults.43 The
number of MR studies on orbital XG is limited, but
this imaging technique usually reveals a destructive
lesion with irregular, infiltrating margins of low 
signal intensity with scattered dark foci (Figure
15.12).43,44

CT studies reveal infiltrating, soft tissue masses
within the orbit without bone destruction. Enlarge-
ment of extraocular muscles away from the lesion site
and optic nerve entrapment within lesions have been
described with CT examination.42 Some patients re-
veal Marcus–Gunn pupils, and others present visual
field defects secondary to compressive optic neuropa-
thy.45 The lacrimal gland may be involved as an ex-
tension of infiltrating masses. In our experience, one
patient who presented with bilateral lacrimal gland
enlargement was falsely diagnosed as having Sjögren’s
disease because of primary lacrimal gland pathology
without other orbital lesions.

Ultrasonography shows irregular soft tissue masses
with low-density areas most likely corresponding to
necrotic foci, but this is not particularly useful for dif-
ferential diagnosis. Orbital XG cannot be diagnosed
from imaging findings. Rather, diagnosis should be
based on histiopathologic, immunohistochemical, and
electron microscopic studies. The usefulness of the
CT, however, is significant in differential diagnosis of
the lesion by allowing one to rule out bone damage
and to delineate the extent of the lesion in order to
plan surgical and radiation treatments. Furthermore,
in some cases, the treatment response may be moni-
tored by imaging studies.42

Erdheim–Chester disease (E-Cd) must be ruled out
in every case of XG in the eyelids and orbit.46–48 While
the pathogenesis of E-Cd remains unknown, it has re-
cently been reported that the histiocytic element of
XG is monoclonal, which suggests that these lesions
may be neoplastic. This disease may therefore be con-
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FIGURE 15.9. Bilateral proptosis and xanthalesmas of upper eye-
lids and medial canthi in a patient with Erdheim–Chester disease.



sidered to be the monocytic counterpart to the den-
dritic monoclonal expansion of non-Langerhans histio-
cytosis. The same report suggests that this clonal ex-
pansion may also be secondary to an infectious agent,
similar to the induction of gastric lymphoma by He-
licobacter pylori.47

E-Cd was first described by Chester in 1930 as an
unusual “lipidosis” with distinctive bone changes.49

Although rarely seen, E-Cd represents the most com-
mon form of systemic lipogranulomatosis, predomi-
nantly affecting adults, whereas Langerhans histiocy-
tosis is a disease of childhood. E-Cd presents with
histiocytic infiltrates involving retroperitoneal soft
tissues, long bones, and other viscera including the

lungs, heart (conduction network), kidneys, spleen,
lymph nodes, and nervous system.46,50,51 In contrast
to the asymmetric, lytic flat bone lesions of Langer-
hans histiocytosis, patients with E-Cd typically have
polyostotic lytic and sclerotic lesions of long bones,
with sparing of the appendicular skeleton. X-rays to
detect metaphyseal sclerolytic destruction of the long
bones, typical for E-Cd, can be easily and inexpen-
sively employed as a screening measure. Systemic in-
volvement should be considered in all cases of orbital
XGs, and long bone films should be obtained.

Granulomatous histiocytic infiltrates have been
described in the retroperitoneal tissue of E-Cd pa-
tients, causing serious renal complications ranging
from hydronephrosis to renal failure.52,53 Although
retroperitoneal XG has rarely been reported to regress
spontaneously, in many instances it leads to obstruc-
tive uropathy, renal failure, and eventual death. The
most common treatment measures are surgical exci-
sion combined with EBRT and oral steroids, but the
prognosis in both local and systemic disease is usu-
ally not good.
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FIGURE 15.10. (A) Axial CT scan showing the homogeneous ap-
pearance of xanthogranuloma diffusely involving both orbits. The
patient’s vision was light perception in both eyes on admission. (B)
X-ray of the humerus of the same patient with Erdheim–Chester
disease revealing typical lytic and sclerotic changes. (C) Radionu-
cleotide scan of the same patient with increased uptake in orbits.

FIGURE 15.11. (A,B) Bilateral xanthogranulomas in superior lateral
orbit. The patient later developed multiple skin nodules of the face
but no systemic disease. Because of the bilateral superior lateral
masses, she was considered to have Sjögren’s disease at initial pre-
sentation. Later the tissue diagnosis obtained from these lesions re-
vealed the true nature of the pathology. Note the glistening, yel-
low-orange cut surface of the well-delineated mass from the right
superior orbit.



Ophthalmologists are most familiar with JXG, a self-
limiting disorder of the skin and the iris that may be
present at birth, but typically arises during infancy.54

The lesions consist of several yellow-orange cutaneous
nodules on the skin of the head and neck, with the most
frequent site of extracutaneous involvement being the
uvea. This manifests as a yellowish iris mass, which
can cause hyphema and glaucoma. Histopathologically,
these are xanthogranulomatous lesions characterized
by histiocytic proliferations associated with lympho-
cytes and Touton giant cells.32,54 JXG also develops in
the orbit as isolated lesions.55 Whether these cases rep-
resent solitary JXG lesions without other manifesta-
tions of the disease or are orbital XGs occurring in
children is open to speculation.

Another type of xanthogranulomatous disease in-
volving the orbit is necrobiotic xanthogranuloma
(Figure 15.13).56 This rare histiocytic disorder pre-
sents with indurated, yellowish-red, nontender skin
nodules in the eyelids and periorbital structures. It is
a progressive and destructive disease often associated
with multiple organ involvement, paraproteinemia,
and hematologic and/or lymphoproliferative malig-
nant disorders. The granulomas are made of histio-
cytes, lymphocytes, and Touton and foreign body

giant cells intermixed with focal areas of necrosis.
The ocular manifestations are varied and may include
eyelid nodules, episcleritis, uveitis, iritis, keratitis,
cellulitis, and proptosis.56 The differential diagnosis
of necrobiotic XG includes JXG, granuloma annulare,
foreign body granuloma, subcutaneous rheumatoid
nodules, xanthoma disseminatum, primary and sec-
ondary amyloidosis, and E-Cd.56 These lesions tend
to recur, or there may be an increase in inflammatory
activity after incisional biopsy or surgical debulk-
ing.57 Treatment involves chemotherapy with or
without radiation and the avoidance of surgery where
possible. Lifelong surveillance to detect associated
malignancies is advised.

Cutaneous xanthomas may be encountered in pa-
tients with solitary orbital XG and in patients with E-
Cd. These patients may or may not have elevated
serum triglyceride and cholesterol levels. The most
common form of cutaneous xanthoma is the xanthe-
lasma palpebrum, also known simply as xanthelasma,
which refers specifically to lesions that occur in the
eyelids that may present as solitary or diffuse lesions
(Table 15.2).58 Xanthelasmas consist of yellowish pla-
coid skin lesions on the eyelids, usually bilateral, near
the inner canthi. The prevalence rate is approximately
2 and 1% in women and men, respectively, increas-
ing with age. Hyperlipidemia, usually Fredrickson hy-
perlipidemic phenotype IIa, is present in approxi-
mately 50% of the patients with xanthelasmas. The
histopathology of xanthelasma reveals a great deal of
similarity to orbital XG, with aggregates of foamy his-
tiocytes proliferating around the small blood vessels
of the superficial dermis and a surrounding lympho-
cytic reaction with occasional Touton giant cells. The
pathogenesis of these lesions is unclear. It is thought
that the cholesterol accumulation is derived from the
blood, with the low-density lipids leaking through the
capillary walls.59 However, several other factors are
likely involved, inasmuch as more than half of hy-
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FIGURE 15.12. Axial and coronal MRIs with T1- and T2-weighted
images, respectively, showing a mixture of hypo- and hyperintense
signals in the superior medial aspect of the globe. One can deduce
only that the orbit harbors an infiltrating mass lesion; the appear-
ance is not diagnostic for any specific tumor. Histopathology proved
the tumor to be a xanthogranuloma.

FIGURE 15.13. Yellowish-red skin nodules of the eyelids and peri-
orbital skin in necrobiotic xanthogranuloma.



perlipidemic patients do not develop these lesions, and
normolipidemic patients sometimes do. Palpebral and
periorbital xanthelasmas were present in three of our
cases, including one with E-Cd. Serum cholesterol,
lipid, and triglyceride levels were measured in six of
our patients but were not helpful as diagnostic tests.

The most commonly used treatment modalities for
XG lesions are surgical excision combined with oral

corticosteroids and various chemotherapeutic agents,
but recurrences are encountered often regardless of the
size of the lesion.41,48,60–62 XG lesions are usually ra-
diation resistant, but some patients are known to re-
spond to EBRT (Figure 15.14). The prognosis in sys-
temic involvement is very poor. According to one
report, 22 of 59 E-Cd patients died within a mean of
32 months after diagnosis.31

C H A P T E R 15 : F I B R O H I S T I O C Y T I C T U M O R S 1 7 1

Associated
Xanthoma conditions Workup Laboratory Treatment Prognosis

Erdheim–Chester Long bone films, �Cholesterol Surgery, Recurrent disease;
disease, CT, MRI, �Triglyceride steroids, very  poor
periodontal radionuclide EBRT? with E-Cd
problems bone scan

Neurofi- Skin biopsy Normal Systemic Spontaneous regression
bromatosis? and local of systemic disease;

steroids; poor visual 
EBRT prognosis with 

hyphema 2°
glaucoma

Multiple Immune Leukopenia Chemotherapy, Poor with progressive
myeloma, profile IgG gammopathy local disease
lymphoma, Cryoglobulinemia steroids, 
PC dyscresias minimal

surgery
50% Hyper- Serum lipid and Serum lipid No surgery, 50% recurrence after

lipidemia, cholesterol chemotherapy therapy
type II levels EBRT

40% Multiple Serum lipid and Serum lipid Surgery, 50% recurrence after 
myeloma, cholesterol CO2 laser, therapy
leukemia, levels trichloracetic
lymphoma, acid
cryoglobulinemia

None Skin biopsy High uric acid Surgery Spontaneous
regression

TABLE 15.2. Clinical and Morphologic Features of Some Xanthomas.

Ophthalmic Systemic
Xanthoma Cell of origin Histopathology manifestations manifestations

Xanthogranuloma Non-Langerhans cell Foamy histiocytes, Solitary or multiple; Seen in adults; long 
Touton GCs, eyelids, orbit, bones, heart, kidney,
lymphocytes; conjunctiva, optic retroperitoneal lesions
cholesterol clefts nerve

Juvenile Non-Langerhans Foamy histiocytes, Solitary or multiple iris Seen in infants;
xanthogranuloma cell lymphocytes, Touton mass with hyphema, skin and scalp
(JXG) multinucleated GCs cataract, glaucoma lesions

Necrobiotic Non-Langerhans cell? Foamy histiocytes Periorbital skin lesions, Multiple violaceous
xanthogranuloma with Touton and eyelid and orbit mass, skin nodules on 

multinucleated GCs; keratitis, episcleritis face and trunk
necrosis cholesterol 
clefts

Planar xanthoma Tissue macrophage Foamy histiocytes, Placoid skin lesions on 50% Hyperlipidemia
(xanthelasma) (non-Langerhans cell?) Touton GCs, eyelids

and lymphocyte lymphocytes
Diffuse planar Tissue macrophage Foamy histiocytes, Placoid skin lesions on Confluent xanthelasmas 

xanthoma non-Langerhans cell?) Touton GCs, eyelids on trunk and face
and lymphocyte lymphocytes

Progressive Non-Langerhans cell Spindly histiocytes, Xanthomatous Yellow, maculopapular 
nodular Touton GCs; maculopapular lesions skin lesions on face 
histiocytosis storiform pattern on eyelids, ectropion and trunk

Xanthogranuloma

Juvenile
xanthogranuloma
(JXG)

Necrobiotic
xanthogranuloma

Planar xanthoma
(xanthelasma)

Diffuse planar
xanthoma

Progressive
nodular
histiocytosis
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FIGURE 15.14. A patient
with bilateral xantho-
granulomas before (A,B) and
after (C) external beam radi-
ation therapy. She did not
have systemic disease and
responded quite well to 
external beam radiation.A B C
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Fibro-osseous and Cartilaginous 
Tumors and Tumorlike Conditions

Zeynel A. Karcioglu

Primary orbital bone and cartilage tumors are rare.
More often these lesions develop in neighboring
paranasal and nasal bones and involve the orbit

secondarily. In most unusual circumstances they orig-
inate from the trochlear cartilage and from primitive
mesenchymal soft tissues. For the sake of simplicity,
in this chapter these lesions are divided into groups
of bone and cartilage-forming lesions, fibrous and 
fibro-osseous lesions, giant-cell-rich lesions, and 
cystic lesions (Box 16.1).

BONE-FORMING LESIONS

Osteoma

The most common tumor of the orbital bones is the
osteoma, which is a benign lesion consisting prima-
rily of mature cancellous bone (Figure 16.1).1,2 It has
not been determined whether osteomas are true neo-
plasms or the result of an inflammatory reaction. Most
of these lesions develop in the fourth to fifth decades
of life; they are rare in children.1 There is evidence
that osteoma is more commonly encountered in
males.1,3

The standard way of labeling the cranial osteo-
mas is to name them according to the bone of ori-
gin (e.g., zygomatic osteoma) whereas osteomas of
the paranasal sinus are labeled according to which
sinus they invade (e.g., frontal osteoma).3–5 Most os-
teomas are asymptomatic, but if they grow to suffi-
cient size, they may cause displacement and/or prop-
tosis of the globe and signs of nasolacrimal duct
obstruction, particularly by ethmoidal lesions.6,7

Osteomas usually develop anteriorly; therefore, they
do not cause visual disturbances. The exception to
this rule is the sphenoid sinus osteoma, which en-
croaches on the optic foramen and may produce op-
tic nerve damage.8

Although these are solitary tumors, multiple le-
sions occasionally develop, particularly in patients
with Gardner syndrome, a hereditary condition in
which orbital osteomas can be associated with intes-
tinal polyposis and carcinomatosis.9,10

Histopathologically, these tumors are composed of
irregular bony trabeculae and fibrovascular tissue (Fig-
ure 16.1).1 Traditionally the osteomas are divided into
three types based on histopathologic appearance: ebur-
nated (ivory), fibrous, and mature. The eburnated os-
teoma is primarily composed of thick bony trabecu-
lae with little fibrous tissue. The fibrous type contains
highly vascularized fibroadipose tissue between the
bone elements, which may lead to a misdiagnosis of
ossifying fibroma or osteogenic sarcoma.2 Typically,
osteomas manifest with well-delineated homoge-
neous radiodensity in plain films and CTs. On plain
skull films, osteomas are identified as well-delineated,
dense lesions adjacent to a paranasal sinus.11

The differential diagnosis of these lesions should in-
clude endochondroma, osteogenesis imperfecta, bone
infarction, fibrous dysplasia, low-grade osteogenic sar-
coma, ossifying fibroma, and, in unusual cases, calci-
fied meningioma.12–14

Only patients with symptomatic osteomas should
be treated; when the osteomas are located anteriorly,
simple excision will effect a cure, since recurrences
are rare. However, when paranasal sinus osteomas in-
vade the orbit posteriorly, particularly with optic canal
involvement, the surgery is complex and should be
performed by a craniofacial surgical team.

Osteoblastoma

Osteoblastomas are benign bone-forming tumors that
account for approximately 10% of all tumors devel-
oping in skull bones. However, they are very rarely
seen in the orbit.15

Osteogenic Sarcoma

Osteogenic sarcoma (osteosarcoma) is the most com-
mon primary malignant tumor of bone.16 It is also the
most common malignant tumor of the craniofacial
skeleton as well as of the orbit.17,18 The majority of
patients seen are over the age of 40, and the disease
more often affects men.19,20 The clinical presentation
depends on the location and size of the tumor and its
rate of growth.16



Radiologic studies show a poorly defined infiltrat-
ing lesion that can be sclerotic, lytic, or mixed scle-
rotic and lytic. Early changes discernible on computed
tomography (CT) include increased bone marrow at-
tenuation and calcification (Figure 16.2).21 The tumor
is densely sclerotic in approximately 50% of cases. In
the other 50% of cases, osteogenic sarcoma has an os-
sifying, destructive appearance, or it may present as a
pure osteolytic lesion. The classic “sunburst” pattern

produced as a result of periosteal new bone formation
is not a helpful feature in skull tumors. Contrast-
enhanced CT can determine the vascularity and the
distribution of the blood vessels within the soft tissue
component. Radionuclide bone scan is more sensitive
for early changes than plain films and CT, whereas
MRI is the most sensitive method of imaging.22 MRI
defines the extent of the tumor much more accurately
than CT. High or low signal intensity can occur on
T2-weighted images owing to cellularity and os-
teosclerosis, respectively. The relationship of the tu-
mor to the compartments of the cranium is best as-
sessed with magnetic resonance imaging (MRI).
Magnetic resonance angiography (MRA) may also
prove to be useful to demarcate tumor vessels.

Clinical manifestations depend on the location of
the tumor, its size, and rate of growth. Most patients
present with swelling of the orbit, proptosis, and pain,
particularly at night.23,24 Osteosarcomas originating
from ethmoid and frontal bones present as palpable
and often visible masses, whereas tumors originating
posteriorly, particularly from the sphenoid bone, pro-
duce proptosis without a palpable mass. Serum alka-
line phosphatase levels are often elevated in os-
teogenic sarcoma.

Osteogenic sarcomas are composed of pleomorphic
spindle cells containing hyperchromatic nuclei and
numerous mitotic figures intermixed with neoplastic
bone formations. Depending on the matrix of the tu-
mor, they are subgrouped as chondroblastic or fibro-
matoid types.

It is known that cranio-orbital osteosarcomas are
more often seen with Paget’s disease, with fibrous dys-
plasia, and after radiation treatment with or without
retinoblastoma.25–27 The incidence of osteogenic sar-
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BOX 16.1. Fibro-osseous and 
Cartilaginous Lesions of the Orbit

Bone-forming Osteoma
lesions Osteoblastoma

Osteogenic sarcoma
Parosteal osteogenic sarcoma

Cartilage- Chondroma
forming Chondrosarcoma
lesions Mesenchymal chondrosarcoma

Multiple endochondromatoses
Fibro-osseus Fibrous dysplasia

lesions Ossifying fibroma
Fibrous

lesions
Giant-cell-rich Giant cell reparative 

lesions granuloma
Osteitis fibrosa cystica 

(brown tumor)
Giant cell tumor

Cystic lesions Simple bone cyst
Aneurysmal bone cyst
Epidermal cyst

FIGURE 16.1. (A) Coronal CT 
image showing a densely sclerotic
osteoma of the frontal bone. Note
the thickening of the superior orbital
rim (white arrow). (B) The 
intraoperative picture of another
case of superior orbital rim osteoma.
(C) Gross photograph of the same 
tumor with bosselated, well-
circumscribed appearance. (D) 
Histopathology of the same osteoma
reveals dense cortical-type bone with
haversian systems (black arrows) 
of varying size and shapes.



coma developing as a second primary tumor in sur-
vivors of retinoblastoma is high (see Chapter 5).16,17,28

Treatment of osteogenic sarcoma is surgical, but
clear margins in the craniofacial cases may be diffi-
cult to obtain because frozen section of the bone can-
not be done during excision. CT and MRI are the best
means of determining the bone and soft tissue extent
of the tumor.29 Preoperative chemotherapy has been
reported to increase the survival.30

Parosteal Osteogenic Sarcoma 
(Low-Grade Osteogenic Sarcoma)

Parosteal osteosarcoma rarely involves the orbit; its
craniofacial involvement is usually limited to the jaw

bones (Figure 16.3).31–34 It originates in the periosteum
or from the immediate parosteal connective tissue and
is a rare type of osteogenic sarcoma, representing
about 5% of all tumors.

Accurate diagnosis and subclassification of parosteal
osteosarcoma is important because although the tu-
mor is fairly rare (approximately 16% of cases), dedif-
ferentiation is associated with a worse prognosis.
Parosteal osteosarcoma may dedifferentiate into a
higher grade sarcoma, such as liposarcoma, rhabdo-
myosarcoma, or malignant fibrous histiocytoma.31

Because surrounding tissue is frequently invaded
by parosteal osteosarcoma, local recurrence is com-
mon. One study found as high as 46% soft tissue in-
volvement adjacent to tumor, and 22% had adjacent
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FIGURE 16.3. (A,C,D) Axial CT
and MR images of focally sclerotic,
well-delineated tumor of the 
inferior orbital rim. (B) Bone win-
dow study shows well-delineated
tumor with intralesional deposits
of young bone.

FIGURE 16.2. (A) Proptosis and
inferior displacement of the left
eye secondary to osteogenic 
sarcoma of the superior orbit. (B)
Coronal CT image shows a poorly
defined, infiltrating lesion with 
alternating areas of sclerosis and
lysis pushing the globe inferiorly.
(C) The histopathology consists of
clusters of fusiform, atypical 
connective tissue cells surrounding
deposits of neoplastic bone. (D)
Atypical osteoblastic proliferation.



neurovascular bundle involvement.33 Therefore, wide
excision is advocated (Figure 16.4). Along with appro-
priate surgical management, continued monitoring is
important. Craniofacial parosteal osteosarcomas are
detected early, and prognosis for these tumors, when
fully excised, is better than for the conventional os-
teogenic sarcoma. 

CARTILAGE-FORMING LESIONS

Chondroma

Benign cartilaginous tumors of the orbit are rare, but
they are known to occur in the region of the trochlea,
the only cartilaginous structure in the orbit.35 Orbital
chondroma presents as a slowly enlarging, well-
delineated mass in the superior nasal quadrant of the
orbit. Microscopically, it is composed of lobulated
hyaline cartilage that may occasionally show mild
atypia.36 Since the orbital chondroma is a benign tu-
mor with no capacity to malignant transformation, it
responds well to surgical excision.

Chondrosarcoma

Chondrosarcoma is a commonly encountered tumor
of the skeleton. However, in the cranium it is un-
common, and its occurrence in the orbit and peri-
orbital sinus is exceptionally rare.37,38 These tumors
originate mainly from the nasal cavity; nasopharynx
and orbital invasion may occur secondarily.39 Most

chondrosarcomas are made of pleomorphic hyaline
cartilage cells scattered throughout a myxoid matrix
(Figure 16.5). The clinical findings depend on the 
location and the size of the tumor, which may 
compress and/or infiltrate orbital structures.40

Chondrosarcoma infrequently metastasizes, and,
therefore, local control is the goal of treatment.
Chondrosarcomas of the craniofacial skeleton are
difficult to excise totally short of major procedures
including exenteration. Radiation therapy is an im-
portant adjunct that should be used whenever total
excision cannot be accomplished.41

Mesenchymal Chondrosarcoma

Mesenchymal chondrosarcoma is a rare, more aggres-
sive subtype of chondrosarcoma; however, it is en-
countered in and around the orbit more often than the
conventional chondrosarcoma.42–44 It may rarely be
multicentric.44 Radiologically, mesenchymal chon-
drosarcoma leads to haphazard infiltration of the bone
and, therefore, presents with ill-defined margins.
Dense irregular calcifications are frequently found
within these tumors.45–47 Mesenchymal chondrosar-
coma is treated with extensive surgery with adjunct
chemotherapy and radiation therapy; the survival rate
for these patients is poor.45

Multiple Enchondromatoses

Multiple enchondromatosis syndromes (Ollier disease
and Maffucci syndrome) are congenital disorders that
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FIGURE 16.4. (A,B) Excision of a
parosteal osteogenic sarcoma with
the use of oscillating saw. (C) The
gross specimen, showing the cut
surface of the fibrous cap of the 
lesion. (D) Histopathology reveals
proliferation of spindle cells and 
irregular deposits of malignant
bone surrounded by extensive 
osteoblastic activity.



are considered to be in the spectrum of mesodermal
dysplasias.

Maffucci syndrome is a nonfamilial disease that
presents with multiple enchondromas and subcuta-
neous hemangiomas.48,49 Ollier disease most often
presents with multiple cartilaginous masses in long
bones of the extremities, but hemangiomatous masses
are missing. Ollier disease rarely develops in paranasal
sinuses and may secondarily involve the orbit.50 Ra-
dionuclide studies may be of help to diagnose Ollier
disease.51

The mesodermal dysplasia syndromes are also
known to develop other benign and malignant tu-
mors including skull chondrosarcomas, low grade
astrocytomas, pituitary adenomas, and carcinomas
of the genitourinary and gastrointestinal tracts.52–54

In addition, orbital hemangiomas have been re-
ported in Maffucci disease (Figure 16.6).55 These in-
tracranial and orbital tumors may present with a
number of ocular and orbital symptoms including
proptosis, diplopia, visual loss, and cranial nerve
palsies.56 Periodic orbital and neuro-ophthalmo-
logic examinations and imaging studies are appro-
priate for the patients with Ollier disease and Maf-
fucci syndrome. The treatment of these lesions
includes surgery and radiotherapy.

FIBRO-OSSEOUS LESIONS

Fibro-osseous lesions, a mixture of bone and fibrous
tissue, occur commonly in the craniofacial bones. At
one end of the spectrum is fibrous dysplasia, which is
dominated by the fibrous element. At the other end
is ossifying fibroma, in which the lamellar bone for-
mation defines the lesion.

Fibrous Dysplasia

Fibrous dysplasia is a benign developmental disorder
of the bone that results from the arrest in the matu-
ration of primitive woven bone into mature lamellar
bone containing osteoblasts.57 It can be considered to
be a hamartomatous disorder. In fibrous dysplasia os-
teoblastic activity is arrested and the mature lamellar
bone is not formed.57 The anomaly is considered to
be the result of a specific mutation of the Gs alpha
gene.58 In approximately 75% of cases, the disease in-
volves only one bone (monostotic), and in 25% of
cases, multiple bones (polyostotic) are involved.
Polyostatic fibrous dysplasia develops at an earlier age
than the single bone involvement and is rarely found
as a part of Albright (McCune–Albright) syndrome, a
rare endocrine dysfunction consisting of precocious
puberty, hyperthyroidism, and cutaneous hyperpig-
mentation.58,59 The most frequently affected sites of
the skull are frontal, ethmoidal, sphenoidal, and tem-
poral bones.60,61 Orbital fibrous dysplasia is usually
not associated with Albright syndrome, but, a few
cases of Albright syndrome with orbital involvement
have been described.62

Fibrous dysplasia is usually diagnosed coinciden-
tally, but if it becomes symptomatic, the signs and
symptoms correlate well with the primary bone in-
volved and the extent of the involvement.63 The globe
is usually displaced inferiorly with or without prop-
tosis because of the common involvement of the
frontal bone (Figure 16.7). The most feared ocular man-
ifestation is the compressive optic neuropathy sec-
ondary to sphenoid bone disease, which may present
as an acute or chronic loss of visual acuity and
fields.64,65 In advanced cases, the facial asymmetry
may lead to serious distortion of the orbit, causing sig-
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FIGURE 16.5. (A) Right axial
proptosis secondary to orbital
chondrosarcoma. (B) Plain film
showing moderately sclerotic, 
lobulated orbital mass (arrow).
(C,D) Hypercellular hyaline 
cartilage composed of atypical
chondrocytes clustered within 
lacunae. The atypical nature of the
chondrocytes is better seen in 
(C). (Courtesy of Dr. James Allen,
New Orleans, Louisiana.)



nificant proptosis, ptosis, and lacrimal drainage sys-
tem obstruction.66,67

CT is the imaging method of choice for initial di-
agnosis as well as for monitoring the disease during
its course and postoperatively, particularly with three-
dimensional re-formations. The imaging features,
which vary depending on the stage of the disease and
the extent of the fibrous stromal replacement, present
with Pagetoid, cystic, and sclerotic patterns.68 MRI
patterns of fibrous dysplasia consists of nonhomoge-
neous low intensity with a sharp margin on T1-
weighted images. Signal enhancement may be seen
with contrast studies, but this simply offers informa-
tion regarding the vascularity of the lesion rather than
its fibrocellular activity.69,70

The diagnosis should be confirmed by means of a
biopsy specimen; however, if the radiologic features
are typical for fibrous dysplasia in a patient without
symptoms, the biopsy may be delayed. Particularly
when the involvement is within the posterior orbit,
the task of obtaining a biopsy sample may require
rather extensive surgery. Therefore, the biopsy may be

postponed until the symptomatology justifies surgical
excision of bone (Figure 16.8). Fibrous dysplasia com-
promising the optic foramen is best operated through
a transcranial approach to unroof the optic canal and
excise tissue from the involved bone as much as pos-
sible.71 In most cases, surgical intervention is delayed
until optic nerve compression is imminent or severe
asymmetry of the face becomes a serious cosmetic 
issue.71

The histopathology consists of irregularly shaped
osteoid deposits and immature, irregular bone origi-
nating from the fibrovascular stroma that creates
bizarre geometric patterns resembling Chinese letters
(Figure 16.7). The metaplastic bone deposits are seen
without osteoblastic activity, which is helpful to dif-
ferentiate fibrous dysplasia from other bone patholo-
gies particularly from ossifying fibroma, which usu-
ally contains osteoblasts. The size of the biopsy should
be as large as possible, since the histopathologic dif-
ferential diagnosis may be difficult, particularly when
there is malignant transformation of fibrous dysplasia
into osteogenic sarcoma and fibrosarcoma.72
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FIGURE 16.6. (A,B) Bilateral 
proptosis of a patient with 
Maffucci syndrome, secondary to
bilateral orbital cavernous heman-
gioma. (C) Plain x-ray of the arm
displays multiple radiolucent areas
consistent with enchondromas of
the proximal radius and ulna. (D)
CT scan of the abdomen shows
multiple hypodense areas in the
liver and spleen. (E) Histopathology
of the hemangioma shown in (A).
(Courtesy of Dr. Thomas E. 
Johnson, Miami, Florida.)



Ossifying Fibroma

Ossifying fibroma, otherwise known as juvenile os-
sifying fibroma or psammomatoid ossifying fi-
broma, is a fibro-osseous lesion less commonly seen
than fibrous dysplasia (Figure 16.9).73–76 This is an-
other hamartomatous, indolent fibro-osseous lesion
that commonly involves the cranial bones and in
almost all cases presents as a monostotic disease.
Histopathology of the ossifying fibroma reveals ir-
regular bony spicules surrounded by extensive os-
teoblastic activity. As opposed to fibrous dysplasia,
it is more common in females and in an age group
involving adolescents and young adults. Displace-
ment of the globe, optic nerve, and lacrimal
drainage system may be seen, depending on the lo-
cation of the tumor.76

On CT, ossifying fibroma presents as a well-delin-
eated sclerosing mass with osseous trabeculae.77 Max-
illary and mandibular involvement are common.78

The ossifying fibromas usually reveal intermediate
signal intensity on T1-weighted MR images and a hy-
pointense signal on T2-weighted images; however,
MRI is not very helpful in classifying these lesions.

The best management of ossifying fibroma is early
surgical removal; in most instances the surgery is per-
formed by a craniomaxillary team.

FIBROUS LESIONS

Fibrous lesions, which rarely develop in the craniofa-
cial skeleton, include desmoplastic fibroma, myofi-
broma, and infantile myofibromatosis. These lesions
represent locally aggressive tumors with a high rate of
recurrence without distant metastasis.79,80

GIANT CELL-RICH LESIONS

Giant Cell Reparative Granuloma

Giant cell granuloma (GCG), or giant cell reparative
granuloma, is a reactive, nonneoplastic process that
occasionally affects the bones of the skull and or-
bit.81–84

The majority of GCGs occur within the first two
decades of life and are approximately twice as common
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FIGURE 16.7. (A, B) A 9-year-old
patient with fibrous dysplasia
showing elevation of the left 
eyebrow and inferior displacement
of the left globe that are most 
apparent in straight and right up-
per gaze photographs. (C) Coronal
CT image shows the irregular 
sclerosis of the frontal bone 
including the internal and external
trabulae. (D) Intraoperative 
photograph reveals the knotty
thickening of the superior orbital
rim. (E) Histopathology reveals a
mixture of fibrous tissue composed
of uniform spindle cells and 
irregular discontinuous trabeculae
of bone without osteoblastic activ-
ity. (F) The birefringence of young
deposits of lamellar bone 
formation is seen through a 
polarizing lens.



in girls as in boys.85 These lesions have a hemorrhagic
appearance on gross inspection and microscopically
consist of groups of spindle-shaped fibroblasts that are
mixed with collagen and numerous, multinucleated os-
teoclast-like giant cells. Additionally, extensive hem-
orrhages, hemosiderin deposits and reactive woven
bone are identified.86 The histopathologic differential
diagnosis includes brown tumor of hyperparathy-
roidism and giant cell tumor of bone. Histopatholog-
ically, the lesion is identical to brown tumor. Only
the absence of biochemical findings of hyperparathy-
roidism would differentiate these two lesions.

The clinical presentation is associated with painful
proptosis and encroachment onto orbital structures,
depending on the location of the lesion. Radiograph-
ically, central GCG forms a well-demarcated, radio-
lucent, multiloculated lesion.87 The treatment of
choice is aggressive surgical curettage, after which the
lesion usually heals and becomes ossified.86

Osteitis Fibrosa Cystica

Osteitis fibrosa cystica, otherwise known as brown tu-
mor, is a reactive destructive process that occurs in

patients with hyperparathyroidism. In histology it is
very similar if not identical to giant cell reparative
granuloma and aneurysmal bone cysts; however, the
latter lesions are not associated with endocrine ab-
normality. Brown tumor is rarely seen in the orbital
region.88 CT scans and plain x-rays reveal irregular os-
teolytic lesions involving the bones that may resem-
ble the radiologic appearance of other fibro-osseous
conditions (Figure 16.10).89 Once a lesion has been es-
tablished as being composed of fibrous proliferation
with scattered giant cells and irregular spicules of
bone, appropriate endocrine studies should be done to
rule out hyperparathyroidism.
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FIGURE 16.8. Intraoperative photographs show the use of the mal-
let and the osteotome to debulk the thickened dysplastic bone of
the orbital roof in a lamellar fashion. Inset: Gross photograph of the
resected, thin bone chips from dysplastic bone of the orbital roof.

FIGURE 16.9. (A) Axial CT scan showing a variably demineralized,
well-delineated ossifying fibroma of the superior orbit and frontal
sinus. (B,C) Histopathologically, the lesion is composed of an ad-
mixture of woven bony trabeculae and cellular fibrous tissue con-
taining numerous psammoma bodies. (Courtesy of Dr. Curtis
Margo, Tampa, Florida.)



The treatment of this lesion is surgical curettage,
to which the lesion responds well. However, if the de-
structive process produces optic nerve compression,
the visual prognosis may be poor. Systemic prognosis,
on the other hand, depends on the effective manage-
ment of the hyperparathyroidism.

Giant Cell Tumor

Giant cell tumor is a quasi-malignant tumor of the
skeletal connective tissue commonly occurring in pa-
tients between the ages of 20 and 40 years.81,90 Ap-
proximately 20% behave in a malignant fashion; how-
ever, it is not possible to predict the malignant
behavior of these tumors histopathologically or clini-
cally.91,92 The classic appearance is a round, expan-
sile, radiolucent lesion with light trabeculation. CT is
valuable to define the soft tissue component; with con-
trast enhancement it provides useful information about
the tumor’s vascularity, which may be similar to that
of aneurysmal bone cyst.93 MRI is superior to plain
films and CT in defining the extent of the lesion. T1-
weighted images show diminished signal intensity; T2-
weighted images show isointense or hyperintense sig-
nal intensity of the tumor.94 Radionuclide bone scans
are unreliable in GCT.
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FIGURE 16.10. (A) Coronal CT showing a multiloculated, de-
structive lesion of the ethmoidal sinus extending into the medial
orbit. (B) The histopathology revealed numerous multinucleated
giant cells (arrows) scattered within the fibrous tissue matrix with
new bone formation, consistent with brown tumor, giant cell repar-
ative granuloma, and aneurysmal bone cyst. The lesion was labeled
as brown tumor because of the known hyperparathyroid state of the
patient.

A

B

Craniofacial lesions represent approximately 2% of
all giant cell tumors of bone, and GCT very rarely af-
fects the orbit and paranasal sinuses.95 The true inci-
dence of giant cell tumor in the craniofacial skeleton
is difficult to estimate, since it is believed that many
lesions that had been reported as GCT probably rep-
resent giant cell reparative granulomas.96–98

Clinical features depend on the location and range
from displacement of the globe and decreased visual
acuity and field.98 Plain films and CT images usually
show destructive radiolucent and poorly defined le-
sions often associated with a soft tissue mass (Figure
16.11).97

The treatment for GCT is wide excision, as ex-
tensive as exenteration in some cases.99 Tumor-free
margins should be obtained whenever possible be-
cause malignant transformation of these tumors has
been reported.98

CYSTIC LESIONS

Simple Bone Cyst

Simple bone cyst is a unilocular, fluid-filled cyst lined
by a fibrous wall. Although it affects mostly the long
bones, occasionally it is seen in the craniofacial area.100

Aneurysmal Bone Cyst

Aneurysmal bone cyst is an expansile, cystic lesion
that develops within the bone from a preexisting
pathology or de novo of unknown etiology.101,102 Al-
though these lesions are most often seen in long bones,
about 5% occur within the craniofacial skeleton, and
a small minority is seen in the orbital region.103 Or-
bital aneurysmal bone cysts usually develop without
any other bony pathology.104 Most of these lesions af-
fect the orbital roof and produce gradually developing
proptosis. In occasional cases, the proptosis develops
rapidly, raising the clinical suspicion of malig-
nancy.105 If the location of the aneurysmal bone cyst
is sufficiently posterior, it may compress the optic
nerve.106

Histopathologically, an aneurysmal bone cyst con-
sists of blood-filled cystic spaces that are lined not by
endothelial cells but with plump, fibroblast-like cells
(Figure 16.12). Between the cystic places, a fibrovas-
cular stroma containing osteoclast-type giant cells is
present. Sometimes there are so many giant cells that
the aneurysmal bone cyst is difficult to distinguish
from a giant cell lesion of bone. These lesions also
contain woven bone and partially calcified, cartilage-
like matrix adjacent to cystic places.107,108 In plain
films and CT findings, an aneurysmal bone cyst ap-
pears as a mildly enhancing loculated partially cystic
mass.
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FIGURE 16.11. (A–C) Mild axial
proptosis and lateral gaze 
limitation of the right eye. (D)
Disk edema secondary to optic
nerve compression by the giant
cell tumor. (E) Axial CT scan
shows poorly defined, partially
cystic and partially sclerotic tumor
originating from the sphenoid bone
with extension into the posterior
orbit. (F) Histopathology shows
multinucleated tumor giant cells
with innumerable nuclei.

FIGURE 16.12. (A,B) Axial CT images reveal a cystic lesion surrounded by a bony re-formation
consistent with a very small bone cyst. There are numerous intralesional densities. (C,D) Micro-
scopic blood-filled cystic spaces lined by spindle-shaped cells containing blood are identified. Clus-
ters of plump, spindle-shaped fibroblasts are scattered among the pseudocystic spaces. Focal de-
posits of hemosiderin (arrows), indicating old hemorrhages, are also present.



Management of aneurysmal bone cysts is by sur-
gical excision, which is usually done with curettage;
the extent of the lesion should be determined care-
fully during surgery, particularly in superior orbital 
lesions.
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Peripheral Nerve Tumors
Kaan Gündüz

Peripheral nerve tumors of the orbit arise from cra-
nial nerves III, IV, V, and VI and the ciliary gan-
glion. These peripheral nerves, in contrast to the

optic nerve, are ensheathed by Schwann cells. Some of
these tumors may originate from neural or neurogan-
glionic tissues in the orbit as well. The peripheral nerve
tumors covered in this chapter are schwannoma, neuro-
fibroma, malignant peripheral nerve sheath tumor 
(MPNST), granular cell tumor, alveolar soft part sar-
coma (ASPS), paraganglioma, amputation neuroma,
melanotic neuroectodermal tumor of infancy, primary
orbital neuroblastoma, and primary orbital carcinoid.

Table 17.1 shows the frequencies of various orbital
peripheral nerve tumors cited in five major reviews on
histopathologically proven orbital tumors from differ-
ent geographical locations.1–5 Peripheral nerve tumors
of the orbit are rare, accounting for 1.4 to 5.3% of all
orbital tumors (Table 17.1). The most common pe-
ripheral nerve tumors of the orbit are schwannoma
and neurofibroma. Since these tumors have an asso-
ciation with neurofibromatosis, this phakomatosis is
also discussed at the end of the chapter.

SCHWANNOMA (NEURILEMOMA)

Schwannoma (neurilemoma) is a benign peripheral
nerve tumor of the orbit. It accounts for 0.7 to 2.3%
of all histopathologically proven orbital tumors (Table
17.1).1–5 Since it has been recognized that the tumor
consists primarily of Schwann cells, schwannoma has
been the preferred term. Schwannoma generally oc-
curs as an isolated tumor. However, in 2 to 18% of
the cases, it is associated with neurofibromatosis.6

Clinical Features

Orbital schwannoma usually arises from the sensory
branches of the ophthalmic division of the trigeminal
nerve. The supraorbital and supratrochlear nerves are
more commonly affected than the infraorbital nerve.
Less commonly, schwannoma may develop from one
of the motor nerves including the oculomotor and cil-
iary nerves.7,8

Orbital schwannoma generally occurs in young to
middle-aged adults. It presents as a well-circumscribed

mass located in an intraconal or extraconal position,
sometimes producing proptosis (Figures 17.1A, 17.2A,
17.3A).9–11 When schwannoma develops from the
supraorbital and supratrochlear nerves, it may produce
downward displacement of the globe.9–11 When the tu-
mor arises from the infraorbital nerve, it may produce
upward displacement of the globe. The patient may
complain of pain.9–11

Orbital schwannoma can demonstrate invasion
into the cavernous sinus through the superior orbital
fissure.12 Conversely, schwannoma arising from the
cavernous sinus may show invasion into the orbit
through the superior orbital fissure, simulating a pri-
mary orbital tumor.10 Rarely, orbital schwannoma can
present as an intramuscular13 or epibulbar tumor.14

Radiologic Features

Orbital schwannomas display low internal reflectivity
and acoustic hollowness on A- and B-scan orbital ul-
trasonography, respectively.15 On computed tomogra-
phy (CT), orbital schwannoma is seen as a round to oval
well-circumscribed mass.16 Schwannoma usually oc-
curs in the superior orbit and does not involve the or-
bital apex.7,16 However, 24% of orbital schwannomas
demonstrate enlargement of the superior orbital fissure
and invasion into the cavernous sinus on CT.8,16

Magnetic resonance imaging (MRI) shows that
schwannoma is isointense with respect to the ex-
traocular muscle and cerebral gray matter on T1-
weighted images (Figures 17.1B, 17.2B, 17.3B), is hy-
perintense on T2-weighted images (Figures 17.1D,
17.2D, 17.3C), and shows moderate contrast en-
hancement (Figure 17.2C).9,17,17a The tumor may dis-
play heterogeneous signal changes on T2-weighted im-
ages corresponding to the myxoid changes in the
tumor (Figure 17.2D). The myxoid regions of the tu-
mor (Antoni B pattern) with their greater water con-
tent demonstrate a higher signal intensity on T2-
weighted images than the more cellular (Antoni A
pattern) regions of the tumor.17a The myxoid regions
of the tumor demonstrate greater contrast enhance-
ment than the cellular regions.9 Schwannoma can un-
dergo necrosis and present with a cavitary appearance
on MRI (Figure 17.1C). Under these circumstances,
cavitary schwannoma can be confused with a cystic
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orbital tumor.17a,18,19 Other orbital tumors that ex-
hibit cavitary appearance on MRI include inflamma-
tory lesions, adenoid cystic carcinoma, cavernous hem-
angioma, lymphangioma, and rhabdomyosarcoma.20

Morphologic Features

Grossly, schwannoma is yellow-gray, with a well-
circumscribed appearance (Figure 17.3D). The nerve of
origin is identifiable in about 328 to 47%7 of orbital
schwannomas. Results of the histopathologic exami-
nation show that the encapsulated tumors are com-
posed of cells with eosinophilic cytoplasm having in-
distinct cellular borders and oval nuclei.7,11 The nuclei
either form solid structures (Antoni A pattern) or are

arranged in a loose myxomatous background (Antoni
B pattern) (Figures 17.1E, 17.2E, 17.3E). In the Antoni
A pattern, the nuclei form palisading and occasional
tangles of fibrillary processes called Verocay bodies
(Figure 17.3E).7,11 The demonstration of Verocay bod-
ies is important in the diagnosis of schwannoma.

Schwannoma shows positive immunoreactivity
with S-100.14 This immunohistochemical staining is
not specific for schwannoma; neurofibroma also dem-
onstrates positive but weaker immunoreactivity for S-
100. Transmission electron microscopy performed on
fresh tumor tissue reveals extracellular long-spacing
collagen (Luse bodies) in schwannoma.7,12

Rarely, a schwannoma demonstrates increased cel-
lularity, nuclear pleomorphism and hyperchromatism
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TABLE 17.1. Frequency of Various Peripheral Nerve Tumors of the Orbit.

No. of Granular Amputation
Author cases Schwannoma Neurofibroma MPNST cell tumor neuroma ASPS Paraganglioma

Shields et al.1 645 5 (0.8%) 5 (0.8%) — — 3 (0.5%) 1 (0.2%) —
Sen5 266 6 (2.3%) 8 (3.0%) — — — — —
Günalp and Gündüz3 1092 8 (0.7%) 4 (0.4%) 2 (0.2%) — 1 (0.1%) — 1 (0.1%)
Henderson et al.2 1376 15 (1.1%) 35 (2.5%) 2 (0.1%) — — — —
Seregard and Sohlin4 300 5 (1.7%) 4 (1.3%) 1 (0.3%)

A

B

C F

E

D

FIGURE 17.1. A 56-year-
old woman with left orbital
schwannoma. (A) 
Preoperative facial 
photograph showing left
proptosis with infero-
temporal displacement of
the globe. (B) T1-weighted
axial MR image showing
the oval intraconal 
schwannoma isointense to
the extraocular muscle and
cerebral gray matter 
(arrow). (C) T1-weighted
sagittal MRI demonstrating
the intraconal schwannoma
with central cavitary
changes (arrow). (D) 
T2-weighted coronal MR
image demonstrating the 
intraconal schwannoma 
hyperintense to the 
extraocular muscle and
cerebral gray matter (arrow).
(E) Histopathologic 
examination shows that the
tumor is composed 
predominantly of Antoni B
pattern with some Antoni A
areas [hematoxylin–eosin
(H&E), original 
magnification �200). (F)
Postoperative facial 
photograph 2 years after 
anterior orbitotomy with 
inferotemporal orbital rim
approach. There is no 
proptosis of the left eye.



in the absence of mitotic figures, creating confusion
because of resemblance to a malignant tumor. Such
tumors have been pathologically designated as ancient
schwannoma.21

Management and Prognosis

The treatment of orbital schwannoma is total excision.
Most of the tumors are managed surgically by means
of either an anterior or superolateral orbitotomy (Fig-
ures 17.1A, F). A Krönlein orbitotomy may be neces-
sary in selected intraconal and superiorly located tu-
mors to ensure total removal of the tumor. In the series
of Rose and Wright, complete tumor excision was
achieved in 72% of the patients with orbital schwan-
noma.8 Postoperatively, a sensory deficit in the skin oc-
curs in 32% of patients with orbital schwannoma.8

Although orbital schwannoma is benign, total ex-
cision is advised to prevent recurrence and the rare

malignant transformation. In the series of Rose and
Wright, no recurrence was noted after incomplete ex-
cision of six orbital schwannomas at a median follow-
up of 2.8 years.8 Rootman and associates similarly re-
ported no recurrence after incomplete excision of
orbital schwannomas.7 However, long-term follow-up
is necessary. Late recurrence and malignant transfor-
mation of an incompletely excised benign schwan-
noma generally occur in the presence of neurofibro-
matosis.6

NEUROFIBROMA

Neurofibroma is probably the most frequent periph-
eral nerve tumor of the orbit. It accounts for 0.8 to
3.0% of all histopathologically proven orbital lesions
(Table 17.1).1–5 Orbital neurofibroma is classified into
three subsets: plexiform, diffuse, and localized. In the
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FIGURE 17.2. A 43-year-old woman with right orbital schwan-
noma. (A) Preoperative facial photograph of the patient with 2 mm
proptosis of the right eye. (B) T1-weighted axial MR image show-
ing the fusiform schwannoma isointense to the extraocular muscle
and cerebral gray matter (arrow). (C) T2-weighted axial MR image
showing the schwannoma hyperintense to the extraocular muscle
and cerebral gray matter. Antoni B portions demonstrate a higher

signal intensity due to increased water content (arrow). (D) T1-
weighted coronal MR image demonstrating the superiorly located
schwannoma with marked enhancement after contrast injection (ar-
row). (E) Histopathologic examination demonstrates that the tumor
is composed of Antoni A and B patterns (H&E, original magnifica-
tion �200).



periorbital region, the diffuse type is less common
than the plexiform and localized types. The charac-
teristics of plexiform and diffuse neurofibromas are
similar.

The plexiform neurofibroma is considered to be
pathognomonic of neurofibromatosis.22,23 Virtually all
patients with plexiform neurofibroma have neurofi-
bromatosis. However, only 5% of the patients with
neurofibromatosis develop plexiform orbital neurofi-
broma.22 The diffuse type has a more variable associ-
ation with neurofibromatosis than the plexiform type.
The localized type is only seldom associated with 
neurofibromatosis.11

Clinical Features

The clinical features vary with the type of neurofi-
broma (i.e., whether it is plexiform, localized, or dif-
fuse). The plexiform neurofibroma generally becomes
clinically apparent in the first decade of life in a pa-
tient who characteristically has signs of neurofibro-
matosis (Figure 17.4A, C).24 Involvement of the eye-
lids is seen in approximately 66% of the patients with
plexiform neurofibroma.25 The plexiform neurofi-
broma generally begins as an eyelid mass. As the tu-

mor grows, the hypertrophy of the eyelid becomes
more localized to its lateral third, giving the eyelid an
S-shaped appearance (Figure 17.4A). In time, the tu-
mor extends into the orbit, leading to proptosis.25

The localized orbital neurofibroma behaves like
many other solitary well-circumscribed soft tissue tu-
mors in the orbit.26,27 The localized orbital neurofi-
broma presents at a later age than the plexiform type.
The typical patient is a young or middle-aged adult (Fig-
ure 17.5A).26,27 Clinical features include proptosis and
downward displacement of the globe owing to the pref-
erential location of the tumor in the superior orbit (Fig-
ure 17.5B).26 The inferior orbit can also be affected.27

Isolated neurofibroma can occur in the lacrimal gland
region, simulating a lacrimal gland tumor.28 It can also
develop in an extraocular muscle.17 Long-standing or-
bital neurofibroma can also demonstrate bone destruc-
tion and invasion into the adjacent sinus.27

There have been several reports demonstrating the
occurrence of multiple isolated neurofibromas in pa-
tients with and without clinical signs of neurofibro-
matosis.28 The presence of multiple well-circum-
scribed orbital tumors, especially in association with
pain, should raise the suspicion for the diagnosis of
neurofibroma in a patient.28
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FIGURE 17.3. An 18-year-old woman with right orbital schwan-
noma. (A) Preoperative facial photograph showing the orbital mass
producing swelling of the eyelid along the right inferotemporal or-
bital rim. (B) T1-weighted axial MR image showing the round ex-
traconal schwannoma isointense to the cerebral gray matter (arrow).
(C) T2-weighted coronal MR image showing the extraconal schwan-

noma hyperintense to the cerebral gray matter (arrow). (D) Histo-
pathologic examination shows that the tumor is composed prima-
rily of Antoni A pattern with palisading of the nuclei (H&E, origi-
nal magnification, �40). Inset: Gross photograph of the excised
tumor showing a gray-colored well-circumscribed mass.



The diffuse orbital neurofibroma seems to repre-
sent a lesion closely simulating the plexiform type.
Age at onset parallels that of the plexiform variety.
The affected patient generally presents with unilateral
proptosis with or without involvement of the eyelids.

Radiologic Features

In localized neurofibromas, orbital CT reveals a well-
circumscribed ovoid mass generally in the superior or-
bit and less commonly in the inferior orbit. The tu-
mor generally occupies an extraconal position and
does not involve the orbital apex. Localized neurofi-
broma can demonstrate extension into the superior or-
bital fissure in 33% of the cases.8 Magnetic resonance
imaging demonstrates that the tumor is isointense
with respect to the extraocular muscle and cerebral
gray matter on T1-weighted images (Figure 17.5B) and
hyperintense on T2-weighted images (Figure 17.5C).
The tumor shows moderate contrast enhancement.

In plexiform and diffuse orbital neurofibromas, or-
bital CT and MRI demonstrate an ill-defined oblong
or diffuse soft tissue mass, sometimes filling the en-
tire orbit. The MRI features with respect to internal
features are similar to those of the isolated neurofi-
broma (Figure 17.4B).

Morphologic Features

On gross examination, the localized orbital neuro-
fibroma appears as a well-defined yellow or white
lesion (Figure 17.5D). The lesion usually has a cap-
sule. The surgical specimen of an isolated orbital
neurofibroma often includes a piece of the nerve
from which the tumor arises (inset, Figure 17.5D).
In the series of Rose and Wright, the nerve of ori-
gin was evident in 63% of neurofibromas.8 The dif-
fuse or plexiform neurofibromas appear ill-defined
on gross examination.

Microscopically, localized neurofibromas are com-
posed of interwoven bundles of axons, Schwann cells,
and endoneural fibroblasts within a mucoid matrix
(Figure 17.5D).25 The plexiform orbital neurofibroma
is characterized additionally by the presence of a well-
demarcated cellular perineurium defining individual
tumor cords or fascicles (Figure 17.4D). Diffuse orbital
neurofibroma differs from plexiform orbital neuro-
fibroma in its extension beyond the confines of the
perineurium.25

Immunohistochemical stains for S-100 protein
may be positive. However, neurofibroma stains less
intensely with S-100 protein than to schwan-
noma.25
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FIGURE 17.4. A 21-year-old woman with left isolated neurofi-
broma in the left orbit. (A) Preoperative facial photograph demon-
strating 1 mm of upper eyelid ptosis and edema. (B) Coronal T1-
weighted MRI demonstrating superiorly located isolated
neurofibroma isointense to the extraocular muscle and cerebral
gray matter (white arrow). (C) Coronal T2-weighted MRI show-
ing the isolated neurofibroma hyperintense the extraocular mus-

cle and cerebral gray matter (arrow). (D) Histopathologic exam-
ination demonstrates that the isolated neurofibroma is composed
of interwoven bundles of axons, Schwann cells, and endoneural
fibroblasts within a mucoid matrix (H&E, original magnification
�200). Inset: Gross photograph of the excised lesion demon-
strating the isolated neurofibroma and the peripheral nerve from
which it originated.



Management and Prognosis

The management of localized orbital neurofibroma
consists of total excision. Postoperatively, a sensory
skin deficit was present in 72% of the patients with
an isolated orbital neurofibroma.8 These tumors can
usually be dissected free from the surrounding orbital
contents. In the series of Rose and Wright, complete
tumor excision was possible in 46% of the patients
with isolated orbital neurofibroma.8 Incompletely ex-
cised tumors are not at particular risk for recurrence.
No recurrence has been reported at a median follow-
up of 6 years after incomplete excision of 11 cases of
isolated orbital neurofibroma.8

The management of plexiform and diffuse orbital
neurofibroma presents a much more complex prob-
lem. Eyelid sparing orbital exenteration and orbital re-
construction may be the best treatment approach in
the presence of total eyelid ptosis and severe visual
loss.29 The diffuse infiltrating nature of this tumor
makes complete surgical removal difficult. Surgical re-
moval of large tumors with intracranial invasion and
the management of associated sphenoidal, orbital, and
facial bone dysplasia requires a team approach of
physicians from different specialties.25 In contrast to
the isolated neurofibroma, the plexiform and diffuse
tumors may show recurrence after incomplete exci-
sion. Recurrent tumors may develop invasion into the
cranial cavity, causing death. In patients with neu-
rofibromatosis, malignant transformation of the cuta-
neous neurofibroma into neurofibrosarcoma occurs in
about 10 to 29% of the cases.29 The incidence of ma-
lignant transformation in orbital neurofibroma is
probably lower. Recurrence and malignant transfor-
mation may complicate the course of an incompletely
excised orbital plexiform neurofibroma. Therefore,
these patients should be followed closely.

MALIGNANT PERIPHERAL 
NERVE SHEATH TUMOR

Malignant peripheral nerve sheath tumor is a very rare
tumor in the orbit. The frequency in different
histopathologically proven orbital tumor series ranges
from 0 to 0.2% (Table 17.1).1–5 MPNST usually arises
de novo in the orbit, although it may also arise from a
neurofibroma or schwannoma. Schwann cell origin has
not been demonstrated in all cases of MPNST; there-
fore, the term malignant peripheral nerve sheath tumor
is preferred over malignant schwannoma, used earlier.

Clinical Features

MPNST usually occurs in adults.30,31 However, it can
occur rarely in children.32 MPNST usually presents
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FIGURE 17.5. A 6-year-old girl with neurofibromatosis having
plexiform neurofibroma of the left upper eyelid. (A) Facial photo-
graph demonstrating the S-shaped ptosis of the left upper eyelid. (B)
Axial T1-weighted MR image demonstrating plexiform neurofi-
broma isointense to the extraocular muscle and cerebral gray mat-
ter (arrow). (C) Café-au-lait spot in the umbilical area of the patient
(arrow). (D) Histopathologic examination of the tumor shows in-
tertwining bundles of enlarged nerves in a connective tissue mass.
The perineurium separates individual tumor cords or fascicles
(H&E, original magnification �40).



with rapidly progressive proptosis and displacement
of the globe. The mass usually occurs in the superior
orbit because of the tendency of this tumor to arise
from the supraorbital and supratrochlear nerve.30,31

However, MPNST can occur in other orbital locations
(Figure 17.6A, B).31 Unlike benign orbital peripheral
nerve tumors, they are more likely to be accompanied
by pain, ptosis, and signs of optic nerve compression,
which reflect the rapidly progressive nature of this 
tumor.30,31

MPNST has a tendency to develop perineural
spread, resulting in orbital recurrence and intracranial
invasion. Orbital recurrence is usually associated with

metastasis. Metastasis from orbital MPNST usually
occurs to the regional lymph nodes and the lung.30,31

Metastasis usually develops within the first 2 years
after diagnosis.30

Malignant triton tumor is a sarcomatous variant
of the MPNST showing areas of skeletal muscle dif-
ferentiation. It can occur in the orbit. Triton tumor
has a strong association with neurofibromatosis, is
very aggressive in growth and has a high rate of 
metastasis.33

Radiologic Features

On CT, malignant peripheral nerve sheath tumors
generally have ill-defined irregular borders. There may
be adjacent bone invasion.30,31

Morphologic Features

Grossly, the MPNST is an ill-defined gray-white lesion
with a nodular configuration. Pathologically, there is
usually no capsule,31 although in rare instances the tu-
mor appears to be encapsulated.32 The tumor is com-
posed of spindle-shaped cells with nuclear pleomor-
phism, hyperchromatism, and mitotic figures (Figure
17.6C). Occasionally, epithelioid cells and multinu-
cleated giant cells are present.30,31 The nerve of origin
in MPNST is evident in 50% of the cases.8

With S-100, MPNST shows positive immunoreac-
tivity that is less uniform and focal than in schwan-
noma. Transmission electron microscopy demonstrates
prominent nucleoli suggesting a malignant tumor. The
presence of long-spacing extracellular collagen (Luse
bodies) suggesting a Schwann cell origin has not been
convincingly demonstrated in all MPNSTs.30,31

Management and Prognosis

Treatment of MPNST consists of total excision of the
soft tissue tumor. Adjacent bone should be removed
if there is bone invasion. The risk of metastasis in-
creases if the patient develops orbital recurrence.
Therefore, it is important to obtain clear margins at
the time of initial surgery to reduce the risk of me-
tastasis. If this is not possible or documentable, some
authors have suggested an aggressive approach con-
sisting of exenteration and radiotherapy (50–60
Gy).30,31 Others recommend continued observation
with serial neuroimaging studies after complete exci-
sion of the orbital tumor.32 Chemotherapy has been
used in patients with distant metastasis, but there is
no substantial evidence that it is effective.30,31

The prognosis for survival in patients with MPNST
of the orbit appears to be poor. In one series, 9 of 13
patients with orbital MPNST were deceased within 5
years after diagnosis.31
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FIGURE 17.6. Malignant schwannoma in a 67-year-old patient. (A)
Axial CT shows that the tumor occupies the anterior and middle
orbit (arrows). (B) Coronal CT demonstrates that the malignant
schwannoma occupies the superior and inferior orbit (arrows). (C)
Histopathologic examination shows that malignant peripheral
nerve sheath tumor is a highly cellular tumor composed of spindle
cells with nuclear pleomorphism and hyperchromatism (H&E, orig-
inal magnification �200).

C

B

A



GRANULAR CELL TUMOR

Granular cell tumor commonly occurs in the skin,
tongue, chest wall, and arms.34 (In this chapter, the
lesion is designated GCT, the acronym used elsewhere
for giant cell tumor.) Rarely, the orbit can also be pri-
marily affected by a GCT (Table 17.1).35–38 Although
10 to 15% of patients with GCT may have lesions at
multiple sites, orbital GCT usually occurs as a soli-
tary lesion.34 Orbital GCT can also be a metastatic de-
posit originating from a primary tumor elsewhere in
the body.39 Because GCT was presumed to be associ-
ated with striated muscle, it was referred to as gran-
ular cell myoblastoma in the older literature.40

The pathogenesis of GCT is still obscure. Possible
cells of origin for this tumor include myoblast, histio-
cyte, astrocyte, or the Schwann cell. Based on the un-
equivocal staining with the S-100 protein, the most
likely origin for the GCT is the Schwann cell.36 It is
possible that orbital GCT originates from branches of
small peripheral nerves supplying the extraocular
muscles.41

Clinical Features

Orbital GCT usually occurs in adult patients, al-
though it can also occur in children.36,41 The age range
of the patients with orbital GCT at the time of diag-
nosis is between 341 and 7436 years. However, the ma-
jority of the patients are 40 to 60 years old. There is
no distinguishing feature for periorbital GCT. Most
patients present with a slowly growing orbital or eye-
lid tumor resulting in proptosis, ptosis, or diplopia
(Figure 17.7A).35–38,42 The tumor is attached to the or-
bicularis or rectus muscle in about 25% of the cases.36

Orbital GCT can lead to dilation of the epibulbar ves-
sels in the quadrant(s) where the tumor is located.

A malignant variant of GCT with metastatic po-
tential has been reported.39 Primary malignant GCT
is rare in the orbit. However, histopathologically be-
nign orbital GCT can demonstrate invasion into the
adjacent tissues.37

Radiologic Features

Computed tomography shows that orbital GCT can
present as a well-circumscribed orbital mass (Figure
17.7B),35,36,38 or as an ill-defined mass infiltrating the
posterior orbit.37 The tumor may be attached to an ex-
traocular muscle. As such, orbital GCT is indistin-
guishable from other well-circumscribed or ill-defined
orbital tumors in neuroimaging studies.35–39

Morphologic Features

The excised orbital GCT can be well circumscribed or
ill defined. It is yellow-gray in color. The well-
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FIGURE 17.7. A 65-year-old woman with orbital granular cell tu-
mor. (A) Facial photograph showing the motility restriction of the
right eye in right gaze owing to the location of the tumor in the
temporal orbit. (B) Axial CT showing the extraconally located or-
bital granular cell tumor in close association with the lateral rec-
tus muscle (arrow). (C) Histopathologic examination demonstrates
that the tumor is composed of round cells with granular eosino-
philic cytoplasm and small nuclei. The tumor cells lie in a col-
lagenous tissue stroma (H&E, original magnification �400). (D)
Transmission electron micrograph shows that the cytoplasm of tu-
mor cells are filled with several membrane-bound inclusions.
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circumscribed tumor appears to have a capsule.35 Mi-
croscopically, the tumor is composed of lobules of
round or oval cells with a granular eosinophilic cyto-
plasm and small nuclei.35–37,42 The tumor cells are
arranged in clusters or fascicles between strands of col-
lagenous tissue or skeletal muscle cells (Figure 17.7C).
With immunostaining, the tumor is positive for neu-
ral markers including S-100 protein, neuron-specific
enolase (NSE), and various myelin proteins.35–37,39,42

The positive immunoreactivity with S-100 protein
provides support for the Schwann cell origin of this
tumor.36

Transmission electron microscopy shows that the
cytoplasm of tumor cells are filled by numerous mem-
brane-bound cytoplasmic inclusions that are the 
ultrastructural counterpart of granularity noted
histopathologically (Figure 17.7D). These inclusions
contain cellular debris including mitochondria,
myelin figures, rough endoplasmic reticulum, and re-
sidual axons.36,37

Management and Prognosis

The best treatment for orbital GCT is surgical exci-
sion.35,36 For infiltrative tumors, complete surgical ex-
cision may be difficult.37 Orbital GCT is radioresis-
tant.42 Exenteration probably should be employed
only in recurrent tumors.41 The visual and systemic
prognosis for patients with orbital GCT is good if the
tumor is completely excised.41

ALVEOLAR SOFT PART SARCOMA

Alveolar soft part sarcoma (ASPS) is a malignant tu-
mor of the soft tissues in which the cells are
arranged in an alveolar pattern, from which the
name of the tumor is derived. It most often devel-
ops in the buttocks and thighs, being closely related
to skeletal muscles.43 ASPS can rarely occur in the
orbit (Table 17.1).44–49 There is considerable overlap
between orbital granular cell tumor, alveolar soft
part sarcoma, and paragangliomas reported in the
earlier literature. Many cases reported as granular
cell tumor or paraganglioma have been shown after
careful pathologic examinations, to be ASPS.

Clinical Features

The ages of the patients reported in the literature range
from 11 months to 69 years, with a median of ap-
proximately 18 years.44 Females are affected more of-
ten than males. Most patients present with rapidly
progressive proptosis. In some instances the tumor
presents with eyelid swelling and in others as an
epibulbar mass. When the tumor is located anteriorly
in the orbit, dilated epibulbar blood vessels in the

quadrant(s) of the tumor may be evident.44,47 ASPS
may secondarily involve the orbital bone and soft tis-
sues from the nasal cavity and paranasal sinuses.

ASPS has a tendency to metastasize to the lungs,
bone, and brain.44 Prognosis is variable depending on
the completeness of surgical excision and tumor his-
topathology. Patients with completely resected tu-
mors appear to have a better prognosis than those
whose tumors have been incompletely resected.

Radiologic Features

CT images reveal that the tumor is usually well cir-
cumscribed.45,47 The tumor generally occupies an an-
terior position in the orbit where it is attached to one
of the extraocular muscles. In some cases, it may be
located deep in the orbit and appears ill defined on
neuroimaging studies.

Morphologic Features

On gross examination, the tumor is pink or red, gen-
erally well circumscribed, but in some cases ill de-
fined. In some cases, the tumor appears to be encap-
sulated.44 The tumor cells are arranged in an alveolar
pattern similar to metastatic renal cell carcinoma. The
tumor cells are polygonal or rounded and have a large
cytoplasm with eccentrically placed nuclei and promi-
nent nucleolus.44,45 An important finding of ASPS is
the presence in the cytoplasm of tumor cells of 
diastase-resistant crystalline structures that elicit a
positive reaction to the periodic acid–Schiff (PAS)
stain. These crystals have never been demonstrated in
any other neoplasm. Therefore, their presence is con-
sidered to be highly characteristic and virtually diag-
nostic of ASPS.44 In contrast to most peripheral nerve
tumors of the orbit, the tumor stains negative for S-
100 protein.45

Management and Prognosis

Wide surgical excision is the treatment of choice for
ASPS. Tumors located anteriorly in the orbit in close
association to an extraocular muscle can be com-
pletely excised.45,47,49 Tumors located deep in the or-
bit that cannot be excised completely are treated with
exenteration. Supplemental external beam radiation
therapy (50–60 Gy) has been used in patients with in-
completely resected tumors or recurrences.44,47

Based on the limited literature data, orbital ASPS
seems to have better systemic prognosis than nonor-
bital lesions. In a report of 17 patients with orbital
ASPS, 11 were alive at follow-ups ranging from 4 to
16 years.44 Two patients died from tumor metastasis
at intervals of 14 and 21 years after treatment. Two
patients died from causes unrelated to the tumor, and
2 patients were lost to follow-up.
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PARAGANGLIOMA

Paraganglioma, also known as chemodectoma, is a be-
nign and uncommon tumor of paraganglion cells (glo-
mus bodies). Paraganglion cells are of neural crest ori-
gin. This tumor usually occurs in the head and neck
region but can also occur in the thorax and abdomen.
The most common site of origin is the carotid body,
followed by jugulotympanic and vagal paragan-
gliomas.50 In the orbit, paraganglioma is a rare tumor
(Table 17.1). Orbital paraganglioma is believed to arise
from the ciliary ganglion, ciliary nerve, or related neu-
ral tissue.50 Multiple paragangliomas can occur in 10
to 20% of the patients. Paragangliomas may occur si-
multaneously in the orbit and carotid body.51

It has been speculated that the development of ca-
rotid body paragangliomas may be related to higher al-
titudes (�2000 m) and accompanying hypoxia.52 All
paragangliomas contain neurosecretory granules in
their cytoplasm. However, only 1 to 3% of paragan-
gliomas are clinically functional and secrete norepi-
nephrine. Functional paragangliomas are usually lo-
cated in the adrenal glands. Paragangliomas at other
locations including the orbit are usually nonfunc-
tional and do not secrete norepinephrine.50

Clinical Features

In 13 cases that have been reported in the literature by
Archer and associates, the ages of the patients ranged
between 3 and 68 years.51 The patient with orbital para-
ganglioma most frequently develops proptosis.51 The
tumor is generally attached to an extraocular muscle,
causing motility restriction. Tumors located in the an-
terior orbit may lead to dilation of episcleral blood ves-
sels.52 In the differential diagnosis of dilated episcleral
blood vessels, orbital tumors including granular cell tu-
mor, alveolar soft part sarcoma, and paraganglioma
should be considered. Paraganglioma may also occur
deep in the orbit in the region of the ciliary gan-
glion.51,53 In such cases, the tumor may present with
diplopia, papilledema, and decreased vision.51,53

About 5 to 10% of all paragangliomas are malig-
nant. Malignant paragangliomas can demonstrate lo-
cal invasion and metastasis. Metastasis usually occurs
to distant organs or to regional lymph nodes.50

Radiologic Features

Orbital CT and MR images demonstrate a well-
circumscribed tumor that may be attached to a rectus
muscle.53 In some cases, the tumor may appear ill-
defined, occupying the posterior orbit.51 In most cases,
there is no orbital bone involvement. However, rarely a
malignant orbital paraganglioma can demonstrate or-
bital bone destruction.51 Malignant paragangliomas of
the nasal cavity and paranasal sinuses can also second-
arily invade the orbit through the medial orbital wall.

Morphologic Features

Grossly, the paraganglioma is usually well cir-
cumscribed. Rarely, it can also be ill defined. The le-
sion is pink. Histopathologically, there is no true cap-
sule. The tumor is composed of clusters of cells
sometimes called zellballen, which are separated
from one another by delicate septae that contain
blood vessels. The cells are polygonal, with round to
oval nuclei. Mitosis is uncommon.52,53

The PAS reaction is useful in the differentiation of
paraganglioma from ASPS because ASPS contains
PAS-positive cytoplasmic crystalline inclusions; how-
ever, paraganglioma is PAS negative. In ASPS, im-
munostaining is positive for neuron-specific enolase
(NSE).52,53 Transmission electron microscopy reveals
membrane-bound neurosecretory granules.53

Management and Prognosis

The best treatment of orbital paraganglioma is to-
tal surgical excision. Tumors located anteriorly 
in the orbit may be amenable to total excision.
However, those located deeper in the orbit in the
region of the ciliary ganglion may be treated with
incisional biopsy followed by external beam radia-
tion therapy (50 Gy).51 Orbital paraganglioma is
generally radiosensitive,51,55 although in rare in-
stances it does not respond to external beam radi-
ation therapy.54 Radical orbital surgery such as ex-
enteration should be withheld until definite signs
of orbital recurrence or malignant transformation
are noted.

Metastasis can develop at follow-up periods rang-
ing from a few months to as long as 42 years.55 There-
fore, given the long interval between the primary tu-
mor and metastases, these patients require extended
follow-up.

AMPUTATION NEUROMA

Orbital amputation neuroma is a rare tumor (Table
17.1). Amputation (traumatic) neuroma occurs at the
proximal stump of severed peripheral nerves in the or-
bit. Amputation neuroma develops after orbital sur-
gery, usually enucleation,56,57 but it can also develop
after strabismus surgery58 and orbital bone fractures.59

Following transection of a peripheral nerve, axonal
sprouting characterized by proliferating Schwann
cells, fibroblasts, and axons starts at the proximal
stump. This proliferative activity represents an at-
tempt of the proximal nerve to establish continuity
with its distal counterpart. If there is a large defect
that cannot be bridged, or if the distal segment has
been removed, an amputation neuroma results. Or-
bital amputation neuromas are not known to arise
from the optic nerve.
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Clinical Features

The amputation neuroma usually manifests as a pain-
less orbital mass, many months after orbital surgical
procedures or trauma.56–59 If the enucleation was per-
formed for a malignant intraocular tumor, the possi-
bility of orbital recurrence is usually the first diag-
nostic consideration.

Although a higher frequency of amputation neu-
romas following orbital surgery or trauma may be ex-
pected, these tumors have rarely been reported in the
literature. Many neuromas arising from the small sev-
ered peripheral nerves do not reach a large enough size
to be clinically detectable. The amputation neuroma
rarely causes pain, hence is usually asymptomatic.

Radiologic Features

Orbital CT shows a well-circumscribed mass in an
anophthalmic socket.57,59 Amputation neuroma
may occur in association with a conjunctival im-
plantation cyst.57 The cysts seen on CT in two cases
were confirmed histopathologically to be adjacent
conjunctival implantation cysts. Their relationship
to the amputation neuroma is unclear, but they are
probably coincidental.57

Morphologic Features

Grossly, the amputation neuroma presents as a cir-
cumscribed white-gray mass. There is no capsule. Mi-
croscopically, the mass is composed of proliferated ax-
ons, Schwann cells, and fibroblasts.57 The presence of
distinct perineurium helps to differentiate this lesion
from a plexiform neurofibroma. The typical clinical
history and the absence of neurofibromatosis also are
helpful in making this distinction.

Management and Prognosis

The recommended management of orbital amputation
neuroma is surgical excision of the mass and orbital
reconstruction if necessary. A dermis fat graft or a mu-
cous membrane graft may be required for orbital re-
construction.57 Since the tumor is benign with no ma-
lignant potential, the systemic prognosis of the patient
with an orbital amputation neuroma is excellent.

MELANOTIC NEUROECTODERMAL 
TUMOR OF INFANCY

The melanotic neuroectodermal tumor of infancy, or
retinal anlage tumor, is a benign pigmented lesion that
frequently involves the head and neck region.60,61 The
tumor usually originates in the anterior portion of the
maxillary bone, but it rarely arises from the zygomatic
bone, producing orbital manifestations.60–62 This tu-

mor generally occurs in infants under 1 year of age.
Melanotic neuroectodermal tumor is probably of neu-
ral crest origin.61,63

Clinical Features

The child with melanotic neuroectodermal tumor in the
zygomatic bone develops a mass on the face with me-
dial displacement of the eye. Since the mass is related
to the bone, it is usually hard and immobile to palpa-
tion.64 There is no pain or eyelid ecchymosis, features
that would help to differentiate it from a metastatic neu-
roblastoma. Elevated serum vanilmandelic acid level has
been reported in patients with melanotic neuroectoder-
mal tumor. Other laboratory studies are normal.60,61

In nonorbital locations, local recurrence develops
in 10 to 45% of the patients and metastasis is about
3%.60,61 Periorbital tumors appear to have a better
prognosis. In a report of six cases, recurrence was
noted in one patient (16%). None of the patients de-
veloped malignant transformation and metastasis.62

Radiologic Features

Orbital CT imaging reveals a lytic lesion in the lat-
eral orbital wall with sclerosis of the adjacent bone.

Morphologic Features

On gross examination, the tumor is ill-defined and is
gray to blue-black, depending on the melanin content.
Light microscopy reveals two cell types: small poorly
differentiated cells and larger pigmented cells. The
small poorly differentiated cells are probably of neu-
roblastic origin. The pigmented cells bear a striking
similarity to the retinal pigment epithelium in the
eye. Immunohistochemical staining is positive for ep-
ithelial, melanocytic, and neural markers. Transmis-
sion electron microscopy demonstrates electron-dense
granules in the cytoplasm of the pigmented cells.61,63

Management and Prognosis

The management consists of total excision. The prog-
nosis of the patient with melanotic neuroectodermal
tumor is generally good provided the tumor is ade-
quately resected.60–62 The patient should be followed
closely, however, for signs of possible recurrence and
metastasis.

PRIMARY ORBITAL NEUROBLASTOMA

Primary orbital neuroblastoma is very rare. Orbital in-
volvement in neuroblastoma is usually secondary or
metastatic. Secondary orbital neuroblastoma develops
from orbital invasion of olfactory neuroblastoma (es-
thesioneuroblastoma). Metastatic orbital neuroblas-
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toma originates from the adrenal medulla, retroperi-
toneum, and mediastinal and cervical sympathetic
ganglia and spreads hematogenously to the orbit.64

There has been only one well-documented case of pri-
mary orbital neuroblastoma, diagnosed in a 49-year-
old woman in whom no other primary lesion could be
found.65 Over 12 years, the patient underwent five lo-
cal excisions, external beam radiation therapy to the
orbit, and finally orbital exenteration. Computed to-
mography performed before orbital exenteration dem-
onstrated an ill-defined mass filling the entire orbit.65

Histopathologic examination of the tumor in this
case showed spindle cells with benign cytologic fea-
tures, no mitotic activity, palisading of the nuclei, and
Homer–Wright rosettes. Immunohistochemical stain-
ing was positive for NSE but negative for glial fibril-
lary acidic protein (GFAP). Transmission electron mi-
croscopy demonstrated the presence of electron dense
neurosecretory granules in the cytoplasm.65

Primary orbital neuroblastoma is unlikely to be di-
agnosed clinically or radiologically. It is difficult to
make any treatment recommendations based on this
single case in the literature. It is best to remove the
orbital tumor totally. If this is not possible, external
beam radiation therapy or exenteration can be em-
ployed for the residual tumor.

PRIMARY ORBITAL 
CARCINOID TUMOR

Carcinoid tumors arise from the enterochromaffin sys-
tem (Kultschitzsky cells). They usually occur in the
appendix, ileum, and bronchi. Carcinoid tumors of
gastrointestinal origin are more likely to metastasize
to the orbit, whereas bronchial carcinoids are more
likely to metastasize to the uvea.66

Although the majority of orbital carcinoid tumors
represent metastatic foci, the following reported case
is believed to be a true primary orbital carcinoid tu-
mor. A 71-year-old woman presented with a slowly
progressive proptosis of 11 years’ duration.67 The af-
fected eye had been blind for 4 years at the time of
presentation. Orbital CT disclosed an infiltrative tumor
with ill-defined borders. The orbit was exenterated. His-
topathologic examination showed that the tumor was
composed of small cells with round or oval hyperchro-
matic nuclei arranged in solid lobules and rosettelike
configuration in some areas. Cytoplasmic neurosecre-
tory granules were demonstrated by transmission elec-
tron microscopy. These findings were found to be con-
sistent with the diagnosis of carcinoid tumor. Urinary
level of 5-hydroxyindolacetic acid was normal. No
primary tumor was found. There was no orbital re-
currence or metastasis 15 years after orbital exenter-
ation according to the latest follow-up data.11

Primary orbital carcinoid tumor is unlikely to be

diagnosed clinically and by imaging studies. An at-
tempt should be made to excise the orbital tumor com-
pletely. After the diagnosis of orbital carcinoid is
made, it is appropriate to make a systemic evaluation
looking for a primary site. If the results of the sys-
temic evaluation are negative, the residual orbital tu-
mor should be treated with external beam radiation
therapy. The radiation dose for metastatic orbital car-
cinoid tumor is around 40 Gy, so a similar dose may
also be appropriate for primary orbital carcinoid 
tumor.64

NEUROFIBROMATOSIS

Neurofibromatosis, an oculoneurocutaneous syn-
drome characterized by multisystem involvement,
can lead to a wide variety of clinical symptoms and
signs.68 There are two distinct subtypes of neurofi-
bromatosis. Neurofibromatosis type 1 (NF1) affects
about 1 in 4000 individuals, and neurofibromatosis
type 2 (NF2) affects about 1 in 50,000.69

NF1 is also known as peripheral neurofibromato-
sis or von Recklinghausen’s syndrome. It is charac-
terized by many peripheral cutaneous manifestations
and is recognized to occur from an abnormality of
chromosome 17.68 The gene responsible for the de-
velopment of this disorder is called NF1. NF2 is called
central or bilateral acoustic neurofibromatosis. It is
characterized by central neural tumors and early on-
set of posterior subcapsular cataract and is recognized
to be related to an abnormality in chromosome 22.69

The gene for this disorder is called NF2. Both forms
of neurofibromatosis are transmitted by an autosomal
dominant mode of inheritence.

Although the penetrance of both NF1 and NF2 is
greater than 95%, the expressivity of the disease is
highly variable.68,70 Some patients have only a mild
form of the disease and others a severe form of the dis-
ease.68 The gene for NF1 encodes a protein termed
neurofibromin, and the gene for NF2 encodes a pro-
tein termed merlin or schwannomin. Both proteins
have tumor suppressor activity, downregulating the
activity of proto-oncogenes.70–72

Although there is considerable overlap between
NF1 and NF2, the ophthalmic manifestations are dis-
cussed separately. The diagnostic criteria for NF1 and
NF2 are given in Boxes 17.1 and 17.2. Strict criteria
should be met before the diagnosis of neurofibro-
matosis is made.

Ophthalmic Manifestations of 
Neurofibromatosis Type 1

Ophthalmic involvement in NF1 include abnormalities
in the uveal tract (80%), eyelid (25%), cornea (25%), op-
tic nerve (12%), retina (9%), and conjunctiva (4%).73
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EYELIDS

Patients with NF1 may develop café-au-lait spots, fi-
broma molluscum (dermal neurofibromas), and plexi-
form neurofibroma in the eyelids. The first two 
conditions may not produce visual problems, but plex-
iform neurofibroma results in the typical S-shaped cur-
vature of the upper eyelid, a finding that is believed
to be highly characteristic of neurofibromatosis. In
about 25% of the patients with eyelid plexiform
neurofibroma, the tumor extends to involve the or-
bit.73 The eyelid plexiform neurofibroma is treated by
surgical debulking, and frontalis suspension proce-
dures are necessary to reduce ptosis.

ORBIT

Proptosis may be observed in NF1 and may occur from
a variety of reasons: optic nerve glioma or rarely
meningioma, orbital tumors including neurofibroma
or schwannoma, and bony defects in the greater wing
of the sphenoid.68 Bony defects in the greater wing of
the sphenoid enable the pulsations of brain to be trans-
mitted to the orbit, resulting in proptosis. The tumor
that is most characteristic of NF1 is optic nerve
glioma. Other tumors are more rarely seen than optic
nerve glioma.

The optic nerve can be involved with pilocytic as-
trocytoma (glioma) or meningioma. In patients with
pilocytic astrocytoma, the reported incidence of neu-
rofibromatosis has ranged from 9 to 30%.22 Juvenile
pilocytic astrocytoma of the optic nerve is a slowly
progressive lesion that can lead to proptosis (Figure
17.8A), optic disk edema (Figure 17.8C), retinal venous
obstruction, optic atrophy, and visual loss. Optocil-
iary (or retinochoroidal) shunt vessels, a characteris-

tic finding in optic nerve sheath meningioma, occur
rarely with optic glioma (Figure 17.8C).

Gliomas may either involve the intraorbital por-
tion of the optic nerve or the chiasm and optic tracts.
In the majority of cases, optic nerve gliomas are self-
limited or grow very slowly. Tumors located to the
optic nerve at the time of diagnosis infrequently ex-
tend into the chiasm subsequently.74,75 Some studies
indicate that optic nerve gliomas associated with NF1
carry a more benign prognosis than those unassoci-
ated with NF176; other studies failed to disclose such
a relationship.74

Diagnosis of optic nerve glioma is usually based on
orbital imaging. In CT and MR images, optic nerve
glioma appears as oval or fusiform enlargements of the
optic nerve (Figure 17.8D). Increased length of the in-
traorbital nerve segment results in kinking of the op-
tic nerve. Optic nerve meningioma, in contrast, tends
to produce a “railroad track” appearance. MRI is gen-
erally considered to be superior to CT for demonstrat-
ing the optic nerve features and showing the extent of
intracranial disease. In patients with NF1, optic nerve
glioma may rupture through the pia surrounding the
optic nerve and proliferate in the subarachnoid space.
This manifests on MRI as arachnoidal hyperplasia sur-
rounding the optic nerve (Figure 17.8D, inset).

Observation is generally recommended if there is
no clinical or radiographic evidence of progression of
an optic nerve glioma.75 If the patient has chiasmal
involvement that threatens to extend into surround-
ing structures resulting in progressive visual loss, hy-
drocephalus, or other serious complications, surgical
excision or radiotherapy can be employed.77 Complete
surgical excision may not be possible in many extra-
chiasmal cases. External beam radiation therapy
(40–50 Gy) is used either alone or after incomplete ex-
cision in such cases.77

EXTRAOCULAR MUSCLES

Congenital absence of the superior oblique tendon and
inferior rectus muscle have been reported in patients
with NF1.78,79
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BOX 17.1. Diagnostic Criteria for 
Neurofibromatosis Type 1

Presence of two or more of the following criteria:
Café-au-lait macules, six or more (�5 mm in

diameter in prepubertal individuals and �15
mm in postpubertal individuals)

Neurofibromas, two or more of any type, or
one plexiform neurofibroma

Freckling in the axillary or inguinal regions
Optic gliomas
Lisch nodules, two or more
Distinctive osseous lesion (sphenoid dysplasia

or thinning of long bone cortex with or
without pseudoarthrosis)

First-degree relative with neurofibromatosis 
type 1 by the foregoing criteria

BOX 17.2. Diagnostic Criteria for 
Neurofibromatosis Type 2

Bilateral eighth nerve masses (acoustic neuromas)
or
First-degree relative with neurofibromatosis 

type 2 and
Unilateral eighth nerve mass
or
Two of the following: neurofibroma, 

schwannoma, glioma, meningioma, 
juvenile posterior subcapsular cataract



CONJUNCTIVA

The conjunctiva may rarely be involved by neurofi-
bromas in a patient with NF1.73

ANTERIOR SEGMENT

Iris melanocytic hamartoma, known as Lisch nodules,
is the most common uveal abnormality, occurring in
nearly 80% of the patients with NF1.73 Lisch nodules
are small, sharply demarcated, dome-shaped, lightly
pigmented lesions on the anterior surface of the iris
(Figure 17.8B). The finding of two or more Lisch nod-
ules is a diagnostic criterion for NF1, but often dozens
of them are present. They usually become apparent
around age 5 years. Unlike iris nevi, the nodules 
are raised and have a gelatinous appearance. Histo-
logically, Lisch nodules are focal aggregates of
melanocytes and glial cells on the anterior border layer
of the iris. Another anterior segment finding in NF1
is the presence of enlarged corneal nerves.73

GLAUCOMA

Unilateral congenital glaucoma appears to occur more
commonly in patients who have neurofibromatous in-

volvement of the eyelids. The most important cause
of glaucoma is the obstruction of aqueous outflow by
diffuse neurofibromatous thickening of the trabecular
meshwork.80 Glaucoma may also develop from
maldevelopment of the anterior chamber angle, angle
closure due to forward displacement of the iris by a
ciliary body tumor, or iris neovascularization.80 Med-
ical treatment of this type of glaucoma is uniformly
unsuccessful. Surgical options include goniotomy, fil-
tering procedures, cyclocryotherapy, and cyclophoto-
coagulation. However, the long-term prognosis is
quite poor.

RETINA AND CHOROID

Hamartomas similar to those that occur in the iris can
also occur in the choroid of patients with neurofibro-
matosis. The choroidal lesion is similar histopatho-
logically to the iris lesion and probably represents a
nevus.73

Other patients with neurofibromatosis have a
diffuse thickening of the uveal tract, which can be
difficult to recognize on clinical examination. This
uveal thickening probably results from the prolif-
eration of neurofibromatous (Schwann cells and in
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FIGURE 17.8. A 5-year-old boy with NF1 and bilateral optic nerve
gliomas. (A) Facial photograph demonstrating downward proptosis
of the left eye. (B) Anterior segment photograph showing multiple
Lisch nodules located on the anterior iris surface (arrows). (C) Fun-
dus photograph of the left eye showing optic disk edema and op-

tociliary shunt vessel (arrow). (D) Axial orbital T1-weighted MR im-
age showing bilateral optic nerve gliomas isointense to the ex-
traocular muscle and cerebral gray matter (arrows). Inset: Coronal
orbital T1-weighted MR image demonstrating bilateral arachnoidal
hyperplasia surrounding the optic nerve gliomas (arrows).
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some cases ganglions) and melanocytic elements.81

Other choroidal tumors that can occur in patients
with neurofibromatosis are choroidal melanoma
and neurilemoma (schwannoma).82,83 Choroidal
melanoma and neurilemoma are managed with one
of several methods including enucleation, local re-
section, plaque radiotherapy, and transpupillary
thermotherapy.

Retinal manifestations in NF1 that require no
treatment include retinal astrocytic hamartoma,
myelinated nerve fibers, multifocal congenital hy-
pertrophy of the retinal pigment epithelium, retinal
hamartoma (i.e., phakomatosis) similar to the com-
bined pigment epithelial and retinal hamartoma, and
retinal vascular occlusions (retinal vein and arterial
occlusions).73,84 The vascular occlusions probably de-
velop from the proliferating Schwann cells in the vas-
cular walls occluding the vessels.

Ophthalmic Manifestations of NF2

The three major ocular manifestations of NF2 are ju-
venile posterior subcapsular or cortical cataracts
(69%), retinal hamartomas (22%), and ocular motor
abnormalities (12%). The subcapsular and cortical
cataract in patients with NF2 usually develops before
age 30 years. Ocular motor palsies are due either to
the presence of a tumor or to increased intracranial
pressure.85

In another report focusing on the posterior segment
findings of NF2, the most frequent retinal finding was
an epiretinal membrane observed in 80% of the pa-
tients.86 Additionally, a lesion similar to the combined
pigment epithelial and retinal hamartoma was ob-
served in 7% of the patients.86 Epiretinal membranes,
which do not generally develop in patients with NF1,
are observed in patients with NF2.86 The retinal
hamartoma resembles the combined pigment epithe-
lial and retinal hamartoma in some respects. However,
the retinal hamartoma may also represent an atypical
lesion consisting of an epiretinal membrane associated
with a retinal glial hamartoma similar to the one seen
in tuberous sclerosis. If the retinal glial hamartoma is
too small initially to be detectable on funduscopy the
lesion may be observed as an epiretinal membrane.86

It is speculated that cells of neural crest origin at the
vitreoretinal juncture and in the retina proliferate or
develop abnormalities resulting in epiretinal mem-
brane and retinal hamartoma. Similar changes occur-
ring in the ectodermal cells of the lens result in 
cataract.86

Other rare ophthalmic manifestations of NF2 in-
clude Lisch nodules,85 pseudopapilledema caused by
epiretinal membrane extending onto the optic disk,87

papilledema from increased intracranial pressure,88

optic nerve glioma and optic nerve sheath menin-
gioma,85 and morning glory disk abnormality.89

Systemic Features of Neurofibromatosis

The most common cutaneous manifestations of neu-
rofibromatosis include pigmented macules (café-
au-lait spots), axillary and inguinal freckling, benign
nerve sheath tumors (most commonly neurofibroma
but also schwannoma), and nevi.68 Most of these skin
lesions become clinically apparent at puberty, al-
though some instances have been noted at birth. Café-
au-lait spots are highly characteristic of neurofibro-
matosis seen in 94 to 100% of patients with NF1.68

Axillary and inguinal freckling is seen in approxi-
mately 67% of the patients.68 The benign cutaneous
and subcutaneous nerve sheath tumors (neurofibro-
mas and schwannomas) are particularly pronounced
in the facial area.

The pigmented macule (café-au-lait spot) is char-
acterized as a patch of light brown pigmentation with
fairly well-defined borders. It can occur anywhere on
the skin and can assume a variety of size and config-
urations. Approximately 25% of the normal popula-
tion can have one to three café-au-lait spots. However,
patients with neurofibromatosis have more and larger
café-au-lait spots.68

The central nervous system manifestations of neu-
rofibromatosis vary with the size and the extent of the
associated tumors. Acoustic neuromas, particularly if
bilateral, are considered to be pathognomonic of NF2.
Other associated tumors include gliomas in the region
of the third ventricle, pituitary tumors, and spinal cord
meningiomas.68,81

Some patients with NF1 develop seizure disorder
and mild intellectual impairment. Bright lesions seen
on T2-weighted MRI may represent brain dysplasia or
heterotopias. The significance of these bright lesions
in relation to seizure disorder and intelligence prob-
lems is not known.68

Skeletal abnormalities are common in patients
with NF1. Vertebral defects and scoliosis can occur.
An uncommon problem is the development of
pseudoarthroses (false joints). Pseudoarthroses result
from thinning of long bones, fractures, and abnormal
callus formation.68

Other benign and malignant systemic tumors that
have been associated with neurofibromatosis include
neurofibrosarcoma, pheochromocytoma, breast carci-
noma, genitourinary tumors, gastrointestinal tumors,
and cutaneous melanoma. Patients with neurofibro-
matosis are recognized to have a slightly higher inci-
dence of pheochromocytoma.68,81
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be bilateral. CT scans show that all lymphoid tumors
mold themselves around the existing orbital struc-
tures, such as the globe and the bony orbit, without
eroding bone or enlarging the orbit (Figure 18.3).12

When painless swelling in the upper lid without
inflammatory symptoms and signs presents for more
than 12 months, benign mixed tumor (pleomorphic
adenoma) should be suspected. On CT scans pleo-
morphic adenomas usually show round to oval, well-
circumscribed mass and enlargement of the lacrimal
fossa without invasion of overlying bone. Such a tu-
mor should be excised intact through a lateral orbitot-
omy.10,13 When biopsy is done before excision, the 5-
year recurrence rate is estimated to be 32%, and many
of these recurrences undergo malignant transforma-
tion.4 Biopsy of pleomorphic adenoma should be
avoided. It is advisable to completely remove all en-
capsulated or well-circumscribed masses without in-
cisional biopsy.

Most patients with malignant epithelial tumors
present with painful swelling in the upper eyelid that
developed within one year.14 High-resolution CT re-
veals more elongated mass extending along the lateral
orbital wall with expansion of the lacrimal fossa with
bone invasion. Calcifications are more commonly
seen in malignant tumors. A biopsy through a
transseptal incision should be performed without de-
lay in all these patients.

Dermoid cysts are not true lacrimal gland tu-
mors; rather, they originate from epithelial rests lo-
cated in the orbit, particularly in the superolateral
quadrant. Deep dermoids in the lacrimal fossa most
often present as painless proptosis in a younger age
group. Bony change in the superolateral wall is com-
mon. When a tumor extends through the suture
line, it may appear on both sides of the bone (the
“dumbbell” dermoid). Rarely, these patients present
inflammatory reaction when the cyst ruptures.
Dermoid cysts can be diagnosed easily by typical
findings on CT or magnetic resonance (MR) images
of a lesion of fatty density with no or only faint en-
hancement and smoothly outlined osseous changes.
It appears as an image of low intensity on T1-
weighted and high intensity on T2-weighted MR
images (Figure 18.4).15

Lacrimal gland tumors typically present with up-
per eyelid fullness, alteration of the upper eye-
lid contour, and downward and nasal displace-

ment of the globe. Lacrimal fossa masses consist of
inflammatory, neoplastic, and structural disorders. In
managing lacrimal tumors appropriately, it is imper-
ative to differentiate benign mixed tumors of the
lacrimal gland with diagnostic accuracy so that the
initial management is complete extirpation without
preceding incisional biopsy.

Traditionally it has been said that about 50% of
lacrimal masses are epithelial and 50% are nonep-
ithelial.1 More recent data indicate that inflammatory
lesions and lymphoid tumors of the lacrimal gland are
two to three times more common than epithelial tu-
mors.2,3 In reported series on epithelial tumors of
larger size, the relative frequency is approximately
50% benign mixed tumors and 50% carcinomas.
About half of the malignancies are adenoid cystic car-
cinoma (Table 18.1).4–8 The incidence of epithelial tu-
mors of the lacrimal gland ranges from 5 to 8% of or-
bital neoplasia.1,6,9

In managing lacrimal fossa mass lesions, preop-
erative characterization of a particular lesion is
highly desirable. This recommendation is based on
the duration of symptoms, the presence of pain, and
radiologic findings.10,11 Acute onset of swelling,
periorbital pain, chemosis, or an erythematous in-
durated lid indicate an inflammatory process of 
either idiopathic or of bacterial or viral etiology 
(Figure 18.1). A computed tomography (CT) scan will
reveal a diffuse lacrimal enlargement with irregular
margins, frequently demonstrating contrast enhance-
ment and no bony change. Most cases of bacte-
rial dacryoadenitis resolves rapidly with appropriate 
systemic antibiotics. Idiopathic acute inflammation 
can be treated with a short course of corticosteroids
(Figure 18.2). Failure to resolve over a few weeks
should lead to incisional biopsy, since acute in-
flammatory episodes may be related to an underly-
ing carcinoma.10

Orbital lymphoproliferative lesions are another
common cause of lacrimal gland swelling (see Chap-
ter 13). They are characterized by insidious and pain-
less onset in a slightly older population and can often
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DACRYOPS (LACRIMAL 
DUCTAL CYSTS)

The ducts of the lacrimal gland may become ob-
structed, leading to a cystic mass in the lacrimal re-
gion. The palpebral lobe is affected far more com-
monly than the orbital lobe. The typical findings of
dacryops are bluish transilluminating cystic swellings
visible through the conjunctiva (Figure 18.5A). Imag-
ing usually reveals a cyst without any bone changes
(Figure 18.5B). On histopathologic examination they
are typically composed of two layers: an inner 
cuboidal or columnar layer and an outer flattened myo-
epithelial layer (Figure 18.5C).16 The treatment is
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TABLE 18.1. Incidence of Primary Epithelial Neoplasms of the Lacrimal Gland.

Number Benign Malignant Adenoid Other
Authors of cases mixed mixed Cystic carcinoma

Font and Gamel4 265 136 (51%) 34 (13%) 70 (27%) 25 (9%)
Ni et al.5 160 90 (56%) 10 (6%) 46 (29%) 14 (9%)
Henderson6 66 25 (38%) 10 (15%) 22 (34%) 9 (13%)
Wright7 54 30 (56%) 3 (6%) 11 (20%) 10 (18%)
Ashton8 54 30 (55%) 2 (4%) 13 (24%) 9 (17%)

Total 5�9�9� 3�1�1� (52%) 5�9� (10%) 1�6�2� (27%) 6�7� (11%)

FIGURE 18.2. Idiopathic inflammatory pseudotumor in a 63-year-
old woman with bilateral, nontender masses in the lacrimal gland
region for 3 months (A). The S-shaped eyelid is typical for lacrimal

FIGURE 18.1. Acute dacryoadenitis in a 39-year-old woman with
a 1-week history of pain and swelling over the left lacrimal gland
with marked chemosis.

gland enlargement. (B) Axial and (C) coronal CT images demon-
strate bilateral enlargement of the lacrimal glands. (D) The patient
2 months after systemic steroid therapy.
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meticulous and complete removal of the intact cyst.
An approach through the superior cul-de-sac with lat-
eral cantholysis is adequate (Figure 18.5D).

PLEOMORPHIC ADENOMA 
(BENIGN MIXED TUMOR)

The most common benign neoplasm of the lacrimal
gland is the pleomorphic adenoma. The term “benign
mixed tumor” came from an earlier hypothesis, which
remains popular, that these tumors derive from a mix-
ture of epithelial and mesodermal elements. In fact,
these tumors are epithelial in origin. Ductal epithe-
lium develops into the epithelial component, and cells
in the stroma and myoepithelium develop into cells
in the stroma.17 The World Health Organization pro-
posed the name pleomorphic adenoma, which more
accurately describes the nature of the neoplasm.

Clinical Features

Pleomorphic adenomas usually occur in the fourth
and fifth decade of life, and incidence is equal for both

genders.13 However the age range is wide, and the tu-
mor has been reported in children as young as 6 years
old.18

Pleomorphic adenomas commonly present with
symptoms of painless, unilateral progressive prop-
tosis and downward and inward displacement of the
globe (Figures 18.6A and 18.7A). These symptoms
are usually present for over 12 months with no in-
flammatory signs. Other presenting symptoms or
signs include diplopia or an ocular motility distur-
bance, a change in refractive error, orbital discom-
fort, lacrimation, ptosis, and choroidal folds. A pal-
pable mass in the superotemporal orbital quadrant
is present in most patients and is not tender.13

Although pleomorphic adenomas commonly in-
volve the orbital lobe of the lacrimal gland, they can
involve the palpebral lobe in about 10% of cases.13

The palpebral lobe tumors are freely movable, non-
tender, and present for a shorter duration. They do not
produce proptosis or bony changes.19,20 Pleomorphic
adenomas arising in the palpebral lobe are excised
with some normal lacrimal gland tissue through a lid
crease incision.19
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FIGURE 18.3. Lymphoma in a 26-year-old man with bilateral, non-
tender enlargement of the lacrimal glands. (A) Facial photograph.
(B) Axial CT image shows diffuse enlargement of the lacrimal glands
that is smooth in outline, of homogeneous density, and molds
around the eyeball. (C) Low-grade, marginal zone B-cell lymphoma

is composed of small lymphocytes [H&E, original magnification
�400]. (D) Immunohistochemical stain shows monoclonality of tu-
mor cells for kappa light chain (original magnification �400).



Radiologic Features
CT images show round to oval, well-defined lesions
that are smooth in outline, displacing and deforming
the globe (Figure 18.6B,C). The contrast enhancement
is moderate to marked. Some long-standing large tu-
mors show lobulations and radiolucent areas of cys-
tic degeneration. In the bone window, the lacrimal
fossa is prominent owing to pressure erosion. This

condition can progress to a defect in the orbital roof
with contact of tumor and dura.21

On MRI the tumor is of low signal intensity on the
T1-weighted image and of high signal intensity on the
T2-weighted image, frequently of heterogeneous dis-
tribution. The contrast enhancement is intense (Fig-
ure 18.7B). Large tumors can show liquefied portions
centrally (Figure 18.8). The pseudocapsule may appear
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FIGURE 18.4. (A) Dermoid cyst in a 21-year-old woman who had
experienced slowly progressive proptosis of the right eye for several
years. (A) Facial photograph. (B) Coronal CT image shows a large
cystic mass that erodes the superior and lateral walls of the orbit.
(C) T1-weighted MR image shows a low-intensity mass with no en-
hancement. (D) The mass shows high intensity on a T2-weighted

MR image. (E) The cyst wall is lined by well-differentiated epider-
mal and dermal tissues containing all the skin appendages (H&E,
original magnification �100). (F) The cystic lumen is filled with
keratin materials (K), sebum and hairs (arrow) (H&E, original mag-
nification �200).
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FIGURE 18.5. Dacryops. (A) The transilluminating, cystic mass is visible through the conjunctiva. (B) T2-
weighted MR image showing a cystic mass. (C) Histopathologically, the cyst wall is lined by two layers of
epithelial cells (H&E, original magnification �400). (D) The mass is excised by lateral cantholysis.

FIGURE 18.6. Pleomorphic adenoma in a 33-year-old man who had
experienced progressive proptosis and inferior dystopia of right eye
for 1 year. (A) Facial photograph. (B) Axial and (C) coronal CT im-
ages show well-defined oval mass with smooth excavation of the

adjacent orbital bone. (D) The tumor, inside its pseudocapsule, is
removed along with surrounding lacrimal gland. (E) The cut surface
shows hyalinized appearance. (F) The patient one year after opera-
tion; there had been no recurrences.
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as a linear rim of low signal intensity on T1- and T2-
weighted images.21

Pathology

Grossly, the tumor is grayish white, bosselated, soli-
tary, and well circumscribed by a thin pseudocapsule
formed by compressed adjacent tissue and reactive fi-

brosis. Small tumor cell nests may be seen outside the
pseudocapsule; these cause a high incidence of recur-
rence when a margin of normal tissue is not removed
with the tumor. Their cut surfaces show soft muci-
nous areas alternating with tough fibrous areas.

Histopathologic examination shows the mixture of
epithelial and mesenchymal elements that led to the
term “benign mixed tumor.” As noted earlier, how-
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FIGURE 18.7. Pleomorphic adenoma in a 19-year-old woman who
presented with slowly progressive proptosis and had experienced
downward displacement of the left eye for 3 years. (A) Facial pho-
tograph. (B) T1-weighted coronal image shows well-demarcated
lacrimal gland mass of low signal intensity with pressure erosion
of the superior orbital wall. (C) T2-weighted coronal image shows

mass of high signal intensity; the globe is deformed by the mass.
(D) After gadolinium DTPA enhancement, visibility of details of
the mass is markedly improved. (E) The tumor is excised with its
capsule intact. (F) Photograph taken 2 years after the operation
demonstrating no tumor recurrence.

A

D

E

F

B

C



ever, immunohistochemical studies support the hy-
pothesis that this tumor arises from pleomorphism of
epithelial components rather than a mixed origin.17

Thus pleomorphic adenoma is the more preferable

term. The epithelial components are variably sized
ducts containing an inner cuboidal to columnar ep-
ithelium and an outer flattened, spindle-shaped myo-
epithelial layer (Figure 18.9A). The myoepithelial cells
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FIGURE 18.8. Pleomorphic adenoma. (A) A 68-year-old woman had
had long-standing proptosis and downward displacement of the left
eye for 30 years. She had experienced two recurrences after in-
complete removal 15 years ago. (B) T1-weighted coronal MR image
shows the huge mass of heterogeneous intensity filling the entire

orbital cavity and extending into the temporal fossa. The focal area
of low-signal intensity in the tumor mass demonstrates the area of
cystic degeneration. T2-weighted axial (C) and coronal (D) MR im-
ages demonstrate a huge mass with focal areas of high signal in-
tensity and fluid–fluid level of cystic degeneration.

*

FIGURE 18.9. Pleomorphic adenoma. (A) Histopathologic appear-
ance of the tumor shows the myxomatous matrix and cords of ep-
ithelial cells. Duct formation is apparent, with ducts lined with a
double layer of cuboidal cells, surrounded by myoepithelial cells

(arrows). Secreted eosinophilic material (asterisk) is present in the
lumen of the duct (*) (H&E, original magnification �100). (B) Fo-
cal area of squamous metaplasia with keratin formation (K) (H&E,
original magnification �200).
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undergo metaplasia to form myxoid tissue, cartilage,
and bone. Focal squamous metaplasia and keratin pro-
duction may be observed (Figure 18.9B).6,22

Management and Prognosis

The best management is complete excision of the
tumor within its pseudocapsule via a lateral or-
bitotomy (Figures 18.6D and 18.7E). To minimize
any tumor seeding from microscopic extensions
through the pseudocapsule, an adequate margin of
the surrounding lacrimal gland and the adjacent peri-
orbita should be removed in the extirpation.6,13 In
some cases, small satellite nodules of pleomorphic
adenoma may be left behind even after careful in
toto excision of the main mass. Therefore, it is good
practice to inspect the surgical bed and ensure that
no residual tumor nodules remain. When properly
handled, the prognosis of pleomorphic adenomas is
excellent (Figures 18.6F and 18.7F). Some advocate
additional removal of the palpebral lobe of the
lacrimal gland with excretory ductules to reduce the
recurrence rate.9 However, preservation of the
palpebral lobe greatly reduces the incidence of 
postoperative dry eye and the need for topical 
lubricants.13

Font and Gamel4 have emphasized the high recur-
rence rate following incomplete excision or incisional
biopsy. The 5-year recurrence rate was 3% for com-
pletely excised lesions and 32% for incompletely ex-
cised tumors. Recurrent pleomorphic adenoma can
undergo malignant change. Font and Gamel4 esti-
mated that about 10% of adenomas undergo malig-
nant change by 20 years after first treatment and 20%
by 30 years. Because biopsy of pleomorphic adenomas
can have disastrous consequences, these tumors
should be diagnosed before surgery so that biopsy can
be avoided. For patients with pleomorphic adenoma
who have had a biopsy, the biopsy track and skin scar
are excised in continuity with a total removal of
lacrimal gland.13

MALIGNANT MIXED TUMOR

The reported incidence of the malignant mixed tumor
has ranged from 4 to 15% of the epithelial tumors of
the lacrimal gland.2,4,6,8,23 A malignant mixed tumor
represents a pleomorphic adenoma that has undergone
malignant degeneration. Patients with malignant
mixed tumors tend to be older than those with pleo-
morphic adenoma. Font and Gamel4 described differ-
ent sex ratios for subtypes of these tumors. Men are
more often affected by an adenocarcinoma arising
from pleomorphic adenoma, whereas women are more
often affected by an adenoid cystic carcinoma arising
from pleomorphic adenoma.

Clinical Features

Malignant mixed tumors usually present in three clin-
ical ways. First, the patient whose benign mixed tu-
mor was not removed totally may develop a sudden
recurrence several years later (Figure 18.10A). Second,
the patient with indolent long-standing lacrimal tu-
mor history presents with sudden expansion of the
mass, as well as pain and swelling of the upper eyelid.
Third, the patient has rapidly developing symptoms of
pain and bone destruction, and the tumor is diagnosed
as malignant at the first presentation. The third pres-
entation could be considered to be de novo.6,23,24

Radiologic Features

On CT, an enlarged lacrimal fossa surrounded by bone
destruction means malignant tumors. The bone win-
dow shows the osseous changes best. Contrast en-
hancement helps to reveal involvement of the dura
and intracranial extension. It is not possible to differ-
entiate malignant mixed tumor from other carcino-
mas of the lacrimal gland on CT.15,21 At times, carci-
noma in pleomorphic adenoma may have a smooth
contour and no bony changes (Figure 18.10B,C).

Pathology

Malignant mixed tumors have the histologic features
of a benign mixed tumor with areas of malignant
change. In most cases the malignant elements are
poorly differentiated adenocarcinoma (Figure 18.10D,
E). The other malignant elements are adenoid cystic
carcinoma, squamous cell carcinoma, and, rarely,
spindle cell sarcoma.4,23,24

Management and Prognosis

When preoperative evaluation indicates a malignant
tumor, the recommended therapy is transseptal biopsy
followed by complete removal of the tumor. Hender-
son and Neault25 proposed a one-stage procedure for
the surgical removal of the tumor and adjacent 
adnexa: an en bloc resection of the neoplasm, its peri-
orbital base, and surrounding bone. A radical orbitec-
tomy with regional and cervical lymph node dissec-
tion has been advised because an adenocarcinoma
arising in a benign mixed tumor may disseminate
early via lymphatics. Postoperative radiotherapy may
also be recommended.22,26 If metastases have oc-
curred, treatment is often limited to surgical debulk-
ing followed by postoperative radiotherapy.

Even with extensive surgery, patient mortality re-
mains high. Font and Gamel4 reported that 30% of
their patients had died of a tumor at 5 years, 45% at
11 years, and 50% by 12 years. Henderson6 described
8 of the 9 patients who died during the mean follow-
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up period of 14.1 years. The longest survival was 30
years in a patient whose original tumor was benign.
Henderson introduced the concept that patients
whose original tumor was benign will live longer
(mean 19.2 years) than patients with tumors of the de
novo type (mean 7.7 years). The cause of death is in-
tracranial extension of the tumor and distant metas-
tases to lung, chest wall, or bone.

ADENOID CYSTIC CARCINOMA

Adenoid cystic carcinoma is the second most com-
mon epithelial tumor of the lacrimal gland and the
most common malignant epithelial tumor of the
lacrimal gland. It accounts for about 1.6% of all or-
bital tumors and 3.8% of all primary orbital tumors.6

It occurs in both sexes. Patients are about 40 years of

age at presentation, with a range of 6.5 to 79 years.14,27

Wright and associates suggested a bimodal peak in the
fourth and sixth decades.14 Because this tumor may
present at an earlier age, a high clinical suspicion is
indicated for any unilateral mass in the upper tempo-
ral quadrant, even in teenagers and children, where
these tumors might be mistaken for dermoids.27–29

Clinical Features

A patient with adenoid cystic carcinoma presents
mass effect with a more rapid temporal sequence usu-
ally under 1 year (Figures 18.11A, 18.12A, and 18.13A).
The presenting symptoms are pain, globe displace-
ment, mass or swelling, numbness, diplopia, visual
change, lacrimation, and ptosis. Because this tumor
invades perineurally and into adjacent bone, there may
be pain and, more rarely, numbness. The reported in-
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FIGURE 18.10. Malignant mixed tumor. (A) A 28-year-old male pre-
sented with a 12-year history of proptosis and downward displace-
ment of the right eye. He experienced multiple recurrences of in-
completely excised pleomorphic adenomas for 10 years. The globe
was 11 mm proptosed and became frozen in all directions over a 6-
month period. (B) Proton-density axial MR image shows a large, lob-
ulated soft tissue mass extends backward along the lateral wall of
the right orbit. (C) Coronal enhanced T1-weighted image demon-

strates homogeneous enhancement of the lobulated mass. Note ero-
sion of the superolateral bony wall. (D) Histopathologic examina-
tion of the tumor shows adjacent area of a benign mixed tumor on
the left with solid epithelial tubules on the right indicating malig-
nant transformation (H&E, original magnification �100). Inset: The
epithelial component showing the features of the adenocarcinoma
(H&E, original magnification �400).



cidence of pain is variable, between 37.5 and
79%.6,14,30

Radiologic Features

High-resolution CT shows more elongated mass ex-
tending along the lateral orbital wall, with expansion
of the lacrimal fossa with bone invasion.15,31 This tu-
mor can be globular or round and usually reveals more
irregular and serrated borders than those seen in pleo-
morphic adenoma (Figures 18.11B,C, 18.12B, and
18.13B). In the series of Wright and colleagues’, CT
abnormalities consisted of bone erosion (75%), bone
destruction (34%), and soft tissue calcification (22%).14

High-resolution CT with bone windows is recom-
mended. Contrast enhancement helps to reveal in-
volvement of the dura and intracranial extension.

MRI with enhancement is best for assessing the
invasion of the tumor into the cavernous sinus, brain,
and bone marrow (Figures 18.12C and 18.13C). The
tumor is hypointense on the T1-weighted image and

hyperintense on the T2-weighted image with contrast
enhancement.

Pathology

The gross appearance of adenoid cystic carcinoma is
grayish-white, firm, nodular, and deceivingly circum-
scribed. The tumor is more difficult to dissect during
surgery than a pleomorphic adenoma.

Microscopically, five histologic patterns have been
described: cribriform (“Swiss cheese”) (Figure 18.11D),
solid (basaloid), sclerosing, comedocarcinomatous,
and tubular (ductal), in order of frequency.32 All or sev-
eral of these patterns may be present in one tumor,
but one pattern usually predominates. In Gamel and
Font’s series of 54 adenoid cystic carcinomas, patients
with a basaloid pattern in their tumor had a 5-year
survival rate of 21% and a median survival of 3 years,
whereas patients whose tumor contained no trace of
a basaloid component had a 5-year survival rate of
71% and a median survival of 8 years.32 In a study of
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FIGURE 18.11. Adenoid cystic carcinoma. (A) A 40-year-old man
presenting proptosis of the left eye for 5 months. (B) Axial and (C)
coronal CT images show well-defined oval mass with pressure ero-
sion of the adjacent orbital bone. (D) Histopathologically, the tu-

mor proved to be an adenoid cystic carcinoma with a typical crib-
riform (Swiss cheese) pattern (H&E, original magnification �40).
Inset: Glandlike spaces (pseudocysts) are filled with eosinophilic
basal lamina materials (H&E, original magnification �200).



26 orbital adenoid cystic carcinomas by Lee et al., the
“Swiss cheese” pattern was associated with longer
survival and the basaloid pattern was not.30 The basa-
loid pattern may occur more frequently in patients
older than 40 years and is associated with a reduction
in estimated disease-free survival.14

Perineural invasion is frequently observed in ex-
enteration specimens, accounting for the symptoms
of pain and numbness. Tumor cells tend to infiltrate

the contiguous bone of the lacrimal fossa to produce
the bony changes observed in radiologic studies.

Management and Prognosis

The optimal treatment for patients with adenoid cys-
tic carcinoma has yet to be determined. Tumor re-
moval and postoperative radiotherapy comprise the
most common treatment. The surgical techniques of
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FIGURE 18.12. Adenoid cystic carcinoma. (A) A 39-year-old
woman developed painful swelling of left eyelid and headache from
several months ago. She had undergone lateral orbitotomy 13 years
earlier to remove an unknown benign tumor of the left lacrimal
gland. There is 2 mm of proptosis in her left eye. Firm, tender mass
is palpable in the left lacrimal gland area. (B) Coronal CT scan of
the orbit shows heterogeneously enhancing mass in superolateral
portion of the left orbit with excavation of adjacent bone. (C) T2-

weighted coronal MR image shows well-defined mass lesion, which,
from the superotemporal portion of the left orbit, invades the bony
cortex of the superior and lateral wall of the orbit. (D) An or-
bitozygomatic approach was used to perform radical orbital exen-
teration with removal of superior and lateral orbital wall. Solid ar-
rows indicate the tumor. (E) The orbital defect was reconstructed
with calvarian bone graft and rectus abdominis free flap. This pho-
tograph was taken 6 months after the operation.



tumor removal include local resection, en bloc re-
moval, exenteration, and radical exenteration (radical
orbitectomy).25,33–37 Radical exenteration with re-
moval of the orbital roof, the lateral wall, and the an-
terior portion of the temporalis muscle where the zy-
gomaticofrontal and zygomaticotemporal nerves
extend has been recommended (Figures 18.12D,E and
18.13D). Even with this radical approach, the survival
rate has been 20% at 10 years, and the median sur-
vival was 5 years.32 Patients usually die of intracra-
nial spread as a result of perineural invasion and pul-
monary metastasis. In one series, cranio-orbital
resection did not reduce the incidence of recurrence
but might lead to improved survival.14

Radiation therapy in the dose of 50 to 60 Gy after
local resection of adenoid cystic carcinoma signifi-
cantly delays the onset of tumor recurrence and pro-
longs survival. It might be as effective as cranio-
orbital resection with radiotherapy.14 Our experience
also shows that good tumor control can be obtained

in lesions that have local disease and contiguous
spread. We have treated 5 patients with adenoid cys-
tic carcinoma who refused radical exenteration with
local resection and adjuvant radiation therapy, and the
results were good during a 13- to 17-year follow-up.
This is, however, too short a follow-up period to per-
mit us to draw final conclusions. One interesting sur-
viving patient in our series had undergone tumor re-
moval by lateral orbitotomy and radiation therapy for
adenoid cystic carcinoma of the left lacrimal gland, 17
years earlier, at which time there were perineural and
adjacent bony invasions. Twelve years later motor
aphasia from radiation necrosis of the frontal lobe de-
veloped. A recurrent tumor was diagnosed by radio-
logic studies and managed by radical orbital exenter-
ation with removal of surrounding orbital wall. There
has been no recurrence or metastasis to date (5-year
follow-up, Figure 18.13). This case is noteworthy be-
cause the patient was able to avoid destructive sur-
gery for 12 years.
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FIGURE 18.13. Adenoid cystic carcinoma. (A) A 57-year-old man
had undergone tumor removal by lateral orbitotomy 12 years ear-
lier for adenoid cystic carcinoma of the left lacrimal gland. There
were perineural and adjacent bony invasion at that time. He re-
ceived radiation therapy right after the operation. Upon developing
motor aphasia, he visited our clinic. There is 2 mm of proptosis in
his left eye. The left upper eyelid is ptotic and hard mass is palpa-
ble in the upper lid. The upward movement of the eye is restricted.
(B) Coronal CT scan of the orbit shows tubular mass in superolat-
eral portion of the left orbit with excavation of adjacent bone. (C)

T2-weighted coronal MR image shows a well-defined 3.5 cm cys-
tic lesion in the left basal frontal lobe from previous radiation ne-
crosis and a tubular mass lesion in superotemporal portion of the
left orbit that is isosignal with muscle. (D) Incisional biopsy of the
orbital mass revealed recurrence of adenoid cystic carcinoma. Rad-
ical orbital exenteration with removal of surrounding orbital wall
was performed through orbitozygomatic approach. The intracranial
cyst was removed and dura was sutured. The orbital defect was re-
constructed with splitted calvarian bone graft and rectus abdominis
free flap. There has been no recurrence after 5 years.



Implanted sources of radiation (brachytherapy)
have been tried on 7 patients with adenoid cystic car-
cinoma and have yielded good results in 6 patients
with an average follow-up period of 3.2 years.38 How-
ever the long-term results are unknown.

Intra-arterial chemotherapy has recently been ad-
vocated for supplemental management. Intracarotid
cisplatin and intravenous doxorubicin were used be-
fore and after exenteration and radiation with long-
term survival of 9.5 and 7.5 years, respectively.39,40

The sample size is small, but this modality could be
tried for patients with inoperable tumors to shrink
them to a more surgically amenable size.

This tumor can grow slowly and exhibit recurrence
and metastasis years after the initial treatment. Long-
term follow-up of treatment methods has been diffi-
cult to obtain. Some patients die early; others may live
asymptomatically for years. A long follow-up, perhaps
up to 15 years, is needed before meaningful conclu-
sions regarding a cure can be made.

ADENOCARCINOMA

Adenocarcinoma is more common in males and tends
to occur in an older population ranging from 18 to 80
years (median age 56 years).4,6,22,41 This tumor con-
stitutes 7% of epithelial neoplasms of the lacrimal
gland.4,6

Adenocarcinoma metastasizes earlier and is asso-
ciated with a shorter patient survival time than ade-
noid cystic carcinoma. It often manifests as a rapidly
growing mass, exceeding the limits of adequate sur-
gical excision at the time of presentation. The most
common symptom at presentation is a palpable mass.
Other symptoms included proptosis, pain, globe dis-
placement, visual loss, diplopia, and ptosis (Figure
18.14A–C).14,41

Histopathologic examination shows pleomorphic
cells with many mitotic figures arranged in sheets and
cords, and lumen formation with mucin production
(Figure 18.14D,E). The mucin content of the adeno-
carcinoma may be demonstrated with mucicarmine
and alcian blue stains. The undifferentiated type does
not show mucin production.

Management and Prognosis

In the Mayo Clinic series, adenocarcinoma showed
great malignancy. Four of the 5 patients died of the tu-
mor, with a mean survival of only 1.5 years from ini-
tial presentation. The shorter survival of the patients
with adenocarcinoma probably is related to early lym-
phatic dissemination to regional lymph nodes and 
pulmonary metastasis. Henderson recommended a
monobloc craniofacial orbitectomy combined with a
regional lymph node dissection for longer survival.6

In a retrospective study of 13 patients with ade-
nocarcinoma, 4 of 7 patients who received exenter-
ation followed by radiation therapy were alive 
without recurrence.41 The authors recommend
treatment of primary adenocarcinoma of the lacri-
mal gland with exenteration and radiation therapy
as soon as a diagnosis has been confirmed patho-
logically.

MUCOEPIDERMOID CARCINOMA

Although it is the most common primary carcinoma
of the salivary glands, mucoepidermoid carcinoma is
rare in the lacrimal gland. The age range of mucoepi-
dermoid carcinoma patients is 12 to 81 years,6,42 with
an average of 49 years; there is a slight (3:2) prepon-
derance of males over females.43

Mucoepidermoid carcinoma usually presents as a
painless, slowly enlarging mass of the lacrimal gland
fossa that is sometimes mistaken preoperatively for
benign mixed tumor.6,42 Pain, proptosis, diplopia, and
globe displacement may occur.

Histologically, these tumors comprise various
numbers of mucus-secreting cells interspersed with
epidermoid and basal cells. Mucus-secreting cells can
assume a signet ring appearance and stain positively
with periodic acid–Schiff stain, Alcian blue, and mu-
cicarmine dyes. It is classified as either low or high
grade depending on the degree of differentiation and
the number of mucin-producing cells. Grade 1(low-
grade) tumors have large, well-differentiated cells with
abundant cytoplasm, a relative paucity of the epider-
moid cells, and no mitotic figures. Grade 3 (high-grade)
tumors have smaller cells with hyperchromatism and
frequent mitotic figures predominated by epidermoid
elements. Grade 2 tumors are intermediate in histo-
logic activity.43

Management and Prognosis

The clinical behavior and prognosis parallel the his-
tologic grading. Eviatar and Hornblass43 reviewed a se-
ries of 25 cases of mucoepidermoid carcinoma. Seven
of 8 patients with low-grade tumors survived, and 1
of 8 patients with high-grade tumors has remained 
tumor-free. The authors recommended exenteration,
radiation, and resection of involved orbital bone for
patients with high-grade tumors. Patients with low-
grade tumors can be expected to do well with extir-
pation with or without adjuvant radiation.

OTHER TUMORS

The following lacrimal gland tumors are rarely en-
countered even in busy ocular oncology practices.
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However, they are briefly reviewed here for the sake
of completeness.

Acinic Cell Carcinoma

Acinic cell carcinoma is an uncommon tumor of sali-
vary gland origin that comprises 2 to 4% of primary
parotid gland neoplasms. There is a female prepon-
derance and a peak incidence in the sixth decade. Only
a few cases in the lacrimal gland were reported in pa-

tients from 18 to 56 years of age.44–46 This cancer man-
ifests as a painless, slow-growing mass but can invade
intracranially in a more aggressive manner.

Microscopically, there are four growth patterns:
solid, microcystic, papillary cystic, and follicular. The
solid and microcystic patterns are considered to be the
most common. The reported cases were treated by tu-
mor excision, exenteration, and exenteration with
cranial bone resection, with no tumor recurrences dur-
ing follow-up periods of 2.5 to 4.5 years.44–46
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FIGURE 18.14. Adenocarcinoma. (A) A 51-year-old woman was re-
ferred with a 3-month history of right upper eyelid swelling and
proptosis. She complained of deep orbital pain. Her eyelid was
swollen and ptotic; there was limitation of upgaze. (B) Axial CT
demonstrating an enhancing mass in the right orbit extending pos-
teriorly in the area of the lacrimal gland. (C) Coronal CT demon-
strating an enhancing mass in superolateral portion of the right or-

bit with excavation of adjacent bone and involvement of superior
and lateral rectus muscles. (D) Histopathologic examination shows
well-formed glandular or ductal structures composed of malignant
epithelial cells with prominent nuclei and dark-staining cytoplasm
(H&E, original magnification �200). (E) The bone (B) is invaded by
the tumor (H&E, original magnification �100).
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FIGURE 18.15. Solitary fibrous tumor. (A) A 27-year-old woman had
had eyelid swelling, chemosis, proptosis, and inferior displacement of
left eyeball for 9 months. Three months before referral, she had un-
dergone incomplete tumor removal via lateral orbitotomy. (B) T1-
weighted axial image shows well-demarcated oblongated lacrimal gland
mass of low signal intensity. Lateral orbital wall is deformed from pre-
vious orbitotomy. (C) T1-weighted enhanced coronal image shows

marked enhancement of the mass. (D) Complete excision of the tumor
was performed via lateral orbitotomy. (E) Histopathologically, the pro-
liferation of mesenchymal spindle cells in a collagenous stroma shows
“patternless pattern.” The prominent vascularity is noted (H&E origi-
nal magnification �100). (F) The tumor cells are strongly stained with
antibodies to CD34 (original magnification �400). (G) Six months af-
ter operation, there was no recurrence of tumor.



Oncocytoma (Oxyphil Cell Adenoma)

Because of their eosinophilic cytoplasm, oncocytes are
also called oxyphil cells. These large cells with aci-
dophilic staining properties may be found in mucous
membranes such as the caruncle, conjunctiva, lacri-
mal sac, and lacrimal glands and seem to increase in
number with age. Benign and malignant oncocytomas
have been reported in the lacrimal gland. The tumors
are usually benign and sometimes cystic. Malignant
oncocytoma could show intracranial extension. The
tumor tends to occur in older patients and is rare in
children.6,47

Spindle Cell Myoepithelioma

Myoepithelioma is a monomorphic adenoma with a
pure proliferation of myoepithelial cells. Myoepithe-
lioma is defined as a tumor composed of myoepithe-
lial cells with up to 10% ductal elements. The more
common pleomorphic adenoma has a proliferation of
both epithelial and myoepithelial elements in various
combinations.48–50

CT scan reveals a well-circumscribed mass in su-
perotemporal orbit. The tumor usually presents as a
well-encapsulated mass and should be removed intact
through a lateral orbitotomy. Most epitheliomas are
benign and exhibit biological behavior similar to that
of pleomorphic adenoma.50

Sebaceous Carcinoma

Primary sebaceous carcinoma of the lacrimal gland,
possibly arising from heterotopic sebaceous tissue, is
very rare. It must be differentiated from secondary in-
vasion of the orbit by an eyelid tumor or metastatic
spread. The tumor is highly malignant. Orbital exen-
teration, regional lymph node dissection, and post-
operative radiotherapy should be considered in the
management.51,52

Solitary Fibrous Tumor

Solitary fibrous tumor is a rare spindle cell neoplasm
that most frequently develops in the pleura. This tu-
mor usually presents with a painless unilateral prop-
tosis with gradual onset.53,54 CT scan shows mild re-
modeling of the bony orbit without calcification. Thus
the clinical presentation is similar to that of pleo-
morphic adenoma. The management is en bloc exci-
sion via lateral orbitotomy (Figure 18.15). Generally,
the aggressiveness of this tumor is associated with
large tumor size, high cellularity, numerous mitoses,
pleomorphism, and the presence of necrosis.54 Soli-
tary fibrous tumors of pleura and mediastinum dem-
onstrated aggressive clinical behavior, such as adja-
cent tissue invasion, local recurrence, and distant
metastases. Careful and continued follow-up is needed

for this tumor because there may be recurrence after
several years.

Malignant Rhabdoid Tumor

Malignant rhabdoid tumor is a rare and highly ag-
gressive renal tumor of infants. Niffenegger et al.55 de-
scribed this tumor in a 50-year-old man. It manifested
as a rapidly growing mass in the area of the right
lacrimal gland. Because of the highly malignant na-
ture of the tumor, the patient was treated with radi-
cal surgery and adjunctive radiotherapy and chemo-
therapy; he showed no recurrences during a 15-month
follow-up period.

Hemangioma

Cavernous hemangioma, hemangioendothelioma, and
epithelioid hemangioma have been reported to occur
in the lacrimal gland.56 Simple excision to preserve
the lacrimal gland is sufficient treatment if the tumor
is limited to the gland.57

Warthin Tumor

Warthin tumor frequently occurs in the parotid gland;
the extraparotid localization is very rare. Bonavolonta
et al.,58 who described Warthin tumor in a 62-year-old
woman, treated the patient with complete excision
via lateral orbitotomy.
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Tumors of the Lacrimal 
Drainage System

Jeffrey J. Hurwitz

The nasolacrimal sac is situated at a crossroad
in the face. It is in intimate relation with the
nose and ethmoid sinuses and has a close prox-

imity to the maxillary antrum, the globe and orbit,
and to the cribriform plate and ultimately to the cra-
nial cavity. The rich blood supply and substantial lym-
phatic vessels in the area allow distant spread of 
neoplastic cells. Whereas most swellings in the naso-
lacrimal sac are not due to tumors, one must be aware
that a tumor may exist in an occult fashion and give
rise to a potentially life-threatening situation.

DIFFERENTIAL DIAGNOSIS 
OF MASSES IN THE LACRIMAL 
SAC FOSSA REGION1

Swellings arising in the lacrimal sac fossa region along
the medial side of the nose may have two etiologies:

1. Lacrimal sac disease
2. Other diseases arising from surrounding struc-

tures

The most common lacrimal sac swelling is a
lacrimal sac mucocele in which there is a blockage at
the lacrimal sac–duct junction and a buildup of mu-
cus within the sac.2 The mucoceles may be regurgi-
tating or nonregurgitating. The regurgitating type al-
lows for egress of fluid, mucus, or pus through the
puncta when one presses over the sac. In a nonregur-
gitating mucocele, there is a fluctuant swelling of the
sac but no egress of fluid through the puncta. This
may be due to obstruction of the puncta and/or cana-
liculi, a common canalicular–lacrimal sac membrane,
or most frequently a kinking of the common canalicu-
lus due to swelling of the sac that proceeds in a lat-
eral direction. If the swelling is big enough, it may
transilluminate.

Lacrimal sac stones3 may develop within the
lacrimal sac either primarily or secondary to a block-
age of the sac–duct junction. These stones may be pal-
pable through the skin overlying the lacrimal sac, but

more often they lodge more deeply within the sac
and/or within the nasolacrimal bony canal (Figure 19.1).

Lesions that are within the lacrimal sac fossa but
not arising from the lacrimal sac may be arising from
the soft tissues in the lacrimal sac fossa region, such
as skin, subcutaneous glands, blood vessels, nerves, or
lymphatics.4 As well, swellings from the ethmoid si-
nuses, antrum, nose, or cranial cavity (meningocele
and encephalocele) may produce swelling in this re-
gion.5–8 Epistaxis, cerebrospinal fluid (CSF) leak, loss
of smell, nasal stuffiness, and olfactory anesthesia are
all signs that the swelling may be of ear–nose–throat
origin, not primarily from the lacrimal sac.

LACRIMAL SAC 
TUMOR PRESENTATION

There are three presentations of lacrimal sac tumors
(Table 19.1):

1. Unsuspected sac tumors
2. Suspected sac tumors
3. Known sac tumors

Unsuspected Sac Tumors

An unsuspected sac tumor may occur during a rou-
tine dacryocystorhinostomy (DCR) when the surgeon
notices a hard or irregular mass within the lacrimal
sac or an abnormality in the color and/or consistency
of the sac mucosa. Excessive bleeding from the mu-
cosa may also suggest a tumor.

Suspected Sac Tumors

A patient with a suspected sac tumor will present with
a mass in the lacrimal sac fossa. There will be no re-
gurgitation of the mass with pressure over it. Because
the tumor arises from the mucosa and grows toward
the lumen of the sac, the sac is often patent to sy-
ringing. The mass itself is nonfluctuant. Bloodstained
tears are suggestive of a tumor. If there is suspicion of
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a tumor, a dacryocystogram is extremely helpful 
diagnostically.

KNOWN SAC TUMOR

If a patient has had a biopsy of a mass in the lacrimal
sac that proved to be positive for malignancy, one
must determine whether the tumor is primary or has
spread to the sac from elsewhere. It is also important
to determine whether the tumor has spread from the
sac to the surrounding tissues such as the sinus, nose,
or orbit. Signs of nasosinus extension are nosebleeds,
CSF leak, numbness around the roof or the nose, loss
of smell, nasal stuffiness (Box 19.1). If the tumor has
spread to the orbits, one might expect to find dis-
placement and/or proptosis of the globe, motility re-
striction with diplopia, or optic neuropathy (Box 19.2).

INVESTIGATION

Symptoms of a sac tumor are a painless mass, often
accompanied by bloody tears or bloody discharge
(Table 19.2). The patient may not be tearing because

the lumen is still patent. There is a nontender, non-
regurgitating, nonfluctuant mass. There may be or-
bital, nasal, or sinus signs.

Nasal endoscopy is mandatory in assessing these
patients.9 It must be determined whether the sac tu-
mor has eroded through the ethmoids and/or into the
nose because such erosion would make management
much more complex. It is also important to view the
inferior meatus to determine whether any tumor has
grown down the bony nasolacrimal canal and is pro-
jecting through into the nose. Such growth also would
make tumor resection much more extensive.

Dacryocystography is extremely useful.10 A dac-
ryocystogram that shows irregular filling defects in a
patent system is suggestive of a tumor. These irregu-
lar filling defects are present in all projections, which
tends to rule out the presence of a stone or air. Ul-
trasonography is extremely useful in demonstrating
whether there is fluid in the sac and in assessing the
thickness of the sac and the walls, as well as the po-
tential for extension outside the sac.11 Ultrasound bio-
microscopy (UAM) gives a very accurate appreciation
of the thickness of the lacrimal sac mucosa.12–14 Com-
puted tomography (CT) scanning is extremely useful

Skin

Intact epithelium

Mucus in lumen

Stone

FIGURE 19.1. (A) Dacryocystogram showing large filling defects in large lacrimal sac suggestive of stones. (B) Ultrasound biomicroscopy
(UBM) showing stone within sac. Epithelium is well demarcated.

A B

TABLE 19.1. Lacrimal Sac Tumors: Three Presentations.

Unsuspected sac At routine dacryocystorhinostomy, a hard 
tumor or irregular mass

Suspected sac Bloodstained tears
tumor Nonfluctuant mass in fossa

Mass nontender, nonregurgitating
Patency to syringing
Dacryocystogram suspicion

Known sac tumor Previous positive biopsy
Spread of malignancy from elsewhere 

to sac
Spread from sac to surrounding structures 

(nose, sinus, orbit)

BOX 19.1. Lacrimal Sac Tumor: Signs
of Nasosinus Extension

Nosebleed
CSF leak
Numbness around roof of nose
Loss of smell
Nasal stuffiness



to see the extent of the tumor and the bony involve-
ment.15,16 Magnetic resonance imaging (MRI) is use-
ful to determine the interface between the sac and the
tumor.17,18

Biopsy

If a sac tumor is suspected, it is useful to perform a
biopsy of the lesion and obtain paraffin sections as
well as frozen sections so that appropriate manage-
ment can be undertaken. This can be done under lo-
cal anesthesia. We prefer an open biopsy rather than
a needle biopsy to obtain more tissue to facilitate the
diagnostic potential for the pathologist.

Pathology of Lacrimal Sac Tumors19

Lacrimal sac tumors may be divided into epithelial
and nonepithelial lesions (Table 19.3). Most lacrimal
sac tumors are squamous and may be papillomas, tran-
sitional papillomas (carcinomas), or frank carcinomas.

Papillomas20–22

Papillomas may grow in two main patterns: exophytic
and endophytic (Figure 19.2). There may also be a
mixed variety. The amount of dysplasia will vary from
mild (atypical cells in the lower third of epithelium)
to moderate (atypical cells in the middle third) to se-
vere (atypical cells throughout the whole thickness)

to carcinoma in situ (full thickness plus epithelium
polarity loss and surface cells maturation loss) (Table
19.4). If at surgery an abnormal epithelium of the sac
is discovered, and the frozen section suggests a papil-
loma, it is advised not to proceed with the DCR un-
til the paraffin sections have been obtained. This will
minimize the chance of spreading malignant cells
through into the nose. The sac tumor itself can be ex-
cised, and if paraffin sections suggest that the lesion
is benign, a canaliculo-DCR can be performed at a later
sitting.

Inverted papilloma (Schneiderian papilloma) is a
special type of epithelial growth in lacrimal passages
that may be encountered by the ophthalmologists as
a primary lesion in the lacrimal system or as a sec-
ondary extension into the orbit from nasal and
paranasal cavities. Most of these lesions are benign,
but they tend to recur after treatment. In nasal Schnei-
derian papillomas, the incidence of malignancy ranges
from less than 5% to 15%.23–25

The exact frequency of carcinomatous changes as-
sociated with the lacrimal sac papillomas is not
known. The actual histologic documentation of the
transformation of a papilloma to carcinoma is diffi-
cult to demonstrate in many cases but seems to oc-
cur more often in the lacrimal sac region than the
nasal cavity and sinuses. Ryan and Font reported nine
papillomas showing pure or partial (mixed) inverted
patterns, three of which had been documented to con-
tain a transition zone from benign to malignant pro-
liferation.22 This is certainly higher than any reported
incidence of malignancy associated with nasal Schnei-
derian papillomas. Furthermore, one should keep in
mind that the overall incidence of malignant epithe-
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BOX 19.2. Lacrimal Sac Tumors:
Signs of Orbital Extension

Displacement and/or proptosis of globe
Motility restriction with diplopia
Hypesthesia
Optic neuropathy

Relative afferent pupillary defect
Color vision defect
Visual field abnormality
Visual loss

TABLE 19.2. Lacrimal Sac Tumors: Investigation.

Symptoms Painless mass
Not tearing
Bloody tears or discharge

Signs Nontender, nonregurgitating, nonfluctuant mass
Patency to syringing
Orbital, nasal, or sinus signs

Imaging Dacryocystograph: irregular filling defect, patency
Ultrasonography: no fluid in sac, thickened 

walls, extrasac extension
Computed tomography: Bone involvement
Sac–tumor interface

TABLE 19.3. Pathology of Lacrimal Sac Tumors.

Epithelial Squamous
Papilloma
Inverted papilloma
Carcinoma

Transitional carcinoma
Adenocarcinoma
Mucoepidermoid carcinoma
Adenoid cystic carcinoma
Oncocytoma

Nonepithelial Stromal
Fibrous tissue: histiocytoma
Skeletal muscle: rhabdomyosar-

coma
Peripheral nerve: neurilemmoma; 

neurofibroma
Hematopoetic

Lymphoma
Plasmocytoma
Leukemia
Sarcoma

Neuroectoderm
Melanoma

Neuroendocrine
Secondary oat-cell carcinoma
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Distorted sac wall

Tumor outgrowth into sac lumen

Normal canalicular walls

Epithelium

Distended canaliculus

Distorted canaliculus
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lial tumors of lacrimal drainage system is approxi-
mately 60%, which is 20% more common than their
benign counterparts. Radiation therapy and chronic
inflammation have been suggested as causes of ma-
lignant transformation.26

Patients with primary papillomas of the lacrimal
drainage system usually present with epiphora and a
slowly growing mass in the inner canthus. These
masses are usually firm and nonfixed when they do
not harbor foci of infiltrating carcinoma. Tenderness,
hyperemia, and warmth of the overlying skin are com-
monly absent in neoplastic lesions. Tumors of this
area may mimic acute and/or chronic dacryostenosis.
Inflammatory lesions, however, present with discrete
symptomatology and a rather abrupt onset. In acute
cases, tenderness, erythema, and warmth of the over-
lying skin are the usual findings. In chronic dacryo-
cystitis, symptoms are recurrent, and the mass is usu-
ally compressible. Bloody discharge is not a regular
finding with the inflammatory lesions but may be seen
with tumors on occasion.

Clinical evaluation of the lacrimal drainage system
in epiphora with a space-occupying lesion in the in-
ner canthal area should include probing and irrigation.
In many reported cases of inverted papilloma, the sys-
tem could be easily probed and sometimes success-
fully irrigated. This is probably secondary to the in-
traluminal nature of the early mass, which allows the
passage of a probe or fluid between the tumor and the
wall. Therefore, the patency of the lacrimal drainage
system to probing or irrigation should not rule out the
presence of a papilloma.

Carcinomas of the lacrimal sac, on the other hand,
usually show complete occlusion because of their infil-

trative growth pattern into neighboring structures.
Flanagan et al. stressed the importance of the location
of the inner canthal mass in relation to the medial can-
thal tendon. In their experience, a mass above the me-
dial canthal tendon almost always signifies a neoplas-
tic process, and below the medial canthal tendon,
inflammation.27 Proptosis is almost always absent in
primary lacrimal drainage system papillomas at the time
of initial presentation but not necessarily on recurrence.
Proptosis should indicate the presence of recurrence or
of a secondary extension of the papilloma eroding the
orbital wall to displace the orbital structures.28

Less common complaints such as postnasal dis-
charge, diplopia, and nasal speech are observed in cases
with secondary extension into the orbit.29 Dacryocys-
tography is a helpful tool in evaluating cases with mul-
tiple components. This radiographic procedure may be
helpful in differential diagnosis of inflammatory ver-
sus neoplastic lesions. Dacryocystitis commonly re-
veals a dilated sac in the film, or dacryocystogram. The
dacryocystogram of a benign tumor initially presents
a discrete mass protruding toward the lumen of the
lacrimal sac, whereas malignant tumors usually show
a complete obstruction of the system.

The importance of CT and MRI as diagnostic aids
should also be adequately emphasized. The initial
choice of treatment for both primary and secondary
papillomas with or without carcinoma is surgery with
wide excision. Considering the recurrent nature of
these tumors, the surgery should be performed under
frozen section control, and every effort should be made
not to leave any residual elements of the tumor. The
surgical excision margins should be as wide as possi-
ble. In papillomas with malignant component, the ex-
cision may include the surrounding soft tissues and
the orbital bony wall.

Squamous Carcinomas30

Squamous carcinomas are graded according to the dif-
ferentiation of the cells as mild, moderate, or poorly
differentiated (Table 19.5). Certain cytologic features
suggest malignancy; if present, these require further
investigation into the possibility of dissemination and
the role of wider surgery and/or radiation (Table 19.6).

At the time of surgery, a frozen section should be
done. Certain lesions that occur in the lacrimal sac
may present diagnostic difficulty on frozen section
(Table 19.7). With malignant melanomas (Figure
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FIGURE 19.2. Papilloma. (A) Large swelling in lacrimal sac region.
Blocked sac, hard mass, some mucus regurgitating. A lacrimal sac
tumor was suspected. CT images showing (B) large tumor in
lacrimal sac fossa, (C) extension into ethmoids, and (D) growth into
an expanded bony nasolacrimal canal. (E) UBM showing tumor in
sac with fingerlike extensions. The epithelium is distorted. (F) Lon-
gitudinal UBM of lower canaliculus shows normal epithelium and
walls with some distension and mucus in channel (confirmed sur-
gically). (G) Cross section UBM of lower punctum showing canalicu-
lus distorted by tumor. (H) Intraoperative photograph of the tumor
at the time of biopsy. Inset: Histopathologic appearance of inverted
papilloma.

TABLE 19.4. Epithelial Tumors—Papilloma.

Growth patterns Exophytic, endophytic, or mixed

Degree of dysplasia Mild: atypical cells lower third of 
epithelium

Moderate: atypical cells into middle 
third

Severe: atypical cells through whole 
thickness

Carcinoma in situ: full thickness, plus 
epithelium polarity loss and surface
cell maturation loss

TABLE 19.5. Epithelial Tumors: Squamous Carcinoma.

Histology Desmosomes (intercellular bridges)
Keratin (on electron microscopy or 

immunohistochemical)
Differentiation Mild

Moderate
Poor



19.3),31 it is difficult to assess the spread because the
cells are distorted on frozen section. With lymphomas,
immunohistochemical tests are needed to differenti-
ate between a true lymphoma and a pseudotumor.

With papillomas, it is difficult to determine on the ba-
sis of frozen section whether the lesion is a squamous
or transitional papilloma.

MANAGEMENT OF LACRIMAL 
SAC TUMORS (Table 19.8)

Unsuspected Sac Tumor

At DCR, if the sac appears abnormal, it is wise to do
a frozen section biopsy. If a confirmed tumor is pres-
ent, dacryocystectomy should be performed. If a
round-cell infiltrate is present that cannot be identi-
fied with certainty as lymphoma or pseudotumor, the
sac should not be removed. With a tumor present, it
is best not to open into the nose until the final pathol-
ogy results are available. There is always the fear of
spreading a tumor into the nose with a DCR, or even
by an intubation.

Suspected Sac Tumor

A dacryocystectomy is the treatment of choice for sus-
pected sac tumor. The procedure may be done under
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TABLE 19.6. Cytological Features Suggesting Malignancy.

Nucleus Nuclear pleomorphism
Increased ratio of nuclear to cytoplasmic cells 

(enlarged nucleus)
Irregular nuclear contours (angulation)
Hyperchromasia (increased staining due to 

DNA synthesis)
Nuclear molding (nuclear compression, 

fragile membranes)
Cytoplasm Smaller surface area (more immature cell, 

larger nucleus)

Skin surface

Distended sac wall

Tumor filling sac

Superior sac wall

Mucus

Tumor

B

C

A

FIGURE 19.3. A. CT image of patient with large
melanoma at left medial canthus. The sac is full of
tumor, with extension into soft tissues. No bony in-
volvement is apparent. (B) UBM shows distended sac
roof, with large homogeneous tumor filling up the
sac, which was histopathologically proven to be a 
melanoma. (C) UBM through section higher up in
sac shows tumor, but not extending to wall of 
sac, with fluid interface (confirmed surgically).

TABLE 19.7. Tumors Presenting Diagnostic Difficulty on
Frozen Section.

Malignant melanoma Difficult to assess spread because 
cells are distorted on frozen 
section

Lymphoma Need immunohistochemical test
Epithelial lesions Papillomas: squamous, transitional

Easier diagnosis if invasive



local anesthesia or general anesthesia. If the tumor is
isolated to the sac, a dacryocystectomy alone should
suffice. A cryoprobe may be used to seal the site of
the biopsy and prevent spillage of cells, and then the
sac can be removed as one mass. If there is any ques-
tion about the diagnosis on frozen section, one should
err on the side of conservatism, remove the sac, and
realize that a canaliculo-DCR can be performed later.
If malignant tissue is observed around the sac, a wider
excision, often with an en bloc bone removal, may be
necessary.

Known Tumor with Extension

A known tumor with extension requires a larger en
bloc excision, which must be planned preoperatively.
Radiation is often of use in these patients postopera-
tively.32 If tearing occurs postoperatively, when one
can be assured that there is no recurrence of tumor, a
tear duct reconstruction procedure can be performed
later.

Dacryocystectomy33

Dacryocystectomy is the basic operation for the
management of a malignant sac tumor with no ex-
tension (Box 19.3) (Figure 19.4). The operation may
be performed under local or general anesthesia. The
patient must be warned that there may be tearing
postoperatively, depending on the amount of tear
secretion, and that a tear duct reconstructive pro-
cedure may be required later. An incision is made
on the side of the nose, as with a standard DCR in-
cision. The section is carried down to bone. The sac
should be mobilized laterally, with care being taken
not to penetrate the thin lacrimal bone or ethmoids.
Once the sac has been mobilized, a biopsy can be
performed. When a tumor is confirmed, there is a
good tissue plane between the periosteum and the
surrounding bone in which dissection and sac mo-
bilization can be performed. The common canalicu-

lus should be amputated as laterally as possible, and
the nasolacrimal membranous duct should be am-
putated as inferiorly as possible within the canal.
One may use tissue forceps to extract remnants of
nasolacrimal duct mucosa from the bony lacrimal
canal. Absorbable cellulose packs may be used for
hemostasis. The skin incision is closed and a pres-
sure dressing placed on the surgical site.

CONCLUSIONS

Suspicion is the key to the diagnosis of lacrimal sac
tumors. A firm mass in the lacrimal sac fossa with
suspicious signs and symptoms necessitates more
elaborate investigation. Appropriate extirpative sur-
gery helps to remove the tumor and prevent dissemi-
nation. Lacrimal reconstructive procedures such as
DCR or canaliculorhinostomy can always be per-
formed at a later date if epiphora is a problem (Figures
19.5 and 19.6).
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TABLE 19.8. Lacrimal Sac Tumors: Management.

Unsuspected sac tumor Biopsy–frozen section
If malignant:

Dacryocystectomy
If benign:

If inflammatory, proceed with DCR
If definitely benign, remove mass and perform DCR
If questionable

Lymphoma: close after biopsy with or without tubes (preradiation) at later date
Transitional papilloma: dacryocystectomy; then close and wait for permanent section

Suspected sac tumor Biopsy for confirmation
Dacryocystectomy
Cryoprobe freezing to prevent spillage of cells

Known tumor En bloc excision, especially if extension beyond sac
Possibly postoperative radiation
Later reconstruction and/or prosthesis

BOX 19.3. Dacryocystectomy: 
Key Points

Anesthesia: local with sedation.
Skin incision as in DCR.
No bone removal; avoid entering ethmoid pro-

cesses.
Sac mobilized, then biopsy performed.
Amputate common canaliculus.
Amputate nasolacrimal duct as deep in canal as

possible.
Remove tissue from within body of nasolacrimal

canal.
Use absorbable cellulose packs for hemostasis.
Close and apply pressure dressing to surgical site.
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FIGURE 19.4. Six stages of dacryocystectomy. (A) Incision I, show-
ing angular vein A, orbicularis muscle O, and medial canthal ten-
don M. (B) The lacrimal sac L is separated from the lacrimal fossa
F. (C) The sac is elevated from the fossa. The common canaliculus
(CC) has been transected. The sac is transected as low as possible

into nasolacrimal canal. (E) The subcutaneous tissues sutured. (F)
The skin is sutured (Reprinted with permission from Hurwitz, JJ,
Tumours of the nasolacrimal system. Courtesy of Benjamin F. Boyd,
MD, FACS, Editor-in-Chief, World Atlas Series of Ophthalmic Sur-
gery, Highlights of Ophthalmology, English ed., Vol IV, 1999.)
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Benjamin F. Boyd, MD, FACS, Editor-in-Chief, World Atlas Series
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Vol IV, 1999.)
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(Reprinted with permission from Hurwitz, JJ, Tumours of the na-
solacrimal system. Courtesy of Benjamin F. Boyd, MD, FACS, 
Editor-in-Chief, World Atlas Series of Ophthalmic Surgery, High-
lights of Ophthalmology, English ed., Vol IV, 1999.)
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Skin cancers commonly affect the eyelids and peri-
ocular region. Orbital invasion is a serious and
potentially fatal complication of cutaneous neo-

plasia. The most frequent skin cancers resulting in or-
bital invasion are basal cell carcinoma, squamous cell
carcinoma, sebaceous gland carcinoma, and malignant
melanomas. Orbital invasion from eyelid tumors usu-
ally results from a delayed presentation, incomplete
excision with subsequent recurrences, and highly ag-
gressive invasive tumors.

Basal cell carcinomas represent 90% of periocular
tumours with orbital invasion and occur predomi-
nantly from the medial and lateral canthal regions by
direct extension. Medial canthal basal cell carcinomas
that invade the orbit via contiguous spread often have
minimal external changes and are known as an ice-
berg type. Squamous cell carcinomas may invade the
orbit by direct extension, by metastatic spread, or by
perineural spread.

The most important external cause of basal cell
carcinomas, squamous cell carcinomas, and malignant
melanomas is exposure of fair-skinned people to sun-
light, in particular, to wavelengths in the ultraviolet
B (UV-B) range. The amount of UV-B in sunlight in-
creases with increasing proximity to the equator, pos-
ing a particular risk for nonindigenous populations
who migrate from temperate to tropical and subtrop-
ical zones. Ultraviolet irradiation damages DNA in
the skin either by direct absorption or via damage to
chemical mechanisms.1 Australia has the highest in-
cidence of skin cancers in the world, ranging from 650
to 1560 cases per 100,000 persons compared with 300
cases per 100,000 persons in Texas and Arizona. In the
United States, basal cell carcinomas and squamous
cell carcinomas are classified as non-melanoma skin
cancers; their incidence decreases with increasing lat-
itude. The high incidence of skin cancers in Australia
has been partly attributed to holes in the ozone layer.2

The morbidity and mortality of patients with
nonmelanoma skin cancers is significant, particu-
larly in patients with a late presentation. Patients
with basal cell carcinoma rarely die from the dis-
ease, but morbidity increases with advanced cases,
particularly those with orbital invasion. Metastases
from squamous cell carcinoma occur in 2 to 6% of
cases.

BASAL CELL CARCINOMA

Basal cell carcinoma (BCC) is the most common
skin malignancy involving the eyelids. It accounts
for over 90% of malignant eyelid tumors. It rarely
metastasizes but can cause significant morbity and
mortality by invading contiguous structures in the
head and neck. The mortality rate from BCC has
been reported at levels ranging from 1 to 11%.3 In-
tracranial extension is usually fatal and is associ-
ated with significant delay in diagnosis and inade-
quate initial treatment.4

Clinical Features

There are four main types of BCC, each with a differ-
ent clinicopathologic pattern and with distinct bio-
logical behavior: nodular ulcerative BCC, sclerosing
(also known as morpheaform type), superficial multi-
focal, and basosquamous.

The localized nodular–ulcerative subtype is the
most common form of basal cell carcinoma, account-
ing for 75% of all tumors.The tumor begins as a small
translucent papule. As it grows there is central ulcer-
ation and necrosis as the tumor outstrips its blood sup-
ply. It is often referred to as a rodent ulcer and is char-
acterized by a raised pearly margin, central ulceration,
and telangiectatic vessels coursing over the surface
(Figure 20.1).

Orbital invasion can occur with the nodular–
ulcerative type of BCC, although it is more common
in the diffuse morpheaform type. In their study of 13
cases of orbital invasion of cutaneous malignancy,
Howard et al. found eight morpheaform basal cell 
carcinomas, two basosquamous cell carcinomas, 
two squamous cell carcinomas, and one nodular–
ulcerative BCC.5

The morpheaform or sclerosing subtype accounts
for 15% of all BCCs and is responsible for the major-
ity of tumors invading the orbit.5 It may be difficult
to diagnose, since the margins are clinically indistinct.
The lesion may present as a depressed plaque of in-
durated tissue with loss of the sharp posterior lid mar-
gin and loss of lashes. Morpheaform BCCs are char-
acterized by deep invasion into the dermis and deeper
tissues.
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The superficial or multifocal subtype of BCC 
may appear as a scaly area that resembles chronic 
dermatitis.

The basosquamous subtype of BCC shows squa-
mous differentiation. It may be clinically indistin-
guishable from the nodular type. However, biologi-
cally, it behaves in a more aggressive manner with
perineural invasion and distant metastatic potential.

Three syndromes are associated with BCCs:

1. The basal cell nevus syndrome of Gorlin–Goltz6

2. The linear unilateral basal cell nevus7

3. The Bazex syndrome8

Orbital Invasion

Although it is unusual BCC may invade the orbit in
four ways:

1. Contiguous spread grows slowly and relentlessly,
invading tissue and destroying adjacent tissue.

2. Periosteal spread travels along the periosteum
without actually invading bone.

3. Perineural spread grows along peripheral nerves
and gains access to the orbit and deeper structures
without contiguous spread. Perineural spread may
be asymptomatic, or it may be heralded by pain,
parasthesias, or motor paresis.

4. Intracranial spread travels along cranial nerves
through the superior orbital fissure and cranial
foramina.

RISK FACTORS FOR ORBITAL INVASION

Delay in diagnosis is the critical factor in the devel-
opment of orbital invasion.9 This factor becomes even
more critical for patients in rural regions away from
tertiary referral centers. Risk also increases when the
initial lesion has been incompletely excised and is
therefore prone to recurrences.

Radiotherapy is associated with a high recurrence
rate9,10 and should be avoided. Recurrent tumors be-
have in a more biologically aggressive manner fol-
lowing radiotherapy.

The most common sites for BCCs on the eyelids
are, in order, the lower lid, the medial canthus, the
lateral canthus, and the upper lid.

The typical patient is a middle-aged or older person
who has been exposed to actinic radiation.There is also
evidence that immunologic factors may play a role in
the development of BCCs, for example in younger pa-
tients with acquired immune deficiency syndrome.3

SUSPICION OF ORBITAL INVASION

The clinician should suspect orbital invasion in re-
current lesions of the morpheaform type, particularly
in the medial and lateral canthal regions (Box 20.1).9–11

Most of the patients in the Howard series presented
with an orbital mass and incomitant strabismus at the
initial examination.5

Perineural spread should be suspected if the patient
complains of intermittent or constant pain, altered
sensation such as formication (the sensation of insects
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FIGURE 20.1. A 45-year-old Caucasian male with an ulcerated le-
sion at the lateral canthus of more than 12 months’ duration. There
was evidence of orbital invasion at presentation.

BOX 20.1. Clinical Features Sugges-
tive of Orbital Invasion

Involvement of canthal angles (Figure 20.2)
Tethering to the conjunctiva or to periosteum
Palpation of a deeper mass
Involvement of the facial or trigeminal nerves
Diplopia
Ophthalmoplegia
Proptosis
Limitation of movement 

FIGURE 20.2. A 62-year-old Caucasian male with diplopia and a mass
in the medial orbit. He had a medial canthal basal cell carcinoma that
extended into the caruncular region and invaded the orbit.



crawling on the skin), numbness, and intermittent tin-
gling.

As the tumor continues to spread, the pain may
become more severe and may be described as burning,
shooting, or stinging. Motor abnormalities may also
appear, including ptosis, ophthalmoplegia, or general
facial weakness.

The iceberg type BCC described and coined by Dr
Peter Rogers at the Sydney Eye Hospital in the 1970s,
often has minimal external signs of tumor, the bulk
lying deep in the orbit (Figures 20.3A and B). This clin-
ical subtype of BCC is found in tumors from the me-
dial and lateral canthal regions. The clinician should
palpate for deep extension and note any distortion of
the canthal angles. Imaging is essential to establish
the extent of the tumor. A history of radiotherapy is
associated with recurrent lesions. The biological ac-
tivity of the tumor may change to a more aggressive
pattern after radiotherapy.

Signs of invasion from the lateral canthus include
loss of canthal angle, loss of lashes, loss of the poste-
rior margin, irregularity of the lid, increasing scleral
show as the lid is tethered down, invasion of local
structures such as muscle and lacrimal gland, and ad-
herence to the periosteum and invasion of bone.

Differential Diagnosis

The differential diagnosis includes squamous cell car-
cinoma (SCC), melanoma, sebaceous gland carcinoma

(SGC), and other skin appendage tumors. Pigmented
BCCs in particular should be differentiated from mel-
anoma. It may be impossible, however, to clinically
distinguish between a pigmented BCC and a mela-
noma.12 Likewise, without histopathological exami-
nation, an amelanotic melanoma may be mistaken for
a BCC. Pigmented BCCs tends to occur in pigmented
individuals. It is often difficult to distinguish between
an SGC and a BCC with sebaceous cell differentiation.
Histopathologic examination with an oil-red-0 stain
may be helpful.

Trichoepithelioma is a benign adnexal tumor that
may histologically resemble BCC. A desmoplastic tri-
choepithelioma is a variant of trichoepithelioma that
should be considered in any child diagnosed with a
morpheaform BCC.13

Metastatic carcinomas may also resemble mor-
pheaform BCC. In breast carcinoma metastatic to
skin, the cells are usually arranged in single file and
display pleomorphic nuclei. In morpheaform BCC, the
cells are usually more than one layer thick and are
less pleomorphic.

Investigation

Imaging remains the mainstay of investigations in the
management of orbital invasion of skin malignancy.
Computerized tomography (CT) may show an orbital
mass originating from the eyelid region and extend-
ing into the orbit (Figure 20.3B). Bone window set-
tings may be useful in determining bony involvement
There may be bony involvement in the presence of a
normal CT scan.11 Always guided by the clinical pic-
ture, the surgeon should not be deterred from re-
moving clinically abnormal bone and submitting it
for histopathology.

Magnetic resonance imaging (MRI) may be useful
in determining the extent of orbital and neural inva-
sion prior to surgery. MRI features of the orbital mass
are a low signal intensity on T1-weighted images
(T1W) and a low to high signal intensity on T2-
weighted (T2W) images with respect to orbital fat. Pri-
mary eyelid carcinoma shows marked enhancement
after the administration of gadolinium diethylenetri-
amine pentaacetic acid (Gd-DTPA). Fat suppression
techniques may be extremely useful in establishing
the extent of orbital involvement from the eyelid 
tumor.14

The preferred mode of imaging when perineural
spread is suspected in MRI, which provides better soft
tissue definition. CT is used to complement MRI data
by defining foramina destruction and enlargement at
the base of the skull. Radiologic findings suggestive of
perineural spread include nerve enlargement and en-
hancement, foraminal enlargement/destruction, and
obliteration of fat planes and convexity of the lateral
cavernous sinus wall.15
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FIGURE 20.3. (A) A 72-year-old Caucasian male whose medial can-
thal basal cell carcinoma had been treated with radiotherapy 10
years earlier. The patient re-presented with limitation of movement
and a mass in the medial orbit. (B) The CT scan of the patient shows
the mass extending down the medial orbital wall.

A

B



Histopathology

BCC is characterized by a proliferation of cells with
oval nuclei and scant cytoplasms. The cells are uni-
form in appearance and rarely appear anaplastic. Two
main histologic types correlate with the clinical types.

In the nodular type, nests of cells resembling ba-
sal cells show peripheral palisading (Figure 20.4).
Cells within the nests may be pleomorphic and
atypical and may contain mitotic figures. The cells
are continuous with the basal layer of the surface
epithelium. There may also be areas of necrosis that
correspond to surface ulceration clinically, areas of
glandular formation, and squamous and sebaceous
differentiation. Surrounding tissues often contain
many fibroblasts, which may be large, numerous,
and often bizarre in morphology.

The morpheaform or fibrosing type is characterized
by elongated strands of infiltrating tumor cells. The fin-
gerlike projections of tumor cells may be several layers
thick and may extend below otherwise normal epithe-
lium. This correlates well clinically as the clinical mar-
gin may be difficult to detect. There is an absence of
typical palisading, and the stroma contains abundant
collagen and a variable number of fibroblasts (Figure
20.5). The morpheaform type of growth pattern has
been consistently correlated with deep invasion.4,5,16

Management

Surgical management of BCC with evidence of orbital
invasion is managed by two surgical techniques: en bloc
excision and the Mohs micrographic surgical technique.
En bloc surgical exision is performed with clear mar-
gins under frozen section control and confirmed by
paraffin section by an experienced ocular pathologist.

Mohs micrographic surgery is employed when the
tumor is excised close to the clinical margin and
processed with frozen sections. This technique allows
any residual tumor to be identified and reexcised. The

process is time-consuming and involves a series of
frozen section examinations and reexcisions until
clear margins are reached. It is a labor-intensive
method designed to minimize the removal of normal
tissue. In many cases of orbital invasion, cure is pos-
sible only with exenteration. 

The patient with orbital invasion is best managed
by using a multidisciplinary approach incorporating
the expertise of ocular pathologists, head and neck sur-
geons, oncologists, radiation oncologists, Mohs micro-
graphic surgeons, and oculoplastic reconstructive sur-
geons to attempt cure in this potentially fatal disease.

Exenteration

Orbital exenteration is performed in cases of advanced
neoplastic spread to the orbit in an attempt to prolong
life. It may be a complete exenteration, subtotal ex-
enteration, or an exenteration including the resection
of additional tissue. Eyelid-sparing techniques are
generally not indicated when there is extensive in-
volvement of the lids.17

The bare orbital cavity may be allowed to heal by
granulation and epithelialization. Alternatively, it
may be lined by full-thickness or split skin grafts. Var-
ious flaps may be used, such as temporalis muscle
transposition, cheek flaps, midline forehead flaps,
frontal periosteal flaps, dermal flaps, and dermis fat
grafts or vascular pedicle flaps.

The authors’ preferred option, supported by Putter-
man, Bartley, and others,17–19 is to allow spontaneous
granulation or epithelialization. The main advantage of
this technique is that it is relatively simple, and recur-
rences are more easily detected than if a flap or graft is
used. The end result is a smooth cavity lined with skin
of good color match. The main disadvantage is that
dressings are required over several weeks, or even
months, before epithelialization is complete. Exentera-
tion is a radical but important surgical procedure that
should be used in the cases described earlier prior to
metastatic spread. Patients with basal cell carcinomas
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FIGURE 20.4. Nodular type basal cell carcinoma with nests of tu-
mor cells with peripheral palisading. Note that some of the tumor
cells contain melanin pigment which on occasion may cause pig-
mentation of the tumor to be confused with melanoma. (Courtesy
of Dr. Alun Wang of New Orleans, Louisiana.)

FIGURE 20.5. An infiltrative basal cell carcinoma invading the or-
bit of the patient shown in Figure 20.3. There are infiltrating cords
of basal cell carcinoma (arrows) in a dense fibrous stroma. This pat-
tern is known as morpheaform histology.



invading the orbit tend to do well following exentera-
tion if the tumor is completely removed, since the le-
sion has little metastatic potential.20 An exenteration
may be necessary to totally eradicate the tumor and
preserve life. An excellent cosmetic result is possible
with a skillfully crafted, spectacle-mounted prosthesis.

POTENTIAL COMPLICATIONS

The mortality rate for exenterated BCCs in the series
of Günalp et al. was 8%.19

The clinician must determine whether there is
bony or periosteal involvement in all cases of orbital
invasion by eyelid malignancies; if present, radio-
therapy is generally inadvisable as primary treat-
ment.11 When bone involvement has occurred, the
bone and periorbita must be surgically removed adja-
cent to the bone to achieve clearance. An exentera-
tion may be necessary to totally eradicate the tumor
and preserve life (Figure 20.6).

The potential complications of bone removal in-
clude cerebrospinal fluid (CSF) leak, sinus fistulas,
meningitis, brain abscess, and osteomyelitis. The or-
bital surgeon should be prepared to manage the po-
tential complications in collaboration with an oto-
larygologist and/or a neurosurgeon. It is therefore
important to establish good working relationships
within those disciplines.11

Other treatment modalities may be offered to pa-
tients who refuse exenteration. Radiotherapy is a use-
ful palliative measure, although it is not to be rec-
ommended as an effective treatment because of the
significant recurrence rate.

Perineural spread, although more commonly re-
ported with squamous cell carcinoma, can also occur
in BCC. It appears to be more common in men with
recurrent tumors. Hanke21 recommends the Mohs tech-
nique as being the most likely to identify perineural in-
volvement because of horizontally cut frozen sections
that may be missed in vertically cut sections.21 Treat-
ment of BCC with perineural spread is difficult.

PROGNOSIS AND FOLLOW-UP

The surgeon should be alert to the possibility of per-
ineural spread. The patient may complain of symp-

toms prior to the onset of any visible recurrent lesion.
Lifelong follow-up should be maintained to detect re-
currences. Prognosis depends on the individual case,
the pathology, the clearance of the tumor and the ex-
tent of the disease. The chances of a successful out-
come depend strongly on an early diagnosis.

SQUAMOUS CELL CARCINOMA

Squamous cell carcinoma is the second most common
form of skin cancer. It represents approximately 9%
of all eyelid tumors but less than 2% of all eyelid ma-
lignancies.22,23 It tends to occur in fair-skinned indi-
viduals with a history of exposure to sunlight. The in-
cidence of SCC has risen over the past 30 years. The
annual incidence in the United States is approxi-
mately 105 cases per 100,000 persons. Australia has
the highest incidence of SCC in the world, with an
annual incidence of approximately 166 per 100,000.
The mechanism of UV-induced photocarcinogenesis
appears to involve the inactivation of the tumor sup-
pressor gene p53. It is a potentially fatal neoplasm that
can metastasize to regional lymph nodes and also ex-
hibit aggressive local spread. Other predisposing fac-
tors for the development of SCC are Bowen’s disease,
solar keratosis, keratoses resulting from arsenic, tar,
or irradiation,23 xeroderma pigmentosum, therapeutic
ultraviolet light treatments [e.g., psoralen ultraviolet
A range (PUVA)], fair skin, immunosuppression, and
chronic inflammation. SCC may arise from a precan-
cerous condition or de novo.

Clinical Features

SCC usually presents as an ulcerated lesion on an en-
crusted erythematous indurated and elevated base
(Figure 20.7). The tumor spreads locally into the der-
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FIGURE 20.7. An 84-year-old Caucasian male with a squamous cell
carcinoma of the upper lid that has invaded the orbit.

FIGURE 20.6. A 75-year-old female with a history of multiple ba-
sal cell carcinomas. She presented with an extensive basal cell car-
cinoma adherent to periosteum at the lateral canthal region. Treat-
ment consisted of exenteration with removal of bone.



mis and then invades deeper connective tissue, the
periorbita, and lacrimal passages. The tumor may
spread via the lymphatic glands to the submandibular
nodes and submaxillary nodes from the lower lid and
medial canthus and to the preauricular nodes if the
tumor is in the lateral canthus or upper lid.

SCC tends to have a more rapid course than BCC.
According to Duke-Elder, “left unattended, the entire
orbital region and major portion of the face are de-
stroyed in a fetid-smelling, ulcerating, fungating crater
which may eventually reach the cranial cavity.”24

SCC has the potential for perineural spread and may
gain access to the orbit via this modality.25

Differential Diagnosis

The differential diagnosis of SCC includes BCC, ker-
atoacanthoma, sebaceous gland carcinoma, amelan-
otic malignant melanoma, and metastases to the lid
and orbit.

Investigation

The same investigations are required as for BCC. Be-
cause SCC tends to metastasize, a careful examina-
tion of the appropriate lymph nodes should be per-
formed and a systemic examination carried out.
Perineural spread from SCC can be seen radiologically
as an increase in the size of the nerve or as a widen-
ing of neural foramina.

Histopathology

SCC may begin as actinic keratosis where there is
subtotal replacement of the epidermis by atypical
cells. However, the general stratification from basal
cells to the superficial epidermal layers is maintained.

SCC in situ, or intraepidermal SCC (e.g., Bowen’s
disease), occurs when the entire epidermis is replaced
by atypical and disorganized cells. This lesion may
arise from a preexisting precancerous lesion or de novo
and may lead to invasive SCC. The hallmark of inva-
sive SCC is invasion of the dermis.

Squamous cell carcinoma may be graded by the
number of differentiating cells, the degree of atypi-
cality of the cells, the depth of invasion, and the de-
gree of acantholysis. Extensive acantholysis is associ-
ated with a more favorable prognosis.26

Orbital Invasion

SCC may invade the dermis at different levels and by
traveling along various tissue planes—the periosteum,
embryonic fusion planes, nerve sheaths, lymphatic
vessels, and blood vessels—gain entry to the orbit.27

SCC has the potential to metastasize to regional
lymph nodes.16,24,28,29

SCC is responsible for approximately 10% of car-
cinomas involving the orbit,25 mainly as a result of
direct spread from surrounding tissues. Like orbital in-
vasion by BCC, invasion by SCC tends to result from
a delayed diagnosis, inadequate prior treatment with
incomplete surgical excision, previous irradiation, and
frequent recurrences. SCC may invade the orbit via
contiguity with eyelid tumors, the paranasal sinuses,
the conjunctiva, or the lacrimal sac (Figure 20.7). SCC
may also be metastatic.30

Orbital invasion may also be associated with in-
volvement of the orbital nerves, branches of the trigem-
inal and facial nerves, and cranial nerves.15,31 Indeed,
perineural spread and involvement may be the pre-
senting feature of orbital involvement. Patients may
present with pain, parasthesias, decreased or altered
sensation such as formication, complete ptosis, and
ophthalmoplegia prior to any proptosis, facial weak-
ness, diplopia, or progressive cranial nerve palsies.31

Pain, complete ptosis, and ophthalmoplegia (i.e.,
the orbital apex syndrome, or superior orbital fissure
syndrome) indicate that the disease process has
reached an advanced state of spread into the orbital
apex and cavernous sinus.

Perineural Spread

Pathologists disagree about the precise definition of
perineural spread, but Veness and Biankin recommend
the following criteria: unequivocal tumor cells must
exist within the perineurium; as long as tumor cells
are present, they need not encircle the nerve.15 The
location of the nerve in relation to the tumor is not
relevant.

Perineural invasion of orbital nerves may also pro-
vide a route for intracranial extension. Numbness in
the distribution of the nerve is thought to be pathog-
nomonic of perineural involvement; sensory symp-
toms may precede the clinical recognition of the tu-
mor, particularly in recurrent tumors.32

Perineural spread is an important mode of entry of
tumor cells into the orbit. Orbital invasion occurs via
direct spread, through hematologic and lymphatic
routes and via perineural invasion (Figure 20.8). Per-
ineural spread represents a form of metastatic spread
in an aggressive tumor. It occurs commonly in SCC
(Figure 20.8) but may also occur in BCC, sebaceous
gland carcinoma, and malignant melanoma. When it
occurs, it should be interpreted as a poor prognostic
sign, and the clinician should strongly consider adju-
vant therapy in addition to aggressive surgery. It
mostly involves superficial branches of the trigeminal
and facial nerves. The involvement of cranial nerves
may provide access to the cranial cavity.

Spread is usually antegrade (i.e., toward the central
nervous system) but may also be retrograde upon
reaching a junction point such as the trigeminal gan-
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glion.32 In a review of the literature, the incidence of
perineural spread in SCCs was reported to vary be-
tween 3.7 and 24%.15 In cases of perineural invasion
by SCC, Cottel reported the presence of skip areas of
involvement. These are areas in the nerve that appear
to be free of tumor, but microscopic analysis using the
Mohs technique reveals tumor present in the proxi-
mal part of the nerve.33 There may be an associated
inflammatory response around the nerve; such areas
should be resected until normal tissue is found.21,33

Management

Complete surgical excision under frozen section con-
trol remains the recommended treatment for SCC of
the eyelids invading the orbit. Mohs surgery has been
advocated by some as adequate treatment if the dis-
ease is in the early stages, but this technique may miss
“skip lesions” occurring at significant distances from
the presenting SCC. Some surgeons who use the Mohs
technique use adjuvant radiotherapy even if the mar-
gins are clear.

When perineural spread has extended to the base
of the skull, the orbital apex, or the cavernous sinus,
the prognosis is extremely guarded. Radical surgery
should be attempted only after consultation with the
patient and clinicians from other disciplines and then
only if negative margins are possible with an accept-
able outcome. Radiotherapy plays a role when the
margins are not clear in cases of advanced disease:
doses greater than 50 Gy to the involved orbit and cav-
ernous sinus should be given.34

Potential Complications

SCC has the potential to metastasize and exhibit per-
ineural spread. It is the most common secondary ep-
ithelial malignancy in the orbit.23

Prognosis and Follow-up

The mortality rate of SCC of the eyelid is up to 40%
in some series.19,29 Metastases from SCC occur in 2
to 6% of cases. Approximately 2500 patients with
SCC die annually in the United States. Most patients
with SCC invading the orbit require exenteration. Per-
ineural spread is associated with a poor prognosis,20,25

depending upon such factors as histological grade of
malignancy, delayed diagnosis, previous radiotherapy,
previous incomplete excision, and recurrences.

Follow-up for all patients is lifelong.
A delayed presentation and inadequate initial treat-

ment are probably the most important factors con-
tributing to orbital invasion by periocular tumors.19

SEBACEOUS GLAND CARCINOMA

Sebaceous gland carcinoma is a relatively rare eyelid
tumor that arises from the meibomian glands, the
glands of Zeis, or from sebaceous glands in the eye-
brow or caruncle.

In Caucasian populations, SGC accounts for up to
6% of all malignant eyelid tumors.35 It mainly affects
patients in the sixth to seventh decades. SGC is more
common in the upper lid than the lower lid, probably
because there are more meibomian glands in the up-
per lid.36

Known as a masquerader, SGC may mimic appar-
ently benign conditions such as chronic blepharocon-
junctivitis or chalazion and be misdiagnosed for
months, or even years, resulting in a delay in diagno-
sis and treatment (Figure 20.9). SGC should be con-
sidered in any unilateral chronic inflammatory con-
dition of the eyelids. Patients who present with a
chronic inflammatory condition masking SGC often
exhibit pagetoid spread or conjunctival intraepithelial
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FIGURE 20.8. A 64-year-old Caucasian male had a squamous cell
carcinoma with orbital invasion. The patient, who presented with
a complete ptosis and orbital mass and pain in the distribution of
the supratrochlear nerve, required an exenteration. Image shows in-
traneural spread in the supratrochlear nerve at some distance from
the tumor mass (H&E, original magnification �122).

FIGURE 20.9. A 46-year-old male with a sebaceous gland carci-
noma invading the medial orbit. He had been treated for recurrent
chalazia for more than 2 years.



invasion.37 Bonuik and Zimmerman studied 88 pa-
tients with SGC: 15 exhibited orbital invasion, mainly
due to a delay in diagnosis.38 Direct orbital invasion
occurred in 19% of cases reported from the Armed
Forces Institute of Pathology.39

Clinical Features

SGC may present as an enlarging mass in the eyelid
or lid margin or as an orbital mass.38 It may mimic
chronic inflammatory conditions such as blepharo-
conjunctivitis or a chronic chalazion. In some cases,
it may present with a diffuse or nodular thickening of
the eyelids associated with loss of lashes, resulting
from neoplastic involvement of the hair follicles. Uni-
lateral papillary hypertrophy of the conjunctiva and
cicatricial changes in the conjunctiva may also be a
sign of SGC.

It may be impossible to determine the exact site
of origin of the SGC. Some tumors may appear to orig-
inate from both meibomian glands and the glands of
Zeis. Those originating from the glands of Zeis tend
to have a more favorable prognosis.

Risk Factors for Orbital Invasion

SGC tends toward orbital invasion and a poor prog-
nosis under any of the following conditions:

• Location in the upper lid or involving both lids
• Presence for longer than 6 months
• Multicentric origin
• Infiltrative histological pattern
• Moderate to poor sebaceous differentiation
• Evidence of intraepithelial carcinomatous change

in the conjunctiva, cornea, and/or epidermis of the
lid in association with an underlying sebaceous
carcinoma

SGC should be considered in any patient with a his-
tory of radiotherapy to the eye or ocular adnexae or in
a younger immunocompromised patient.

Differential Diagnosis

SGCs arising from the meibomian glands may mimic
a chronic chalazion.40 The clinician should suspect
SGC in any chronic chalazion or one with atypical
features (Figure 20.9). Chronic blepharoconjunctivitis,
papillary hypertrophy, or cicatricial changes in the
conjunctiva may all be signs of SGC. Intraepithelial
disease may present as a chronic inflammatory con-
dition. BCC, SCC, and amelanotic melanoma should
also be considered in the differential diagnosis. BCCs,
especially those with sebaceous differentiation, may
be mistaken for SGCs. SCC and amelanotic melanoma
should also be considered.

Investigation

If a SGC is suspected, the clinician must alert the
pathologist prior to the processing of the biopsy sam-
ple so an Oil Red-O stain can be performed. This re-
mains the gold standard in the diagnosis of this con-
dition. Imaging is essential whenever orbital invasion
is suspected.

Histopathology

SGC can be classified according to the site of origin,
the degree of differentiation, the histopathologic pat-
tern, infiltrative tendency, and the presence of page-
toid spread and/or carcinoma in situ spread in the ep-
ithelia of the conjunctiva, cornea, and/or skin of the
lid.

SGC may be well differentiated, moderately dif-
ferentiated, or poorly differentiated.

Well-differentiated tumors contain neoplastic
cells that exhibit sebaceous differentiation.The cells
have an abundant foamy or frothy, finely vacuolated
cytoplasm. The nuclei are placed centrally or slightly
displaced toward the periphery. The regions of seba-
ceous differentiation are seen toward the center of the
tumor lobules.

Moderately differentiated tumors have fewer areas
of highly differentiated sebaceous cells. Most of the
tumor consists of neoplastic cells with hyperchro-
matic nuclei and prominent nucleoli and much ba-
sophilic cytoplasm.

Poorly differentiated tumors have cells with pleo-
morphic nuclei, prominent nucleoli, and scant cyto-
plasm. There is increased mitotic activity with atyp-
ical and often bizarre mitoses, in which the diagnosis
is equivocal. A lipid stain such as the Oil Red-O stain
is very helpful in determining the definitive diagno-
sis. The degree of differentiation correlates highly with
prognosis, poorly differentiated tumors having the
worse prognosis.

There are four types of histopathologic pattern, al-
though there is no significant correlation with prog-
nosis:

• Lobular, in which the neoplastic cells form well-
delineated lobules of varying sizes

• Comedocarcinoma, in which the tumor lobules are
of varying sizes and are characterized by a promi-
nent central necrotic area where the cells stain for
lipid

• Papillary, in which tumors have papillary projec-
tions of neoplastic cells mainly on the conjuncti-
val surface

• Combined patterns, involving tumors with a com-
bination of lobular and comedocarcinoma-like ar-
eas or a papillary pattern associated with either
comedocarcinoma or lobular patterns
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Infiltrative Features

Tumors can be classified according to the presence of
minimal, moderate, or high infiltration. The degree of
infiltration correlates significantly with prognosis
and, indeed, mortality. Moderate and highly infiltra-
tive tumors are associated with an increased mortal-
ity.39 Highly infiltrating tumors have cords of tumor
cells forming single rows of cells arranged in single
file.

Intraepithelial Carcinoma

There are two types of intraepithelial carcinomatous
change: pagetoid appearance and Bowenoid appear-
ance. Tumors may display either or both of these
changes.

Pagetoid spread resembles the intraepithelial
spread of ductal carcinoma into the surrounding 
areolar and skin (as in Paget’s disease of the breast).
Pagetoid cells have abundant pale cytoplasm with hy-
perchromatic nuclei and are seen in squamous ep-
ithelium in small clusters of cells or singly among the
surrounding nonneoplastic epithelial cells.

Bowenoid spread refers to diffuse spread and re-
placement of the entire surface epithelium by neo-
plastic cells, resembling Bowen’s disease of the skin.
Bowenoid changes are also characterized by focal or
diffuse proliferation of large pleomorphic, hyperchro-
matic cells with mitotic activity replacing the normal
cells of the epithelium.

These epithelial changes are typically seen in tu-
mors that are moderately or highly infiltrative and
arise from either meibomian glands or the glands of
Zeis. There may be widespread intraepithelial disease
not associated with marked invasion; however, tu-
mors associated with intraepithelial carcinoma tend
to have a worse prognosis.39

Orbital Invasion

Tumors with moderate to high infiltrative growth pat-
terns tend to invade the orbit, lymphatic, and vascu-
lar channels—a development associated with a poor
prognosis. The incidence of orbital invasion by SGCs
is reported to be approximately 6%.41

Management

Surgery is the recommended treatment in SGC,36,39

and wide excision of the tumor with clear margins of-
fers a better prognosis than a simple excision.

Radiotherapy alone or prior to surgery is associated
with a mortality rate of 78% and thus is not recom-
mended.39

In cases of SGC associated with orbital invasion,
excision of the tumor with exenteration of the orbit

is recommended. The mortality rate associated with
this group is 38%.39

Patients with evidence of metastases in the preau-
ricular or cervical regions may be treated with a com-
bination of radical surgery and radiation.39

Potential Complications

SGC is one of the most malignant eyelid tumors. It
has a recurrence rate of 32%, a rate of regional lymph
node metastases of 17%, and a mortality rate of 6%.41

Prognosis and Follow-up

SGC is a highly malignant and potentially lethal tu-
mor. There is a significant mortality when there is as-
sociated orbital invasion. Follow-up is lifelong.

MELANOMA

Melanoma of periocular skin is a relatively rare tumor
that accounts for approximately 1% of eyelid malig-
nancies and less than 1% of all skin melanomas.39

Melanoma may arise from the skin of the eyelid or
from the conjunctiva and extend in either direction.
Eyelid melanoma that involves the conjunctiva tends
to behave in a more aggressive manner than mela-
noma confined to the eyelid skin.42

There are three types of cutaneous melanoma, dif-
fering in behavior and prognosis. Melanoma of the
skin may arise from a Hutchinson’s melanotic freckle
or lentigo maligna, from an area of premalignant
melanosis or superficial spreading melanoma, or as a
nodular melanoma, which may arise from a preexist-
ing nevus or de novo. Cutaneous melanoma of the eye-
lid occurs almost exclusively in Caucasians. It is
thought that exposure to ultraviolet radiation plays a
role in the etiology of melanoma.

Clinical Features

Of the three types of melanoma, nodular melanoma
is the type most likely to be associated with orbital
invasion. Clark suggests a classification into three
types, based on clinical and histologic grounds43,44:

MELANOMA ARISING FROM HUTCHINSON’S
MELANOTIC FRECKLE OR LENTIGO MALIGNA

This type appears as an invasive nodule in an area of
macular pigmentation that is irregular in outline with
areas of irregular pigmentation. The lentigo maligna
can regress and advance. It is usually found in skin ex-
hibiting areas of solar degeneration, particularly in the
elderly. It may be present for years before an area of
invasive melanoma appears. Melanomas arising in
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Hutchison’s melanotic freckles tend to have a low
grade of malignancy. The lower lid and canthal areas
are commonly involved in lentigo maligna. When
dermal invasion occurs, the surface becomes irregu-
lar, the lesion becomes elevated and forms a dark
brown to black nodule. The incidence of malignant
transformation in lentigo maligna is thought to be 25
to 30%. There is a characteristic biphasic growth pat-
tern. The initial radial or horizontal, intraepithelial
growth phase may last from months to years and is
rarely associated with metastases. The vertical growth
phase, involving an invasion of the dermis, is associ-
ated with metastatic disease in 35 to 75% of cases.33

The clinician should suspect the vertical growth phase
when there is a clinical change in the lesion such as
a change in color or shape; surface changes such as
crusting, bleeding, or ulceration; erythema of the sur-
rounding skin; or new symptoms such as tenderness,
pain, or itching.

MELANOMA ARISING FROM AREAS OF PREMALIGNANT

MELANOSIS OR SUPERFICIAL SPREADING MELANOMA

This melanoma type usually presents in an area that
is more circumscribed than Hutchinson’s melanotic
freckle, indicating there has been invasion of the der-
mis. This usually occurs months rather than years af-
ter the onset. This lesion may occur in both sun-ex-
posed and unexposed skin and may occur on the
conjunctiva.

NODULAR MELANOMA

Nodular melanoma may arise from a preexisting junc-
tional nevus or it may arise de novo. Unexposed skin
is affected as well as exposed skin, and this type of
melanoma also occurs on mucosal membranes such
as the conjunctiva. The lesion appears as a palpable
blue-black or amelanotic nodule that rapidly increases
in size. Nodular melanoma is immediately invasive
and is most likely to be associated with orbital inva-
sion. There is a higher grade—usually grade 3—of mel-
anoma cells or anaplastic cells. Nodular melanoma
has a higher proportion of invasion into deeper tissues
and a less favourable prognosis than the other types
of melanoma.45

Melanoma is usually pigmented. However, it may
be nonpigmented or amelanotic, especially in recur-
rent tumors (Figure 20.10).

Risk Factors for Orbital Invasion

Melanoma is a potentially lethal tumor with a ten-
dency to invade local tissues such as the orbit and to
metastasize widely. Its growth occurs in a radial or
vertical pattern. A vertical growth pattern is regarded
as the most important negative prognostic factor in
the behavior of melanomas.46

Differential Diagnosis

Pigmented BCC may be confused with melanoma.47

SCC and SGC may be confused with an amelanotic
melanoma. Metastatic tumors to the eyelid and orbit
should also be considered in differential diagnosis.

A highly aggressive, but rare, variant of melanoma
is the clinicopathologic entity of desmoplastic malig-
nant melanoma, which may invade the orbit. It is
sometimes confused clinically with a recurrent cha-
lazion.48

Investigation

Imaging of the orbit with CT scan or MRI is essential.
Patients with orbital invasion from melanoma should
also be screened systemically because of the high in-
cidence of distant metastases. The patient should be
referred to a melanoma unit for a thorough workup.

Sentinel lymph node mapping with scintillography
and subsequent selective lymphadenectomy may be
useful in determining lymphatic spread and subse-
quent treatment.49

Histopathology

Melanoma can be classified according to morphology,
morphologic depth of invasion according to the
Clark–McGovern classification, measurement of the
depth of invasion according to Breslow’s scheme, the
presence of pigmentation, and the mitotic index.50 All
cutaneous melanomas develop initially from a neo-
plastic transformation of intraepidermal melanocytes.
There is an initial horizontal proliferation of melano-
cytes followed by an invasive vertical growth.

Histopathologically, lentigo maligna consists of
diffuse hyperplasia of atypical, pleomorphic melano-
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FIGURE 20.10. A 32-year-old pregnant Asian female with a 12 mm
nodular amelanotic melanoma. The patient presented with a 2-
month history, and the lesion was widely resected with clear mar-
gins. Two years later, the patient re-presented with a mass in the
inferior fornix extending into the nasolacrimal duct.



cytes throughout the basal cell layer of the epidermis
and extending into the outer sheaths of the piloseba-
ceous structures. The invading melanoma cells may
have fascicles of spindle-shaped cells.

Superficial spreading melanoma consists of atypi-
cal melanocytes exhibiting pagetoid features. The
cells are found at all layers of the epidermis. In the in-
vasive vertical growth phase, the malignant mela-
noma cells vary in size and shape and may appear ep-
ithelioid, spindle shaped, or nevus-like; mixtures of
cell types also are seen.

Nodular melanoma appears microscopically as
large anaplastic epithelioid cells with evidence of der-
mal invasion even at the outset. This type of mela-
noma grows rapidly and has a more extensive depth
of invasion than the other types of malignant mela-
noma. It is the most likely to cause orbital invasion.

Five levels of melanoma growth are identified44,51:

I. Tumor is entirely epidermal.
II. Tumor reaches into the papillary dermis.
III. Tumor fills the papillary dermis and impinges on

the reticular dermis without invading it.
IV. Tumor invades the reticular dermis.
V. Tumor invades the subcutaneous fat.

Management

Primary treatment should be surgical with wide local
excision of the tumor. The exact nature of the surgery
depends on the individual case: the type of melanoma,
Clark level, the thickness of the tumor, the stage of
the disease, and the extent of orbital invasion. Com-
plete excision with wide margins is recommended, de-
pending on the depth of the lesion and its proximity
to vital structures.52,53

Most cases of melanoma invading the orbit require
exenteration.

If there is evidence of regional lymph node metas-
tasis, parotidectomy or neck dissection and/or adju-
vant chemotherapy or external beam radiotherapy is
recommended.

Prognosis and Follow-up

Melanoma has a guarded prognosis. Two-thirds of
deaths from skin cancers are due to the spread of mel-
anoma. One of the most important factors affecting
survival rates is the depth of invasion of the tumor.
Breslow found that lesions measuring 0.76 mm or less
histopathologically were associated with a 5-year sur-
vival rate of 100%.54 In comparison, later workers re-
ported a survival rate of only 50 to 60% for patients
with tumors having a depth of more than 1.5 mm.55

Tumor thickness has been shown to be the most
significant factor in the prognosis of melanoma. Tah-
ery et al. found that cutaneous tumors involving the

lid margin have a worse prognosis than those not in-
volving the lid margin or conjunctiva and that mela-
nomas of mucous membranes are more aggressive
than cutaneous melanomas.56

A thickness occurring at Clark level IV or greater,
or at a Breslow thickness greater than 1.5 mm, indi-
cates a poor prognosis for eyelid melanoma.

THE SYDNEY EYE 
HOSPITAL EXPERIENCE

In a retrospective study of periocular skin tumors at
the Sydney Eye Hospital (1990–2000), 399 patients
with malignant skin tumors were identified. Tumors
included BCC, SCC, SGC, melanoma, neurofibromas,
and undifferentiated tumors. Eight percent (32 cases)
had evidence of orbital invasion; 5% required exen-
teration. Twenty-one of the 32 invasive cases were
BCCs, the remainder comprising 6 cases of SCC, 3
SGCs and 2 melanomas.

An unpublished 1987 study of skin tumors by Dr.
Peter Rogers at Sydney Eye Hospital yielded 872 cases
of malignant eyelid tumors. Ninety-two percent were
BCCs, 5% were SCCs, 3% were melanomas, and 2%
were meibomian gland carcinomas.

CONCLUSIONS

The most significant factor in the causes of orbital in-
vasion by periocular cutaneous malignancy is delayed di-
agnosis, with inadequate initial treatment. Periocular
skin cancers may gain access to the orbit via direct
spread, vascular or lymphatic spread, or perineural
spread. Treatment should therefore be aimed at preven-
tion of spread by early diagnosis, aggressive surgery with
total tumor clearance, and adjuvant therapy as required.
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Conjunctival Tumors
Zeynel A. Karcioglu

Although the conjunctiva can harbor many pri-
mary and secondary neoplasms (Table 21.1),
the two most significant tumors that may ex-

tend into the orbit are squamous cell carcinoma (SCC)
and melanoma.1 Therefore, only these tumors are dis-
cussed in detail in this chapter.

SQUAMOUS CELL CARCINOMA

Clinical Features

The bulbar conjunctiva, particularly the limbus, is the
frequent site for the occurrence of slow-growing,
dyskeratotic epithelial proliferations. Similar to ep-
ithelial neoplasms elsewhere in the body, conjuncti-
val tumors evolve through morphologic stages of dys-
plasia and carcinoma in situ to the invasive stage.
Most of the conjunctival epitheliomas show histologic
changes analogous to actinic solar keratosis of skin
and follow a benign course early in their development.
However, the degree of dysplasia in these lesions can-
not be determined by clinical examination, therefore,
it is absolutely necessary that biopsy samples be ob-
tained and examined histopathologically. The inci-
dence varies from 0.02 to 3.5 per 100,000 population
depending on the geographic location.2,3 SCC of the
conjunctiva is predominantly a disease of the elderly
that occurs most commonly during the sixth and sev-
enth decades of life. However, it is reported to occur
at a much younger age in patients with xeroderma pig-
mentosum.4 Although the exact incidence of SCC in
children is not known, it has been reported in indi-
viduals as young as 4 years old.5 It has been recently
recognized that SCC of the conjunctiva not only oc-
curs more frequently in individuals who are im-
munosuppressed, but also develops at a younger age
and behaves more aggressively (see Chapter 3).6,7

SCC of the conjunctiva usually presents as an el-
evated pinkish-gray lesion with a pearly or gelatinous
appearance and surrounding feeding vessels (Figure
21.1).8.9 The most common presenting symptoms of
these interpalpebral/limbal lesions are redness and ir-
ritation of the eye with or without foreign body sen-
sation. Although most lesions begin as a localized
mass formation,3 atypical presentations of SCC as a

diffuse growth or a masquerade lesion mimicking scle-
ral keratitis or scleromalacia have also been re-
ported.10 Atypical cases may show extensive invasion
because of delayed treatment.

Conjunctival and invasive SCC is considered to be
a low-grade malignancy that is locally invasive but
rarely presents with distant metastases. When the
neoplasm breaks through the basement membrane of
the conjunctival epithelium and invades the subep-
ithelial tissues and episclera, it behaves in a locally
aggressive fashion.11 Although these are slowly grow-
ing tumors, under certain conditions they are known
to extend into the underlying structures, including the
globe and the orbit.10–15

Although less frequently, SCC may originate from
the tarsal conjunctiva as solitary or multifocal, slightly
elevated, placoid tumors. These lesions clinically pre-
sent as rough, irregular plaques with or without leuko-
plakic changes on the surface. Later, the lesions may
grow into papillary masses or nodules. The SCC of the
bulbar conjunctiva extends toward either eyelids, or-
bit, or into the globe (Figure 21.2). When the tarsal
conjunctiva and the underlying lid layers are involved,
the behavior of the tumors is similar to that of eyelid
skin SCC involving the lymph and blood vessels and
nerve sheaths (Figure 21.3) (see Chapter 20). These le-
sions may reach a significant size, and even in mod-
erate sizes they develop easy access into the substance
of the eyelid and into the orbit. Traditionally, SCC of
the conjunctiva has been considered to be a low-grade
malignancy accounted for about 5 to 7% of secondary
orbital tumors.16 But recently higher incidences have
been reported. Conjunctival SCC comprised approxi-
mately 25% of secondary orbital tumors in an exten-
sive study.17 Although the initial site of tumor origin
(bulbar vs tarsal conjunctiva) was not specified in this
series, orbital invasion is considered to occur more of-
ten in tarsal tumors. The occurrence of orbital inva-
sion has been approximately 10% in other series.18

SCC of the Lacrimal Drainage System

Malignant epithelial tumors of the lacrimal drainage
system (LDS) outnumber the benign ones 3 to 1, and
the majority of these tumors are SCCs.19 In the LDS,
SCC extends into the orbit early because of the thin
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walls of the lacrimal passages. Fortunately, SCC of the
LDS is not common. If these tumors can be recognized
early and excised with clear surgical margins, the prog-
nosis is good. Because of early extension into the or-
bital soft tissues, however, the recurrence rate is
high.19 A detailed discussion of these tumors is in
Chapter 19.

One unique type of the LDS tumor is the inverted
papilloma, which is in essence a benign papillary hy-
perplasia that may behave clinically in an aggressive,

recurrent fashion. The name inverted stems from its
histopathologic structure, which consists of epithelial
papillary proliferations inverting into the underlying
stroma instead of an exophytic proliferation, which is
characteristic of papillomas in general. Another dis-
tinctive feature of this tumor is the presence of nu-
merous, small mucin-containing cysts throughout the
epithelial component of the tumor. This characteristic
can be best demonstrated with mucicarmine stain.20

Although most of these tumors originating in the
conjunctiva behave as benign proliferations, approxi-
mately 40% of LDS inverted papillomas are known to
develop malignant transformation ranging from dys-
plasia to invasive SCC.21 Even the histopathologically
benign inverted papillomas are known to recur fre-
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TABLE 21.1. Primary and Secondary Tumors and Pseudotumors
of the Conjunctiva.

Dermoids/Choristomas
Benign epithelial Papilloma

tumors Inverted papilloma
Dacryoadenoma

Malignant epithelial Squamous cell carcinoma-in-situ
tumors Invasive squamous cell carcinoma

Benign mesenchymal Vascular hamartoma (mixed 
tumors vascular elements)

Hemangioma
Lymphangioma
Varix
Hemangiopericytoma (benign or 

malignant)
Fibrous histiocytoma (benign or 

malignant)
Benign fibromatoses
non–Langerhans cell histiocytoses

(juvenile xanthogranuloma)
Myxoma, fibromyxoma, lipoma
Peripheral nerve tumors 

(neurofibromatosis)
Schwannoma, granular cell tumor
Leiomyoma

Malignant mesenchymal Angiosarcoma
tumors Hemangiopericytoma (benign or 

malignant)
Fibrous histiocytoma (benign or 

malignant)
Kaposis sarcoma
Malignant fibromatoses
Langerhans cell histiocytoses 

(histiocytoses X)
Malignant schwannoma
Alveolar soft part sarcoma
Leiomyosarcoma

Melanocytic tumors Nevus
Melanosis
Melanoma

Lymphoproliferative Lymphoid hyperplasia
tumors Lymphoma

Leukemia (granulocytic sarcoma)
Secondary and From eyelid tumors (sebaceous 

metastatic tumors gland carcinoma, basal cell 
carcinoma, squamous cell 
carcinoma

From distant organs (breast, 
kidney, etc.)

Pseudotumors Inclusion cysts
Masses secondary to foreign bodies
Inflammatory mass lesions
Amyloidosis
Ligneous conjunctivitis
Subconjunctival hematoma 

(hematic cyst)

FIGURE 21.1. A nodular squamous cell carcinoma of bulbar con-
junctiva.

FIGURE 21.2. Extension of squamous cell carcinoma of conjunc-
tiva into the eyelid and orbital tissues.



quently and have been reported to invade the orbit af-
ter several recurrences (Figure 21.4).22 These tumors
are difficult to cure surgically because of their infil-
trating mode of invasion and scarring.

Variations Based on Histology

Since all SCCs arise from the keratinocyte, they all
display the same histopathologic appearance, whether
originating in skin or other types of epithelium with
squamous metaplasia potential such as the conjunctiva.
In carcinoma in situ, the full thickness of the epithe-
lium/epidermis is involved with disorderly prolifera-
tion of squamous cells (keratinocytes) with cytologic
maturation. Instead, the SCC cells form sheaths of
atypical, dyskeratotic groups with a scattered mitosis
at all levels of the epithelium. Once the basement
membrane has been violated and the tumor goes into
the subepithelial/subepidermal layers, it is known as
invasive SCC.23 Downward growth of the neoplasm
consists of irregular nests of neoplastic cells extend-
ing into the underlying tissues. Invading tumor cells
are composed in varying proportions of normal-
appearing and atypical squamous cells showing vary-
ing degrees of pleomorphism. The SCC may be well
differentiated with keratinization horn pearls (charac-
teristic structures composed of concentric layers of
squamous cells showing gradually increasing kera-
tinization toward the center), and intercellular bridges
(desmosomes). As the tumor becomes less differenti-
ated, these features are lost and atypical cells and mi-
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FIGURE 21.3. (A) Perineural invasion leading to the extension of
squamous cell carcinoma (CC) into the orbit (B) (arrow: nerve).

FIGURE 21.4. (A) Inverted 
papilloma of LDS originating from
lacrimal sac as a primary lesion. 
(B) Secondary invasion of the orbit
by inverted papilloma 20 years 
after its removal from the nasal
cavity.

A

B



totic figures increase. Poorly differentiated tumors ex-
hibit minimal keratinization, and their keratocyte ori-
gin may be difficult to identify histopathologically.
Immunohistochemistry for cytokeratin B is an in-
valuable technique to identify the cell of origin of
these poorly differentiated tumors.24 Histopathologic
types of conjunctival SCC, including spindle cell car-
cinoma,25 mucoepidermoid carcinoma,26,27 and ade-
noid squamous carcinoma (ASC),28 are the best-
known varieties. The histopathologic patterns of these
tumors, which are composed of cells of different types,
appear to influence the clinical course and the prog-
nosis of the patient. Spindle cell carcinoma behaves
in a rather aggressive fashion, with recurrences and
invasion of the globe.25

Mucodepidermoid carcinoma is composed of a mix-
ture of malignant keratinocytes and cells that secrete
mucus containing acid mucopolysaccharides (Figure
21.5). These tumors behave in a more aggressive fash-
ion than the conventional SCC, with a tendency to re-
cur and invade ocular and orbital structures.27 Most of
the mucoepidermoid carcinomas originate in the bul-
bar conjunctiva, close to the limbus, and appear to look
flashier and less keratinized than the conventional
SCC. Recurrent lesions have a tendency to extend into
the globe and orbit and metastasize.

The ASC of the conjunctiva is made of islands of
malignant keratinocytes, which present in a pseudo-
glandular pattern and show extracellular Alcian blue
positivity. Studies with transmission electron mi-
croscopy documented that ASC of the conjunctiva is
different from the mucoepidermoid type.29 ASC of the
conjunctiva, like its cutaneous and oral counterparts,
appears to have a worse prognosis than conventional
SCC.30

Management and Prognosis

The management of superficial disease (carcinoma in
situ and/or superficial invasive SCC) includes surgi-
cal excision of the lesion with lamellar scleral kera-
toconjunctivectomy and cryotherapy (Figure 21.6).31,32

Mauriello et al. also advocate the “microscopically
controlled excision” technique of ASC; in this tech-
nique the lesion is resected with a no. 69 Beaver blade,
and the margins of excision are treated with absolute
alcohol to devitalize any residual tumor cells.29 If the
possibility of the existence of tumor cells cannot be
ruled out at the deep margin, cryotherapy with a
freeze–thaw–refreeze technique is advised.

Although other treatments, including brachyther-
apy, external beam radiation therapy (EBRT), and im-
munotherapy with dinitrochlorobenzene have been
used, most of these methodologies do not offer a good
prognosis. Currently, topical chemotherapy with mi-
tomycin C and 5-fluorouracil has reportedly achieved
good results in superficial cases.33,34 No matter what

other therapeutic modality is coemployed, an initial
attempt should be made for complete surgical removal
of the tumor with free margins. This is best accom-
plished under frozen or permanent section monitor-
ing.35,36 Once the ocular and orbital extension of the
SCC occurs, the treatment is enucleation and exen-
teration, respectively, with or without postoperative
EBRT. Detailed preoperative imaging studies with CT
and MRI are needed to determine the extent of tumor;
both procedures should be performed under frozen sec-
tion control to ensure tumor-free margins.

2 4 8 P A R T F O U R : S E C O N D A R Y T U M O R S O F T H E A D U L T O R B I T

FIGURE 21.5. Mucoepidermoid carcinoma of the limbus (A) that
recurred 9 months after excision (B). Center: Histopathology reveals
nests of invading malignant squamous cells intermixed with vac-
uolated tumor cells containing mucin material as depicted with
mucicarmine stain (arrow).



The biological behavior of SCC has been tradition-
ally based on Broders’s histopathologic grading system,
which divides the tumors into grades based on the pro-
portion of differentiated cells within a given SCC.37 The
premise of Broders’s classification is that the more
poorly differentiated the tumor, the more likely it is to
invade aggressively, metastasize, and recur locally fol-
lowing treatment.38 In reality, the prognosis of a given
SCC is dependent on many other factors, including the
site of origin and inciting cause (e.g., tumors originat-
ing from solar keratosis behave less aggressively than
lesions that arise de novo).39 SCCs originating from tis-
sues scarred by ionizing radiation, heat, and/or chemi-
cal burns behave more aggressively.40,41

Other histologic features related to poor prognosis
are the size of a given tumor and depth of its invasion.
These two parameters should be taken into account rel-
ative to where SCC is located and the type of epithe-
lium that it originates from. For example, a tumor mea-
suring 1 cm in diameter may not be considered to be
very deep if it is originating from the skin; on the other
hand, an SCC of the same size, having ready access to
the underlying vascular channels and is located in the
conjunctiva, may be considered to be deeply invasive.

As our knowledge of oncogenesis expands, other risk
factors are added to the histopathologic parameters just
listed. Hereditary syndromes of certain types, such as
xeroderma pigmentosum, albinism, epidermodysplasia
verruciformis, have been associated with an increased
incidence of cutaneous and conjunctival SCC. Other
risk factors, including ultraviolet radiation,42,43 onco-
genes such as the gene for p53 (Figure 21.7),44–46 human
papilloma virus (HPV),47,48 immunosuppression, and
particularly acquired immunodeficiency syndrome
(AIDS)49,50 should be taken into account when one
manages these patients (see Chapter 3).

CONJUNCTIVAL MELANOMA

Clinical Features

Conjunctival melanoma is a rare but aggressive ocular
tumor that originates from melanocytes.51–54 It is esti-
mated that about 20% of conjunctival melanomas arise
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FIGURE 21.6. Treatment of the squamous
cell carcinoma of conjunctiva and limbus:
(A) Pretreatment appearance of a bulbar 
conjunctival tumor with extensive 
involvement into the limbus. (B) Lamellar
dissection of the tumor at the limbus. 
(C) Cryotherapy of the tumor at the limbus.
(D) Appearance of the eye approximately 9
weeks after surgery.

FIGURE 21.7. Squamous cell carcinoma of the conjunctiva stained
with anti-p53 antibody: (A) in situ (A) and (B) in the invasive state.



from preexisting nevi, another 70% develop from pri-
mary acquired melanosis, and the rest are considered
to develop de novo with no evident preexisting
melanocytic lesion.52 All three groups originate from
dendritic melanocytes, the basal layer of the conjunc-
tival epithelium.53 Conjunctival nevi are not uncom-
mon in children; about 50% of all nevi are encountered
by the age of 20. The melanomatous transformation in
the pediatric age group, however, is very rare.55

Variations Based on Histopathology

MELANOSIS

Generally speaking, melanosis refers to excessive
melanocytic pigmentation occurring either as an ep-
ithelial or subepithelial lesion.56 It is crucial to deter-
mine whether the melanosis has developed as a con-
genital or an acquired lesion.

Congenital melanosis typically presents at birth as
grayish-blue subepithelial lesions that do not become
malignant. Two main types exist: lesions in which
only the globe is affected (ocular melanosis) and le-
sions in which ocular melanosis is accompanied by ip-
silateral dermal melanosis of periorbital skin (oculo-
dermal melanosis or nevus of Ota). Both forms appear
clinically as slate-blue areas of episcleral pigmenta-
tion that may increase in size during the first few
decades of life. By moving the conjunctiva over the
pigmented area on slit lamp examination, one can best
appreciate the depth of these lesions. In contrast, in-
traepithelial forms of melanosis are yellow-brown to
brown-black. Oculodermal melanosis is more com-
mon in Asians and blacks, while ocular melanosis oc-
curs more often in Caucasians.

Primary acquired melanosis (PAM) may be due to
simple hyperplasia of melanocytes in the basal ep-
ithelial layer or to atypical melanocytic hyperplasia.
The latter form is considered a precursor of malignant
acquired melanosis. Clinically, these lesions are uni-
lateral, tannish-brown or black, flat, localized or
patchy tumors occurring in the later decades of life.
Often, the pigmentation in one area of the conjunc-
tiva disappears spontaneously and simultaneously
with the development of new lesions in an adjacent
zone. Clinical experience tells us that about one-third
of these lesions may eventually become melanomas,
but the process is slow, usually taking several decades.

Malignant acquired melanosis refers to develop-
ment of melanoma within a preexisting PAM. These
tumors appear as darkly pigmented, thickened areas
arising within preexisting flat lesions, often with nod-
ules and inflammation. Because the precursor lesions
are multicentric, melanoma may appear in several ar-
eas at once, or it may develop stepwise. Thus, it is es-
sential to examine the entire conjunctiva carefully, in-
cluding upper and lower fornices. These lesions may
remain superficially invasive for a long time, with or-

bital extension and metastasis to regional lymph
nodes occurring only in the late stages.

NEVUS

The nevus is the most frequently encountered as a
melanocytic growth of the conjunctiva; approximately
30% of these lesions are detected before puberty and
90% by age 30.56 Depending on the histopathologic lo-
cation of melanocytic proliferation, nevi are classified
as junctional (proliferation at the epithelial–subep-
ithelial interface), subepithelial (proliferation with
subepithelial tissues), or compound (both junctional
and subepithelial proliferation). Most conjunctival
nevi are compound or subepithelial.

Nevi are often located on the bulbar conjunctiva
within the interpalpebral fissure. Those at the limbus
tend to be flat and may extend onto the cornea, while
those in the other zones of the bulbar conjunctiva, par-
ticularly on the plica and caruncle, appear more bulky
and elevated. Approximately 30% of nevi are salmon
colored rather than dark-brown–black; pigmentation
may increase during pubery and pregnancy and with
other hormonal stimuli.

On slit lamp examination, small cystic structures
are seen within the subepithelial matrix of the lesion.
These represent epithelial inclusion cysts lined with
conjunctival epithelium and mucus-producing goblet
cells (Figure 21.8). As these inclusions gather secre-
tions and grow, they may give the impression of le-
sional transformation into malignancy. The nevus
may also exhibit secondary inflammation with sub-
sequent increase in size and vascularity. In many
cases, these changes are accompanied by pigmentary
alterations, which again may suggest malignant trans-
formation. Although these changes are known to oc-
cur during hormonally active periods, it is advisable
to perform a biopsy to sample the changing lesion. The
follow-up of the nevi is best done with serial slit lamp
photographs. It is advisable to see these patients every
3, 6, and 12 months initially; if the lesion proves to
be stable, the patient may be seen once a year from
there on.

MELANOMA

Conjunctival melanomas are uncommon ocular neo-
plasms with an estimated incidence of 5 cases per mil-
lion persons.52 The incidence of melanoma in general
is much lower in the nonwhite population.57 Con-
junctival melanoma as well is seen extremely rarely
in the black population. In the series of Grossniklaus
et al., the black-to-white ratio was given as 1:13.6.58,59

Melanoma of the conjunctiva, like melanoma of the
skin, has a predilection for non-sun-exposed areas (e.g.,
palms, soles of the feet, fornices in the conjunctiva).60

The rapid growth, high vascularity, spontaneous
bleeding, and fixation to underlying tissues of mela-
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nomas differentiates them clinically from nevi. Any
long-standing conjunctival nevus that suddenly
changes its size, color, or appearance should be excised
for histopathologic examination, with margins of the
excised specimen specifically marked for proper ori-
entation. This can be very useful for surgical planning
if involved margins necessitate the further removal of
additional tissue.

Melanomas are said to arise de novo when there is
no clinical or histologic evidence of a precursor lesion
within the epithelium adjacent to the tumor. The
terms nodular melanoma (borrowed from dermato-
logic literature) and de novo melanoma are often used
synonymously.

Clinically, the de novo melanoma develops as a
tumor mass with increased pigmentation, surrounded
by mild inflammation and prominent blood vessels.
The growth rate of melanoma is quite variable. In early
stages, these lesions are not deeply invasive into the
underlying tissues, and surgical excision is easy (Fig-
ure 21.9). As they grow, however, they may become
fixated to underlying structures and eventually invade
the LDS, globe and/or orbit (Figures 21.10, 21.11, and
21.12). An extrascleral extension of a choroidal mela-
noma may take the form of an epibulbar pigmented
tumor mass; this should not be confused with con-
junctival melanoma (Figure 21.13). If there is any sus-
picion that a deeply located pigmented lesion repre-
sents an extrascleral extension of a ciliary body tumor,
an echographic examination with A and B scans
and/or MRI should be done immediately.

MANAGEMENT AND PROGNOSIS

The current management of early conjunctival mela-
noma is surgical excision under frozen section control
followed by alcohol epitheliectomy and cryotherapy to
the margins of excision. Cryotherapy, which is usually
applied as a double freeze–thaw technique to the exci-
sion margins of the lesion, has proven value for local
tumor control, but does not seem to change the inci-
dence of metastatic disease.61 The cryotherapy should
preferably be done to the excision margins of the con-
junctiva; this application does not cause significant ad-
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FIGURE 21.8. Nevi mas-
querading as melanoma 
because of clinical 
enlargement of the lesion. (A,B)
Multicolored, dome-shaped 
bulbar nevus (N) appears to be
enlarging because of the 
lymphangiectasis (L) with
lymph/stasis developing under
the lesion (B). (C,E) 
Enlargement of cystic nevus
(N) secondary to the 
distension of the cystic 
structures (C, D).

FIGURE 21.9. Melanocytic lesion at the caruncle. Although this
tumor was a nongrowing nevus for many years, when the patient
was about 45 years old, the lesion became thicker and darker. An
excisional biopsy revealed a conjunctival melanoma, developing
within a nevus. Caruncular melanoma is known to have a worse
prognosis than melanoma originating from bulbar conjunctiva.



FIGURE 21.10. Large
conjunctival melanomas (M).
(A) Large nodular melanoma
originating from bulbar 
conjunctiva. Despite the size
of the lesion, surgical excision
alone successfully treated this
patient; no recurrence or any
other lesions had been identi-
fied in the conjunctiva many
years after excision. (Courtesy
of Dr. Delmar R. Caldwell,
New Orleans.) (B) Extensive
conjunctival melanoma 
involving the bulbar 
conjunctiva and cornea. Note
that the tumor is salmon 
colored (arrow) in parts and
very darkly pigmented in other
areas. Melanomas without 
pigmentation may be confused
with lymphoproliferative 
lesions of the conjunctiva. (C)
Diffuse, darkly pigmented 
melanoma originating from
primary acquired melanosis.
(D) Conjunctival melanoma 
originating from PAM 
extending into the 
subconjunctival, tarsal, and 
orbital soft tissues. The 
vascular spread can be seen in
periorbital cutaneous 
lymphatics, clinically (arrows).

FIGURE 21.11. Recurrent multifocal
conjunctival melanoma (M) documented
with multiple biopsies eventually 
developed a large LDS tumor contained
within the sac and nasolacrimal duct
(NLD). It was impossible to determine
whether the LDS tumor originated from
an independent focus in the lacrimal sac
epithelium or secondary to seeding from
conjunctival lesions. The tumor was 
excised, and postoperative radiation was
given; no recurrence of LDS was 
encountered (double arrows: surgical 
excision margin of NLD).
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verse effects. However, it should be sparingly applied
to the scleral base of the tumor because of the risk of
damage to the underlying ocular components.52 It is
believed that cryotherapy cures the clinically invisible
extent of the tumor because patients who are treated
with tumor excision alone have a higher recurrence
rate than those who are treated with the combination
of surgery and cryotherapy.31,61,62

Flat pigmented lesions that remain stable in size
and appearance can usually be safely checked at 6-
month intervals. Bulbar lesions are usually diagnosed
earlier and monitored easily with sequential slit lamp
examinations every 6 months. On the other hand, the
tumors that originate from tarsal conjunctiva, carun-
cle, and fornices are usually recognized late and have
a greater tendency to invade the orbit.63 If a tumor
changes its size, shape, thickness, or pigmentation pat-
tern, it should be subjected to biopsy or excised. If the
lesion is small enough, it should be entirely removed,
with generous margins (1–2 mm) as an excisional bi-
opsy. This biopsy sample is placed flat on a piece of
cardboard and its margins properly identified before it
is sent to the pathology laboratory. If one margin
shows tumor involvement and the others do not, ad-
ditional tissue may be excised from the involved mar-
gin, while healthy conjunctival tissue in other mar-

gins is preserved; hence the importance of margin ori-
entation. In large tumors, one can safely make an ini-
tial incisional biopsy to determine the nature of the
lesion. Biopsies should be performed on the thickest,
most irregular, and most pigmented parts of the mel-
anoma, with particular care not to crush or cauterize
the sample, especially if it is a small one.

In larger lesions, particularly those that are recur-
rent, the extent of surgical excision of the tumor is in-
dividualized. In general, the surgical approach should
employ wider and deeper excision for melanomas on
the surface of the eye. Enucleation or exenteration
should be considered for tumors with ocular or orbital
invasion.63 In patients with large tumors, the regional
lymph nodes should be sampled for staging purposes
(see Chapter 12).64

The management plan of conjunctival melanoma
and the time of implementation of different treatment
modalities depend on the clinical presentation and the
recurrence pattern. Several histopathologic features
observed in excisional and punch biopsies samples of
conjunctival melanomas indicate the likelihood of re-
current and disseminated tumor (Figure 21.14). These
features include invasive melanoma thickness more
than 0.8 mm, lack of inflammatory cell response at
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FIGURE 21.12. Exenteration specimen depicting a large, densely
pigmented conjunctival melanoma extending into upper (UL) and
lower (LL) eyelids and orbital soft tissues (arrow). (Courtesy of Dr.
Jerry Shields, Philadelphia.)

FIGURE 21.13. (A) A ciliary body melanoma (CBM) that presented
as an enlarging pigmented bulbar conjunctival lesion (arrowhead). (B)
Histopathology shows the lesion (arrowheads) in relation to the CBM,
the anterior chamber (AC), the conjunctiva (C), and the sclera (S).



the invasive front, 5 or more mitotic tumor cells per
10 high-power fields (HPF), involvement of caruncle
and orbital soft tissues with melanoma, and involve-
ment of lateral and deep margins (of the excisional bi-
opsy) with melanoma. If the margins are positive for
tumor, the patient should receive additional treatment
with wider excision, cryotherapy, brachytherapy, or
local antimetabolites. For one or more other findings,
the patient should be followed clinically every 3
months for 1 to 2 years to detect early recurrence.65

Although radiotherapy has been tried on conjunc-
tival melanomas, these tumors are not very respon-
sive to radiation, and the EBRT may lead to several
complications.66 Recent work suggests that brachy-
therapy may offer better therapeutic outcomes for con-
junctival melanoma.67,68

Topical chemotherapy with antimetabolites is an-
other type of treatment under current investigation.
Data are limited but promising; in particular, mito-
mycin C may be beneficial in treatment of superficial
conjunctival melanomas.69

Conjunctival melanomas should be closely fol-
lowed after treatment because approximately half
these patients develop recurrences within the first 5
years after primary treatment and one third eventu-
ally develop disseminated disease. In many cases of
recurrence, there is orbital invasion and development
of the signs and symptoms of rapidly developing space-
occupying lesions. These patients should be evaluated
for regional lymph node involvement and dissemi-

nated disease to distant organs. CT and MRI can be
invaluable to determine the extent of secondary or-
bital invasion, and the systemic workup should be
done in consultation with an ocular oncologist. Al-
though it is believed that regional lymph nodes are
the initial site of metastasis, the pathways of dissem-
ination are not well established.70

For a tumor that extends into the orbit, local re-
section of the lesion is no longer feasible and exen-
teration may be indicated. In a recent study of over
150 patients, 65% had no tumor recurrence after
treatment and 35% experienced at least one recur-
rence; 5 or more recurrences were seen in 3% of the
cases.71,72 Twenty out of 150 patients (13%) devel-
oped orbital extension to different degrees and were
treated with exenteration. Of the 20 exenterations,
7 were performed as initial procedures, 6 were done
after the first recurrence, and 7 after multiple re-
currences. The investigators concluded that exen-
teration became indicated in 8% of their patients by
the 5-year follow-up and 32% of their patients by
the 15-year follow-up.

Although the orbital exenteration has been a
time-honored treatment for advanced cases of con-
junctival melanoma, there is still no consensus on
its indications and surgical technique. In the 1950s,
early exenteration with complete removal of the
globe and orbital soft tissues was advocated as the
preferred treatment.73,74 The idea of performing ex-
tensive, mutilating surgery was later challenged, and
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FIGURE 21.14.
Histopathologic appearances
of conjunctival melanoma.
(A) Conjunctival melanoma
invading the entire thickness
of the epithelium (single 
arrow) with invasion of
subepithelial layers (double
arrows). Melanomas that in-
vade deeper than 1 mm have
a poor prognosis. (B) 
Conjunctival melanoma
with significant invasion
into subepithelial tissues
forming an early nodule;
rounded nests of tumor cells
(arrow) can be identified at
the advancing edge of the 
tumor. (C) Large, invasive
melanoma (M) of the 
conjunctiva (C) extending
into the soft tissues of the
orbit and lacrimal gland
(LG). (D) Melanoma cells
within the lumen of a blood
vessel (V).



the exenteration was performed only for tumors in-
volving the fornices or extending to the eyelid skin
and tumors that did not respond to EBRT.75,76 Oth-
ers suggested that in cases of diffuse melanoma in-
volving the caruncle, the exenteration should be
combined with radical neck dissection.77 Later it was
realized that prophylactic lymph node dissection did
not help to improve the incidence of disseminated
disease. The technique was thus abandoned.78 Today
lymph node dissection is performed only for staging
purposes when evidence exists of metastatic dis-
ease.79 Recent investigation of regional lymph node
metastasis in conjunctival melanoma performed
with sentinel lymph node mapping and biopsy indi-
cated that preauricular lymph nodes were most com-
monly involved (see Chapter 12). A recent clinical
study by Esmaeli and coworkers found approxi-
mately 40% involvement of regional lymph nodes
within about 3 years of initial diagnosis.70 The most
commonly involved lymph nodes were preauricular
nodes in approximately 75% of the 11 patients with
lymph node disease. It was concluded that sentinel
lymph node biopsy may develop as a potential test
for early detection of microscopic nodal metastasis,
and therefore, these results may be used as another
piece of information in decision making for exenter-
ation. Other clinical features predictive of orbital ex-
tension of conjunctival melanoma were reported as
follows: visual acuity of 20/200 or worse, extralim-
bal location, amelanotic tumors, caruncular lesions,
and tumors that present with the histopathologic in-
vasion deeper than 1 mm.72 It has been noted that
lesions with invasion deeper than 2 mm do not re-
spond well even to orbital exenteration in terms of
avoiding dissemination of the tumor. Paridaens and
coworkers reported that mortality ranges between 33
and 50% for melanomas thicker than 1 mm invasion
despite exenteration.79 The same authors indicated
that invasion of the lymphatics, blood vessels, and
sclera as well as the incomplete excision at the time
of initial treatment indicated very poor outcomes.
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Ocular Tumors
Zeynel A. Karcioglu and Doris Hadjistilianou

Rarely, intraocular tumors extend transclerally
and invade the periocular tissues and the or-
bit.1–5 These tumors include retinoblastoma,

uveal melanoma, malignant medulloepithelioma,
retinal pigment epithelium carcinoma, and optic disk
melanocytoma. The secondary involvement of orbital
soft tissues with extraocular tumors is a rare condi-
tion, and the only clinically significant lesions in this
group are retinoblastoma and choroidal melanoma;
therefore, only these two tumors are discussed in this
chapter.

RETINOBLASTOMA

Retinoblastoma (Rb) is the most common intraocular
malignant tumor in childhood, with an incidence of
1 in 15,000 live births. Early diagnosis and treatment
have significantly increased survival rate and organ
preservation in recent years.6 With advances in ther-
apy, survival has risen from 30% in the 1930s to nearly
95% in the 1990s.7

Primary enucleation continues to be a common
choice of treatment of Rb. External beam radiation
therapy (EBRT) is an effective therapeutic option but
unfortunately is associated with second nonocular
malignancies. Historically, the use of chemotherapy
has been limited to retinoblastoma with local inva-
sion of the orbit and optic nerve in metastatic disease.
Chemotherapy is now used as a conservative treat-
ment in an effort to avoid EBRT and/or enucleation
and obtain better functional results.8,9

Extraocular Rb is a common problem of pediatric
oncology in developing countries and is almost always
due to delay in diagnosis of the intraocular disease
(Figure 22.1).10,11 Extraocular extension is the most
significant risk factor associated with very poor prog-
nosis. In medically advanced countries, most cases of
orbital Rb present as a recurrence following primary
enucleation for intraocular tumor.12 Orbital extension
of intraocular Rb or orbital recurrence after enucle-
ation has been reported to comprise 12% of all
cases.12,13 Orbital involvement of Rb carries a poor
prognosis and is associated with a high risk of metas-
tasis to the central nervous system (CNS), lymph
nodes, bone marrow, and bones.14 Statistically signif-

icant risk factors for orbital involvement include mas-
sive choroidal involvement, microscopic extrascleral
invasion, optic nerve involvement beyond the resec-
tion margin, late enucleation, and delay in diagnosis.

Orbital invasion from advanced intraocular Rb
may follow several anatomical pathways, including
Schlemm canal, posterior ciliary vessels and nerves,
and anterior and posterior emissary channels; it may
happen, as well, by direct scleral erosion (Figure
22.2).15

However, surgical procedures can also allow access
into the orbit for tumor cells.16 Karcioglu et al. re-
ported that a 25-gauge needle can seed tumor into the
sclera and facilitate access into the orbit.17 Pars plana
vitrectomy in an eye with suspected retinoblastoma
should be avoided. Openings in the limbus and sclera
may create tissue tracts for the Rb cells to invade the
orbit (Figure 22.3). Stevenson et al. reported three pa-
tients who developed recurrence in the orbit and
lymph nodes after vitrectomy for unsuspected Rb.18

Fine-needle aspiration biopsy (FNAB) is advised only
in extraordinarily unusual clinical presentations.19

If the diagnosis of Rb is done from biopsy or vit-
rectomy results, efforts should be made to prevent or-
bital recurrence. Prophylactic chemotherapy and
EBRT should be delivered in addition to enucleation
to prevent systemic tumor dissemination.20 Orbital
symptoms are usually absent when extraocular ex-
tension is only microscopic. A significant orbital ex-
tension, on the other hand, produces symptoms of a
retrobulbar space-occupying mass, including rapidly
progressing proptosis, chemosis, and extraocular
motility disturbance. Recurrent Rb following enucle-
ation presents with displacement of the implant, dif-
ficulty in wearing an ocular prosthesis, chemosis, and
cellulitis (Figures 22.4 and 22.5).18,21

For a correct staging of orbital involvement, all pa-
tients should undergo a careful diagnostic workup be-
fore excisional biopsy. Procedures include computed
tomography (CT) and magnetic resonance imaging
(MRI) of the head and orbit, bone scintigraphy, lum-
bar puncture with cell count and examination of the
cytocentrifugate, bone marrow aspiration, and biopsy
and ocular examination under anesthesia. Usually Rb
extending to the orbit is less differentiated than the
primary tumor, and sometimes it is difficult to dis-
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tinguish between recurrency and second tumors (Fig-
ure 22.2).22

CT and MRI to document the extension of the or-
bital involvement are mandatory (Figures 22.1 and
22.4). At CT, large enough orbital extension appears
as an intraconal mass with moderate enhancement af-
ter administration of contrast medium. On T1-
weighted MRI studies, Rb produces a homogeneous to
heterogeneous signal that is hyperintense to the vit-
reous body and to muscle and hypointense to fat,
while in T2-weighted images, it appears hypointense
to the vitreous and isointense to fat with variable de-
gree of enhancement after gadolinium administration
(Figure 22.6). In an attempt to improve the poor out-
come of Rb cases with orbital involvement, different
therapeutic protocols have been applied. Reese in the

1950s proposed orbital exenteration followed by
EBRT, but there were no survivors among 25 children
treated.23 Orbital extension of Rb was associated with
high mortality rates ranging from 94 to 100% with a
mean survival of 14 months. In 1984 Mackay et al. re-
ported that regardless of what therapy was given, af-
fected patients died within approximately 6 months.24

Over the past 15 years, a multidisciplinary treatment
approach has improved prognosis. Different chemo-
therapy regimens are used for orbital Rb (Table 22.1).

Cyclophosphamide, platinum derivatives, Adri-
amycin, vincristine, and epipodophyllotoxins are the
drugs most often used because their efficacy has been
established in the treatment of other neuroectodermal
tumors (neuroblastoma). Chemotherapy combined
with EBRT improves survival in orbital disease.25

Complete remission for 8 to 84 months was achieved
in 5 patients with orbital recurrence after enucleation
by combining excisional biopsy of the tumor 
with EBRT and systemic chemotherapy (cyclophos-
phamide, cisplatin, vincristine, methotrexate, and
etoposide) and intrathecal (methotrexate) chemother-
apy.26 The use of high-dose chemotherapy regimens
with autologous bone marrow transplantation has
been used in patients with metastases.

Good results in terms of survival have been reported
with chemotherapy and orbital EBRT. Doz et al. re-
ported their experience in 33 patients (20 with orbital
Rb and 13 with orbital Rb with metastases) who re-
ceived systemic and intrathecal chemotherapy and or-
bital and cranial EBRT. The authors concluded that as-
sociated CNS disease still carries a bad prognosis and
confirmed that intensive chemotherapy using cy-
clophosphamide, platinum compounds, epipodophyllo-
toxins, doxorubicin, and vincristine was effective in or-
bital Rb. In this series, the disease-free interval was
longer when patients had no CNS disease.12
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FIGURE 22.1. Axial CT scan showing a retinoblastoma of the left
globe extending into the optic nerve, meninges, and orbital soft tis-
sues (arrowhead). Note the multiple calcifications within the in-
traocular tumor. The secondary orbital extensions and metastatic
foci of retinoblastomas very rarely show calcification.

FIGURE 22.3. Retinoblastoma cells leaving the globe through the
opening of vitrectomy (white arrowhead). Inset: Cluster of retino-
blastoma cells.

FIGURE 22.2. Histopathologic appearance of the intraocular
retinoblastoma (iRb) composed of poorly differentiated small
rounded cells with areas of necrosis and calcification. The tumor
infiltrates (arrowhead) the sclera (S) to extend into orbital tissues.
The orbital retinoblastoma (oRb) has a similar histology to its in-
traocular counterpart.



Aggressive treatment by combining radical sur-
gery, chemotherapy, and EBRT may allow survival and
complete tumor regression. In a retrospective study of
16 patients with orbital involvement of intraocular
Rb, Kiratli et al. and others documented a satisfactory
local and systemic tumor regression combining exen-
teration, EBRT, and chemotherapy.27,28 However,
prognosis depends on the extent of orbital involve-
ment. In cases with massive orbital involvement, the
probability of systemic metastases increases severely,
and mortality is 90% at 10 years. Microscopic ex-
traocular extension, on the other hand, offers excel-
lent survival.29 Two different categories of patients
with overt extraocular disease have been identified:
those with extraocular disease limited to the orbit (iso-
lated or with lymph node involvement) and those with

systemic disease and/or CNS dissemination in addi-
tion to orbital disease.

Orbital involvement associated with CNS disease
carries a bad prognosis, and in such cases CNS irradi-
ation is mandatory. With the use of high-dose che-
motherapy followed by autologous bone marrow
transplantation, the results may be quite promising.
Grabowski and Abramson were able to induce a 
disease-free state in 10 of 12 children after a mean 
follow-up of 44 months by using chemotherapy and
whole-brain irradiation and intrathecal chemotherapy
when CNS metastases were present.13

The fundamental question of which treatment
combination should be the optimum is still unan-
swered. This is because of the extreme rarity of ad-
vanced cases with orbital involvement and the dif-
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FIGURE 22.4. A 5-year-old child
who had bilateral enucleations due
to retinoblastoma with recurrent
tumor (black arrow) in left orbit
(A, B). Methylmetacrolate (mm)
and porous polyethylene (pp) 
orbital implants were placed into
the right and left sockets 
respectively. Recurrent 
retinoblastoma (Rb) in the left 
orbit dislocated the orbital pp 
implant superiorly as depicted in
the CT image (B) and intra-
operative photograph (C). The gross
(D) and histopathologic (E) 
photographs show the relationship
of tumor (Rb) to the orbital 
implant (pp). The histopathologic
photograph reveals the haphazard
infiltration of retinoblastoma cells
(white arrows) into the
labyrinthine structure of the
porous polyethylene implant (pp).



ficulty of conducting large randomized trials be-
cause of the nature of the disease. The trend, how-
ever, is to adopt an individualized and aggressive 
approach (surgery, EBRT, and chemotherapy) to ob-
tain longer survival and a better chance of tumor 
control.

CHOROIDAL MELANOMA

The uveal melanoma, the most common primary ma-
lignant neoplasm of the adult eye, originates from the
monocytes of the uvea and has the capacity to invade
the adjacent tissue structures aggressively and metas-
tasize systemically. The current WHO classification
of uveal melanoma histology discerns three major his-
topathologic types: spindle cell, epithelioid cell, and
mixed.30–33 Extraocular extension of uveal melanoma
in periocular and orbital soft tissues is the most com-
mon type of orbital melanoma.34–38 Transcleral ex-
tension and invasion of the adjacent soft tissues usu-
ally occurs with large choroidal melanomas, but
occasionally medium-sized tumors may develop a lim-
ited degree of extraocular extension. Neglected tu-
mors, particularly with corneal opacification with or
without phthisis and flat diffuse melanomas, are at
greater risk to invade the orbital soft tissues.39,40 It
has been reported by Shields that approximately 10%
of patients with ciliochoroidal melanomas have ex-
trascleral extension at the time of enucleation.41 It has
also been reported that uveal melanoma extensions
into the orbit account for approximately one fourth of
secondary orbital tumors. The orbital lesions com-
piled in this study, however, primarily belong to the
preimaging era. The current incidence of this occur-
rence is probably far less than what was reported by
Shields and coworkers. In another series from the
1960s and 1970s, the extension of choroidal melanoma
was reported to be approximately 2% of all orbital 
tumors.42

Intraocular melanoma is known to leave the eye
through emissarial channels, extend onto the scleral
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TABLE 22.1. Chemotherapy Regimens Used for the Treatment
of Orbital Rb.

Type of 
chemotherapy Dose
(short name) Drugs (d-days)

CO Cyclophosphamide 10 mg/kg (d 1–3)
Vincristine 1.5 mg/m2 (d 1)

VAC Cyclophosphamide 200 mg/m2 (d 1–5)
Vincristine 1.5 mg/m2 (d 1)
Actinomycin D 15 �g/kg (d 1–5)

VACCNU Vincristine 1.5 mg/m2 (d 1)
Actinomycin D 15 �g/kg (d 1–5)
CCNUa 100 mg/m2 (d 1)

PE Cisplatin 100 mg/m2 (d 1)
Teniposide (VM26) 160 mg/m2 (d 3)

CADO Cyclophosphamide 300 mg/m2 (d 1)
Vincristine 1.5 mg/m2 (d 1 and d 5)

VPCarbo Adriamycin 60 mg/m2 (d 5)
Etoposide (VP16) 100 mg/m2 (d 1–5)
Carboplatin 160 mg/m2 (d 1–5)

CARBOPEC Etoposide 350 mg/m2 (d 1–5)
Carboplatin 350 mg/m2 (d 1–5)
Cyclophosphamide 1.6 g/m2 (d 2–5)

aN-(2-chloroethyl)-N�-cyclohexyl-N-nitrosourea.

FIGURE 22.5. Recurrent retinoblastoma in a 3-year-old child after
enucleation. Lower frame depicts the intraoperative appearance of
the right orbit after the removal of the recurrent tumor mass (inset).

FIGURE 22.6. T1-weighted, fat suppressed axial MR image show-
ing recurrent intraorbital Rb with markedly high signal after
gadolinium enhancement.



surface, and disseminate into the orbital soft tissues
(Figure 22.7). In the early stages of the extrascleral ex-
tension, the sclera is relatively intact and is often of
normal thickness.43 When the tumor reaches a certain
volume, the sclera is invaded beyond the margins of
the emissarial channel, and the tumor forms a nodule
within the retrobulbar fibroadipose tissues of the or-
bit. Initially this presents as a nodular formation, but
as the tumor grows it may be widespread and extend
into the meninges and the optic nerve, and to the lu-
mina of the orbital vasculature (Figures 22.8 and 22.9).
Most of the aggressively extending tumors are proven
to be of epithelioid cell type, but spindle cell and
mixed-cell tumors may also extend into the orbit.

When the volume of the retrobulbar melanoma is
sufficient, the results are proptosis, extraocular motility
disturbance, congestion of the conjunctival blood ves-
sels, and chemosis, depending on the location and the
rapidity of the growth. The eye and the periorbita may
be painful and tender to palpation, masquerading as an
inflammatory pathology such as endophthalmitis.44

Secondary involvement of the orbit with uveal
melanoma may also develop as a recurrence of an 
unnoticed extraocular tumor months or years after
enucleation.45,46

As soon as extraocular extension is clinically sus-
pected, the patient should be investigated with ultra-
sonography, CT scan, and/or MRI (Figure 22.10). B-
scan ultrasonography may be helpful to demonstrate
the extraocular component of the tumor, which typi-
cally appears as a nodular, solid mass adjacent to the
base of the intraocular tumor.47 Once the extrascleral
component has reached a certain size, standardized A-
scan ultrasonography and color Doppler echography
may be useful to assess the internal reflectivity of the
blood flow of the tumor nodule.48 The presence of a
small intraocular tumor in a suspected case of scleral
extension should not rule out the possibility of ex-
tension, since it is well known that small or flat
choroidal melanomas may also be associated with
large intraorbital nodules. Differential diagnosis of ex-
traocular extension of a choroidal melanoma includes
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FIGURE 22.7. Gross and histopathologic
photographs showing the extension of
choroidal melanoma into periocular, 
orbital, and optic nerve tissues. (A, B)
The extension of the melanoma (m) cells
into the emissarial channel of the 
sclera with longitudinal and transverse
sections of the melanoma-laden blood
vessel. (C) Transverse sectioning of the
globe containing a large intraocular 
melanoma (m) with a small extraocular
nodule. The transcleral extension can be
seen as a thin, black line (arrow). (D) A
large, partially necrotic intraocular 
melanoma extends into the optic nerve, 
a rare occurrence.



localized inflammatory processes of extraocular mus-
cles and Tenon’s capsule with edema, congested
retrobulbar blood vessels, and phthisis with or with-
out hemorrhage (Figure 22.10B).

Diagnosis of uveal melanoma is usually made by
indirect ophthalmoscopy, intravenous fluorescein
angiography, and ultrasonography. In cases of sus-
pected orbital extension, imaging with CT scan
and/or MRI is more helpful than B-scan ultrasonog-
raphy. Although most choroidal melanomas bigger
than 3 to 4 mm in diameter are seen as hyperdense,
circumscribed, markedly enhancing tumors with
CT, high-resolution MRI is the choice of imaging
technique to rule out small intraocular tumors and

retrobulbar extension of the tumor into orbital soft
tissues.

A very helpful feature of melanoma in MRI is based
on the signal characteristics of the melanin. Melanin
produces stable free radicals that create a paramag-
netic proton relaxation enhancement that, in turn,
leads to shortening of T1 and T2 relaxation times. This
allows the melanoma to present with a moderately
high signal on T1-weighted and a moderately low 
signal on T2-weighted images.49–51 Gadolinium-
enhanced T1-weighted images are superior to ordinary
T1-weighted images to detect and delineate intraocu-
lar and extraocular components of a melanoma. A
great majority of melanomas change their histopath-
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FIGURE 22.8. The histopathologic 
appearance at different magnifications of
an intraocular melanoma (m) extending
into the subarachnoid space (sas), 
optic nerve (on), orbital soft tissues (ost),
and blood vessels (bv).



ologic characteristics when they leave the globe to in-
vade the orbital soft tissues. For example, pigmented
tumors are known to become amelanotic, and necrotic
tumors develop a solid structure (Figure 22.9). This
point should be kept in mind; since if a tumor hap-
pens to differentiate into an amelanotic lesion, signal

characteristics of melanin will not be helpful in MRI
differential diagnosis.

Extraocular extension of ciliary body melanomas,
which can be seen subconjunctivally, has been de-
scribed in approximately 10% of these tumors.52,53

It has been reported that secondary orbital mela-
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FIGURE 22.9. Gross (A, C, D) and 
histopathologic (B) depictions of choroidal
melanomas (m) with secondary 
involvement of the orbital tissues. 
Specimens in (A) and (B) are from the
same patient; a CT image of this patient’s
lesion appears in Figure 22.10A. Note the
lobulated extension of the tumor into the
orbital soft tissues in all cases. (C) The
changing nature of the choroidal 
melanoma (m) as it extends into the optic
nerve, meninges, and the orbital soft 
tissues. The nerve involvement is highly
pigmented as opposed to the amelanotic
tumor in the orbit. (D) In contrast, the 
tumor shows pigmented intraocular and
extraocular components.



noma originating from the choroid can be treated with
brachytherapy with some success when the extraocu-
lar extension is less than 3 mm thick (Figure 22.11).43

When the melanoma nodule is greater than 3 mm in
diameter, enucleation is performed to remove the mel-

anoma nodule encased by normal-appearing orbital
fat.54 In larger and more invasive tumors, total or par-
tial exenteration is done (see Chapter 31).55–57 In gen-
eral, extraocular extension, particularly orbital exten-
sion, is a poor prognostic indicator, with a 5-year
mortality rate reported to range from 45 to 65%.37
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SECONDARY ORBITAL TUMORS 
ORIGINATING FROM THE 
SINONASAL TRACT

Nasal and paranasal sinus neoplasms account for ap-
proximately 5% of tumors originating in the upper res-
piratory tract. Approximately half of these tumors are
benign, mainly squamous papillomas, and the remain-
der are malignancies, of which squamous cell carcinoma
(SCC) comprises approximately 75% (Table 23.1).1,2

Epithelial Tumors

Benign epithelial tumors of the nose and paranasal si-
nuses include squamous and inverted papilloma and
pleomorphic adenoma originating from minor salivary
glands.2,3 Papillomas of the sinonasal tract originate
from squamous or Schneiderian epithelium. Although
they are benign, these tumors, which most commonly
occur in white males after 50 years of age, may expand
beyond their site of origin and invade the adjacent
structures, including the orbit. Furthermore, these le-
sions recur when they are not excised completely and
may show transition into squamous cell carcinoma.3–5

An associated malignancy, usually SCC, has been re-
ported in approximately 10 to 15% of patients with in-
verted papilloma.6,7 Inverted papillomas may also de-
velop in the lacrimal drainage system (LDS).5 Some of
the benign lesions, including the inverted papillomas
of the sinonasal tract and the LDS, are known to in-
vade the orbit secondarily (Figure 23.1).6,8

Although malignant tumors of the nose and
paranasal sinuses constitute only about 1% of all ma-
lignancies in the body, their influence on the neigh-
boring orbit and ocular tissues is significant. Approx-
imately 10% of all orbital mass lesions consist of
secondary tumors originating from the nose and
paranasal sinuses.9–11 Sinonasal malignancies occur
more often in white males.12

Epidemiologic studies emphasize the influence of
inhaled carcinogens, and there is also evidence that
human papillomavirus (HPV) infection is an onco-
genic factor in the development of paranasal upper res-

piratory tract neoplasms, more often in benign than
in malignant lesions.13–15

SQUAMOUS CELL CARCINOMA

SCC is the most common malignant tumor of the
sinonasal tract.2,16 Maxillary and ethmoid sinuses give
origin to approximately 85% of SCC; the frontal and
sphenoid sinuses are rarely involved with this tumor.
In many instances, SCC has been associated with pre-
existing chronic sinusitis or may create secondary si-
nusitis owing to the obstruction of the sinusoidal os-
tium. Therefore, it is important to differentiate a
malignancy from a coexistent inflammation.

Other malignant epithelial sinonasal tumors in-
clude adenocarcinoma and adenoid cystic carcinoma
of minor salivary glands.7

CLINICAL FEATURES

The most common clinical manifestations of the
sinonasal tumors are similar if not identical to the
symptoms caused by inflammatory sinus disease, in-
cluding fullness, pain, nasal airway obstruction, and
nasal discharge. The physical examination of the
sinonasal region and orbit should include a direct
fiberoptic endoscopy, which also offers an opportunity
to obtain tissue for diagnosis. Tissue material from
these tumors can be collected with sinus lavage/
cytology, fine-needle aspiration biopsy (FNAB) and
transnasal biopsy with direct or endoscopic ap-
proaches.

Once a tumor has extended into the orbit, how-
ever, the symptoms change somewhat and become
more related to the eye and adnexal structures (Fig-
ures 23.2 and 23.3). Extension of the tumor usually
takes place as an infiltrating fashion to create a space-
occupying mass in the orbit with surrounding in-
flammatory reaction leading to proptosis, extraocular
muscle motility disturbance, visual acuity and field
loss, and edema of the eyelids and conjunctiva;
epiphora may develop as a late symptom. The pro-
ptosis of the eye secondary to the infiltration of sinus
tumors into the orbit is usually nonaxial and associ-
ated with a great deal of pain and paresthesia in about



75% of the cases. Metastatic disease to the orbit from
distant organs, on the other hand, is painful in fewer
cases and the proptosis is usually axial.17

An unusual inflammatory condition, which may
mimic secondary orbital neoplasm, is allergic fungal
disease of the nose and paransasal sinuses.18,19 This
bizarre inflammatory process of the sinonasal tract
may extend into the orbit (Figure 23.4). Frequently, an
aspergillus species is the causative organism, but other

fungal species, including Fusarium and Rhizomucor,
have also been incriminated.20

Although this allergic entity is considered to be
confined to the lumen, without mucosal involvement,
it nevertheless is known to spread from one paranasal
cavity to the other and to the orbit.21 Computed to-
mography (CT) and magnetic resonance imaging (MRI)
show bony expansion and remodeling of the involved
cavity and focal bony erosion. The mucoid content of
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TABLE 23.1. Tumors of Sinonasal Tract that May Involve the Orbit Secondarily.

Benign Malignant

Epithelial tumors Inverted (Schneiderian) papilloma Squamous cell carcinoma
Nasal papilloma Transitional cell carcinoma

Adenoid cystic carcinoma
Esthesioneuroblastoma

Mesenchymal tumors Neural tumors Soft tissue sarcomas
Fibroma, fibromyxoma Osteogenic sarcoma
Osteoma
Hemangioma

Lymphoproliferative tumors Lymphoid hyperplasia Lymphoma
Burkitt’s tumor
Plasmacytoma
Chloroma

Other tumors and tumor-like conditions Histiocytosis Histiocytosis
Pseudotumor

FIGURE 23.1. A 60-year-old
woman with multiple 
recurrences over the years of a
nasal inverted papilloma. 
Although the lesion was
histopathologically benign, it
presented with multiple 
recurrences and invasion of the
adjacent paranasal sinuses and
the orbit. (A) Facial photograph.
(B) Axial image. (C) Intraopera-
tive photo showing a papillary
appearance with pseudocyst
formations. (D) Microscopic
pathology of the lesion: 
although the epithelial element
of the tumor reveals minimal
atypia, it is known to infiltrate
the bone (b) during its expan-
sion. (E–G) Gross pathology. (F)
The papillary surface, with
multiple invaginations (E,G).
The papillary growth of the 
epithelium, with deep, 
multiple invaginations into the
stroma labeled the tumor as
“inverted papilloma.” Within
papillary proliferations of the
epithelium are small cystic 
accumulations of mucin, as de-
picted with mucicarmine 
stain (G).



the paranasal sinuses mixed with fungus balls pro-
duces low signal intensity in the MRI. The extensive
bony expansion and irregular remodeling, coupled
with bony erosion, may simulate an invasive tumor
of the nose or the sinus, with secondary orbital inva-
sion, such as esthesioneuroblastoma, leukemia/
lymphoma, or Burkitt’s lymphoma. The histopathol-
ogy shows mucoid debris intermixed with numerous
eosinophils and hyphae of the causative fungus, most
of the time Aspergillus species.20,21

RADIOLOGIC FEATURES

Radiologic imaging is essential for the evaluation of
the patient with plain films of the orbit and sur-
rounding structures, as well as CT and MRI.12,22,23 In
a great majority of the cases of SCC with orbit in-
volvement, the bony wall of the orbit demonstrates
erosion. CT provides better images of bone destruc-
tion, however, it does not reliably reveal the details
of soft tissue invasion (Figure 23.3). In contrast, MRI
provides a more accurate evaluation of the soft tis-
sues, although it may be difficult to distinguish a tu-
mor limited to the periorbita from early invasion. The
involvement of the periorbita, however, cannot be as-
sessed preoperatively even with the most sensitive im-
aging techniques and endoscopy.

Although bone destruction is considered to be
pathognomonic of malignancy, not all malignant tu-
mors destroy the adjacent bone. Some sinonasal sar-
comas, lymphomas, and plasmacytomas remodel the
adjacent bone by chronic compression. Therefore, if
soft tissue detail is not available, one should remem-
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FIGURE 23.2. A 40-year-old woman with squamous cell carcinoma
of the orbit originating from the maxillary sinus. Although the tu-
mor could be palpated in the inferior orbit, proptosis and motility
disorders of the right eye were minimal.

FIGURE 23.3. (A–C) coronal
and axial CT images reveal a
large, partially necrotic 
maxillary sinus tumor extending
into the adjacent paranasal 
sinuses and the orbit. Coronal,
noncontrast CT scan depicts
soft tissue mass in the right
maxillary sinus extending into
the nasal cavity, ethmoidal 
sinus, and orbit. The destruction
of the orbital floor is clearly
seen in the regular CT (A) and
bone windows (C). Axial, non-
contrast CT scan (B) also shows
the extensive infiltration of the
maxillary sinus tumor; 
nonhomogeneous soft tissue
density fills the maxillary sinus
and extends into the orbit and
nasal cavity. The tumor’s 
mottled appearance is mostly
likely due to necrosis because of
presurgery radiation treatment.
An exenteration specimen (D)
from the same patient shows
the extension of the squamous
cell carcinoma from maxillary
sinus into the orbital floor.



ber that tumors with benign-appearing bone changes
may be aggressive, yet some other lesions that cause
bone destruction, such as pyogenic or allergic fungal
sinusitis, inflammatory pseudotumor, and mucocele,
may be benign (Figure 23.4).23 Inflammatory pseudo-
tumor of the maxillary sinus, unlike its orbital coun-
terpart, may present with aggressive bone erosion into
the orbit and mimic a secondary SCC.24

MRI, particularly with T2-weighted images, can be
extremely useful in mapping the sinonasal tumors be-
cause of the inherent differences of signal intensity 
between SCC and inflammatory sinus disease. The
sinonasal carcinomas usually present with homoge-
neous intermediate signal intensity on both T1- and
T2-weighted images because of their uniform cellular
pattern.25 MRI may not help to differentiate a tumor
as benign or malignant; however, it provides excellent
delineation of the tumor from its surrounding inflam-
matory tissue.26 Sinonasal tumors obstruct the flow of
mucosal secretions usually present with clinical symp-

toms before the secretion becomes desiccated and
therefore, offer a high signal intensity on T2-weighted
images. In contrast, a great majority of sinonasal tu-
mors are hypercellular and contain less water than the
inflamed mucosa and noninspissated secretions; there-
fore, such tumors manifest with intermediate to low
signal intensity on T2-weighted images. To confuse the
issue, about 5% of sinonasal tumors such as neural and
vascular tumors may have high signal intensity with
T2 weighting. Enhancement of SCC with gadolinium
chelate is particularly helpful on T1-weighted images
in most sinonasal tumors.

The incidence and the presentation of orbital in-
volvement by malignancies of the sinonasal tract vary
with the site of origin and the type and aggressiveness
of the tumor. SCC of the maxillary sinus involves the
orbit in most cases through anatomic pathways such
as the nasolacrimal duct or infraorbital fissure or by
following neurovascular structures such as ethmoidal
or infraorbital nerves.27 Direct invasion of the orbit by
the destruction of the bone and periorbita is also com-
monly seen. Over the decades, surgeons have observed
that the periorbita provides a resistant barrier against
the infiltration of SCC, which becomes a very signif-
icant issue in the formation of the management plan.
If the periorbita is not involved, the globe and the vi-
tal orbital tissues may be preserved. The invasion of
the orbital periostium can best be documented during
surgery by the use of frozen section.

The majority of the cases with orbital invasion at-
test to a relatively slow-growing tumor that went un-
detected until it became obvious with orbital symp-
toms. Orbital involvement, particularly with soft
tissue invasion, represents the late presentation of the
disease, with very poor prognosis.28

MANAGEMENT AND PROGNOSIS

The conventional treatment of the nasosinal SCC with
extension into orbital soft tissues has been maxillec-
tomy with orbital exenteration followed with or with-
out radiation therapy. Even with extensive surgery and
radiation, only 10 to 50% of these patients have dis-
ease-free survival periods. Some have indicated that the
preservation of the orbit through “planned exentera-
tion” when there is localized invasion would not com-
promise the cure rate of these patients.29–32 Currently
it is believed that localized invasion does not down-
grade the outcome as long as the full thickness of the
periorbita is not involved with tumor. It is also be-
lieved that preoperative or postoperative radiation ther-
apy does not improve the survival rate in patients with
total or partial exenterations.

ADENOCARCINOMA

Adenocarcinomas and adenoid cystic carcinomas of
the sinonasal tract make up approximately 5% of all
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FIGURE 23.4. (A) Axial CT image showing allergic sinonasal as-
pergillosis with expansion and remodeling of ethmoidal bones and
the medial wall of orbit. (B) Histopathologic appearance shows acute
inflammatory reaction with numerous eosinophils. Inset: Gomori
silver methanamine stain showing many Aspergillus hyphae
(arrows).



its tumors.33 Although these carcinomas are rare, once
they occur, they almost always invade neighboring
structures, including the orbit.2

ESTHESIONEUROBLASTOMA

Esthesioneuroblastoma is a rare neoplasm that orig-
inates from the progenitor cells of the olfactory ep-
ithelium. Histopathologic diagnosis is difficult;
antigen expression detected through a panel of an-
tibodies by immunohistochemistry may be helpful.
Expression of HASH as revealed by reverse tran-
scriptase polymerase chain reaction (RT PCR) stud-
ies could be a specific marker of esthesioneuro-
blastoma.34 It occurs during the first and second,
fifth, and sixth decades in a bimodal fashion, and
its prognosis depends on the extent of the lesion.
Tumor extending into the orbit and into the ante-
rior cranial fossa is staged as T3 according to the
UCLA classification (Figure 23.5).35,36 A combina-
tion of surgery and radiotherapy seems to be the op-
timum approach to treatment.37 The exact role of
chemotherapy is unclear. Disease-free survival at 5
years averages 45% for stage 3 disease.38

Mesenchymal Tumors

Fibrous, fibromyxomatous, and fibro-osseous lesions
are common benign tumors of the sinonasal tract. Al-
though their growth is usually slow, they are known
to extend into the orbit if they are located in an adja-
cent site (Figure 23.6).7,39

Malignant mesenchymal tumors including rhab-
domyosarcoma, smooth muscle and neurogenic sar-
comas, fibrosarcomas, alveolar soft part sarcoma, os-
teogenic sarcoma, malignant hemangiopericytoma,
and, rarely, angiosarcoma are known to occur in the
sinonasal tract and may invade the orbit secondarily.2

Lymphoproliferative Tumors

Lymphomas of the sinonasal tract are usually of the
non-Hodgkin’s type that usually present in the very
young and the very old.40 In adults, in whom the lym-
phoma rarely affects the orbit, the 5-year survival is
approximately 45%. In children, the 5-year survival
rate reaches to 70 to 80% if Burkitt’s lymphoma is 
excluded.

Burkitt’s lymphoma, which represents one of the
most common types of pediatric non-Hodgkin’s lym-
phomas, is a highly aggressive, extranodal B-cell tu-
mor (Figure 23.7). It is characterized by translocation
and deregulation of the c-myc gene on chromosome
8. Endemic cases, which are usually seen in Africa, 
involve the cranial skeleton and mostly bear Epstein–
Barr virus genomes. These are the tumors that usu-
ally present with orbital involvement (Figure 23.8).
Sporadic cases, which are more often seen in the
United States, usually involve the gastrointestinal and
genitourinary systems. Non-Hodgkin’s lymphomas,
including Burkitt’s lymphoma, develop in immuno-
suppressed individuals at a greater risk.41 Plasmacy-
toma as a part of systemic disease or a solitary lesion
is also known to involve the bones of the nasal cav-
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FIGURE 23.5. Two rapidly 
expanding esthesioneuroblastomas
originating from the olfactory cells
of the nose and involving the 
adjacent perinasal sinuses, orbits,
and the brain. (A,B) Coronal and
(C,D) axial CT images.



ity, paranasal sinuses, and the orbit. The bones of the
head and neck region have an affinity to be the site of
extramedullary plasmacytoma; 80 to 90% of the cases
are found in the head and neck region, 40% of which
originates in the sinonasal tract.

Other Tumors and Tumorlike Conditions

Inflammatory pseudotumor (myofibroblastic inflam-
mation) is a space-occupying lesion that occurs in the
paranasal sinuses. The pathogenesis of the lesion is
not known.42 Histopathologically, it consists of fasci-
cles of myofibroblastic cells mixed with nonspecific
chronic inflammatory infiltrates consisting of lym-

phocytes and plasmacytes. Inflammatory pseudotu-
mor is primarily seen in the lungs, but extrapulmonic
forms may be encountered in the nose and paranasal
sinuses. Although their histopathologic appearance is
benign, these lesions may present a malignant biologic
behavior with local aggression and even metastasis.
Maxillary and ethmoidal pseudotumors may extend
into the orbit through bony infiltration and thereby
simulate squamous cell carcinoma. Biopsy is the only
way to confirm the diagnosis.43

Langerhans cell and non–Langerhans cell histiocy-
toses commonly affect the nose, paranasal sinuses,
and the orbit. Detailed discussion of this subject is
given in Chapter 21.
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FIGURE 23.6. Benign fibromyx-
oma (fm) originating from maxil-
lary bone involving the orbit (A)
and maxillary sinus (B). Although
the tumor was well circumscribed
with a thin, fibrous capsule, the
neighboring structures were 
involved because of its progressive
growth and size (C–E). 
Histopathologically, the 
fibromyxoma was composed of
myxoid spindle cell proliferation
alternating with fibrous elements
(F,G). Although the tumor was 
benign, it was eroding through the
bone of the orbital floor (arrows).



SECONDARY ORBITAL TUMORS 
ORIGINATING FROM THE CRANIUM

Intracranial neoplasms, including sphenoid ridge men-
ingioma and other cranial bone tumors, pituitary
gland adenoma, craniopharyngioma, chiasmal tumors,
and cysts, rarely extend into the orbit.43–46

Sphenoid Ridge Meningioma

Meningiomas of the sphenoid bone often lead to sec-
ondary invasion of the orbit.47 These tumors usually

invade the superior orbital fissure and the optic canal
and may compress the optic nerve and vascular struc-
tures, leading to venous congestion and orbital edema
disproportional to the size of the space-occupying le-
sion in the orbit. Patients with optic canal and sphe-
noid bone meningiomas usually develop minimal and
late proptosis that often becomes noticeable after se-
vere visual loss. Proptosis occurs only when the tu-
mor ruptures the dura and forms a space-occupying le-
sion within the orbit (Figure 23.9).

Meningioma of the sphenoid ridge most often pre-
sents as an “en plaque” neoplasm that slowly grows
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FIGURE 23.7. Burkitt’s lymphoma is 
composed of a proliferation of medium-
sized, noncleaved lymphocytes with 
scattered “tingible” macrophages presenting
the classical “starry-sky” appearance (A,B).
(C) An immunohistochemical specimen 
revealing � light chain positivity of tumor
cells. (D) Transmission electronmicroscopy
shows detail of noncleaved neoplastic 
lympocytes.

FIGURE 23.8. Endemic Burkitt’s
lymphoma. (A,B) a patient whose
rapidly expanding maxillary tumor
involved the orbit secondarily.
(C,D) A patient whose nasal 
cavity, ethmoid sinus, and the 
orbit were involved at the time of
presentation.



as a flat lesion along the dural surface, extending into
the foramina of the orbit (Figure 23.10). Depending on
the location of the growth, it may extend into the op-
tic canal and the superior and/or inferior orbital 
fissures, causing blindness, extraocular motility dis-
turbance, and venous congestion in the orbit. Menin-
giomas of the ridge and the suprasellar area may pre-
sent with bilateral papilledema, as opposed to the
more commonly encountered unilateral disk edema of

the optic nerve meningioma. Intracanalicular menin-
gioma produces early unilateral blindness. Olfactory
groove meningioma, on the other hand, rarely pro-
duces early blindness because these lesions must be-
come very large before they compress the visual sys-
tem. Another presentation often associated with the
meningioma of the olfactory groove is Foster–Kennedy
syndrome, in which the tumor causes atrophy of one
optic nerve early in its growth; later, the increased in-
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FIGURE 23.9. Sphenoid ridge meningioma. (A) Intraoperative
stereotactic views of the CT scan showing the extension of a left
frontal lobe meningioma into the superior and lateral orbit. (B) T1-
weighted, contrast-enhanced axial MR image shows irregular ho-

mogeneous enhancement within the brain; the extension of the
meningioma into the lateral orbit caused marked proptosis. (C) Gaze
photographs, obtained 6 months postoperatively, show residual
proptosis and extraocular motility deficit of the left eye.

FIGURE 23.10. Hyperdense
meningiomas originating from the
dura of the frontal lobe (A) and the
sphenoid ridge (B) are shown on
coronal and axial CT scans, 
respectively. Note the marked
compression of the meningioma
(m) onto the lateral rectus muscle
and optic nerve (B). (C) 
Histopathologic appearance of
meningoendothelial cell clusters
(m) from the same patient shown
in (B): the clusters extend into the
bone (b). (D) Axial, T1-weighted,
contrast enhanced image showing
the clearly visible homogeneous
meningioma enhancement with a
“knotty” tumor outline; the lesion
extends into the orbit posteriorly
(arrow).



tracranial pressure leads to edema of the fellow optic
disk.48 Although Foster–Kennedy syndrome has been
most commonly associated with meningiomas, this
phenomenon is also seen with optic nerve gliomas,
craniopharyngiomas, and other space-occupying le-
sions of the orbit and the cranium, including ab-
scesses.49 Color vision abnormalities, afferent pupil-
lary defect, and visual field loss are also seen with
secondary meningeal tumors in the orbit. In some
cases, with minimal or no proptosis, the visual field
deficit and diminished vision are incorrectly attrib-
uted to glaucoma or optic neuritis.

Ultrasonography is not helpful in differential diag-
nosis of secondary meningiomas because most of
these lesions are located deep in the posterior orbit.
Approximately 50% of all cranial meningiomas appear
in the sphenoid wing; another 20% are located in the
sellar area. Therefore, the secondary effect of these
neoplasms on the orbit, optic nerve, and other ocular
structures is immense.

Because of their high cell density and tendency to
develop calcification, meningiomas of the sphenoid
ridge and sellar region present as hyperdense lesions
on CT; diffuse hyperostosis of en plaque meningioma
is particularly apparent on CT.50,51 Since en plaque le-
sions grow in diffuse fashion, knowledge of the anat-
omy of the region as revealed by MRI, including the
shape of the basal cisterns, orbital foramina, and blood
vessels is required to determine accurately the extent
of the disease. Most meningiomas, particularly the ag-
gressive, angioblastic type, develop intense enhance-

ment after the intravenous injection of contrast
medium.52 Although MRI usually does not produce a
good image contrast between the tumor and the adja-
cent soft tissues in the orbit, it is superior to CT in
the study of sellar and juxtasellar areas.53

Sphenoid ridge meningiomas are difficult lesions
to diagnose clinically because they may mimic glau-
coma, optic neuritis, and other intraorbital and in-
tracranial neoplasms, metastatic tumors, and lym-
phomas.54 One should also keep in mind that
nonspecific neurologic findings such as headache,
changes in mental status and personality, hypothalam-
ic abnormalities, and seizures may very well be seen
in meningiomas, particularly with intrasphenoidal
ridge and perisellar tumors.55 Intracranial menin-
giomas extending into the orbit through the foramina
may also mimic the clinical features of myasthenia
gravis. Therefore, patients with atypical presentations
of myasthenia limited to ocular and/or cranial mus-
culature should be thoroughly evaluated to rule out
an intracranial mass lesion.56

Ectopic Meningioma

Ectopic meningioma is a rare tumor that seems to ap-
pear to originate from ectopic arachnoidal tissue out-
side the central nervous system in skin, scalp, nasal
cavity and paransal sinuses, and in other viscera.57–59

Among other sites, ectopic meningiomas also develop
within the orbit.60–63 Ectopic orbital meningiomas
have been described in children and adults, with a sig-
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FIGURE 23.11. (A) Multiple 
coronal CT scans showing dense,
oval inferior orbital mass, which at
the time of excisional biopsy (B)
were found to represent a firm and
irregular tumor. (C) The grayish
white, glistening surface of the
meningioma. (D) Proliferation of
meningioendothelial cells with nu-
merous psammoma bodies, as re-
vealed histopathologically.



nificant male predominance. These tumors presented
space-occupying lesions, primarily in the medial or-
bit. The histopathogenesis of the ectopic orbital
meningioma is not clear. The most conceivable of
many hypotheses is that these lesions originate from
regressed orbital meningoceles with leftover arach-
noidal tissue, trapped within orbital soft tissues.59,60

The role of trauma may also explain the patho-
genesis of some cases. It is possible that penetrating
trauma can dislodge meningeal tissues within the or-
bit that later serve as a nidus for the development of
meningiomas.64 In the author’s personal experience of
two patients with ectopic orbital meningioma, one
had a history of trauma that resulted in the enucle-
ation of the globe and the other did not but had a su-
perior–medial eyelid/orbit mass that had been grow-
ing slowly and ultimately caused mechanical upper
lid ptosis. In the patient with the history of trauma,
the tumor developed 20 years later within the inferior
orbit with no other evidence of dislocated meningeal
tissue (Figure 23.11). Ectopic meningiomas usually
present with a meningotheliomatous histology and re-
spond well to total surgical excision.

Craniopharyngioma

Craniopharyngiomas are benign, epithelial tumors of
the sellar area that present as partially cystic, partially
solid masses in children and adolescents. These tu-
mors originate from the Rathke pouch epithelium and
account for approximately 2 to 5% of all intracranial
tumors. Craniopharyngiomas do not present a gender
preference but do have a bimodal age distribution with
one peak for children and adolescents and another one
for adults.65

Craniopharyngiomas are divided into two basic
clinical pathologic types: adamantinomatous and cap-
illary. Capillary craniopharyngiomas present as solid
tumors, are found more often in adults, and cause oc-
clusive hydrocephalus, which produces frequent
symptoms of headaches, nausea, vomiting, and papil-
ledema. Endocrine deficiencies, including diabetes in-
sipidus and dwarfism, are also seen in a great major-
ity of the patients, primarily in children with the
adamantinomatous type. However, the visual distur-
bances secondary to compression of optic structures
and invasion of the orbit are more frequently seen in
adults (Figure 23.12).66,67 The adamantinomatous type
of craniopharyngioma is primarily seen in children
and often presents with partially calcified cystic le-
sions. CT and MRI are indicated to diagnose and de-
fine the extent of these tumors; MRI enables a better
delineation of the tumor extent, especially on coronal
and sagittal views. Differential diagnosis of these
masses should include cystic pituitary adenomas,
suprasellar meningiomas, dermoid cysts, gliomas of

the optic chiasm, and granulomatous inflammatory le-
sions such as sarcoidosis.

Pituitary Adenoma

Pituitary adenomas rarely involve the orbit secondar-
ily. The prolactin-secreting type (prolactinoma) is
known to extend into the posterior orbit occasionally
(Figure 23.13).46 These lesions are histopathologically
benign but invasive tumors that typically present with
amenorrhea and galactorrhea in women and hypogo-
nadism and space-occupying lesions in men. “Giant”
prolactinomas are invasive; these tumors are defined
as lesions larger than 4 cm at the greatest diameter
that produce serum prolactin in excess of 1000 ng/mL.
Some become very large and invade perisellar struc-
tures and beyond; superior extension is most common,
but these lesions are also known to extend laterally,
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FIGURE 23.12. MR images of an 11-year-old boy who presented
with headache and visual deficit bilaterally. The coronal MRI (top)
is a T1-weighted, contrast-enhanced view in which the cyst wall
and the inferior solid portion of the tumor reveal strong signal en-
hancement. The midsagittal, T1-weighted view (bottom) shows the
marked enlargement of the sella by the tumor; optic chiasm can-
not be identified.



posteriorly, inferiorly, and, less often, anteriorly into
adjacent anatomic structures such as cavernous sinus
and orbit.68,69

When the orbit is involved, the tumor causes pro-
ptosis, extraocular motility disturbances, orbital con-
gestion, and increased intraocular pressure. If the or-
bit has been extensively invaded by the pituitary
adenoma, the prognosis is poor. However, if the or-
bital invasion can be detected early, prior to com-
pressive optic neuropathy, potentially disastrous vi-
sual damage can be reversed with a combination of
surgery and medical treatment with bromocriptine,
which is known to reduce the size of the tumor ef-
fectively and lower the levels of serum prolactin.70
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prolactin (brownish cytoplasmic
staining).
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24

Metastatic Tumors
J. Oscar Croxatto and Zeynel A. Karcioglu

Compared with orbital diseases and other con-
ditions in patients who seek consultation in
ophthalmic practice, metastases to the orbit

are rare. Nevertheless, the ophthalmologists con-
fronted with presumed orbital metastases play an im-
portant role in the diagnosis and management of these
patients. Up to 35% of patients with orbital metasta-
sis present with no known history of primary tumor
at the time of ophthalmologic examination.1,2 The
ophthalmologist should be able to identify symptoms
and signs more commonly associated with metastatic
orbital disease, recognize the results of imaging stud-
ies, know the most frequent primary sites that dis-
seminate to the eye and orbit, and implement appro-
priate management according with the original tumor
and stage of the disease.

INCIDENCE AND EPIDEMIOLOGY

In biopsy-proven series, the frequency of metastatic
tumors among orbital mass lesions ranges from 2.5 to
10%.3–5 The ratio between orbital metastases and oc-
ular metastases varied from 1:8 in histopathologic se-
ries to 1:1.4 in more recent clinical series.6–9

Almost any primary tumor originating elsewhere
in the body has been reported to metastasize to the or-
bit.10,11 The most frequent primary sites are those most
common in the adult and older populations, including
breast, lung, prostate, and malignant melanoma.12–15

Metastases from the liver and gastrointestinal tract are
seen more frequently in Japan than in the United States
and Europe, reflecting geographical, environmental, or
genetic susceptibilities.16 From clinical ophthalmo-
logic practice, tumors with more aggressive behavior,
like metastatic carcinoma from the lungs, tend to be
underrepresented. At the time of presentation of or-
bital metastasis, patients with lung carcinoma are usu-
ally in poor clinical condition. Metastatic cancer from
an unknown primary site is a clinical challenge for all
physicians. In a recent series, the primary tumors re-
mained undetected in 10% of patients without history
of primary tumor at the time of ophthalmologic ex-
amination.15

In developed countries, because of the trend toward
early diagnosis of cancer and the use of more sophis-

ticated imaging studies, most patients with metasta-
tic orbital lesions present with a known history of pri-
mary tumors. In approximately one out of four pa-
tients with presumed orbital metastases, the orbital
specialist may be the first physician to demonstrate
the dissemination of the tumor.15 The time lag be-
tween the diagnosis of the primary tumor and orbital
manifestation varies according to the biologic behav-
ior of the tumors. Carcinomas from the breast, thy-
roid, and kidney have relatively long delays between
diagnosis of the primary and the manifestation of me-
tastasis, but this time lapse is very difficult to deter-
mine accurately.

Contrary to what one might expect from metasta-
tic disease, most orbital metastases present as unilat-
eral, solitary masses. Only 10% of orbital metastases
are bilateral.13,17 Bilateral disease is more frequent in
breast carcinoma (19%) than other tumors (2–5%). In
a combined case series,10 47% have demonstrated con-
current involvement of other sites, including the eye.
Combined ocular and orbital metastases have been ob-
served in 21% of cases from an ophthalmologic prac-
tice.15 Concurrent involvement of the central nervous
system is less than 5%.18

CLINICAL FINDINGS

Two recent series reported average ages of 44.8 and 62
years, but age may vary depending on the primary tu-
mor.15,16 In other published cases, the average age was
59 years for breast, 58 years for lung, 70 years for pros-
tate, and 45 years for malignant melanoma.5,10,11,19

The sex predominance is also dependent on the ori-
gin of the metastatic tumors. Amemiya et al. reported
74 males and 52 females, but the most frequent pri-
mary site was the lung.16 In contrast, Shields and
coworkers found 60 females and 40 males in a series
with predominant breast carcinomas.15

The most frequent complaints of patients with pre-
sumed metastatic disease to the orbit are proptosis,
ocular motility disturbances and diplopia, pain, pal-
pable mass, ptosis, and lid swelling. Visual acuity may
not be affected during the early phases of the disease.
The duration of symptoms varies from one to a few
months in lung primaries to more than a year in slow-
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growing carcinoid tumors, depending on the growth
rate of the tumor. A distinguishing feature of orbital
metastasis is the progressive course associated with
motor and sensory deficits. These deficits may be sig-
nificant, even with small metastatic orbital masses be-
cause of their rapid development. Slow-growing le-
sions (e.g., pleomorphic adenomas), would not cause
as much orbital dysfunction, even when they reach
much larger sizes.

Individual symptoms reflect particular tissue in-
volvement within the orbit. Tumors that infiltrate fat
and extraocular muscles produce proptosis.20–25 When
muscle involvement is early, the presenting complaint
is diplopia. Pain is usually associated with periosteal
and bone involvement. Pulsation may be the result of
either bone destruction or highly vascular tumors like
unusual cases of renal carcinoma. A rare sign is enoph-
thalmos, observed in approximately 10% of cases in
some series.10 It is generally related to the fibroblas-
tic response associated with breast carcinoma and
other tumors with a schirrous stromal component
(Figure 24.1). Enophthalmos may also result from fat
atrophy.20

Information obtained from clinical, imaging, and
surgical studies indicates that the lateral orbit is the
most common location of orbital metastasis (39%),
followed by the superior (32%), medial (20%), and in-
ferior (12%) quadrants.10 Goldberg and coworkers
summarize the clinical presentation of metastatic or-
bital disease in five generalized types.10

1. Mass formation. More than 65% of the patients
present with mass formation (Figure 24.2). Pri-
mary mass effect presents with axial or nonaxial

proptosis because of displacement of the globe.
The mass may be palpable in anteriorly located
tumors. Posterior lesions may present with papil-
ledema and pressure on the posterior globe.

2. Infiltration. Approximately 25% of the patients
present diffuse or localized infiltration of orbital
tissues characterized by diplopia, increased resis-
tance to retrodisplacement of the globe, and,
rarely, enophthalmos.

3. Functional. Predominant decrease in cranial nerve
function not related to the size of the mass or de-
gree of infiltration.

4. Inflammation. Acute or subacute orbital and peri-
ocular inflammatory signs.

5. Silent. No orbital signs or symptoms.

Metastatic disease may present as focal nodular
muscle enlargement without compromise of other
orbital tissues.21–25 One or more muscles may be af-
fected, and even bilateral involvement has been re-
ported. The horizontal rectus muscles are more
commonly affected than the vertical recti and
oblique muscles. In some cases diffuse muscle en-
largement may resemble an inflammatory pseudo-
tumor or thyroid orbitopathy.23 The differential di-
agnoses of muscle enlargement include Graves
ophthalmopathy, orbital myositis, lymphoma, vas-
cular malformations, amyloidosis, and specific in-
flammatory diseases.25 A transient response to ste-
roid treatment may be misleading because it can
occur in metastatic lesions of the orbit. The two
most frequent metastatic tumors associated with ex-
traocular muscle involvement are breast carcinoma
(55%) and melanoma (21%).25
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FIGURE 24.1. (A) Schirrous-type
breast carcinoma metastatic to the
right orbit causing enophthalmos.
Note that the right eye, which is
enophthalmic, remains at straight
gaze when the patient looks up. (B)
CT scan depicts a diffuse fibrous
component of the tumor, diffusely
infiltrating the intraconal space of
the right orbit. (C,D) Histopathology
reveals multiple, adenocarcinoma
cells (“signet-ring” cells) containing 
intracytoplasmic mucin (arrows)
scattered within the fibrous stroma
of the tumor. (D) Histopathologic
specimen shows tumor cells (arrows)
stained with Alcian blue.

A

B
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DIAGNOSTIC PROCEDURES

Orbital Imaging

Computed tomography (CT) and magnetic resonance
imaging (MRI) provide information regarding tissues
involved with tumor. Growth pattern is either a well-
delineated mass or a diffuse lesion with irregular mar-
gins. Multifocal nodularity of the muscles, which may

be demonstrated by CT scan or MRI, is more consis-
tent with the diagnosis of a metastatic process (Table
24.1).24,25 The relative frequency of each presentation
is as follows: orbital mass 58%, bone 25%, muscle
9%, and/or diffuse involvement 8%. Although classic
presentations have been described, carcinomas from
the same primary site may disclose a discrete mass in
some patients and a diffuse pattern in others.

On CT scan, metastatic lesions are very similar in
density to extraocular muscles.26 Muscle involvement
usually discloses a solitary mass with irregular bor-
ders; other findings include bone destruction with or
without intracranial or sinus extension. Evidence of
direct intracranial extension has been demonstrated
in 46% of patients with orbital metastasis.26

CT scans are particularly useful in suspected cases
of prostate carcinoma and other metastatic tumors
with bone involvement. The bone lesions may be ei-
ther hyperostotic (osteoblastic) or hypostotic (ose-
olytic). In general, prostate carcinoma causes a hyper-
ostotic (osteoblastic) response (Figure 24.3).

T1-weighted MR images provide excellent resolu-
tion to differentiate muscle involvement from the hy-
perreflective orbital fat.27,28 T1-weighted images with
fat suppression allow better visualization and resolu-
tion of soft tissue growth pattern and location. T2-
weighted images are less specific; metastatic tumors
are hyperreflective with these studies, particularly af-
ter gadolinium injection (see Chapters 9 and 10).

Echography of the orbit is useful to measure en-
larged muscles and may occasionally show cystic de-
generation of necrotic tumors but is not very helpful
in most instances.

The most important point in the evaluation of pa-
tients with presumed metastatic disease is guided his-
tory taking. Elderly patients who had primary tumors
in other body sites treated several years prior to or-
bital manifestations may forget or intentionally deny
any history of cancer.

A systemic workup should be done by a medical
oncologist in confirmed cases for the evaluation of
other metastatic sites and staging. The ophthalmolo-
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FIGURE 24.2. Mass formation of a metastatic tumor (squamous
cell carcinoma), presenting as a large space-occupying lesion, supe-
rior medial to the globe in the right orbit. The axial CT image re-
veals the necrotic nature of the tumor core, indicating a rapid
growth. The mass was causing inferior lateral proptosis and ex-
traocular motility problems. The primary of this lesion was un-
known despite extensive workup, including thorough consultations
with ear, nose, and throat specialists. TABLE 24.1. Diagnosis of Metastatic Disease of the Orbit.

History Previous history of cancer
Family history of cancer
Use of “cancer medication”

Ophthalmic Unilateral, diffuse infiltrative lesion
examination Nodular, extraocular muscle involvement

Osteolytic or osteoblastic orbital bone 
lesion in an elderly patient

Systemic Medical oncology consultation
evaluation CT/MRI of chest and abdomen

Bone marrow biopsy
Laboratory workup

Tissue Fine-needle aspiration biopsy with or 
diagnosis without CT guidance or ultrasonography

Excisional biopsy



gist should clearly state the presumed diagnosis as
metastatic orbital tumor.

Rarely, the orbital specialist may request other lab-
oratory tests and radiographic studies as part of the
initial workup in a patient suspected to have an or-
bital metastasis. Specific tests are particularly useful
in tumors that elaborate or are associated with an el-
evation of measurable substances in serum or urine,
such as prostate carcinoma and carcinoid tumors. 
Carcinoid tumors have an affinity for uptake of the
radiopharmaceutical [131I]metaiodobenzylguanidine
(MIBG). Hanson et al. reported a patient with a known
carcinoid tumor who developed a left orbital mass that
demonstrated abnormal uptake of [131I]MIBG indica-
tive of metastatic carcinoid tumor of the orbit.29

Tissue Diagnosis

Fine-needle aspiration biopsy (FNAB) (see Chapter 12)
of the orbit is a simple but effective method for con-
firmation of the orbital metastasis (Figure 24.3).30–32

FNAB may be performed as an ambulatory procedure
or in the operating room after superficial exposure of
the tumor. In both situations the procedure is rapid
and cost-effective. An adequate specimen usually pro-
vides material for routine studies and in some cases
for special stains. The optimal setting of FNAB is guid-
ance of the procedure by means of CT and preparation
and evaluation of the specimens by an experienced cy-
topathologist with knowledge of orbital disease. Neg-
ative results or the presence of inflammatory cells may
be misleading. Metastatic tumors with a prominent
stromal component may result in nonrepresentative
samples.33 The observation of a few lymphocytes as
the only cells present should not rule out a metasta-
tic disease because infiltrative orbital lesion may show

a chronic inflammatory response. Bloody samples in
a patient suspected of harboring orbital metastasis
should be carefully examined to detect individual,
atypical cells or isolated clusters of tumor cells. Mel-
anoma and renal carcinoma are commonly associated
with hemorrhage.34 False negative results vary ac-
cording to the location of the lesion within the orbit
and the type of lesion, but no false positive results
have been reported in FNABs for the diagnosis of or-
bital metastasis.1,33,34

An incisional biopsy is indicated either when
FNAB results in nonrepresentative samples or when
FNAB cannot be performed because of location or 
because ample tissue is required for special studies.
Currently, most differential diagnoses are resolved by
immunohistochemical staining techniques using 
tissue-specific antibodies. Electron microscopy is
rarely used for the diagnosis of specific tumor cell
types. Special studies include hormonal receptors, pro-
liferative factors, major chemotherapy resistance gene
expression, and fusion gene expression. In these in-
stances, the orbital surgeon should communicate with
the pathologist in advance regarding the required size
and handling of tissue samples.

MANAGEMENT AND PROGNOSIS

The behavior and management of orbital metastases
is largely dependent on the primary tumor. Although
the prognosis of the patient with orbital metastasis is
poor, long survival after treatment of certain neo-
plasms may occur. Nevertheless, even in hopeless sit-
uations, treatment to restore or maintain visual func-
tion may provide a better quality of life.

Management of orbital metastatic disease includes
palliative irradiation, hormone therapy, chemother-
apy, surgical excision, and observation, depending on
clinical circumstances (Table 24.2). Radiotherapy is
one of the more useful choices for improvement of or-
bital signs and symptoms and recovery of vision.35,36

Irradiation doses are divided over periods of two to
four weeks for a total dose of 30 to 50 Gy (see Chap-
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FIGURE 24.3. Hyperostosis of the superior orbital rim in a patient
with metastatic prostate carcinoma. Inset: Groups of malignant ep-
ithelial cells consistent with prostate carcinoma obtained with
FNAB.

TABLE 24.2. Management of Patients with Metastasis to 
the Orbit.

Treatment Application

Observation Advanced disease, asymptomatic orbital 
metastasis

Radiotherapy Diffuse tumors, extraocular muscle 
involvement, bone involvement

Hormonal therapy Hormonally sensitive tumors
Chemotherapy Widespread disease or systemic metastasis

Simultaneous treatment of primary and 
metastatic tumors

Surgical excision Localized, solitary, orbital metastasis
Surgical debulking Compromise of the globe or optic nerve



ter 33). The success rate in published series is 70 to
90%. The use of adequate doses, delivery through the
lateral orbital wall, and eye protection may reduce
complications. In one large series, 12 patients experi-
enced acute, transient keratoconjunctivitis; as late
side effects, two cases of cataract were observed dur-
ing a period of observation of 37 and 117 months.37 In
advanced cases of orbital metastases, which may also
involve adjacent structures, high-dose radiation (HDR)
brachytherapy may be used for palliative purposes.38

Hormonal therapy is an alternative to more ag-
gressive methods of treatment in tumors that show
estrogen and progesterone surface receptors. Breast
carcinoma and prostate carcinoma have been treated
solely with hormonal therapy with good results. Pros-
tate carcinoma may be responsive to orchiectomy or
diethylstilbestrol.

Chemotherapy with antimetabolites is indicated
in tumors that are unresponsive to hormonal therapy
and in premenopausal women. Dramatic reduction of
signs and symptoms has been observed with systemic
chemotherapy alone.

If the only site of metastasis is the orbit, or if a
solitary, circumscribed orbital mass is present, surgi-
cal excision of the tumor may relieve the clinical
manifestations in some patients and even provide a
reasonable tumor-free period. Experience with pa-
tients who have undergone biopsy has shown that a
slow-growing carcinoid may be amenable to surgical
excision. Surgical debulking may be required in 
patients with tumors resistant to other treatment 
modalities.

Observation without specific treatment of the or-
bital tumor is a reasonable choice for patients with
asymptomatic orbital metastasis but otherwise ad-
vanced systemic disease. The prognosis of patients
with orbital metastases is poor. Among patients with
sufficient follow-up, 95% died of metastasis, with
overall mean survival of 15 months, ranging from 3
to 96 months after diagnosis.1,15

ORIGINS OF METASTASES TO ORBIT

Breast Carcinoma

Breast carcinoma is the most common primary source
of orbital metastases. The ophthalmologist should be
aware that incidences of breast cancer have increased
approximately 30% in the past two decades.39 The fre-
quency of breast carcinoma among orbital metastases
varies from 29 to 51%. Breast primaries are almost al-
ways identified either before or simultaneously with
the metastatic disease. Rarely, an orbital metastatic
focus will precede the diagnosis of a nonpalpable pri-
mary breast carcinoma.40 A long delay between the
diagnosis of the primary tumor and orbital manifes-

tation is not uncommon. The average time is 4.5 to
6.5 years.40 Longer delays up to 25 years have been re-
ported, however.40,41

Patients with breast carcinoma that has metasta-
sized to the orbit are predominantly females, although
a few cases in males have been described.42 The me-
dian age at the time of presentation is in the sixth
decade.43 Bilateral orbital involvement is seen in 20%
of the cases, exceeding the average incidence of bilat-
eral metastases from other primary neoplasms.

Although symptoms and signs of breast carcinoma
do not basically differ from metastases from other pri-
mary tumors, certain presentations are quite charac-
teristic. Most breast carcinomas are invasive and in-
filtrate the fat and muscle. Isolated extraocular muscle
involvement is more common in breast carcinoma,
and the eyelid may also be affected. Slowly progres-
sive enophthalmos with reduced motility is nearly
pathognomonic of metastatic scirrhous breast carci-
noma (Figure 24.1).44 Nearly 54% of patients present
with an infiltrative or inflammatory syndrome that
should be differentiated from such other conditions as
idiopathic inflammatory pseudotumor, myositis, and
cellulitis.45–47

Clinical examination should include physical ex-
amination of the breasts and axillary and supraclavic-
ular lymph nodes. Mammography may be of help in
female patients without history of prior cancer.
Rarely, patients may present with metastatic disease
from an unknown breast primary.48

Invasive ductal carcinoma is the most frequent
breast cancer histologic type; it includes mucinous,
papillary, and scirrhous variants. Other cell types are
lobular invasive and undifferentiated carcinomas. Lob-
ular carcinoma has a tendency toward multicentric
and bilateral mammary gland involvement. In a liter-
ature review of orbital breast metastases, the histo-
pathologic subtypes of 54 carcinomas were as follows:
9 invasive ductal, 5 invasive lobular, 5 scirrhous, and
35 undifferentiated.46 Scirrhous and lobular carcinoma
of the breast may pose a challenge for histopathologic
diagnosis because the yield of FNAB is low. The dom-
inance of fibrous tissue in these tumors may lead to
nondiagnostic results. Some authors favor the use of
an incisional biopsy in suspected cases with enoph-
thalmos or inflammatory presentations. At the time
the tumor tissue is surgically removed, estrogen-
receptor (ER) and progesteron-receptor (PR) status
should be determined, and it is good practice to save
fresh tissue for further analysis, including expression
of HER2-neu.

Patients with breast cancer and orbital metastases
are classified in stage IV of the system of the Ameri-
can Joint Committee on Cancer, which includes pa-
tients with any status of the primary tumor and lymph
nodes, and distant metastases (see Chapter 30).49

Goals of treatment include improving quality of life
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and prolonging life. The median survival is 18 to 24
months, but some patients may experience longer sur-
vivals.37 Treatment of metastatic breast cancer will
usually involve hormone therapy and/or chemother-
apy with or without trastuzumab (Herceptin). Radia-
tion therapy and/or surgery may be indicated for pa-
tients with limited symptomatic metastases. The rate
of regression after palliative radiotherapy of orbital le-
sions has been 60 and 79% in different series.37,50,51

Hormone therapy should generally be considered
as initial treatment for a postmenopausal patient with
newly diagnosed metastatic disease if the patient’s tu-
mor is ER positive, PR positive, or ER/PR unknown.
Hormone therapy is especially indicated if the disease
involves only bone and soft tissue and the patient ei-
ther has not received adjuvant antiestrogen therapy or
has been off such therapy for more than a year. Ther-
apy with tamoxifen has been reported to reduce eye-
lid and orbital metastases of carcinoma of the breast.52

In patients whose tumors overexpress HER2-neu, ad-
ministration of Herceptin as a single agent resulted in
a significant response rate. Patients whose tumors
have progressed despite hormone therapy are candi-
dates for chemotherapy with antimetabolites. Patients
with EP/PR-negative tumors and those with visceral
metastases are also candidates for chemotherapy.

Miscellaneous Primary Sites

According to different series, the other common can-
cers metastatic to the orbit include lung (Figure
24.4),53–56 prostate (Figure 24.5),57,58 and hepatic car-
cinoma (Figure 24.6).59–62 Because of the occult lesion
and a symptomatic growth of the primary tumor, or-
bital metastasis may be the first manifestation of dis-

seminated diseases in 20% of cases.4,6 Many patients
have a fulminant course with short survival.

In patients with prostate carcinoma, the diagnosis
of metastastic orbital disease is facilitated by the
demonstration of osteoblastic and/or osteolytic bone
lesions that are associated with pain. In cases of pri-
mary manifestation of the disease, confirmation is pro-
vided by the measurement of prostate-specific antigen
(PSA) in serum or the expression of the same antigen
in tissue sections from the metastatic tumor.17,63

Hepatocellular carcinoma is the most frequent
metastatic orbital tumor in Japan, but it is rarely seen
in Western countries.16 The patients are predomi-
nantly males with an average age of 56 years.16 Me-
tastasis to the orbit is usually associated with ad-
vanced disease and early mortality; the mean survival
after diagnosis is about one year. In a majority of the
cases, the proptosis is associated with pain because of
early periosteal involvement. The differential diagno-
sis of painful proptosis should include malignant
schwannoma, adenoid cystic carcinoma of the
lacrimal gland, and perineural invasion of the orbit by
cutaneous squamous cell carcinoma.64–66 FNAB ma-
terial is usually sufficient for diagnosis, particularly if
enough tissue is recovered for immunohistologic
chemical stains. Positive stainings of bile canaliculi
with polyclonal carcinoembryonic antigen (CEA)
marker confirms the diagnosis of hepatocellular car-
cinoma. �-Fetoprotein (AFP) has been reported to be
positive in about 80% of hepatocellular carcinomas.67

Metastatic melanoma of the orbit may be seen in
several clinical settings.68–71 Most frequently, the pa-
tient has had a cutaneous melanoma excised, or an ac-
tive, nonocular melanoma (Figure 24.7). Rarely, a his-
tory or clinical signs of a spontaneously regressed
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FIGURE 24.4. Metastatic
squamous cell carcinoma of
the lung in the right orbit
causing mild proptosis; 
ptosis of the upper lid and
extraocular motility 
disturbance was secondary
to diffuse infiltration of the
tumor into the soft tissues
of the right orbit. FNAB 
revealed poorly differenti-
ated carcinoma. Immuno-
histochemistry demon-
strated the presence of
cytokeratin, revealing the
tumor to be poorly 
differentiated squamous cell
carcinoma (lower right).



malignant melanoma of the skin lesion may be docu-
mented. In the few remaining cases, no primary site
can be demonstrated after comprehensive dermato-
logic and oncologic workup. The most frequent pri-
mary sites for orbital metastases are the upper arms
and trunk. Metastases of melanoma are commonly
discrete and well circumscribed. The melanoma cells
may grow predominantly within an extraocular mus-
cle. Contralateral orbital metastasis from choroidal

melanoma have been reported.69–71 Although ad-
vanced metastatic melanoma is relatively resistant to
therapy, several biologic response modifiers and cyto-
toxic agents can result in longer survival times. In
some cases, excision of isolated orbital metastasis may
be associated with prolonged survival.

Other less frequent primary sites of metastatic tu-
mors to the orbit are gastrointestinal tract and 
salivary glands,72–75 kidney,76,77 thyroid,78,79 urinary

C H A P T E R 24 : M E T A S T A T I C T U M O R S 2 8 5

FIGURE 24.5. Multiple orbital and periorbital nodules of
metastatic prostate carcinoma depicted in (A) facial 
photograph and (B) CT image. At the time of this patient’s
presentation, the site of the primary tumor was not known.
(C) Immunohistochemistry performed on the orbital biopsy
sample demonstrated intracytoplasmic precipitates (arrow),
indicating the presence of androgen receptors.

FIGURE 24.6. (A) Coronal
CT, (C) intraoperative 
photograph, and (B,D) histo-
pathology specimen showing
extensive bony erosion (be)
secondary to hepatocellular
carcinoma metastatic to the
orbit. (D) Large polygonal 
hepatocellular carcinoma
cells with granular cyto-
plasm; large nuclei with
prominent nucleoli are 
visible.
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bladder,80 genital organs,81,82 and soft tissue tu-
mors.83–87 Carcinoid tumors of the orbit may be pri-
mary or metastatic. Metastatic carcinoid tumors to
the orbit are characterized by slow growth, circum-
scribed appearance, and long survival after local88–94

surgical excision. Surgical removal of carcinoid meta-
static in the orbit is one of the few indications for sur-
gery because of longer survival.

Metastatic Cancer from Unknown Primary Site

In 10% of metastastic orbital tumors, the origin of the
primary tumor remains unknown at the time of diag-
nosis.13–15 This rate represents approximately 2.5 to
3.5% of orbital metastases, which is similar to the per-
centage of histologically documented carcinomas in

any body location in which the origin is not identi-
fied clinically (Figure 24.2). This situation is known
as “carcinoma of unknown primary site” (CUPS) or
occult primary malignancy.

The minimal criteria to define CUPS include bi-
opsy of the tumor, complete physical examination,
chest x-ray, chest and abdominal CT/MRI, complete
blood cell count, urinalysis, and examination of the
stool for occult blood.95 Most instances of CUPS are
adenocarcinomas or undifferentiated tumors. The ma-
jority of the patients with CUPS are over age 60.

The pathologist plays a pivotal role in the identi-
fication of the primary tumor. Immunohistochemical
studies, histochemistry, polymerase chain reaction
sequencing, chromosomal analysis, and electron mi-
croscopy may provide useful information to confirm
or rule out certain tumors.96,97 A favorable group for
therapy has been identified in patients younger than
50 years, with elevated serum levels of � human
chorionic gonadotropin (hCG) and AFP, presence of
neurogranules, and rapid growth rate.

The overall prognosis of CUPS is poor with a me-
dian survival of about 6 months. Tumors of the lung,
breast, prostate, and thyroid represent approximately
15% of CUPS.98,99 CUPS in which the cell type is
identified are treated with standard chemotherapy and
hormonal therapy regimens already indicated for such
tumors. In the remaining cases, several combined pro-
tocols have been used but without much success.99

Paraneoplastic Orbital Syndrome

Paraneoplastic syndromes with ocular and adnexal in-
volvement are rare. In general, paraneoplastic syn-
dromes are seen in less than 1% of patients with 
cancer.

Ocular muscle palsy and ptosis may occur with-
out extraocular muscle infiltration due to neuromus-
cular disorders associated with cancer.95 Patients with
small-cell lung cancer may develop antibodies to pre-
vent neuromuscular transmission resulting in a myas-
thenic-like syndrome (Lambert–Eaton myasthenic
syndrome).100 Other malignancies that may produce
similar signs and symptoms include renal cell carci-
noma, bronchial carcinoma, lymphoma, malignant
thymoma, and transitional cell carcinoma of the 
bladder.

A rare clinical presentation, apparently not re-
lated to direct tumor invasion, has been observed in
patients with seminoma and in one patient with
paran-glioma.101–104 This unusual syndrome might
present with bilateral nonspecific inflammation or
Graves-like orbitopathy and thickening of the four
extraocular rectus muscles. The mechanism of this
disorder is unknown and has been associated with
elevated serum levels of hCG. In one case, histo-
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FIGURE 24.7. (A,B) Cutaneous melanoma metastatic to the orbits
bilaterally. The predominant tumor load was in the left orbit, and,
therefore, the left eye appears to be more proptotic. (B) The ex-
traocular motility of the right orbit was full at the time of the CT
scan. Inset: Melanoma cells obtained with FNAB. (C) Enlarged, 
melanoma-laden, left axillary lymph nodes.

A

B

C



pathologic examination of the orbit did not reveal
any evidence of tumor infiltation.103 Regression of
signs and symptoms has been observed after exci-
sion of the primary tumor and in response to corti-
costeroids. Retinal abnormalities ranging from atro-
phy to hypopigmentation have been reported in lung
cancers and other types of malignant disease.105,106

Since orbital metastases often take place during ad-
vanced stages of a malignant process, it is advisable
to keep the possibility of retinal dysfunction in mind
and examine the patient accordingly.
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Benign Pediatric Tumors
Zeynel A. Karcioglu and Johan Zwaan

The list comprising the benign orbital tumors,
tumorlike conditions, and cysts of the pedi-
atric orbit is long (Table 25.1).1–7 However,

many lesions on this list are rare conditions that are
seldom encountered even in pediatric ophthalmology
referral centers. The more commonly seen benign
space-occupying lesions in the pediatric orbit include
choristomatous lesions, hamartomas, vascular ter-
atomatous lesions (capillary and cavernous hemangi-
oma, lymphangioma, etc.), benign histiocytic lesions,
fibro-osseous lesions, neural tumors, cephaloceles,
and miscellaneous cysts, which can be either congen-
ital or acquired. Although any tumor or tumorlike
condition may show degenerative changes and present
as a cystic lesion clinically, the common feature of all
true cysts is a wall containing a cellular lining. This
chapter primarily covers congenital orbital tumors 
and tumorlike conditions including dermoid, der-
molipoma, teratoma, cephalocele, and congenital and
other cysts. Other frequently encountered pediatric
tumors are detailed elsewhere in the book (see Chap-
ters 14, 15, 16, 17, and 27).

Hamartoma is a tumorlike proliferation of tissues
that normally exist at a given body location. The best
examples of orbital hamartomas are the vascular
hamartomatous lesions, which are composed of vas-
cular elements including capillary endothelial cells,
distended or collapsed cavernous blood, and lymph
vessels, and tortuous arterial and venous channels
with or without anastomoses. Other examples of
hamartomatous orbital tumors are neurofibroma and
lipomatous hamartoma.8 In contrast, choristoma is a
tumorlike proliferation of tissues that are not nor-
mally present at a given body location. The most com-
monly encountered example of orbital choristoma is
the dermoid.7

DERMOID

Dermoids, which present with many varieties, result
from the entrapment of epithelial structures at the site
of closure of fetal fissures. Superficial dermoid cysts
occur subcutaneously anterior to the orbital septum
or immediately posterior to it within the anterior or-
bit. If the cyst wall is made of epidermis without der-

mal tissues, the lesion is classified as an epidermoid
cyst. These cysts are occasionally lined by conjuncti-
val or pseudostratified respiratory epithelium.9 The
superficial lesions must be distinguished from deep or-
bital dermoids, which are usually rounded, encapsu-
lated tumors filled with fatty materials, keratin, and
dermal structures such as hair particles. Histopatho-
logically, the dermoid wall is lined by keratinizing squa-
mous epithelium with dermal appendices including
hair follicles and sebaceous and ecrine glands.10

Dermoids are seen in the orbit, the eyelids, and the
periocular and periorbital areas (Figure 25.1).11–13 Or-
bit and eyelid dermoids develop as cystic lesions (in
contrast to the solid dermoids of the cornea and con-
junctiva). Whether solid or cystic, dermoid is a com-
mon lesion which accounts for approximately 25% of
all orbital space-occupying lesions and 75% of all cys-
tic space occupying lesions in the orbit.9 In another
study, it was reported that dermoids consist of ap-
proximately 50% of all orbital and periorbital lesions
in individuals under the age of 18.9,14

Rarely, dermoids at the frontozygomatic suture
may develop dumbbell-shaped lesions partially within
the orbit and partially extending into the temporal
fossa (Figure 25.2).13,15 Unusually large superior or-
bital dermoids, particularly those that leak and create
granulomatous reactions within adjacent soft tissues,
may erode the bone and extend into the frontal sinus
or the cranium (Figures 25.3 and 25.4).16

Dermoid cysts are surrounded by a thin wall made
of keratinizing, stratified squamous epithelium. The
cyst wall contains skin appendages, including hair fol-
licles surrounded by sebaceous glands, sweat glands,
and blood vessels. The lumen of the cyst contains a
mixture of keratin and fatty glandular secretions and
may also contain clumps of hair. The presence of der-
mal appendages and hair differentiates the dermoid
from the epidermoid, which is lined by squamous ep-
ithelium but does not contain any other tissue ele-
ments of skin in its surrounding wall. The current un-
derstanding is that dermoids develop as a result of the
entrapment of surface epithelium. Frequently, they
occur at bony fusion sites, particularly at the fron-
tozygomatic sutures; other common sites for dermoids
are found near the frontonasal and frontolacrimal 
sutures.
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From a clinical standpoint, dermoids can be divided
into the superficial type (found in the eyelids or peri-
orbital skin) and the deep type that is found within the
orbit proper posterior to the septum (Figures 25.1 and
25.5). Dermoids are usually unilateral without any
predilection to laterality or to the gender or race of the
patient. Although these lesions are congenital, only
one fourth are clinically evident at birth; they are more
often discovered during the first year of a child’s life.7

Most of the time, they are discovered accidentally dur-
ing childcare activities. Dermoids may also present as

foci of acute inflammation with swelling, erythema,
and tenderness. Tenderness is caused by foreign body
inflammatory reaction secondary to the leakage of the
keratin contents of the dermoid cyst. The signs and
symptoms vary with the location and the size of the
lesion. Deep orbital dermoids remain symptomless for
a longer period of time and may present in adolescence
or early adulthood. There is slow occurrence of pro-
gressive displacement and/or proptosis of the globe.
Less frequently, some dermoids rupture and create cu-
taneous fistulas.17 If the deep orbital dermoids reach a
sufficient size, they may cause diplopia secondary to
displacement of the globe and/or oculomotor palsies.
Superiorly located dermoids are known to erode the
bone of the orbital roof and extend into the frontal si-
nus and/or the cranium (Figure 25.4).18 Since the der-
moids are soft lesions, they rarely cause compressive
symptoms such as choroidal folds, venous congestion,
and optic neuropathy.19 Imaging studies should in-
clude computed tomography (CT) and magnetic reso-
nance (MR); B-scan ultrasonography is also useful in
anteriorally located lesions.20,21 Depending on the size,
location, and the nature of the intraluminal content,
imaging findings may vary; however, most of these le-
sions present as well-delineated, thin-walled cysts with
nonenhancing lumen. CT shows a well-circumscribed
cystic mass of low, sometimes negative density due to
the presence of lipid within the lumen.22–24 Small cal-
cifications that are occasionally detected at the pe-
riphery and capsule may enhance with contrast. Le-
sions that abut the bone cause a shallow impression
of the bony wall (Figure 25.3).24 In dumbbell-shaped
tumors, a bony defect at the frontozygomatic suture
can be seen with a small portion of the lesion extend-
ing into the fossa temporalis (Figure 25.2).15,25

MR imaging also shows dermoid as a well-
circumscribed lesion that is homogeneous and hy-

2 9 4 P A R T F I V E : P E D I A T R I C O R B I T A L T U M O R S A N D P S E U D O T U M O R S

TABLE 25.1. Benign Orbital Tumors and Tumorlike Lesions 
of Children.

Mass lesion Specific tissue type

Hamartomas Neurofibroma
Lipomatous hamartoma

Vascular hamartomatous Capillary hemangioma
lesions Cavernous hemangioma

Lymphangioma
Arteriovenous malformations
Vascular leiomyoma

Choristomas Dermoid/epidermoid
Dermolipoma
Mixed choriostomas

Teratomas
Neural neoplasms Peripheral nerve tumors

Optic nerve tumors
Histiocytoses Langerhans cell histiocytosis

Non–Langerhans cell histiocytosis
Fibro-osseus tumors 

and tumorlike lesions
Mass lesions secondary Encephalocele

to orbitocranial Meningoencephalocele
maldevelopments

Cysts Microphthalmia with cyst
Meningocele
Mucocele
Dacryocystocele
Dacryops

FIGURE 25.1. Clinical
presentations of dermoid located in
different parts of the orbit and 
periorbita: (A) lacrimal gland fossa
with lacrimal gland prolapse (B) 
superior lateral orbit and upper
eyelid with S-shaped lid, (C) 
posterior orbit tumor with axial
proptosis, and (D) periorbital 
dermoid with subcutaneous cyst.



pointense to extraocular muscles in T1-weighted im-
ages (Figure 25.5). Because of the fat content, however,
the signal varies on T1-weighted images, which may
show two or more signal intensities within one lesion.
The specific nature of the fatty, luminal contents is

best demonstrated when diffusion-weighted imaging
(DWI) is used, which enables specific definition by sig-
nal enhancement.26–29

Small dermoids and epidermoids do not need im-
mediate treatment and can be observed until the
second or third year of life and sometimes even
longer. However, when the lesion reaches a certain
size, it should be surgically removed; whenever pos-
sible, removal of these lesions should be conducted
with special care to avoid rupture of the cyst wall.11

The surgical removal should be performed before
the lesion becomes large enough to displace the eye-
lid and orbital structures. The growth of the der-
moid is primarily due to the increase of its secre-
tions within the lumen, which in turn leads to
distension of the cyst wall with focal thinning. The
luminal contents may leak out through the weak-
ened areas of the wall and cause chronic inflam-
matory foreign body reaction. Another issue to con-
sider is that as a child grows and becomes more
active, the chance of the dermoids becoming trau-
matized increases, particularly in the case of the su-
perficial ones. If the lesion is sufficiently large, even
a minor trauma may cause the rupture of the tumor
with leakage of keratin material into adjacent soft
tissues, causing a severe, localized, anaphylactoid
reaction. Again, removal should be performed prior
to rupture of the cyst, which makes complete exci-
sion of the tumor difficult.

Superficial orbital dermoids that are located supe-
riorally can easily be reached through a lid crease in-
cision, which allows good exposure of the tumor, even
if it is not located immediately below the lid
crease.30,31 Since it is important to remove the der-
moid with an intact wall, the surgeon should take
time in dissecting around the lesion in a blunt fash-
ion, using cotton tip applicators and blunt curved he-
mostats to push and spread the adherent soft tissues

C H A P T E R 25 : B E N I G N P E D I A T R I C T U M O R S 2 9 5

FIGURE 25.2. Dermoids located in
different parts of the orbit causing
bony erosion. (A) A large posterior
dermoid occupying almost the 
entire orbit, extending into the
middle cranial fossa. (B) An oval
dermoid eroding into the medial
wall of the orbit. (C) A superior
lateral dermoid causing erosion
into the wall of the lacrimal gland
fossa. (D) Histopathologic example
of the relationship between the
dermoid wall (dw) and bone (b). 
Arrowheads point to bony erosion.

FIGURE 25.3. (A,B) Two dumbbell-shaped dermoids (d) located par-
tially in the orbit and partially in the temporal fossa. The 
widening of the frontozygomatic fissure (arrow) by the expanding
dermoid is shown in (A). (C) A chronic inflammatory reaction 
(arrows) adjacent to a leaking dermoid wall (dw); k � keratin.



away from the wall. During this procedure, it is im-
portant to look for areas of firm connection between
the dermoid wall and the bone, which may represent
vestigial portions of the originally entrapped epider-
mis. If these adherences are left behind, the likelihood
of recurrence increases. Application of the cryoprobe
during the dissection is suggested by some authors;
however, the cryoprobe is usually not necessary for
the excision of superficial lesions that readily present
themselves. The effectiveness of the cryoprobe to ad-
here itself to a deeper dermoid is limited; because of
the fatty content of the cyst, only a superficial iceball
is created between the tip of the probe and the wall
of the lesion. At times the cryoprobe may very well
be a disadvantage because if applied to a weak portion
of the wall, it may create a break in the capsule and
make the intact removal more difficult.

The surgical removal of deep orbital dermoids is
more difficult.32 The decision to remove these lesions
depends on the size and location of the tumor and its
potential to lead to functional deficit. If the tumor
compresses the globe and the optic nerve or causes ex-
traocular motility disturbance, which in turn leads to
amblyopia, removal is indicated and should be done
without delay. The rule just given for the removal of

superficial dermoids applies to deep orbital lesions, as
well: that is, the surgeon should first attempt to re-
move the lesion with an intact capsule. However, in
deep lesions, this is not as easy as with superficial ones
because of limited visibility, presence of vital struc-
tures adjacent to the lesion, and the possible adher-
ence of the base of the long-standing lesion to the
bone. In these situations, if the lesion cannot be re-
moved in toto, the luminal contents may be removed
carefully without too much spillage into the soft tis-
sues. Once the cyst wall has been opened and the con-
tents completely cleaned, it may be easier to mobilize
the lesion for removal from its bony attachments. If
the lesion is too large and extends into adjacent cav-
ities including the nose, paranasal sinuses, and the cra-
nium, removal of the lesion through orbital surgery
alone may be impossible; treatment in such cases
should be undertaken jointly with ear, nose, and throat
surgeons and neurosurgeons.

DERMOLIPOMA

Dermolipoma is another choristomatous lesion that
contains skin and adnexal elements surrounded by a
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FIGURE 25.4. Extension of the
dermoid into the cranium (A–C)
and into the ethmoidal sinus (D).
Intraoperative photograph (C)
shows the purplish-red dermoid 
lesion underneath the frontal
bone.

FIGURE 25.5. (A) A T1-weighted, sagit-
tal MRI image showing a superior ante-
rior dermoid (d). Note that the levator
muscle is distorted with a kink posterior
to the lesion (red arrow) and the septum
is pushed inferiorly and anteriorly (white 
arrow). (B) The appearance of dermoid 
after surgical removal; contains a 
considerable amount of keratin (k) and 
a few hairs (black arrow).



disproportionate amount of fat within conjunctival,
episcleral, and anterior orbital tissues. These lesions
are not cystic. Because of the superiolateral location
of these lesions, the lacrimal gland, its ductules, and
the lateral rectus muscle may be affected by suffi-
ciently large dermolipomas (Figure 25.6). Most of these
lesions in children are discovered accidentally by par-
ents; a common presentation is as a yellowish-white
superiotemporal mass partially covered with a thin
web of blood vessels.

Dermolipomas are frequently associated with a
number of congenital developmental disorders in-
cluding Goldenhar syndrome, Treacher–Collins
syndrome, hemifacial microsomia, and linear nevus
sebaceous syndrome.33–36 Unless dermolipomas
reach a very large size, enough to distort the eyelid
anatomy, or unless they contain hairs on their sur-
face that cause persistent foreign body sensation,
they should be observed and managed conserva-
tively.37,38 Even when surgical management is
elected, partial excision of the symptomatic portion
should be employed rather than complete resection
of the tumor. Serious complications have been re-
ported as a result of overzealous dermolipoma ex-
cisions, including damage to the palpebral lobe of
the lacrimal gland and its ductules, as well as stra-
bismus and pseudostrabismus.39,40 With a conser-
vative approach, serious complications such as ex-
traocular disturbance with diplopia, upper eyelid
ptosis, and dry eyes are likely to be avoided.

Other lesions that can be encountered in the su-
perior lateral fossa include complex choriostomas,
which are made of a variety of ectopic tissues includ-
ing lacrimal gland, conjunctival, and respiratory 
tract epithelium as well as central nervous system 
tissue.41–47 Cystic dilatation of the lacrimal gland 
ductules known as dacryops may also present as
space-occupying lesions in the lacrimal fossa (Figure
25.7).48,49 Dacryops may occasionally present as a con-
genital lesion (Figure 25.8).

TERATOMA

Teratoma is a germ cell tumor that contains tissues de-
rived from the endoderm, ectoderm, and mesoderm (Fig-
ure 25.9).50,51 Therefore, these lesions may contain skin,
bowel, lung, brain, thyroid, cartilage, and bone tissues.
Most teratomas develop unilaterally and in girls. A great
majority of these congenital tumors are benign. Occa-
sional reports have documented malignant transforma-
tion within orbitocranial teratomas. These tumors con-
tinue to grow 6 to 12 months after birth because of the
collection of secretions from different tissues into the
partially cystic spaces of the tumor. Some teratomas cre-
ate massive proptosis, and most can be treated only by
exenteration. Recently, however, some of these lesions
have been removed surgically, with preservation of the
globe and other vital orbital structures reported.52

If the teratoma extends beyond the orbit into the
cranium, radical surgical efforts including craniotomy
are indicated.53 Although most orbital teratomas are
small, some reach alarming sizes with marked distor-
tion of the craniofacial anatomy. Large teratomas may
displace the globe severely, to the degree that the tu-
mor may be completely invisible, with total loss of vi-
sion secondary to compression of the globe and/or the
optic nerve. These lesions may be solid or cystic, and
the cystic ones tend to grow because of the accumula-
tion of secretory elements within the cysts of the ter-
atoma. In a great majority of the cases, the growth of
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FIGURE 25.6. A dermolipoma of the left superior orbit and peri-
ocular tissues (black arrow) in an adult. The lacrimal glands are
marked with white arrows bilaterally. The patient had had this le-
sion since childhood.

FIGURE 25.7. (A) Slit lamp view and (B) axial CT image of dacry-
ops reveal its thin, transparent wall (arrows). (C) Histopathologic
appearance shows the distended dacryops (dy) lumen lined by two
layers of columnar epithelium and containing a small amount of
pinkish proteinaceous material. Partially atrophic lacrimal gland
acini (lg) are scattered around the distended ductule.



the lesion is not caused by malignant behavior; how-
ever, recurrence and malignant transformation have
been reported in incompletely excised teratomas.54,55

MASS LESIONS SECONDARY TO 
ORBITOCRANIAL MALDEVELOPMENTS

Cephalocele results from the herniation of maldevel-
oped tissues of the central nervous system (CNS), in-

cluding meninges (meningocele), brain parenchyma
(encephalocele), and the combination of the two
(meningoencephalocele) into the orbital cavity.44,56

Intraorbital cephaloceles may develop anteriorly at the
suture lines of orbital bones or posteriorly extending
into the orbit from orbital fissures and the optic canal.
Depending on the combination of these herniations,
they contain brain and/or meningeal tissues (Figures
25.10 and 25.11). Herniation of the CNS tissue and
meninges into the orbit occurs with a high incidence
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FIGURE 25.9. Orbitocranial teratomas may reach incredibly large
size to the point of distorting the craniofacial anatomy. (A,B) Ter-
atomas that had successful surgical procedures without any recur-
rence. (C,D) Teratomas may contain different types of tissues in-

cluding intestinal mucosa (white arrows), glandular tissue (glnd),
cartilage (crt) and (cyst) intermixed with fibrous tissue and blood
vessels (black arrows).

FIGURE 25.8. (A) Eighteen-
month-old boy who was
born with a congenital
dacryops in the superior 
orbit displacing the right
globe inferiorly. The cystic
lesion is depicted in (B) axial
and (C) coronal views of the
CT scan. (D) Histopathologic
appearance reveals the 
lumen of the dacryops (dy)
partially lined by choroidal
cells and surrounded by 
atrophic lacrimal gland (lg)
tissue and chronic inflam-
mation forming germinal
centers (arrow).



among children with congenital craniofacial clefting
abnormalities.36 Orbital meningoencephaloceles are
considered to be developmental abnormalities that oc-
cur secondary to the lack of fusion or delayed fusion
between orbital bones.

Anterior meningoencephalocele most commonly
herniates through an opening between the frontal and

lacrimal bones, which characteristically presents
shortly after birth. The mass clinically presents as a
fluctuant bluish lesion between the nose and the me-
dial canthal. On palpation, these lesions are felt to be
softer than other developmental cysts.57 The globe and
the lacrimal drainage system are usually displaced lat-
erally, and some patients may have epiphora.58
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FIGURE 25.10. (A,B) Superi-
orly located, partially 
calcified encephalocele caus-
ing inferior dislocation of
the left eye and blepharato-
sis of the left upper eyelid.
The left globe was 
prephthisical at the time of
presentation, with total 
disorganization of its inter-
nal structure and partial 
calcification. (C) The 
combined A and B scans
show the disorganized globe
with multiple calcified foci
causing the spikes on A
scan. (D) The bluish-purple,
glossy surface of the 
encephalocele after removal.
Inset: Histopathologic 
appearance of the 
encephalocele showing 
brain tissue with focal 
calcifications.

FIGURE 25.11. (A) A large, 
partially cystic meningoencephalo-
cele occupying the posterior orbit
and causing axial proptosis. (B–D)
Histopathologic photographs from
different parts of the same lesion
show haphazard coexistence of 
different types of tissue, including
brain (b), meninges (m), and fat (f).
Some of the cystic lesions are
lined by ciliated ependymal 
cells (e).



When the meningoencephalocele is posteriorly lo-
cated, it usually herniates through the superior orbital
fissure and/or optic canal. The symptoms of the pos-
terior meningoencephalocele are less dramatic than
those of its anterior counterpart. It usually presents
with slowly progressive proptosis, and displacement
of the globe and extraocular motility disturbances.
Both anterior and posterior meningoencephaloceles
may present with pulsating proptosis, depending on
the size of the bony defect. In some instances, the pul-
sation ceases because fibrosis or fusion of the bony de-
fect has cut off the CNS tissue herniation from its
connection to the brain, and the lesion becomes an
isolated orbital mass. Aberrant fibroglial tissue has
also been described in the orbit.59

Grossly, meningoceles and meningoencephalo-
celes are well-circumscribed masses that appear to be
grayish-white and glistening on the cut surface. His-
topathologic examination may or may not reveal men-
ingeal tissue around the herniated mass. The mass 
itself is usually composed of brain tissue that some-
times contains tiny calcified psammoma bodies.

The osseous defect can usually be demonstrated by
CT, which is the most useful imaging study. The con-
nection of the encephalocele contents to the brain tis-
sue may also be demonstrated with CT and MRI. The

treatment of orbital cephaloceles demands a multidis-
ciplinary surgical approach, primarily relying on the in-
put of neurosurgeons and craniofacial surgeons.60,61

CONGENITAL CYSTS

Anophthalmos/Microphthalmos

When the globe is abnormally developed, microph-
thalmos, congenital cystic eye and, extremely rarely,
anophthalmos occur. Microphthalmos is usually seen
as a unilateral condition; in about 10% of cases it is
associated with other craniofacial malformations, in-
cluding agenesis of the corpus callosum, polymicro-
gyria, and midline arachnoidal cysts. Microphthalmos
may be seen as a part of several genetically determined
neuronal migration disorders such as Walker–Warburg
syndrome, Aicardi syndrome, and Fukuyama congen-
ital muscular dystrophy.

In microphthalmos and anophthalmos, the orbit
may be well formed at birth but does not develop to
a full adult volume because of the abnormal eye and/or
cyst formation (Figure 25.12). The mechanism by
which the presence of the globe affects the growth of
the orbit is not well understood.62,63 This cystic struc-
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FIGURE 25.12. Three patients
with malformed eyes showing
(right eye) microphthalmia with a
colobomatos cyst (A, B), (right eye)
microphthalmia without a cyst (C,
D), and bilateral microphthalmia
without cyst (E, F). (B) Note the
enlargement of the right orbit 
secondary to large cyst formation.
(D) In the patient with 
microphthalmia without cyst, the
right orbit is smaller than the left.
(F) In the third patient, both orbits
are small but symmetrical.



ture may increase rapidly in size to overshadow the
abnormal globe, leading to potential confusion with a
neoplasm. When cystic lesions in the orbit are sus-
pected, imaging studies should be performed—not
only to look for other intracranial abnormalities but
also to establish the possible connection of the cyst
to the colobomatous globe and/or to abnormally
formed meninges.64

The size of the cyst varies depending on the degree
of embryonic maldevelopment. The early failure of the
closure of the embryonic optic fissure leads to large
colobomatous defects with a large congenital cystic
component, easily identified at birth (Figure 25.13).65

The larger the cyst at birth, the smaller and more ab-
normally developed is the globe. These congenital
cysts are commonly unilateral; but bilateral cysts have
been reported in association with 131 deletion syn-
drome and trisomy 18.66,67 The degree of proptosis is
usually moderate, with an anterior superior displace-
ment of the globe. Examination with transillumina-
tion and B-scan ultrasonography can help to differen-
tiate these lesions from solid congenital mass lesions,
including teratomas and cephaloceles. Imaging with
CT and MR will confirm the presence of the cyst and
establish the position of the cyst within the orbit in
relation to the abnormal globe.68,69 CT is also useful
to identify any associated bony abnormalities of the
orbit.

Most of the microphthalmic eyes have a poor vi-
sual prognosis. If they are accompanied with large
cysts, the best treatment is enucleation with complete
excision of the cyst. Smaller cysts associated with a
reasonably well-developed globe, which may continue
to grow and maintain the growth of the orbit, may not
require enucleation. Instead, the orbital cyst is excised
by itself.70

The differential diagnosis of the congenital medial
cystic mass should also include dacryocystocele;
rarely, encepholocele and the lacrimal drainage sys-
tem malformations may occur together.71

OTHER CYSTS

Mucocele

Orbital mucocele is a rare lesion in the pediatric age
group. Most mucoceles in children originate from the
ethmoid sinuses, as opposed to the common occur-
rence of the adult mucocele from the frontal sinus.
This is most likely due to delayed formation of the
frontal sinus, which begins to aerate around the age
of 10. Mucocele is covered in detail elsewhere in the
book (see Chapter 29). It should be kept in mind that
pediatric orbital mucoceles may develop into common
pediatric disorders of children: allergic rhinitis and
cystic fibrosis.72,73 The treatment is surgical drainage
and removal, which can occasionally be done endo-
scopically.74,75

Arachnoidal Cyst

The arachnoidal cyst is a rare, benign distension of the
meningeal tissues, which surround the optic nerve.76,77

Histopathologically, the wall consists of dura and
epidural tissue with proliferation of the underlying
meningothelial cells.77 This lesion may be encoun-
tered in all age groups and presents with compressive
optic neuropathy with decreased visual acuity and vi-
sual field loss due to atrophy of the optic nerve. Cys-
tic masses of the optic nerve sheath have also been re-
ported to develop as a result of trauma.78
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Orbital RMS accounts for about 10 to 20% of all
the rhabdomyosarcomas. Males are more affected than
females, and the mean age at diagnosis is 8 years. A
history of trauma is frequently associated with the
clinical presentation of the tumor.11,12 The histo-
pathologic types include embryonal, alveolar, spindle
cell, and botryoid tumors (Box 26.1). The embryonal
type is the most common; the alveolar is less com-
mon and carries the worst prognosis (Figures 26.1 and
26.2).13 Another type of RMS, called the pleomorphic
type, is extremely rare in the orbit. Tumor location
correlates with histology: embryonal and differenti-
ated types are more commonly located in the supero-
nasal quadrants, whereas the alveolar type originates
within the inferior orbit.14

Orbital RMS can present insidiously, mimicking
other lesions clinically and radiologically. The most
characteristic presenting features of orbital RMS are a
fairly rapid onset and progression of proptosis and dis-
placement of the globe (Box 26.2). The upper inner
quadrant is the most common site of origin. Intracra-
nial extension and invasion of the paranasal sinuses
are rather uncommon at presentation, whereas
changes in the adjacent bone have frequently been 
reported.15

The best way of arriving at a diagnosis is to sus-
pect rhabdomyosarcoma whenever one observes the
clinical presentation of a rapidly progressive unilateral
exophthalmos in a child. However, RMS may also pre-
sent as a palpable nodular subconjunctival or lid mass
with edema of the lids and conjuctiva (Figure 26.3).
Symptoms depend on the origin and site of the tumor
mass. Posterior tumors rapidly develop edema of the
optic disk, choroidal folds, and some degree of oph-
thalmoplegia (Figure 26.4). When RMS is situated in
the inferior and anterior portions of the orbit, it often
causes obvious chemosis and swelling of the eyelids.
The superior nasal quadrant of the orbit is the most
common site of origin of this tumor.13

Once ophthalmologists believed that orbital RMS
arose from the extraocular muscles; now, however, it
is accepted that the condition develops from undif-
ferentiated mesenchymal cells that have the capacity
to differentiate into striated muscle.16 The clinical dif-
ferential diagnosis includes most causes of proptosis
in childhood. The important lesions to be considered

Based on several large series published during the
past three decades, the incidence of orbital ma-
lignancies in children and adolescents ranges

from approximately 8 to 18% of all orbital lesions in
this age group.1–6 The most common orbital malig-
nancy in the United States and western European se-
ries is rhabdomyosarcoma, which accounts for ap-
proximately 40% of all pediatric orbital malignant
tumors. In the developing countries and the underde-
veloped regions of the world, however, the most com-
mon orbital malignancies in the pediatric group are not
primary malignant tumors, but secondary and meta-
static lesions, such as retinoblastoma, Burkitt’s lym-
phoma, and leukemias.7–10 Other tumors, including
mesenchymal malignancies (Ewing’s sarcoma, os-
teogenic sarcoma, fibrosarcoma, alveolar soft part sar-
coma, malignant hemangiopericytoma), fibrohistiocy-
toses (Langerhans cell histiocytosis), lacrimal gland
tumors (adenoid cystic carcinoma), and secondary met-
astatic tumors (neuroblastoma and esthesioneuroblas-
toma) also develop within the pediatric orbit, leading
to proptosis, extraocular motility disorders, and com-
pressive optic neuropathy. Although it is a low-grade
malignancy, optic nerve glioma (grade I and II astrocy-
toma) should also technically be considered to be a ma-
lignant lesion of the pediatric orbit.

This chapter details the more commonly encoun-
tered primary and secondary malignant tumors of the
pediatric orbit, including rhabdomyosarcoma, orbital
myeloid sarcoma (granulocytic sarcoma), neuroblas-
toma, and the optic nerve glioma. Other tumors, listed
by way of introduction, are covered elsewhere in this
book (Chapters 5, 15, 17, 18, and 22).

PRIMARY TUMORS

Orbital Rhabdomyosarcoma

Once considered to be a very rare malignancy, orbital
rhabdomyosarcoma (RMS) has emerged as the most
common malignant mesenchymal orbital tumor of
childhood. It accounts for about 5% of all cancers in
the pediatric population. Rhabdomyosarcoma of the
neck and the head usually appears in the first decade
of life.
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include benign and malignant conditions such as cap-
illary hemangioma, dermoid cyst, orbital cellulitis, eo-
sinophilic granuloma, and metastatic neuroblastoma
(Box 26.3).17,18

Computed tomography (CT) and magnetic reso-
nance imaging (MRI) play important roles in the pre-
operative evaluation to determine location and size
and also in evaluating residual or recurrent disease.
Particular attention should be given to the presence
of bone erosion and intracranial extension.19 CT dem-
onstrates a moderately well-defined homogeneous or-
bital mass isodense to the extraocular muscles, which
often shows enhancement after contrast administra-
tion; bone destruction is relatively frequent and can
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BOX 26.1. Proposed Classification for
Childhood Rhabdomyosarcoma

I. Superior prognosis
a. Botryoid RMS
b. Spindle cell RMS

II. Intermediate prognosis
a. Embryonal RMS

III. Poor prognosis
a. Alveolar RMS
b. Undifferentiated sarcoma

IV. Subtypes whose prognosis cannot be evalu-
ated at present A

B

A

C

FIGURE 26.1. Light micro-
scopic appearance of 
embryonal (A) and alveolar (B)
histopathology patterns. In the
embryonal type, relatively
well-differentiated “strap”
cells contain intracytoplasmic
cross-striations that 
correspond to myosin and
actin filaments. The alveolar
pattern, on the other hand,
presents a distinctive 
architecture in which the 
cells are interspersed within a
branching network of 
connective tissue trabeculae.
In many areas, a single layer of
tumor cells adheres to the fi-
brous septae, and in other 
areas, loosely cohesive cells 
occupy the spaces within the
fibrous skeleton. Immuno-
histochemical stains reveal
positivity for desmin (C) and
actin (D) within the cytoplasm
of rhabdomyosarcoma cells.

FIGURE 26.2. Photomicrographs of embryonal rhabdomyosar-
coma. (A) Light microscopy shows a mixture of pleomorphic ma-
lignant cells, some of which are elongated and tadpole shaped. (B)
Electron microscopy is invaluable to identify the myofilaments
(white arrows) and Z bands (black arrows) (B). N: nucleus.

B

D



be appreciable (Figure 26.5). On T1-weighted MR im-
ages the tumor may appear iso- to hyperintense to the
extraocular muscles and hypointense with respect to
the orbital fat. On proton density and T2-weighted MR
images, hypointensity, isointensity, and even hyper-
intensity with respect to both extraocular muscles and
orbital fat may be appreciable (Figure 26.6). On T1-
weighted, contrast-enhanced MR images, rhab-
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BOX 26.2. Orbital Rhabdomyosarcoma:
Clinical Presentation

Proptosis
Globe displacement
Blepharoptosis
Palpable mass
Conjunctival and eyelid swelling
Pain
Ophthalmoscopic findings

Optic disk edema
Choroidal folds
Venous tortuosity

FIGURE 26.3. Symptoms of rhabdomyosarcoma depend on the site
and the growth rate of the tumor. This patient’s tumor involved
the superior medial orbit, upper eyelid, and conjunctiva.

BOX 26.3. Differential Diagnosis of 
Orbital RMS

Orbital cellulitis
Orbital abscess
Dermoid cyst
Lymphangioma
Eosinophilic granuloma
Capillary hemangioma
Burkitt’s lymphoma
Chloroma (myeloid sarcoma)
Metastatic neuroblastoma

FIGURE 26.4. Large posterior tumor causing marked proptosis of
the left eye with choroidal folds of the fundus.



domyosarcomas show moderate to marked enhance-
ment, even though in some cases a highly vascular in-
ternal architecture mimicking a capillary hemangi-
oma may be demonstrated.20

The staging of RMS proposed in the third Inter-
group Rhabdomyosarcoma Study is summarized in
Table 26.1.20 The simplification of this classification
by Shields et al. can also be applied to cases of orbital
RMS.21 Exenteration was the standard surgical treat-
ment for orbital rhabdomyosarcoma up to the 1970s.
Orbital exenteration is now confined to the treatment
of patients with recurrent disease.21 The poor prog-
nosis for children with orbital rhabdomyosarcoma fol-
lowing orbital exenteration suggested the use of ra-
diotherapy. In fractionated doses, 4000 cGy offered
satisfactory tumor control.22 Chemotherapy, intro-
duced subsequently, also succeeded in reducing these
lesions (Figure 26.7). Vincristine, actinomycin D, and,

recently, ifosfamide and etoposide following conser-
vative surgery and combined with radiotherapy (5000
cGy) allow a survival rate of 90%.

The role of surgery in the management of orbital
RMS is still controversial. Some centers perform ex-
tensive surgery while others prefer to do incisional bi-
opsy only. The surgical approach should be planned
according to the clinical and radiographic findings.
When possible, a complete or near complete tumor ex-
cision is suggested without damaging vital structures
(optic nerve and/or extraocular muscles) (Figures 26.8
and 26.9). If the suspected orbital RMS is located deep
in the orbit, an incisional biopsy is appropriate. Fine-
needle aspiration biopsy is usually unrepresentative
and may be misleading.

Advances in chemotherapy and radiotherapy have
significantly improved survival rates. The excellent
survival rate has allowed following survivors for many
years and observing the late effects of radiotherapy on
both facial growth (bony hypoplasia of the orbit and
facial asymmetry) and visual function (cataracts, ker-
atopathy, retinopathy).23,24

The challenge for the future should be to identify
the characteristics of patients who can safely be
treated with primary chemotherapy alone to reserve
radiotherapy for the remaining patients in an attempt
to reduce late effects.25–27 Further reduction in radia-
tion sequelae may derive from the use of three-
dimensional conformal radiation therapy techniques,
by minimizing the inclusion of normal structures in
the treated volume.28

Optic Nerve Glioma

Optic pathway gliomas account for 0.6 to 1.2% of all
intracranial tumors (see Chapter 7).29 The incidence
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TABLE 26.1. Staging by the Intergroup Rhabdomyosarcoma
Study Group.

Group Description

I Completely resected localized disease implying gross 
impression resection and microscopic confirmation 
of complete resection with absence of regional
lymph node involvement

Ia Confirmed to muscle or organ of origin
Ib Contiguous involvement outside the muscle or organ

of origin
II Residual disease and/or regional lymph node 

involvement
IIa Grossly resected localized tumor with microscopic 

residual disease and no evidence of gross residual 
tumor or regional lymph node involvement

IIb Completely resected regional disease with no 
microscopic residual tumor

IIc Grossly resected regional disease with microscopic 
residual tumor

III Incomplete resection with biopsy or gross residual 
disease

IV Distant metastatic disease present at onset

FIGURE 26.5. Axial CT image shows a rather well-circumscribed
homogeneous mass, isodense to the extraocular muscles in the su-
perior portion of the right orbit.

FIGURE 26.6. Axial T1-weighted MR image of a rhabdomyosar-
coma in a patient with neurofibromatosis type 1. The tumor shows
isodensity with respect to the muscles and hypodensity with re-
spect to the orbital fat. The belly of the lateral rectus muscle is in-
volved with the tumor, which extends posteriorly into the superior
orbital fissure. In this case, the greater wing of the sphenoid bone
was absent because of neurofibromatosis.



is 1 in 100,000 patients, with 90% presenting in the
first two decades and 65% in the first 5 years of life.
First reported by von Graefe in 1864, gliomas of the
anterior visual pathways constitute about 1 to 5% of
all childhood intracranial tumors.30 The majority of
these tumors, including optic nerve gliomas, are low-
grade astrocytomas. Some astrocytes present spheri-
cal or cylindrical swollen cell processes called Rosen-
thal fibers, which stain eosinophilic (Figure 26.10).
The astrocytic nature of the tumor can be confirmed
using immunohistochemical techniques with antibod-
ies against glial fibrillary acidic protein (GFAP, MW
15 kDa).31 Although this protein may also be present
in some schwannomas, increased GFAP expression is
typical for astrocytic tumors.32

Optic gliomas commonly occur in neurofibro-
matosis type 1 (NF1) and belong to the diagnostic cri-
teria of NF1.33–35

The incidence of optic gliomas in children with
NF1 is as high as to 15 to 20%, with symptomatic vi-
sual loss in approximately 20% of affected patients
(Figure 26.11). Bilateral gliomas are most often seen
in patients with NF1 (Figure 26.12). The optic nerve
alone is involved in 24% of cases and the chiasm in
76% of cases; invasion of the midbrain is documented
in 46% of patients.35,36

The most important prognostic factor is age at
presentation. Early-onset optic gliomas (�6 years)
grow rapidly and must be followed closely.37,38 Pri-
mary symptoms include deterioration of visual acuity
and progressive visual field defects. However, patients
with NF1 seem to have a less aggressive variant of
glioma. Neuro-ophthalmic aspects of optic nerve
glioma are also covered in Chapter 7.39,40

The clinical course of optic pathway gliomas is re-
lated to the extent at diagnosis and histopathologic
pattern (Figure 26.13). In pediatric patients with NF1
and optic pathway gliomas, the likelihood of visual
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FIGURE 26.8. Superior orbital rhabdomyosarcoma before (A) and
after (C) treatment, which consisted of debulking (B), chemother-
apy, and radiation treatment.

FIGURE 26.7. Axial T1-weighted,
fat-suppressed MR images with
contrast reveal an orbital tumor
before chemotherapy (A) and after-
ward (B). The tumor, which was
proven to be an alveolar 
rhabdomyosarcoma, shows marked
reduction of enhancement after 
therapy.

C

A

B



loss depends on the extent and location of the tumor
as determined by MRI and is particularly associated
with postchiasmal structure involvement.40

There is still controversy regarding the growth of
optic gliomas and potential extension posteriorly to
the chiasma. Hoyt and Baghdassarian suggested that
optic gliomas represent congenital hamartomas with
growth potential in the first years of life.41 Progres-
sion usually occurs in the first year of presentation.42

However, the variable and unpredictable course of
these tumors makes standardization of treatment
strategies difficult. Optic gliomas may undergo spon-
taneous regression. In a recent study, Parsa et al. doc-
umented spontaneous regression and tumor shrinkage
in 12 patients with optic glioma. Regression was ob-
served in patients with and without NF1.43 Accurate

follow-up of optic pathway gliomas to evaluate sta-
bility or progression should include a high-resolution
MRI study. This is particularly helpful to evaluate the
intracranial extent of optic nerve glioma.44,45

CT and MRI are important to establish the tumor
extension, to plan treatment, and to allow radiologic
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FIGURE 26.9. (A) Rhabdomyosar-
coma of the superior orbit and the
upper lid is removed (B) through a
lid crease incision. Note the well-
delineated myxoid tumor with a
grayish-white glistening surface
that appears to be “fleshy” like a
lymphoma (C,D).

FIGURE 26.10. Histopathologic appearance of an optic nerve
glioma that is composed of proliferating fibrillary astrocytes show-
ing different degrees of pleomorphism.

FIGURE 26.11. (A) Patient with neurofibromatosis type 1 has cu-
taneous neurofibromas of the forehead and slight proptosis of the
right eye secondary to a unilateral optic nerve glioma. (B) Note the
missing greater wing of the sphenoid bone (arrow) on axial CT 
image.



and clinical follow-up. The tumor causes fusiform
enlargement of the optic nerve. On CT the tumor
presents an enlarged, fusiform, not calcified optic
nerve mass with frequent kinking and cystic areas.46

Uniform and marked enhancement after contrast 
administration is commonly observed. On T1-
weighted MR images, the tumor is usually isoin-
tense to the cerebral gray matter. On T2-weighted

MR-images fusiform lesions show high signal, while
large lobulated tumors tend to have a more hetero-
geneous signal. A double-intensity “tubular thick-
ening,” with kinked and elongated optic nerves, sug-
gests but does not prove glioma in patients with NF1
(Figure 26.14). Enlargements of the chiasm and the
optic tracts are signs of intracranial involvement.
T1-weighted MR images after gadolinium adminis-
tration usually show variable enhancement; when
the tumor is large, the center of the mass shows a
marked enhancement, but the periphery is not en-
hanced (consistent with ectactic or hyperplastic
arachnoid around the nerve). Differential diagnosis
of optic nerve glioma should include idiopathic op-
tic neuritis, sarcoidosis, demyelinating disease, and
optic nerve sheath meningioma.47,48

Treatment strategies include observation only, sur-
gery, irradiation, chemotherapy, or a combination of
these modalities. An “observation” policy may be ap-
plied in children with anterior tumors and absence of
signs of progression.

Surgical resection is successful in tumors confined
to an optic nerve. Radiotherapy is usually reserved for
patients with progression after surgery and for opti-
cohypothalamic gliomas. Chemotherapy is at an ex-
perimental stage. Chemotherapy of optic nerve glioma
is further covered in Chapter 34.49,50
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FIGURE 26.12. Bilateral optic nerve gliomas in neurofibromatosis
type I. Axial T2-weighted MR image shows enlargement of both op-
tic nerves (arrows), which presents as isointense to the gray matter
and as surrounded by hyperintense cerebrospinal fluid.

FIGURE 26.13. (A) A young child with mild proptosis of the left
eye and a minimum pallor of the temporal disk (B) secondary to a
unilateral optic nerve glioma.

FIGURE 26.14. (A) Axial and (B) sagittal T1-weighted MRI images
show tubular thickening of the left optic nerve showing elongation
and kinking at midorbit secondary to optic nerve glioma. The pa-
tient did not have neurofibromatosis.

A

B



SECONDARY AND 
METASTATIC TUMORS

Neuroblastoma

Neuroblastoma is the most common extracranial solid
tumor of childhood, accounting for 8 to 10% of all
childhood cancers. It represents a malignant neoplasm
of primitive neuroblast and is the most common met-
astatic orbital tumor, affecting children at a mean age
of 2 years.51

Neuroblastoma arises in the abdomen, thoracic,
cervical, and pelvic regions, and metastases occur by
hematogenous spread. Ophthalmic manifestations are
common, frequently resulting from periorbital soft
tissue infiltration of the tumor.52,53 The most com-
mon sign of orbital metastic neuroblastoma is pro-
ptosis and periorbital ecchymosis (“panda bear eyes”),
followed by unilateral Horner syndrome and opso-
clonus (Figure 26.15). Proptosis and periorbital ecchy-

mosis are typical; ptosis and globe displacement are
rather common. Symptoms are bilateral in 20 to 50%
of cases (Box 26.4). Orbital involvement is almost ex-
clusively associated with disseminated disease, while
Horner syndrome and opsoclonus are frequently asso-
ciated with localized neuroblastoma, particularly in
the mediastinum.54 Horner syndrome, secondary to
tumor in the cervical sympathetic chain, may be the
presenting sign.

On a retrospective review of children, ophthalmic
involvement in neuroblastoma was present in 80 of
405 cases (20%). The most common site of origin was
the abdomen.51

At CT, a soft tissue mass inhomogeneously en-
hancing with associated lytic bony erosions is appre-
ciable (typically involving the zygomatic bone adja-
cent temporal orbit). At MRI, the tumor often is
isointense to the extraocular muscles, but intratu-
moral hemorrhages may lead to variable appearance
both on T1- and T2-weighted images, depending on
the degree of hemoglobin catabolism. After gadolin-
ium administration, variable degrees of enhancement
are encountered. Histopathologically, neuroblastoma
can be distinguished from most of the neurogenic 
tumors of the orbit by the presence of neurosecre-
tory dense-core granules, detected by electron mi-
croscopy, and by positive neuron-specific enolase
(NSE) activity, demonstrated by immunohistochem-
istry. Immunohistochemistry helps to differentiate a
neuroblastoma from other small-cell tumors such 
as rhabdomyosarcoma, retinoblastoma, Ewing’s sar-
coma, and lymphoma.55,56

The prognosis in neuroblastoma is influenced
mainly by age, stage, and site of origin. In children di-
agnosed during the first year of life, the 2-year relapse-
free survival rate is 75%; it drops to 12% after the age
of 2 years.57 The survival rate in neuroblastoma has
improved little in the past two decades; about 70% of
the patients present with disseminated disease at the
time of diagnosis. Early diagnosis is an important fac-
tor influencing the prognosis. The ophthalmologist
may play a major role in the diagnosis of the disease,
since 20% of the patients present with ophthalmo-
logic involvement.51 The treatment consists of mul-
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BOX 26.4. Orbital Neuroblastoma:
Clinical Presentation

Proptosis
Periorbital ecchymosis (“panda bear” eyes)
Ptosis
Globe displacement
Blindness (rare)

FIGURE 26.15. (A) Bilateral ecchymosis of the eyelids and perior-
bital skin of a patient with metastatic abdominal neuroblastoma of
both orbits and brain. (B) Multiple metastatic nodules in orbits and
brain are shown in T-1 weighted axial MRI image. (Courtesy of Dr.
Robert A. Gordon of New Orleans, Louisiana.)



tiagent chemotherapy; combinations of cisplatin, teni-
poside, vincristine, and cyclophosphamide have been
employed. Radiotherapy doses vary according to the
age (1500–4000 cGy) Orbital metastasis has a poor
prognosis; the 3-year survival rate is 11%.

Orbital Myeloid Sarcoma 
(Granulocytic Sarcoma)

The orbit may be affected in all types of leukemia, but
it has a greater propensity to be involved in acute
myeloid leukemia (AML). Mass formation, however,
is quite rare; diffuse infiltration is more common. The
tumor may appear before, after, or concomitant with
hematologic evidence of leukemia.58

The most frequent clinical manifestations include
exophthalmos, ptosis, edema, and chemosis of the eye-
lids, with pain. Diagnosis is established by clinical and
laboratory findings, imaging studies and biopsy. Gran-

ulocytic sarcoma (myeloblastoma or chloroma) is a
very uncommon manifestation of acute myelocytic
leukemia and presents as a focal soft tissue mass (Fig-
ure 26.16).

The term chloroma (green tumor) is derived from
the greenish coloration of this lesion, which is due to
the myeloperoxidase in cells of granulocytic lineage.
On occasion, granulocytic sarcoma presents as an iso-
lated soft tissue mass prior to the development of sys-
temic disease. Correct diagnosis of the solitary lesion
is important because it leads to early implementation
of chemotherapy.59

While most childhood orbital tumors, such as lym-
phangioma, rhabdomyosarcoma, capillary hemangi-
oma, dermoid cyst, and optic nerve glioma are uni-
lateral, bilateral orbital involvement is observed in
metastatic neuroblastoma and myeloid sarcoma.60

Orbital myeloid sarcoma occurs in young children
and is quite rare among the orbital tumors of child-
hood, accounting for only 1 of 250 cases.3

On the basis of a review, Shields et al. calculated
that about 88% of the patients with proptosis seen by
an ophthalmologist have no history of leukemia at the
time of presentation.60

Myeloid sarcomas are most common in certain
subtypes of AML, in particular, M5a (monoblastic),
M5b (monocytic), M4 (myelomonocytic), and M2
(myeloblastic with maturation).61 There appears to
be a very strong association of orbital myeloid sar-
coma with AML cases demonstrating a t(8;21)
translocation, which is associated with a good prog-
nosis.62,63 At T1-weighted MRI, granulocytic sar-
coma is slighthy hyperintense to gray matter, mus-
cle, and bone marrow. At T2-weighted imaging, it is
isointense to white matter, muscle, and bone mar-
row.64 CT shows the mass to be isodense to mus-
cle. This tumor trends to mold to contiguous struc-
tures and demonstrates relatively little bony
destruction.65 Orbital myeloid sarcoma preferen-
tially involves the lateral orbital wall. Imaging ap-
pearance, clinical history, and location can suggest
the correct diagnosis, allowing prompt treatment be-
fore the development of systemic disease.66
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Orbital Inflammation and 
Infection Versus Neoplasia

Antonio Augusto V. Cruz

The term neoplasia literally means “new growth,”
and the tissue that results from this process is
called a neoplasm. The word tumor originally

designated the edema caused by inflammation but is
now widely used as a synonym for neoplasm.

Although patients understand that a tumor is an
abnormal and harmful lesion, a precise medical defi-
nition of what characterizes a neoplasm is difficult.
According to Cotran et al., a neoplasm is an abnormal
mass of tissue whose growth is uncoordinated with
that of the normal tissues; the mass is purposeless and
preys on the host.1 From the functional standpoint,
neoplasms can be divided into two basic categories:
benign and malignant. Rapid growth, local invasion,
and metastasis are typical characteristics of malig-
nancy. Since most cancers grow rapidly with infiltra-
tion and destruction of the surrounding tissues, most
clinicians intuitively consider local invasiveness to be
the hallmark of neoplasms.

Inflammation is a complex tissue reaction that oc-
curs in response to specific endogenous or exogenous
stimuli. The inflammatory process is characterized by
increased vascular permeability that allows plasma
proteins and circulating cells to leave the circulation
and infiltrate the injured area. Depending on the na-
ture of the stimulus that initiates the inflammation,
the cells involved in the inflammatory process will
change. Infection, for instance, is characterized by a
predominance of neutrophils and polymorphonuclear
leukocytes. Other infiltrates are formed by collection
of epithelioid histiocytes and granuloma formation or
polyclonal lymphocytes. Sometimes the cell contin-
gent is sparse and the tissue changes are dominated
by fibrous proliferation. The ultimate goal of the in-
flammatory reaction is to protect the organism from
the initial cause of injury. However, the process of tis-
sue repair that is closely related to inflammation can
be harmful, and severe sequelae may be the final re-
sult of the inflammatory response.

Although neoplasia and inflammation are different
biological processes, the clinical differentiation be-
tween the two can be difficult in the orbit. Neoplasia
can induce inflammation, and some inflammatory re-
sponses may mimic malignant neoplasms.

INFLAMMATION
MIMICKING NEOPLASIA

Idiopathic orbital inflammation (IOI) is a condition of
unknown etiology characterized by the involvement
of the orbital tissues by a nonspecific inflammatory
process. Histologically, this infiltration is composed
of lymphocytes, plasma cells, eosinophils, macro-
phages, and varying amounts of collagen deposition.2

By definition, IOI is restricted to the orbital contents,
and several patterns of tissue involvement have been
described.3 However, the same types of inflammatory
change found in the orbit have been reported in other
locations of the head and neck region, including lar-
ynx, mouth, tonsils, paranasal sinuses, pterygomaxil-
lary fossa, thyroid, and parotid.4

Whenever there is inflammation within the
boundaries of the orbit, it is not uncommon to find
inflammatory changes outside the orbit as well. Table
27.1, which summarizes the clinical characteristics of
11 cases of idiopathic inflammation diagnosed around
the orbits, indicates that 53.8% of the inflammatory
changes are found simultaneously inside and outside
the orbital limits, and bone erosion was a common
finding (69.2%).5–11 From the clinical point of view,
bone erosion is a disturbing feature because it indi-
cates an aggressive lesion with high capacity of local
invasion and destruction, typical of neoplasias. Figure
27.1 shows how similar to neoplasia an idiopathic in-
flammation can be: the patient, a 35-year-old man, pre-
sented with a 1-month history of proptosis, diplopia,
and pain in the right eye (OD). Visual acuity was nor-
mal. Hertel exophthalmometry measurements were
OD 19 mm, and for the left eye (OS), 14 mm with el-
evation and marked inferior restriction of the right eye
(Figure 27.1A). A computed tomography (CT) scan of
the orbits showed an extensive infiltration along the
floor involving the inferior, lateral, and medial recti.
The intraconal fat between the optic nerve and the in-
ferior rectus was also affected. The infiltration ex-
tended outside the orbit into the pterygopalatine and
infratemporal fossae. The lateral wall was partially de-
stroyed (Figure 27.1C,D). The results of the biopsy re-
vealed mature lymphocytes associated with dense col-
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lagen deposition (Figure 27.1E,F). The patient was
treated with radiation (2000 cGy) and 1 mg/kg/day of
prednisone for one month. The steroid therapy was
maintained for an additional month and tapered over
8 weeks. There was a gradual improvement in ocular
motility and relief of the symptoms (Figure 27.1G,H).
The patient’s clinical picture was indistinguishable
from a malignant neoplasm of the paranasal sinuses
and the pterygopalatine and infratemporal fossae; a
correct diagnosis was possible only after a biopsy.

Large areas of infiltration beyond orbital limits are
also suspect and can easily lead the physician to the
conclusion that the orbit is being invaded by a ma-
lignant process. The patient shown in Figure 27.2A
presented with a 5-month history of diplopia, pain,
and proptosis in the right eye. On examination, a
painful mass was palpable in the right temporal fossa.
Visual acuity for both eyes was 20/40; ocular fundi
and visual fields were normal. Hertel measurements
were 20 mm (OD) and 13 mm (OS) with a significant
limitation of right abduction. Computed tomography
and magnetic resonance imaging (MRI) of the orbits
showed a large mass infiltrating soft tissue structures
well beyond the orbital limits. As shown in Figure
27.2B,C, the infratemporal and temporal fossae as well
the lateral aspect of the right orbit were extensively
involved. The infiltration was into the lateral and in-
ferior recti muscles but did not cause bone erosion.
Biopsy samples from intraorbital and temporal fossa
contents showed the same histology: a chronic in-
flammatory process composed mainly of mature lym-
phocytes associated with collagen deposition, and oc-
casional lymphoid follicles. The patient was treated
with prednisone (1 mg/kg/day) tapered over 4 weeks.
The clinical response to treatment was good, with pain
reduction and improvement of ocular motility. A re-
peat CT scan showed that infiltration was less dense
(Figure 27.2D).

Orbital myositis is a subgroup of IOI characterized
by inflammation of the extraocular muscles (EOMs).12

Lacey et al., in their comprehensive review of EOM
disease, classified orbital myositis into acute, chronic
or recurrent, and atypical forms.13 The isolated form
is characterized by a short history (days to weeks) of
pain, swelling, and/or diplopia. Pain exacerbated by
eye movement is the most common clinical presen-
tation (62.5%). The recurrent form (32%) is typified
by repeated acute episodes; less frequently, it has a
progressive course. Rarely (5%), patients may present
with features such as optic nerve dysfunction and min-
imal pain in atypical cases.

The differential diagnosis of myositis includes
other causes of specific EOM inflammation such as
sarcoidosis,14–16 systemic lupus erythematosus,17,18

rheumatoid arthritis,19 Wegener’s granulomatosis,20

scleroderma,21 infections (trichinosis, cysticercosis,
Lyme disease),22,33 Crohn’s disease, celiac disease,
Wipple’s disease,13,24 and neoplasias such as lym-
phoma25 and metastatic tumors.26

The diagnosis of myositis can be straightforward.
On imaging, increased EOM with muscle tendon
thickening is a common finding. Orbital fat is gener-
ally not infiltrated. Because orbital myositis is usually
localized to the extraocular muscles, the coexistence
of myositis and infiltration of other structures not re-
lated to the EDMs creates a diagnostic dilemma that
is resolved only with a biopsy. The patient described
next exemplifies a nonspecific myositis with atypical
findings, similar to neoplasia.

A 66-year-old woman presented with redness, for-
eign body sensation, and proptosis in the right eye.
She had a hard nodule in the lateral aspect of the right
upper lid of 3-month duration that was painful to pal-
pation. She also complained of diplopia in right and
superior gazes. Extraocular motility was decreased in
abduction and infraduction of the right eye. Pupillary
examination was within normal limits. Intraocular
pressures were 15 mm OD and 13 mm OS. Biomi-
croscopy revealed a mass in the superior conjunctival
fornix of the right upper lid. Arteriolar attenuation and
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TABLE 27.1. Summary of the Clinical Characteristics of 11 Cases of Idiopathic Inflammation Diagnosed Around the Orbit.

No. of Bone Orbital
Author Year cases Sex Age Location Image erosion involvement

Keen et al.5 1986 1 M 55 PPF CT No No
Weisman and Osguthorpe6 1988 1a F 63 MS, ITF CT Yes Yes
Takimoto et al.7 1990 1 M 83 MS, NC, PPF CT Yes No
Som et al.8 1994 6 M 41 MS, ES, NC CT Yes No

M 63 MS, NC CT Yes Yes
M 67 MS, SS, NC CT Yes No
M 58 MS, NC CT Yes Yes
Mb 15 MS, IFT CT Yes Yes
M 48 MS, IFT CT Yes Yes

de Ruiter et al9 2000 1 F 48 PPF MRI No No
De Miguel Garcia, F et al.10 1990 1 M 40 MS, NC, NPR CT Yes No

MS, maxillary sinus; ES, ethmoid sinus; SS, sphenoid sinus; PPF, pterygopalatine fossa, ITF, infratemporal fossa, NC, nasal cavity.
aThree published cases: two were typical orbital pseudotumors and only one was a true head and neck pseudotumor.
bCase also published by Maldjian et al.11



mild tortuosity of the vessels were the only signifi-
cant findings on funduscopy. Hertel exophthalmome-
try revealed 21 mm OD and 14 mm OS.

A CT scan showed diffuse enlargement of the right
lateral rectus muscle with a hyperdense lesion. The op-

tic nerve was dislocated to the right but normal in ap-
pearance, and the right infraorbital nerve was somewhat
enlarged at the level of the pterygopalatine fossa (Figure
27.3B). Thyroid function tests were normal. C-reactive
protein, anti-streptolysin titers, and results of a com-
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FIGURE 27.1. (A) The right eye is proptotic and displaced upward.
(B) Marked restriction on downgaze. (C) Axial CT scan showing ex-
tensive infiltration along the floor involving the inferior, lateral,
and medial recti. (D) Axial CT scan showing infiltration of the in-
fratemporal fossa with bone destruction. (E) Dense collagen depo-
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sition replacing orbital fat. Sparse mature lymphocytes can be seen
among the collagen bundles (hematoxylin and eosin, original mag-
nification �40). (F,G) Improvement on the ocular motility and re-
lief of the symptoms after anti-inflammatory therapy.43



plete blood cell count were normal; erythrocyte sedi-
mentation rate was 22. Results were negative for anti-
nuclear factor and antineutrophil cytoplasm antibody.

A diagnosis of myositis of the lateral rectus was
made, and treatment was initiated with three daily oral
doses of prednisone totaling 1 mg/kg/day and tapered
over 3 weeks. The nodule in the right upper lid im-
proved after just a few days of therapy. However, there
was no change in diplopia or motility restriction. There
was only 1 mm of residual proptosis of the right globe
from her initial presentation after 4 months. The pa-
tient presented again 2 years later with a firm nodule
in the right lower eyelid. Visual acuity was 20/25 with
correction. Goldmann visual fields were normal in
both eyes. A CT scan at this time showed enlargement
of medial, lateral, and inferior recti, with the latter two
being most involved (Figure 27.3C,D). The enlarge-
ment of the infraorbital nerve had significantly in-
creased. Prednisone was again given with a good re-
sponse and reduction in proptosis.

The patient was lost to subsequent follow-up for 4
years. When she presented again there was about 6 to
7 mm proptosis of the right globe with a pattern of

motility restriction similar to the one she had at pre-
sentation, as well as a firm nodule in the right lower
eyelid. She had been self-medicating herself with 20
mg/day of prednisone for 2 months. A CT scan per-
formed at this time showed involvement of all ex-
traocular muscles including the levator–superior 
rectus complex. There was enlargement of the infra-
orbital canal circumferentially from the pterygopala-
tine fossa to about midway along the floor of the or-
bit (Figure 27.3C).

The patient was again treated empirically with
high doses of oral prednisone during the next 2 years,
with good results. An MRI scan was also performed 3
years after treatment, which showed diffuse enlarge-
ment of all rectus muscles. The right infraorbital nerve
was markedly enlarged posteriorly, near its origin and
along the pterygopalatine fossa (Figure 27.3E,F).

Biopsy of the inferior oblique muscle and the in-
fraorbital canal was performed. The infraorbital
canal was so enlarged that there was no difficulty
in obtaining a piece of the nerve, which showed a
nonspecific chronic inflammatory infiltrate with
follicle formation interspersed among the nerve
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FIGURE 27.2. (A) A 56-year-old woman who had diplopia, pain,
and proptosis in the right eye. (B) Coronal CT scan showing infil-
tration involving the lateral and inferior recti and temporal fossa
(arrow) without bone erosion. (C) Coronal CT scan showing infil-

tration in the infratemporal fossa (arrow). (D) Coronal CT scan af-
ter anti-inflammatory therapy. The infiltration in temporal and in-
fratemporal fossa disappeared. The inferior and lateral recti are still
enlarged.43
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bundles. The muscle biopsy showed similar histol-
ogy with a greater degree of fibrosis (Figure 27.3G).
Immunohistochemistry revealed this infiltrate to be
polyclonal and showed B � and � in lymphocytes as
well as T lymphocytes.

NEOPLASIA MIMICKING 
INFLAMMATION

Patients with typical inflammatory signs may prove
to be suffering from orbital neoplasia. A classic ex-
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FIGURE 27.3. (A) Axial CT scan showing diffuse infiltration of the
right lateral rectus muscle. The optic nerve is moved medially. (B)
Axial CT scan showing enlargement of the right infraorbital nerve
at the level of the pterygopalatine fossa (arrow). (C) Coronal CT scan
showing enlargement of the right medial, lateral, and inferior recti
muscles as well as of the right infraorbital nerve. (D) Axial CT scan:
significant increment of the infraorbital nerve enlargement (arrow).
(E) T1-weighted, contrast-enhanced MR image showing enlarge-

ment of all extraocular muscles and of the infraorbital nerve. (F)
Unenhanced T2-weighted MR image showing the diffuse enlarge-
ment of the right infraorbital nerve and also reveals that the size
of the left infraorbital nerve is increased in the pterygopalatine fossa.
(G) Histopathology from biopsy of right inferior oblique muscle:
lymphoid follicle in a dense collagen matrix (hematoxylin and eosin,
original magnification �1000).44



ample is rhabdomysarcoma, which grows rapidly and
frequently presents with infection and swelling of the
eyelids. Usually, imaging and histopathologic studies
disclose the true nature of these pseudoinflammatory
features, and a correct diagnosis can be suggested, but
the ultimate diagnosis should always be based on his-
topathologic examination.

In rare instances, the malignancy of an acutely in-
flamed orbit can be elusive and extremely difficult to
prove. For instance, in childhood the classic signs of
orbital inflammation such as proptosis, eyelid edema
and erythema, pain, limitation of extraocular move-
ments, and loss of vision are most often related to cel-
lulitis due to sinusitis.27 Less frequently, this clinical
picture can be the expression of IOI or represent ex-
tremely rare cases of Tor T/natural killer cell (T/NK)
sinonasal lymphomas.28 The case presented in Figure
27.4 highlights the difficulty of diagnosing this type
of lymphoma.

The patient, an 11-year-old boy, was admitted with
a 2-month history of right ethmoid–maxillary sinusi-

tis and cellulitis of the right eye. The patient had ini-
tially been managed at another hospital with intrave-
nous antibiotics and sinus drainage without success.
During the 2 weeks before admission to our hospital,
the proptosis of the right eye worsened and the child
lost his vision in both eyes. He presented with prop-
tosis, eyelid edema and erythema, limitation of eye
movement, and excruciating pain on the right side of
the face (Figure 27.4A). There was bilateral mydriasis
and no light perception in either eye. Fundoscopy was
unremarkable. The boy had fever (38°C) and was ex-
tremely anxious. Orbital CT scans from his initial
treatment were available and showed opacification of
the right maxillary and ethmoid sinuses and progres-
sive right EOM (Figure 27.4B). The initial CT scan af-
ter admission showed massive right extraocular mus-
cle infiltration; EOMs were almost indistinct. There
was also an infiltrate in the frontal lobe (Figure 27.4C).
Biopsies were done on the right orbit and the inferior
turbinate immediately. Histopathologic examination
was reported to be consistent with IOI. Cultures for
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FIGURE 27.4. (A) Proptotic right orbit in an 11-year-old child. (B) Opacification of the right maxillary
and ethmoidal sinuses and enlargement of the right extraocular muscle. (C) Signs of right ethmoidec-
tomy, massive right extraocular muscle infiltration, and frontal lobe edema.
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bacteria and fungi were negative. Since the clinical
picture was not consistent with IOI, another biopsy
was performed, but the same results were obtained.
Only on the third biopsy, tissue samples from the me-
dial rectus muscle, did orbital soft tissue and maxil-
lary sinus show extensive tissue necrosis and an in-
filtrate of atypical cells, with pleomorphic nuclei and
no architectural pattern permeating the nonnecrotic
areas and the walls of blood vessels. The immuno-
histochemical study showed that these cells were 
positive for leukocyte common antigen (CD45), ter-
minal deoxynucleotidyltransferase (TdT), CD3, and
CD45RO, and negative for CD56, CD20, CD57, CD99,
and Epstein–Barr virus. Both the morphologic and the
immunohistochemical findings supported the diagno-
sis of T-cell lymphoma.

During the investigation period the disease pro-
gressed rapidly with development of scalp and palatal
ulcers, fever, and deterioration of patient’s conscious-
ness. Blood cultures and lumbar puncture results were
negative. MRI disclosed a frontal lobe area of edema
and diffuse meningeal infiltration. Chemotherapy was
instituted, but the child’s status continued to deteri-
orate and he died of respiratory insufficiency.

It is interesting to note three biopsies were nec-
essary to demonstrate the malignant cells. The
scarcity of neoplastic cells in the biopsies is a typ-
ical finding in T or T/NK sinonasal lymphomas.29

It is well to remember that the biopsy should be re-
peated if results are not consistent with the clini-
cal picture. In sinonasal T/NK-cell lymphomas, the
cytologic atypia is quite variable, with cells of dif-
ferent sizes. The immunophenotype is positive for
T-cell markers (CD2, CD3, CD5, CD45RO) and/
or NK-cell markers, especially CD56. In almost all
cases, Epstein–Barr virus infection can be demon-
strated by in situ hybridization. The difficulty in
recognizing such cases as malignancies is ex-
emplified by the fact that only recently has this en-
tity been delineated as a lymphoma. In the past, the
clinical presentation characterized by palatal 
ulcers, orbital swelling, and erythema was described
as “lethal midline granuloma,” “idiopathic mid-
line destructive disease,” “malignant granuloma,”
“midline malignant reticulosis,” “rhinitis gan-
grenosa progressiva,” and “polymorphous reticulo-
sis.”30–34 Because this neoplasm typically shows 
an angiocentric and angiodestructive pattern of
growth, usually there is extensive necrosis admix-
ture with inflammatory cells. In this context, iden-
tification of atypical malignant cells can be diffi-
cult, especially because these cells tend to be scarce
and the diagnosis of lymphoma is seldom suspected
clinically. In addition, surface crusting and second-
ary changes due to local infection explain the need
for abundant biopsy material to establish a correct
diagnosis. With respect to the patient discussed in

connection with Figure 27.4, positivity for T-cell
markers (CD3, CD45RO) and negativity of CD56 con-
firmed that the case was a pure T-cell lymphoma.

“MALIGNANT” INFECTIONS

Most patients interpret cancer as an extremely
harmful disease that carries a somber prognosis; a
rapidly fatal course is widely seen as a hallmark of
such an illness. However, some infections, even in
our era of antibiotic eras, can behave like aggressive
tumors and destroy the host at an astonishing pace.
Sino-orbital mucormycosis is an example of an 
infection that can mimic an aggressive cancer. This
type of infection is caused by fungi that belong 
to the class Zygomycetes, order Mucorales. The gen-
era that account for most cases of mucormycosis
(Rhizopus, Absidia, Rhizomucor, Mucor, and Apoph-
ysomyces) belong to the Mucoraceae family. Agents
from other families of the Mucorales order (Cun-
ninghamellaceae, Saksenaceae, Syncephalastraceae,
and Thamnidiaceae) have also been implicated in
this disease.25

These fungi are widely distributed in nature and
are harmless in immunocompetent individuals. The
disease represents an opportunistic infection that oc-
curs in debilitated patients, especially those with di-
abetes and ketoacidosis.36 Spores inhaled from the air
may invade and grow in the paranasal sinuses. From
this site, hyphae invade the blood vessels, provoking
thrombosis and necrosis. Spread of the organisms to
the orbit, face, and brain gives rise to rhino-facial-or-
bital-cerebral mucormycosis. The clinical course of
the disease may range from rare chronic and indolent
presentations37 to fulminant fatal forms.38 These po-
lar extremes of the presentation spectrum of mu-
cormycosis are illustrated in two cases presented next.

The first patient was a 65-year-old male who was
seen at another hospital with a history of pain in the
infraorbital region of the left eye. He had presented
with edema on the left side of his face that appeared
to be paretic. A CT scan demonstrated left ethmoid
and maxillary sinus opacification. Serum glucose was
307 mg. The following day the local physician noted
that the left side of the patient’s face was clearly
paretic and erythematous. A new CT scan revealed
that the sinus opacification extended into the right
ethmoid sinus and nasal cavity. Ceftriaxone was pre-
scribed, but on the third day of admission the patient’s
status deteriorated. The left soft palate was paretic,
and there was left ptosis with mydriasis in both eyes.
An otolaryngologic examination disclosed an area of
necrosis in the nasal mucosa, and a biopsy sample was
taken. Histopathologic examination of this material
revealed the presence of nonseptate hyphae typical of
mucormycosis. Intravenous amphotericin B was ini-
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tiated. The following day the patient developed respi-
ratory distress, and the entire left side of his face be-
came necrotic (Figure 27.5). An aggressive surgical de-
bridement was performed without success, and the
patient died one day after surgery.

The clinical presentation of the next patient with
rhino-orbital mucormycosis was completely different.
The course of the infection was chronic and difficult
to eradicate. The patient was a 70-year-old diabetic
male who had a history of 10-day treatment for cel-
lulitis at another hospital. Twenty-five days after dis-
charge he developed ophthalmoplegia and lost vision
in his left eye. On admission to our hospital, visual
acuity was 20/30 in the right eye, but there was no
light perception in the left eye, which showed pro-
ptotic edema and erythema in the upper eyelid. There
was a large amount of secretion in the nasal cavity.
The middle turbinate was necrotic. An orbital CT scan
disclosed opacification of the ethmoid and sphenoid
sinuses and an area of atypical infiltration along the
medial wall (Figure 27.6A). The orbit and the sinuses

were simultaneously operated. A combined endo-
scopic and transconjunctival approach was employed.
A large amount of necrotic tissue was removed from
both the sinuses and the orbit. Histopathologic ex-
amination of these samples revealed the nonseptate
hyphae characteristic of mucormycosis. Four days af-
ter surgery the sinuses were clean and the patient was
transferred to the infectious disease unit. After 2
months of treatment with amphotericin B, a new CT
scan revealed an infiltration in the pterygopalatine
fossa with bone destruction of the lateral wall of the
maxillary sinus and erosion of the deep portions of the
lateral wall of the orbit (greater wing of the sphenoid
bone) (Figure 27.6B). Exenteration, plus a combined
transcranial approach to the sphenoid bone, was per-
formed. Six months after the initial presentation, the
patient was being carefully followed, with no certainty
that the infection was under control.

These two cases illustrate different presentations
of orbital mucormycosis. In the first case, the fulmi-
nating course of the disease is an example of aggres-
siveness rarely encountered in cancers. The second
case, in contrast, shows a disease that tends to be lo-
cally invasive with an indolent but progressive de-
structive pattern.

In a previously healthy child, particularly between
the ages of 1 and 7 years, rapidly developing propto-
sis and eyelid edema, often mimicking orbital celluli-
tis, should always arouse suspicion of rhabdomyosar-
coma, which needs to be ruled out by biopsy results.
However, the masquerade syndrome may present in
reversed order: namely, a child who presents with
signs and symptoms of rhabdomyosarcoma may be
proven by biopsy results to have infectious etiology.
The boy shown in Figure 27.7 provides a good exam-
ple of the reverse masquerade syndrome. This patient
presented with a rapidly enlarging, well-delineated
mass in the left orbit, which was worked up with the
clinical diagnosis of rhabdomyosarcoma; on biopsy,
however, the condition proved to be mucormycosis.
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FIGURE 27.5. Extensive necrosis involving almost the entire left
side of patient’s face.

FIGURE 27.6. (A) Opacification in the ethmoidal and sphenoid sinuses with an atypical area of infiltra-
tion along the left medial wall. (B) Erosion of the greater wing of the sphenoid bone.



The upper respiratory tract involvement of mu-
cormycosis was not obvious at the time of admission,
but sinus lesions and pulmonary involvement devel-
oped after the biopsy, causing death, despite exenter-
ation and amphotericin B treatment.

Another inflammatory condition that may mimic
invasive neoplasm is the allergic fungal disease of the
nose and paranasal sinuses (Table 27.2).39,40 In this dis-
ease, the infection starts in the nasal cavity or in the
lumen of a paranasal sinus and may extend into the
orbit. In most instances, an Aspergillus species is the
causative organism; other fungal species, including
Fusarium and Rhizomucor, have also been incrimi-

nated.41 Although this entity is considered to be con-
fined to the lumina, without mucosal and submucosal
invasion, it nevertheless is known to spread from one
paranasal sinus cavity to the other and to the orbit.42

Imaging studies show bony expansion and remodeling
of the involved cavity and focal bony erosion. The mu-
coid content of the paranasal sinuses mixed with fun-
gus balls produce low signal intensity in MR images.
The extensive bony expansion and irregular remodel-
ing, coupled with bony erosion, may simulate an in-
vasive tumor of the nose or the sinus, with secondary
orbital invasion, such as esthesioneuroblastoma or
leukemia/lymphoma.

The 9-year-old girl shown in Figure 27.8A pre-
sented with right-sided proptosis and diplopia; her
visual acuity was 20/40 OD, 20/20 OS. She had an
initial working diagnosis of a malignant tumor,
based on clinical findings. Orbital CT revealed high
attenuation within the maxillary ethmoid and the
sphenoid sinus. Bone destruction suggested an in-
vasive tumor, but the diffuse nature of the process
in paranasal sinuses, coupled with eosinophilia and
elevated IgE levels, brought up the possibility of 
allergic fungal sinusitis. During ethmoidectomy/
medial orbitotomy, extensively necrotic, whitish-
gray, toothpastelike material was removed from the
sinuses. The histopathologic examination of this
material revealed a mixture of necrotic mucosal
cells, eosinophils, and clusters of septate-fungal hy-
phae. Fungal cultures revealed the causative organ-
ism as Aspergillus flavus. The patient’s orbital
symptoms were resolved, and the visual acuity 
went back to normal after treatment with surgical
debridement and systemic corticosteroids.

CONCLUSIONS

Inflammation and neoplasia may be extremely diffi-
cult to differentiate in the orbit. In some cases, a cor-
rect diagnosis is made only after consideration of the
whole context of the pathology, including clinical
presentation, pattern of disease evolution, imaging
studies, and histopathologic examination.
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TABLE 27.2. Imaging and Histpathologic Features of Allergic Fungal Disease of the Nose, Paranasal Sinuses and Orbit.

CT MR Histopathology

High attenuation Low signal on T2 Inspissated mucus mass with fungal hyphae in 
the center and necrotic eosinophils at the
periphery

Bony expansion and remodeling; low Minimal enhancement of inspissated Severe epithelial edema, loss of seromucineous
attenuation surrounding areas of mucus centrally with subtraction glands, severe goblet cell hyperplasia, 
high attenuation Gd-DPTA study, surrounded by a vascularization, and focal fibrosis of 

thin zone of strong enhancement submucosa
Bony erosion with irregular bone Irregular bone signal on T1 and T2 Occasional presence of bony trabeculae with

margins with or without new bone formation; no invasion of bone or
enhancement submucosal tissues with fungi

FIGURE 27.7. (A) Eyelid edema and proptosis secondary to rapidly
developing medial orbital mass causing bone erosion. (B) Axial scan
showing bone erosion due to orbital mass.



References

1. Cotran R, Kumar V, Collins T. Neoplasia. In: Cotran RS, Ku-
mar V, Collins T, eds. Robbins Pathologic Basis of Disease.
Vol 1. 6th ed. Philadelphia: WB Saunders; 1999:260–327.

2. Rootman J, Nugent R. The classification and management of
acute orbital pseudotumor. Ophthalmology 1982;89:1040–
1048.

3. Nugent RA, Rootman J, Robertson WD, et al. Acute orbital
pseudotumors: classification and CT features. AJNR Am J Neu-
roradiol 1981;137:957–962.

4. Hytiroglou P, Brandwein MS, Strauchen JA, et al. Inflamma-
tory pseudotumor of the paralaryngeal space: case report and
review of the literature. Head-Neck 1992;14:230–234.

5. Keen M, Conley J, Mutter G, et al. Pseudotumor of the ptery-
gomaxillary space presenting as anesthesia of the mandibular
nerve. Laryngoscope 1986;96:560–563.

6. Weisman RA, Osguthorpe JD. Pseudotumor of the head and
neck masquerading as neoplasia. Laryngoscope 1988;96:610–
614.

7. Takimoto T, Kathoh T, Ohmura T, et al. Inflammatory pseudo-
tumor of the maxillary sinus mimicking malignancy. Rhinol-
ogy 1990;28:123–127.

8. Som PM, Brandwein MS, Maldjian C, et al. Inflammatory
pseudotumor of the maxillary sinus: CT and MR findings in
six cases. AJR Am J Roentgenol 1994;163:689–692.

9. de Ruiter ED, Kwekkeboom DJ, Mooi WJ, et al. Inflammatory
pseudotumor of the fossa pterygopalatina: diagnosis and treat-
ment. Neth J Med 2000;56:17–20.

10. De Miguel Garcia F, Aiguabella MAB, Liesa RF. Pseudotumor
inflamatorio de senos paranasales. Acta Otorrinolaring Esp
1990;41:351–353.

11. Maldjian JA, Norton KI, Groisman GM, Som PM. Inflamma-
tory pseudotumor of the maxillary sinus in a 15-year-old boy.
AJNR Am J Neuroradiol 1994;15:784–786.

12. Scott IU, Siatkowski RM. Idiopathic orbital myositis. Curr
Opin Rheumatol 1997;9:504–512.

13. Lacey B, Chang W, Rootman J. Nonthyroid causes of extraoc-
ular muscle disease. Surv Ophthalmol 1999;44:187–213.

14. Cornblat WT, Elner V, Rolfe M. Extraocular muscle involve-
ment in sarcoidosis. Ophthalmology 1993;100:501–505.

15. Patel AS, Kelman SE, Duncan GW, Rismond V. Painless
diplopia caused by extraocular muscle sarcoid. Arch Ophthal-
mol 1994;112:879–880.

16. Stannard K, Spalton DJ. Sarcoidosis with infiltration of the
external ocular muscles. Br J Ophthalmol 1985;69:562–
566.

17. Grimson BS, Simons KB. Orbital inflammation, myositis, and
systemic lupus erythematosus. Arch Ophthalmol 1983;101:
736–738.

18. Weinstein GS, Dresner SC, Slamovits TL, Kennerdell JS. Acute
and subacute orbital myositis. Am J Ophthalmol 1983;96:
209–216.

19. Panfilio CB, Hernández-Cossio O, Hernández-Fustes OJ. Or-
bital myositis and rheumatoid arthritis. Arq Neuropsiquiatr
2000;58:174–177.

20. Pinchoff BS, Spahlinger BA, Bergstrom TJ, Sandall GS. Ex-
traocular muscle involvement in Wegener’s granulomatosis. 
J Clin Neuro-Ophthalmol 1983;3:163–168.

21. Suttorp-Schulten MSA, Koornneef L. Linear scleroderma asso-
ciated ptosis and motility disorders. Br J Ophthalmol 1990;
74:694–695.

22. Seidenberg KB, Leib ML. Orbital myositis with Lyme disease
[see Comments]. Am J Ophthalmol 1990;109:13–16.

23. Jakobiec FA, Bilyk JR, Font RL. Orbit. In: Spencer WH, ed. Oph-
thalmic Pathology: An Atlas and Textbook. Vol 4. 4th ed. Phil-
adelphia: WB Saunders; 1996:2877–2878.

24. Lin H, Burton EM, Felz MW. Orbital myositis due to
Kawasaki’s disease. Pediatr Radiol 1999;29:634–636.

25. Hornblass A, Jakobiec FA, Reifler DM, Mines J. Orbital lym-
phoid turmors located predominantly within extraocular mus-
cles. Ophthalmology 1987;94:688–697.

26. Divine RD, Anderson RL. Metastatic small cell carcinoma
masquerading as orbital myositis. Ophthalmic Surg 1982;13:
483–487.

27. Rumelt S, Rubin PA. Potential sources for orbital cellulitis. Int
Ophthalmol Clin 1996;36:207–221.

28. Cleary KR, Batsakis JG. Sinonasal lymphomas. Ann Otol Rhi-
nol Laryngol 1994;103:911–914.

29. Jaffe ES, Chan JKC, Su IJ, et al. Report of the workshop on
nasal and related extranodal angiocentric T/natural killer cell
lymphomas. Am J Surg Pathol 1996;20:103–111.

3 2 6 P A R T S I X : T U M O R L I K E C O N D I T I O N S I N T H E O R B I T

FIGURE 27.8. (A) A 9-year-old girl
whose right eye showed inferior lateral
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results revealed numerous eosinophils
(C) and hyphae of Aspergillus species, (D)
depicted clearly (Gomori silver stain
(original magnification �100).
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Graves Disease
Daniel Weil and Guillermo A. Fridrich

Although Graves disease (GD) is a type of orbital
inflammation, certain clinical features may be
confused with orbital tumors. Therefore, a

brief review of GD is included in this book. Graves
disease presents with a great variability of clinical
signs; for this there are numerous nomenclatures and
classifications in the literature. Among others, thyroid-
associated orbitopathy and thyroid-related ophthal-
mopathy are descriptive names, even though in about
10% of the cases orbital signs are observed without
chemically detectable thyroid manifestations. The
name Graves disease is the time-honored terminol-
ogy, used by many ophthalmologists. An orbital in-
flammation associated with GD can present diverse
changes in the orbit, ranging from a cosmetic lid re-
traction to a loss of vision produced by the compres-
sive optic neuropathy. Management must be directed
to the systemic thyroid disease as well as to local oc-
ular and orbital changes.1–4

PATHOGENESIS

The pathogenesis of GD is not completely understood;
it is labeled an autoimmune process.5,6 It occurs in a
genetically preselected population, usually affecting
middle-aged females four to five times more fre-
quently than males. The propensity for development
and severity of the orbital disease may be related to
immunogenetic predisposition as well. The hypothe-
sis is that circulating T cells directed against an anti-
gen in thyroid follicular cells recognize a similar anti-
gen in orbital tissues. The activated T cells infiltrate
the orbital soft tissues and the fibers of extraocular
muscles.6 Thyroid-stimulating hormone receptor
mRNA has been detected in orbital fat specimens.7

Clinical and experimental studies suggest that the thy-
rotropin receptor (TSH-R) is one of the possible anti-
gens stimulating the autoantibodies implicated in the
inflammatory changes of orbital soft tissues. The anti-
gen may be recognized by a receptor on CD4� T lym-
phocytes. After antigen recognition, lymphocytes se-
crete cytokines that amplify the immune reaction by
activating CD8� T lymphocytes or autoantibody-
producing B cells. In GD there is a predominance of
T cells with a TH1 profile [interleukin (IL)2, interferon

�, tumor necrosis factor �], although a TH2 profile of
cytokine production (IL-4, -5, -10) has also been re-
ported.6 The cytokines stimulate fibroblasts to syn-
thesize and secrete glycosaminoglycans. The higher
glycosaminoglycan content in GD is largely due to an
excess of chondroitin sulfate and hyaluronic acid. Or-
bital fibroblasts may contribute to perpetuating the
immune reaction by protecting T cells from apopto-
sis. The immune-mediated process leads to inflam-
mation and deposition of hydrophilic mucopolysac-
charides and collagen, resulting in muscle injury and
scarring. The extraocular muscles are also infiltrated
by lymphocytes, plasma cells, and mast cells that
cause degenerative changes. Another interesting find-
ing is the observation of degenerative muscle changes
in temporal muscle biopsy samples obtained from ac-
tive GD patients during decompression surgery (per-
sonal communication with Dr. Karcioglu, 2003), in-
dicating that other musculature in the vicinity is also
affected with the pathologic process. Cell-mediated
immune reactions predominate in early GD, whereas
humoral immunity plays a greater role in later
stages.5–7

SYSTEMIC CLINICAL FEATURES

GD presents with different manifestations of thyroid
dysfunction, including hyperthyroidism, hypothy-
roidism, and Hashimoto’s thyroiditis; it may also be
seen in euthyroid patients. Hyperthyroidism is the
most frequent thyroid dysfunction related to orbital
disease (90%), and its systemic signs and symptoms
may include weight loss, smooth skin, tachycardia,
pretibial myxedema and clubbing of the fingers and
toes, and subperiosteal new bone formation (thyroid
dermopathy and thyroid acropathy). When the sys-
temic features of hyperthyroidism are present, the di-
agnosis is rather straightforward, especially with lid
retraction or exophthalmos. GD, however, may occur
in apparently euthyroid (6%) or hypothyroid (1%) pa-
tients as well as in those with thyroiditis (3%).8 In
these settings the diagnosis may be more challenging.
All patients with possible thyroid-related orbital dis-
ease should be followed jointly with an endocrinolo-
gist. However, the ophthalmologist should also be fa-



miliar with the thyroid function tests (Box 28.1) and
the possible effects of commonly used medications on
thyroid functions (Table 28.1).3 GD is most frequent
in younger women (Figure 28.1) but presents with
more severe symptoms in men and patients older than
50 years of age.9 GD may be seen in children, but they
are unlikely to develop severe forms of the disease. In
some cases goiter is present, especially in endemic ar-
eas. Between 30 and 35% of the patients have family
history of thyroid disease. The average age at the time
of diagnosis of GD is 46 with an age range of 8 to 88
years.10,11

ORBITAL HISTOPATHOLOGY

The histopathologic changes can be divided into two
stages. The first is the active inflammatory stage, in
which one can find perivascular groups of inflamma-
tory cells in loose edematous tissue; these include
plasma cells and lymphocytes. Lymphoid follicles are

less frequent in GD than in pseudotumors. In the 
second stage, the volume of the orbital content is in-
creased by infiltration of fibroblasts, collagen, mu-
copolysaccharides, and glycoproteins. The mucopoly-
saccharides are hygroscopic. This property leads to the
edema of all orbital soft tissues, particularly muscles.
Increased numbers of interstitial fibroblasts and
chronic inflammatory cells infiltrate the muscle
fibers. In this chronic stage, the muscles become fi-
brotic and the anti-inflammatory treatment is no
longer effective. Fibrotic phase of the disease can be
demonstrated with the absence of high signal inten-
sity in T2-weighted magnetic resonance (MR) im-
ages.12,13

ORBITAL CLINICAL FEATURES

The orbital clinical manifestations may present in an
acute, subacute, or chronic pattern and may also start
with any of the different clinical signs. All the orbital
clinical signs can be unilateral or bilateral, but they
may present unilaterally at the outset and later be-
come bilateral as the disease progresses. Upper lid re-
traction is the most frequent orbital clinical sign in
early GD (75% at initial diagnosis and 90% at some
point in the clinical course) and may lead to the false
impression of proptosis.14 Generally, upper lid retrac-
tion is produced by sympathetic tonicity of the Müller
muscle at the beginning of the clinical course and 
then by the inflammation and fibrosis of the levator
muscle. Less frequently, the inferior lid may also be
retracted.
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BOX 28.1. Laboratory Tests to 
Evaluate Thyroid Function in Patients
with Orbital Graves Disease

Serum triiodothyronine (T3) and thyroxine (T4)
Triiodothyronine (T3) uptake and free thyroxine

(T4) index
Serum thyrotropin (thyroid-stimulating hormone,

TSH)
Thyrotropin receptor antibodies (TRA)
Thyroid hormone antibodies

TABLE 28.1. Effects of Some Commonly Used Drugs on 
Thyroid Function Tests.

Tests

Drugs T3 T4 Free T4 TSH

Amiodarone � � � �
Androgens � � N N
Cholestyramine — � � �
Diphenylhydantoin � � � �
Estrogens � � � N
5-Fluorouracil � � � N
Furosemide � � � �
Glucocorticoids � � N N
Heparin � � � �
Iodine � � � �
Iron — � � �
Lithium � � � �
Phenylbutazone � � � �
Propylthiouracil � — — �
Propranolol � — — �
Salicylates � � � �
Sucralfate — � � �
Sulfonylureas � � � �

N, normal.

FIGURE 28.1. Bilateral proptosis due to Graves disease with a mas-
sively enlarged multinodular goiter (G).



Bilateral proptosis is the second most frequent sign
(62%); it is mainly caused by muscle enlargement,
with or without active inflammation (Figure 28.2).
Displacement of the globe by Hertel exophthalmom-
etry over 20 mm or a difference between the orbits
over 3 mm suggests true proptosis. An exophthal-
mometry measurement over 30 mm is classified as se-
vere proptosis. The enlargement of the lacrimal gland
may also increase the exophthalmos.

Restrictive extraocular palsy is present in about
40% of GD patients (Figure 28.3). It is produced by in-
filtration and enlargement of the ocular muscles and
can be unilateral or bilateral. Medial and inferior recti
are most commonly involved, but all the muscles may
be affected. The impaired upward gaze is the most
common extraocular muscle (EOM) limitation. Diplopia
is noted at the initial examination in approximately
20% of cases.8

Optic nerve dysfunction (6%) may produce color
deficiency and afferent papillary defect or loss of vi-
sion and field due to compressive optic neuropathy.8

Such dysfunction is caused by the compression of the
optic nerve by the EOM in the apex or by stretching
of the optic nerve in severe exophthalmos. In initial
stages of the optic nerve dysfunction, this neuropathy
typically shows different degrees of visual field con-
traction (peripheral scotoma). Testing the visual field
is the best way to monitor the progression of the op-
tic neuropathy. The earliest symptoms may be the im-
pairment of color vision or mild afferent pupillary de-

fect. If the lids cannot close well (lagophthalmos),
there may be keratitis or ulceration of the cornea,
which in turn may develop into endophthalmitis and
loss of vision.14 The ocular hypertension in patients
with GD is caused by the elevated intraorbital pres-
sure associated with orbital congestion or contraction
of EOM muscles. The prevalence has been reported to
be approximately 20%.14 In the select subgroup of pa-
tients with GD who required orbital decompression
and strabismus surgery, a significant reduction in in-
traocular pressure in the early postoperative period
was documented.15

Pain is seldom a manifestation in GD, but pa-
tients usually complain of a retrobulbar pressure
sensation. A complete constellation of typical fea-
tures (hyperthyroidism, eyelid retraction, exoph-
thalmos, restrictive extraocular myopathy, and op-
tic nerve dysfunction) is not frequent. Smoking has
been shown to be an important factor in the devel-
opment of GD.16 Several classifications of the ocu-
lar signs of GD have been reported, but none is of
much use. It is very difficult to standardize the or-
bital variations.17,18 The best known is the “NO
SPECS” outline, which was introduced by the Amer-
ican Thyroid Association in 1969.18 Other classifi-
cations include the Ophthalmology Index proposed
by Donaldson in 1973 and Van Dyck’s modification
of NOSPECS in 1981.19 Finally in 1992 the Interna-
tional Thyroid Association decided to abandon
NOSPECS for clinical studies.20
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FIGURE 28.3. (A) Single-muscle involvement of Graves disease,
causing esotropia of the right eye. (B) The CT scan shows enlarged
right medial rectus muscle with scarring but not a significant
amount of proptosis, indicating the chronic stage of the disease.

FIGURE 28.2. (A) Typical multimuscle Graves disease with severe
proptosis of both eyes and retraction of upper and lower eyelids. (B)
Although the left medial rectus muscle reveals the most prominent
enlargement, the bilateral involvement of all horizontal recti is
clearly depicted in the T1-weighted MRI image.



GD can also be divided into noninfiltrative or in-
filtrative disease.2 The noninfiltrative subgroup shows
as part of the thyroid disease lid retraction, which may
regress with the control of the thyroid endocrinopa-
thy. In other cases lid retraction and proptosis are not
related to the underlying endocrine disorder. The in-
filtrative disease manifests itself with soft tissue al-
terations and muscle disease.

RADIOLOGIC FEATURES

The best tests to evaluate the orbital changes of GD
are the computed tomography (CT) scan and MR im-
aging (Figure 28.2B) (Boxes 28.2 and 28.3).21–23 The CT
scan is a valuable means of depicting the enlargement
of the EOMs; it also helps to document infiltrative
versus noninfiltrative disease. The axial films show
the medial and the lateral recti and their relationship
to the optic nerve. The coronal sections are more use-
ful to evaluate the enlargement of the muscles and the
orbital apex. “Crowded” apex is an apt name to de-
scribe the hypertrophy of the muscles in the posterior
orbit that may lead to compressive optic neuropathy
(Figure 28.4). MR imaging is more useful than CT to
evaluate the nature of the pathology within the mus-
cle, especially in cases of EOM enlargement due to
pseudotumor or metastasis.

Orbital ultrasonography can also be helpful in es-
tablishing the diagnosis of GD by showing intramus-
cular changes (Figure 28.5). Although muscle enlarge-
ment typically presents as a bilateral condition,
affecting multiple extraocular muscles, it may begin
as an asymmetrical presentation with significant
changes in one orbit and none in the other. Echogra-
phy is particularly useful here because this technique

can reveal very early changes in the orbit. The most
commonly enlarged muscles as detected by echogra-
phy are the superior rectus–levator complex and the
medial rectus, followed by inferior and lateral recti.
On the other hand, the most common clinical motil-
ity problem in GD is the limitation of the superior
gaze, indicating the involvement of the inferior rectus
muscle.24 The internal reflectivity of the involved
muscle in GD is typically medium during the active
inflammatory phase; it becomes high when the mus-
cle develops fibrosis in later stages of the disease (Fig-
ure 28.5B).25 Echography can be done in the clinic
quickly and inexpensively. However, ultrasonography
is not effective for evaluating the posterior orbit, par-
ticularly the apex area.

Echography may also be helpful to differentiate
myositis from GD. Although myositis may involve
multiple muscles, unlike GD, it typically presents
acutely and with severe pain.26 The involved muscle
in myositis shows diffuse thickening, in the muscle
itself and in its tendon. In contrast, in thyroid disease
the tendon is classically spared. The internal reflec-

C H A P T E R 28 : G R A V E S D I S E A S E 3 3 1

BOX 28.2. The CT Features of 
Graves Disease

Enlargement of muscle body (70–75% have mus-
cle hypertrophy, mainly medial and inferior
recti)

Compression of optic nerve in the orbital apex
by the enlarged extraocular muscles

Increased orbital fat volume
Convex shape of ethmoidal wall in chronic dis-

ease
Image of the enlargement of the inferior rectus

in back third of orbit in axial views may mimic
orbital tumor

Elongation of the globe and stretch of the optic
nerve secondary to proptosis

BOX 28.3. MRI Features of 
Graves Disease

Increased volume of intra- and extraconal space
Heterogeneous fat in T1-weighted image due to

vascularization and congestion (hypointense
signal)

Hypointense signal in the middle of the muscle
(fat and inflammatory cell infiltration) with
T1-weighted image

Hyperintense signal of the muscle with T2-
weighted image

Increased muscle vascularization with GDPA

FIGURE 28.4. Coronal CT scan show bilateral “crowding” of the
orbital apex with compression of the muscles onto the optic nerves
(arrows).



tivity in myositis is usually low during the acute
stages of the disease; however, it may change to
medium or high when fibrosis has developed within
the muscle after several episodes of myositis.

Echography can also be useful to differentiate neo-
plastic diseases of extraocular muscles from inflam-
matory pathology. Metastatic tumors to the intraoc-
ular muscles usually present with rapidly developing
unilateral proptosis involving a single muscle.27 Color
Doppler imaging can be used to monitor patients with
GD for alterations in orbital blood flow parameters
and their correlations with EOM enlargement, pro-
ptosis, and intraocular pressure.28,29

DIFFERENTIAL DIAGNOSIS

It should be kept in mind that GD is the most fre-
quent cause not only of bilateral proptosis but also of
unilateral proptosis as well (Figure 28.6). The early
presentation of the disease may be with asymmetri-
cal proptosis, secondary to more active disease in one
orbit. Slowly progressive unilateral presentation of
GD may be confused with orbital pseudotumors (or-
bital myositis, fibrosclerosis) and neoplasia (lym-
phoma, leukemia, metastatic tumors).30,31 In certain
instances, solitary vascular lesions, such as an orbital
varix, may also be confused with GD.32 When the clin-

ical presentation of GD consists of bilateral proptosis
with lid retraction, chemosis, and vascular tortuosity
at the insertion sites of extraocular muscles, along
with the typical complaint of burning sensation and
tearing and pressure behind the globe, diagnosis is not
difficult. In other instances, patients may develop
asymmetrical proptosis, and there will be absence of
congested conjunctiva and upper eyelid ptosis instead
of lid retraction. These cases may be confused with
the tumors of the orbit. The retraction of the upper
eyelid must be distinguished from the pseudoretrac-
tion, which may occur in an effort to overcome pto-
sis. The most confusing picture may be an isolated en-
largement of an extraocular muscle. Myositis usually
presents with pain, and the imaging workup reveals
the enlargement of the muscle insertion (tendon). An-
other feature of the pseudotumor is its rapid response
to steroid treatment.33 Lymphoma is another tumor
that needs to be considered in unilateral GD.34 Care-
ful examination of imaging studies usually reveals
that the lymphoproliferative process is not limited to
the muscle but homogeneously extends into other soft
tissues of the orbit.

Orbital metastatic disease may be confusing if it
limits itself to the EOM, in which case, the imaging
workup depicts nodular enlargement on CT and MRI
(Figure 28.7). Irregular intramuscular neoplastic for-
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FIGURE 28.5. Echograms of an enlarged right medial rectus mus-
cle (RMR) in a patient with Graves disease.

FIGURE 28.6. Unilateral proptosis of a patient who presented with
asymmetrical Graves disease. However, 11 months after initial di-
agnosis, she developed bilateral involvement of all horizontal recti.

FIGURE 28.7. An enlarged right lateral rectus muscle, secondary
to metastatic colon cancer, showing slight proptosis of the right
eye. Note the heterogeneity of the belly of the muscle, due to in-
filtrating carcinoma. All other muscles are within normal limits.



mations are best depicted with T2-weighted hyper-
signal of MRI. Systemic workup to identify a possible
primary tumor should be started immediately in these
cases.

MANAGEMENT AND PROGNOSIS

A detailed discussion of GD management is not
within the scope of this book. It is briefly mentioned,
however, that there are different therapies for GD. The
orbital disease may have a self-limited course from 6
months to 3 years, but the evolution of the disease
cannot be predicted. Medical therapies include artifi-
cial tears and ointments, elevation of the head during
sleep, and ice compress. Oral and intravenous corti-
costeroid treatments are recommended by some for
acute or subacute advancing disease that affects the
cornea and the optic nerve.35–38 In case of severe neu-
ropathy, it may be necessary to use intravenous cor-
ticosteroid pulse (Tg/day) 1 g methyprednisolone for
3 days. Peribulbar triamcinolone (20 mg of triamci-
nolone into each orbit every week for 4 weeks) may
be effective to improve proptosis and diplopia, espe-
cially in acute cases.39 The peribulbar administration
does not cause local or systemic adverse effects. A poor
response to local or systemic steroids does not exclude
a good response to radiation. Radiotherapy has been
used for many years with mixed benefits, especially
for optic neuropathy, but recent reports question its
effectiveness.40,41

Decompression is the time-honored surgical treat-
ment for reducing exophthalmos and for optic neu-
ropathy.42–44 EOM imbalance, which may develop as
a manifestation of the disease or as a complication of
orbital decompression, requires surgery after 6 months
of stability.45 Eyelid surgery may be used as the last
surgical intervention for retraction and cosmesis.46

In 1996 Bartley reported that about 75% of 120 pa-
tients required either no therapy or only supportive
measures, 6% were treated with systemic corticoste-
roids, and 20% underwent one or more surgical pro-
cedures.11
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Mass-Forming Inflammatory 
Lesions of the Orbit

Zeynel A. Karcioglu

Many inflammatory conditions, ranging from
simple foreign body granuloma (Figure 29.1)
to the most complex vasculitis of a collagen

tissue disease, may cause proptosis owing to volume
increase in the orbit.1–3 The great majority of these
disorders present with typical ocular/orbital signs and
symptoms, as well as systemic manifestations, that
would differentiate them from neoplastic conditions.
Others, however, particularly the ones that tend to de-
velop localized mass lesions rather than infiltrating
inflammation, may simulate orbital neoplasms. This
chapter summarizes the salient clinical features of the
more common, mass-forming inflammatory lesions,
which can be confused with orbital neoplasms; others
are listed in Tables 29.1 and 29.2. Some related clin-
ical presentations are detailed in Chapter 27 with il-
lustrations from cases.

INFECTIONS

Tuberculosis

Ocular and adnexal tuberculosis is usually seen with
typical manifestations secondary to systemic My-
cobacterium infection, and it is rather unlikely that
this entity will be confused with neoplastic disor-
ders.4–6 However, the clinical picture of the disease is
changing, with many cases developing from atypical
mycobacteria that are resistant to traditional mul-
tidrug treatment.7,8 With the increase in the numbers
of immunologically suppressed individuals secondary
to viral epidemics and the wider use of immunosup-
pressant antimetabolites in longer surviving cancer
and transplant patients, the incidence of tuberculosis
has been rising steadily during the past two decades.
It has been reported that individuals with HIV/AIDS
have an incidence of tuberculosis 500-fold greater than
that of the general population.9

Extrapulmonary tuberculosis, including the orbital
disease, is more often seen in children and nonwhite
patients.10 Although ocular and adnexal infections due
to atypical mycobacteria are rare, occasional cases pre-
senting as dacryocystitis, endophthalmitis, localized

periostitis, or periorbital and orbital mass lesions have
been reported.11,12 Orbital tuberculosis due to atypi-
cal mycobacteria may present as a well-delineated
mass lesion, causing gradual displacement of the eye
and extraocular motility disturbances.13,14 The history
of an antecedent penetrating injury is a well-known
presentation of tuberculosis, due to atypical my-
cobacteria. If tuberculosis is suspected clinically, tu-
berculin skin testing will be helpful in differential 
diagnosis; but a biopsy, with or without positive cul-
tures, is necessary for the confirmation of the disease.
Histopathology of tuberculosis consists of zonal gran-
ulomatous inflammation with numerous epithelioid
histiocytes surrounding a necrotic (caseating) center.
Tissue diagnosis is pathognomonic only with the doc-
umentation of positive acid-fast organisms. However,
it is well known that acid-fast positive mycobacteria
often are not demonstrated in tuberculosis, even
though cultures of orbital tissue may grow M. tuber-
culosis or atypical mycobacteria.

It should be remembered that atypical mycobacter-
ial infections generally are resistant to routine antitu-
berculous chemotherapy; clarithromycin, an oral mac-
rolide antibiotic, has been reported to be an effective
medication for atypical mycobacterial infections.12

Fungal Infections

Commonly encountered fungal infections of the orbit
are mucormycosis and aspergillosis. Mucormycosis
rarely produces clinical manifestations to mimic orbital
tumors. The fulminant course of orbital disease with
pain, massive proptosis, extensive extraocular motility
disturbance, and hemorrhagic chemosis, coupled with
necrotic eschars of the nasal, oropharyngeal mucosa or
periorbital skin, is typical of this infection and does not
leave too much room for differential diagnosis.15 Imag-
ing may be helpful by demonstrating a relationship be-
tween the orbital and sinus disease. T2-weighted 
magnetic resonance imaging (MRI) usually reveals hy-
pointensity of fungal disease, and computed tomogra-
phy (CT) shows focal calcification of the orbitosinu-
soidal mass.16 However, certain cases involving the 
eyelids and the orbit may present with gradually de-

3 3 5



veloping, localized lesions, which may be confused
with rapidly growing tumors, such as rhabdomyosar-
coma and Ewing’s sarcoma (see Chapter 27). Diagnosis
is established by documentation of typical, large mu-
cor hyphae, which show lack of septation in tissue ex-
amination by histopathology or cytopathology.

Orbital mucormycosis is an emergency situation
because it causes rapidly progressing necrotizing in-
flammation secondary to the propensity of the fungus
to involve blood vessels. Orbital exploration should
be done immediately to establish the diagnosis by
identifying the broad, nonseptated hyphae and for ex-
tensive surgical debridement as well as irrigation with
antifungal agents.

Orbital aspergillosis usually presents with a more
insidious onset, particularly when it develops in indi-
viduals who are not immunocompromised.17 In these
cases, the disease may follow a protracted course with
a well-delineated mass developing within the orbit
without diagnostic features on CT or MRI.17,18 The
latter group produces a densely sclerosed, chronic in-
flammatory reaction with granulomatous foci. These

are the cases that are difficult to diagnose and may be
confused with neoplasms (Figure 29.2). The diagnosis
is dependent on the confirmation of septate hyphae
that branch at a typical 45° angle. The Gomori
methenamine silver (GMS) technique highlights the
walls of the hyphae. Although the diagnosis can eas-
ily be established by the identification of the organ-
isms in fulminating cases, the sclerosing type may not
readily reveal the causative organism in small biopsy
samples. The tissue sample may show only dense fi-
brous tissue, without any granulomas or organisms.
Although fine-needle aspiration biopsy (FNAB) has
been used to diagnose fungal infections, when as-
pergillosis is suspected, it is better to perform inci-
sional biopsies on the lesions. The limited sample ob-
tained by FNAB is more likely to be nondiagnostic 
in sclerosing cases. The management of orbital as-
pergillosis includes surgical debridement and antifun-
gal therapy. Wide surgical excision of the involved tis-
sues is suggested in the sclerosing type, since the
infection has a tendency to recur.19,20

Parasitic Infections

Echinococcus granulosus, otherwise known as hydatic
cyst, is probably the most common parasitic disease
of the orbit. Hydatid disease is most commonly en-
countered in the liver (60–70%) and lungs but may
spread hematogenously into the systemic circulation
and infect multiple extrahepatic sites. Orbital hydatid
disease is rare, comprising less than 1% of all cases in
the body. Once in the orbit, most lesions lie within
the muscle cone in children and young adults.21,22 The
diagnosis of orbital hydatid disease is suggested by
signs and symptoms of a unilateral, orbital space-
occupying mass, such as gradual progressive proptosis
and diminished extraocular motility. Eosinophilia is
present in approximately 25% of cases. CT findings
usually include a hypodense, nonenhancing, often
unilocular (but occasionally multilocular) cystic le-
sion, well delineated by a thin capsule that may or
may not show enhancement in contrast studies. MRI
discloses a low intensity signal on T1-weighted im-
ages and a high-intensity signal on T2-weighted im-
ages. Microscopic examination of the cyst fluid
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FIGURE 29.1. Foreign body granuloma of the superior orbit in a 9-
year old girl. At surgery, infiltrating foreign body granuloma com-
posed of epithelioid cells and multinucleated giant cells was iden-
tified. The nature of the foreign body (arrow) could not be
determined.

TABLE 29.1. Orbital Inflammations that May Cause Space-Occupying Lesions in the Orbit.

Nonspecific Specific Collagen
Infections inflammations inflammations Vasculitides tissue disorders

Tuberculosis Orbital pseudotumor Sarcoidosis Polyarteritis Lupus
nodosa erythematosus

Lyme disease Foreign body granuloma Crohn’s disease Churg–Strauss Dermatomyositis
syndrome

Dacryoadenitis Hematic cyst/cholesteatoma Sjögren’s syndrome Kimura‘s disease Scleroderma
Mucormycosis Mucocele Wegener’s granulomatosis Behçet’s disease Rheumatoid arthritis
Aspergillosis Amyloidosis
Echinococcosis
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demonstrating daughter cysts with scoleces is diag-
nostic (Figure 29.3).23–25

Other examples of parasitic orbital infections are
cysticercosis, myiasis, and trichinosis of extraocular
muscles.26–28

NONSPECIFIC INFLAMMATIONS

Orbital Pseudotumor

Orbital pseudotumor is a nonspecific chronic inflam-
matory condition of unknown etiology. Although an
underlying immune process is suspected, no conclu-
sive mechanism has been established for the develop-
ment of this curious entity. Clinically, the orbital
pseudotumor may develop with sudden onset of
painful proptosis associated with motility distur-
bances, eyelid swelling, redness, and chemosis.29 It
may develop as a diffuse or localized lesion, and its
histopathology varies accordingly from case to case.

The pseudotumor may be grouped into two main cat-
egories: diffuse and localized nonspecific orbital in-
flammation. The localized nonspecific inflammation
is further divided according to specific sites (i.e.,
myositis, dacryoadenitis, periscleritis, and perineuri-
tis). Each subgroup may present as an acute, subacute,
or chronic inflammatory process in a given patient.

The histopathology of the pseudotumor usually
consists of a mixed polymorphonuclear and lympho-
cytic infiltrate during the early phases; as the disease
advances, lymphoid follicle formation and fibrous tis-
sue proliferation dominate the picture.30 Patchy ag-
gregates of lymphocytes and/or lymphoid follicles are
frequently seen. Occasionally the lymphoid infiltrates
are confluent as in lymphoproliferative neoplasia.
These cases may clinically simulate orbital lymphoma
and, therefore, should be further evaluated with flow
cytometry and genetic studies (see Chapter 12). In
many instances, the biopsy diagnosis for the pseudo-
tumor is not pathognomonic but must be correlated
with clinical and radiologic findings. Occasionally, the
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FIGURE 29.2. Aspergillosis presented in
this patient as an orbitoethmoidal mass
with slowly developing axial proptosis,
and loss of visual acuity and visual field
of the left eye. Only the third biopsy 
revealed the Aspergillus organisms,
which could be demonstrated with 
Gomori methenamine silver and periodic
acid–Schiff stains in tissue examination
and were grown in culture. The first two
biopsies showed only fibrous tissue and
nonspecific chronic inflammation.



orbital pseudotumor with systemic involvement may
simulate metastatic disease.31

CT and MRI findings of diffuse orbital pseudotu-
mors include contrast enhancement owing to the high
vascularity of inflammation, which infiltrates the fi-
broadipose tissues and extraocular muscle enlarge-
ment.32 The MRI finding of hypointensity on T2-
weighted images, relative to normal muscle, may be
useful to differentiate pseudotumor from metastatic
tumors by vascular congestion.33 If the pseudotumor
is localized with compression onto adjacent struc-

tures, including the globe, or is causing bony erosion,
the differential diagnosis is difficult.32

The localized presentations of orbital pseudotu-
mor, such as Tolosa–Hunt syndrome and lacrimal
pseudotumor, may mimic neoplasia. Tolosa–Hunt
syndrome, otherwise known as painful external oph-
thalmoplegia, is another orbital inflammatory process
of the orbit with unknown etiology.34,35 It is con-
ceivable that it represents a localized form of idio-
pathic orbital inflammation. The clinical symptoms
include a severe, deep orbital pain associated with
functional deficiencies of third, fourth, fifth, and sixth
cranial nerves. It is typical that the orbital pain, which
presents abruptly, also responds to systemic cortico-
steroid treatment with the same suddenness.36 Other
symptoms of the disease, including third, fourth, and
sixth cranial nerves palsies and the hypoesthesia of
the periorbital skin, also respond well to corticoste-
roid treatment. Although bilateral cases do occur, the
great majority of patients with Tolosa–Hunt syndrome
present unilaterally and, therefore, their lesions
should be differentiated from tumors that can involve
the orbital apex area (e.g., meningioma, pituitary ad-
enoma, neurofibroma, paraganglioma, secondary na-
sopharyngeal squamous cell carcinoma, metastatic tu-
mors). Tumors of the apex, however, usually cause a
gradual development of extraocular muscle dysfunc-
tion, depending on the location of the lesion, which
may be accompanied by dull pain but usually not with
abrupt onset of panophthalmolplegia and explosive
pain.37,38 Although the imaging studies are not spe-
cific for Tolosa–Hunt syndrome, they are helpful to
rule out neoplasia. Burkitt’s lymphoma has also been
reported to simulate Tolosa–Hunt syndrome.39

Localized lacrimal fossa pseudotumor may present
as an isolated mass lesion. Imaging is not very help-
ful to differentiate lacrimal gland masses and other an-
teriorly localized pseudotumors (Figure 29.4). Burkitt’s
lymphoma may also mimic acute-onset localized
pseudotumor in the lacrimal gland fossa.40–42 These
lesions should be differentiated from lymphoma, other
lacrimal gland tumors, and inflammation such as Sjö-
gren syndrome (SS) and sarcoidosis by means of his-
topathologic examination (Figure 29.5).

Hematic Cyst and Cholesteatoma

Although orbital hemorrhage terminology is not very
strict, hematoma usually refers to a localized collec-
tion of blood within soft tissues that develops sec-
ondary to trauma. Hemorrhage may occur sponta-
neously without any physical exertion in otherwise
healthy individuals.43 When blood collection within
the orbit becomes organized and is surrounded by a
thin pseudocapsule, the entity is commonly known as
a hematic cyst (Figure 29.6).44,45 Hematic cysts usu-
ally develop within 1 to 2 weeks of orbital trauma,
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FIGURE 29.3. Echinoccocal cyst, which presented with unilateral
proptosis (A). The unilocular cystic lesion shown in the gross pho-
tograph (B) was removed in toto. Histopathologic slide (C) reveals
partially calcified cyst wall. Inset: Diagnostic scoleces recovered
from the cyst fluid.



but some cases are reported to occur up to 20 years
after orbital injury.46 These cysts may become large
enough to cause proptosis, extraocular motility dis-
turbance, or compression on the globe and optic nerve.
Hematic cysts, which can be easily demonstrated with
ultrasonography, CT, or MRI, are lined by fibrovascu-
lar tissue at the periphery and contain degenerated
erythrocytes, protein debris, and cholesterol crys-
tals.47 In many instances, the thin nonepithelial lin-
ing is attached to adjacent structures by fibrous adhe-
sions. The adhesions may be self-resolving or easily

detached surgically in early cases; if the lesion per-
sists, however, they may turn into firm fibrous bands.
Hematic cysts may develop within the muscle cone
or subperiosteal orbital locations.44 If the hemorrhage
develops within an existing lymphatic or vascular tu-
mor, these lesions are known as blood cysts or choco-
late cysts.

Cholesteatoma is another cystic lesion that is con-
fined by a thicker pseudocyst wall without epithelial
lining. It is conceivable that some chronic hematic
cysts develop into cholesteatomas. Like chronic
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FIGURE 29.4. Pseudotumor in
medial anterior orbit presented as
a firm medial mass displacing the
globe laterally, causing diplopia at
the right gaze (A). The patient 
described mild pain in the past,
but the lesion was not painful or
tender at the time of admission.
The lesion (B) was well delineated
but not encapsulated; it could be
peeled away from the left medial
rectus muscle. The cut surface (C)
was yellowish-gray and very firm.
Histopathological examination (D)
revealed nonspecific, chronic 
inflammation with occasional 
follicle formations.

FIGURE 29.5. Lacrimal gland fossa
lesions. (A) Localized pseudotumor.
(B) Lymphoma. (C,D) Sjögren’s 
syndrome. The patient presented
with bilateral masses; however, 
the lesion in the left lacrimal gland
fossa (C) was larger. (D) 
Histopathology revealed diffuse
lymphocytic infiltrates among the
atrophied acini of the lacrimal
gland.



hematic cysts, these lesions contain cholesterol crys-
tals and other blood breakdown products that act as
foreign material and trigger a fulminant granuloma-
tous reaction.48,49 Cholesteatomas are usually located
in the superior lateral orbit within the lacrimal gland
fossa. Histopathologically, the lesion is composed of
cholesterol clefts, hemosiderin and hematoidin gran-
ules, other blood breakdown products, and fibrin, sur-
rounded by a mixed lymphohistiocytic infiltrate and
multinucleated foreign body giant cells (Figure 29.7).
Imaging studies may show a cystic, semicystic, or

solid lesion within the diploë of the bone or within
the orbital soft tissues with erosion of the adjacent
bone (Figure 29.8).

Although bone destruction in general may suggest
malignancy, the sclerosing character of the bony de-
struction, which is best seen in bone window images,
suggests a benign lesion. Multiple cuts of the frontal
bone should be examined to rule out the possibility
of intracranial extension. A recent report suggests that
a preexisting bone abnormality may lead to the de-
velopment of cholesteatomas at least in some cases.50
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FIGURE 29.6. The patient 
presented with spontaneous 
bleeding into the orbit with 
minimal proptosis of the left eye
and diplopia at extreme left gaze
(A). MR image shows a large cystic
lesion with marked enhancement
in the lateral orbit (B). When the
orbit was explored through a 
lateral orbitotomy, a dark red,
spherical lesion was identified and
removed with blunt dissection (C).
The lesion was a totally 
encapsulated blood clot, which 
microscopically showed different
degrees of organization (D).

FIGURE 29.7. Lacrimal gland fossa
cholesteatoma, which consisted of
a very dark, red-brown pseudocyst
with multiple adhesions to its 
surrounding soft tissues and the
frontal bone (A). Sharp dissection
around the lesion caused much
bleeding. When the cystic 
structure was opened, orange-red,
turbid, thick fluid containing 
numerous, sparkling cholesterol
crystals (B,C) gushed out in copi-
ous amounts. When the dissection
was complete, the erosion of the
frontal bone (D) could be identified
but dura was not penetrated. 
Inset: The pseudocyst wall of the
cholesteatoma after the contents
had been emptied.



Bone destruction makes one think along the lines of
metastatic tumors, but benign lesions such as brown
tumor, aneurysmal bone cyst, and ruptured or leaking
dermoid50 should also be considered.51

Because of the extensive foreign body reaction
around the lesion, cholesteatomas usually establish
many firm adhesions to the surrounding soft tissues
and bone, causing destruction of these tissues. The ex-
tensive adherences make the surgical excision of these
lesions difficult. Lack of capsule forces one to do sharp
dissection around the lesion, which may damage vital
structures such as entrapped and atrophied extraocular
muscles, nerves, and blood vessels. In particular, the su-
perior and lateral rectus muscles and the levator mus-
cle are likely to be entrapped within the cholesteatoma
and may lose their structure and function.

Osteomyelitis of the orbital bones, primarily evolv-
ing as a complication of paranasal sinusitis, is another
entity that should be considered in the differential di-
agnosis of cholesteatoma. In osteomyelitis the bone
infection extends into the soft periosteal space and be-
yond. Precise delineation of the lesion can be done
with CT and MRI, particularly in combination with
bone SPECT (single photon emission CT), a sensitive
technique used to detect osteomyelitis within cranial
and orbital bones.52

Mucocele

Although a commonly encountered space-occupying
lesion in the orbit, the mucocele is technically not a
neoplasm but a cyst developing as a result of inflam-
mation or trauma. Its cavity is lined by pseudostrati-
fied respiratory epithelium prolapsing into the orbit
from a paranasal sinus, most commonly the frontal si-
nus; ethmoid and maxillary sinuses are the other sites

of mucoceles.53 The primary mucocele develops as a
result of an inflammatory obstruction of the ostium
of a paranasal sinus. The histopathologic appearance
of the mucocele wall, consisting of respiratory ep-
ithelium and thinned bony elements with nonspecific
chronic inflammation, reflects its evolution from a
chronic inflammatory process.

Secondary mucoceles, on the other hand, are most
commonly seen after orbital trauma and surgery; they
may also develop secondary to neoplasms of paranasal
sinuses and nasal pharynx. If there is a superimposed
infection, the lesions are referred to as pyocele on CT
and MRI; the mucocele presents as a well-delineated
cystic structure originating from a paranasal sinus. De-
pending on their location, secondary mucoceles may
compress onto orbital structures including extraocu-
lar muscles, optic nerve, and the globe.54

On CT, mucoceles present as hypointense, ex-
panding masses originating from the paranasal si-
nuses. Early in their development these lesions are
small, mucus-containing cysts. Later in their devel-
opment, they are characterized by crescent-shaped and
thinned remodeling of the bony walls of the orbit and
sinuses.55 On MRI, mucocele presents with different
appearances depending on the amount of free water in
its luminal contents. When the intraluminal mucus
becomes inspissated, the signal intensity in both T1-
and T2-weighted images decreases, moving closer to
that of normal air content of the sinus.56

Clinically, the mucocele usually presents with dis-
placements and proptosis, extraocular motility, par-
ticularly in the direction of the sinus extension into
the orbit, and other compressive symptoms.57 The
crepitant or calcified hard wall of the mucocele may
be palpated underneath the superior or medial orbital
rim. Mucoceles in general are rare in children; how-
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FIGURE 29.8. A cholesteatoma,
located in the lacrimal gland
fossa of the left orbit. (A) The
patient presented with inferior
proptosis, diplopia, and ptosis of
the left upper eyelid. (B–D) On
imaging studies, the lesion 
presented as a unilocular,
rounded mass, causing 
destruction of the adjacent
frontal bone.D



ever, a unique variant, ethmoidal mucopyocele, is
known to occur as a secondary space-occupying lesion
in the medial canthal area, with lateral displacement
of the globe.

Mucoceles of the lacrimal drainage system should
not be confused with sinus lesions. Lacrimal sac mu-
coceles, at times, particularly in adults, may simulate
lymphomas.58

SPECIFIC INFLAMMATIONS

Sarcoidosis

Sarcoidosis is an idiopathic multisystem disease that
commonly involves the orbit and the eye. Systemically
it involves the lungs and the upper respiratory tract,
liver, spleen, lymphatic, and hematopoietic tissues,
central nervous system, and the skin. Although there
is considerable evidence that sarcoidosis is infectious,
its etiopathogenesis is still unknown.59 The typical
noncaseating granulomas are made of T lymphocytes
of helper and suppressor types and dendritic Langer-
hans cells with deoxyribose human leukocyte antigen
(HLA) expression. Perivascular inflammation is char-
acteristic of a delayed type of hypersensitivity reaction.
Patients with sarcoidosis usually demonstrate the sys-
temically deficient T-cell responses associated with T-
cell lymphopenia. Although the exact significance of
granuloma formation in sarcoidosis is not known, it
appears that this tissue reaction is a secondary event
as a result of exaggerated cellular immune response to
a class of unknown antigens. The initial step in gran-
uloma formation of sarcoidosis is considered to be trig-
gered by the cytokine interleukin 1, which increases
the proliferation of helper T lymphocytes and activates

those cells. Activated helper T cells in turn secrete in-
terleukin 2, which is a mitogen that stimulates the
proliferation of helper T cells even further.60 As a con-
sequence, these cells aggregrate at the site of the
causative insult and secrete monocyte chemotactic
factors that lead to the gathering of epithelioid mac-
rophages and multinucleated giant cells to form gran-
ulomas. Sarcoidosis is also associated with abnormal-
ities of humoral immunity manifested by polyclonal
hyperglobulinemia.61,62 Granulomas are made of epi-
thelioid cells and multinucleated giant cells, sur-
rounded by lymphocytes and occasional plasma cells.
Many inclusion bodies have been described in the giant
cells of sarcoidosis, but none of these are pathogno-
monic. The granulomatous response of sarcoidosis is
rather typical but not unique for this entity; fungal dis-
eases, tuberculosis, Crohn’s disease, and leprosy may
produce similar granulomas.63

Approximately one fourth of sarcoidosis patients
develop ocular and orbital manifestations including an-
terior and posterior uveitis, chorioretinitis, conjuncti-
val and eyelid granulomas, and orbital mass lesions
(Figure 29.9). The lacrimal gland is a common site of
involvement. But although autopsy studies show a
high percentage of microscopic disease, only 15 to 20%
of the patients present clinical symptoms. Although
virtually any part of the orbit may be involved, the
most common site of sarcoidosis is the lacrimal fossa.
The disease in this location may be confused with
chronic dacryoadenitis, Sjögren’s syndrome, or space-
occupying lesion (Figure 29.10).64 Sarcoid granulomas
may also extend into the orbit from adjacent sinus mu-
cosa.65 If other manifestations of the disease are ab-
sent, these cases may mimic secondary orbital tumors;
they can be differentiated only by biopsy.

Patients with distinctive systemic manifestations
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FIGURE 29.9. (A) This patient,
who had no history of sarcoidosis,
presented with an isolated lacrimal
gland mass in the superior lacrimal
fossa and the left upper eyelid; had
had mild pain in 6 to 8 weeks. 
Although the mass was not 
encapsulated, it could be excised
with blunt dissection (B,C). The
histopathology (D) revealed 
extensive granulomatous 
inflammation consistent with 
sarcoidosis within the lacrimal
gland and adjacent soft tissues.



with bilateral hilar lympadenopathy, skin lesions,
uveitis, and so on, usually show increased levels of 
angiotensin-converting enzymes (ACEs). Serum
lysozyme and calcium levels may also be increased in
sarcoidosis, but neither test is specific for the disease.
The ultimate diagnosis is by biopsy. Some advocate
preforming biopsies only on sarcoid-suspect lesions,
such as skin and conjunctival nodules in which the
yield is usually rewarding. Others support random
(blind) biopsy of the conjunctiva in sarcoid suspects
(Figure 29.11). The yield of the random biopsy with-
out a distinct lesion is rather low (around 25% posi-
tive). Since the conjunctival biopsy is simple to per-
form, has low morbidity, and can be inexpensively and
quickly done in the clinic, as opposed to more inva-
sive biopsies of transbroncheal lymph nodes, liver, and
orbit, it is practical to do biopsies of the conjunctiva
randomly early in the workup of a patient suspected
of having sarcoidosis.66 If the biopsy reveals granulo-
matous inflammation, more invasive procedures with
high morbidity can be avoided.

The involvement of the optic nerve with sar-
coidosis is usually an anterior process associated with
typical retinal vasculitis; rarely, however, the optic
nerve involvement may extend posteriorly and form
a mass lesion.67

The treatment of sarcoidosis is directed to the sys-
temic disease. Surgery may be necessary for purposes
of biopsy or debulking orbital lesions if there is a need
for histopathologic evaluation in patients with no
other easily accessible biopsy sites. In a few instances,
the mass-forming orbital disease presents with no his-
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FIGURE 29.10. A large orbital mass extending to the apex and into
the cavernous sinus through the optic canal in a known sarcoido-
sis patient. The patient was treated with oral corticosteroids and
methotraxate, and the size of the orbital lesion was considerably
reduced in size but persisted after 2 years of treatment.

FIGURE 29.11. (A,B) Bilateral blind conjunctival biopsy procedure from lower fornices. Approximately
25% of the sarcoidosis suspects reveal subconjunctival hard granulomas (G) as shown in histopathologic
slides (C) and (D).
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tory or detectable symptoms of systemic sarcoidosis
(Figure 29.9). The surgical removal of the orbital sar-
coid lesions is usually difficult; these mass lesions do
not form capsules and, therefore, need to be excised
with sharp dissection, which may damage the adjacent
tissues (i.e., lacrimal gland) and cause excessive bleed-
ing. In these patients, sarcoidosis is usually a surpris-
ing diagnosis obtained from an “orbital tumor.”64 The
accepted systemic treatment is the use of oral corti-
costeroids and antimetabolites such as methotrexate.

Crohn’s Disease

Crohn’s disease is a granulomatous inflammation of
the bowel associated with systemic manifestations.
The ocular manifestations are primarily related to
uveitis, episcleritis, and scleritis; however, orbital
pseudotumorlike presentations, secondary to granulo-
matous inflammation in the orbit has been de-
scribed.68,69 Optic neuritis has also been described in
Crohn’s disease.70

Sjögren’s Syndrome

Sjögren’s syndrome (SS) consists of a triad of symp-
toms including dry eyes (keratoconjunctivitis sicca),
dry mouth (xerostomia), and “dry joints” (arthritis).71

The primary SS is not associated with other connec-
tive tissue diseases; however, secondary SS symptoms
overlap with the manifestations of systemic lupus ery-
thematosus, polymyositis, polyarthritis nodosa, scle-
roderma, and rheumatoid arthritis.72 Like many other
autoimmune diseases, SS does not have a clear-cut eti-
ology; however, it is considered to be a mononuclear
inflammatory vasculopathy.73 Many viruses, includ-
ing Epstein–Barr, cytomegalovirus, hepatitis C, and
HIV have been reported to have an etiologic role in
SS. Immune complex formation and deposition are
considered to be the physiopathology of cutaneous and
ocular vasculitis.74,75

The histopathology of the conjunctiva as well as
the lacrimal gland is nonspecific, consisting of the reg-
ular infiltrates of lymphocytic and plasma cells sur-
rounded by eosinophilic basement membrane–like
material. These units are called epimyoepithelial is-
lands and are considered to be diagnostic of SS.76,77

The lacrimal gland also reveals acinar atrophy and in-
creased fibrosis surrounding the ductules (Figure
29.5D). The diagnosis of SS is based on minor salivary
gland biopsy rather than the biopsy of the lacrimal
gland, since the latter procedure is more involved sur-
gically and carries a higher morbidity.78

Keratoconjunctivitis sicca is the most common
presentation of SS in the eye, occurring in about 90%
of patients. Diminished tear meniscus and decreased
tear breakup time (BUT) with diminished tear pro-
duction documented with Schirmer strips are common

findings. Less commonly patients develop episcleritis/
scleritis in the primary type of SS.79 Because of pe-
ripheral and central nervous system involvement, 
optic neuritis and internuclear ophthalmoplegia may
be seen in these patients. The asymmetrical orbital
presentation of the disease may be confused with or-
bital lymphoma or sarcoidosis. In most cases, how-
ever, the disease presents with bilateral enlargement
of the lacrimal glands and other symptomatology. Al-
though SS is easy to diagnose, it should be kept in
mind that SS patients have an increased risk of de-
veloping B-cell lymphomas in the salivary glands and
cervical lymph nodes. This association has not been
found to be true for the lacrimal gland. However, the
orbital lymphoma that can mimic the presentation of
SS should always be considered in differential diag-
nosis (see Chapter 13).

Wegener’s Granulomatosis

Wegener’s granulomatosis (WG) is an idiopathic sys-
temic vasculitis that also causes necrotizing granulo-
matous inflammation.80,81 The classic triad of the dis-
ease comprises necrotizing granulomatous vasculitis
of upper and lower respiratory tracts and necrotizing
glomerulonephritis. Small-vessel disease also affects
the eye and orbit, leading to conjunctivitis, scleritis,
uveitis, and thromboembolic phenomenon of the
choroidal vessels and central retinal artery.82–84

Orbital involvement also results from necrotizing
vasculitis (with or without granulomatous inflamma-
tion), leading to painful proptosis, eyelid and con-
junctival edema, and extraocular motility disturbance.
Optic nerve disease may result from the combination
of vasculitis of the optic nerve and meningeal vessels
and/or the compression caused by the orbital space-
occupying lesion (Figure 29.12).83 This on occasion
can lead to occlusion of the central retinal artery.85

Although the specific idiopathogenesis of WG is un-
known, there is a consensus that the disease results
from an autoimmune mechanism. Unlike other forms
of vasculitis, however, it does not appear to be caused
by immune complex deposition.86 It has been specu-
lated that the vasculitis of WG is triggered by an in-
fectious process.87,88 As a rule, respiratory tract in-
volvement in WG precedes renal or systemic disease;
however, many atypical cases with lack of involvement
of one organ system or another are well recognized.89

It is well known that anti-neutrophil cytoplasmic
antibodies (ANCA) function to contain the inflam-
matory responses by proteolysis, primarily by colla-
genases and elastases.90 Cytoplasmic ANCA (C-
ANCA) is a very sensitive and specific serologic
marker for WG, with a sensitivity increasing up to
96% for active disease.91,92 Others hypothesize that
C-ANCA is not merely a marker for the disease but
in itself is pathogenic.93 High and low C-ANCA titers
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are known to correlate well with disease activity and
remission, respectively.94 Biopsy-proven head and
neck orbit WG lesions particularly are known to oc-
cur without elevated titers of C-ANCA.95,96

The classic histopathologic picture includes exten-
sive necrotizing vasculitis with necrosis and granulo-
matous inflammation. However, considerable variabil-
ity is observed in the biopsy samples obtained from

different organs, and the classic appearance is not always
demonstrable.97,98 Upper respiratory tract and orbit
biopsies usually show vasculitis and necrosis but rarely
granulomas.99,100 Material from lung biopsies usually
shows diffuse necrotizing vasculitis of small blood ves-
sels resembling an infectious process. Polymorphonu-
clear cells and eosinophils may form cuffs around blood
vessels, but granulomas are rare.101,102 Samples from
kidney biopsies show necrotizing glomerulonephritis
without well-formed granulomas.103

Samples from orbital biopsies also fail to depict the
typical combination of vasculitis and granulomatous
inflammation. Kalina and coworkers reported the
presence of the complete triad of vasculitis, necrosis,
and granulomatous inflammation in only 54% of the
samples obtained from biopsies.97

Granulomas may also present some variability; in
certain instances they are seen as typical hard granulo-
mas made of aggregates of epithelioid cells, and giant
cells surrounded by lymphocytes and occasional plasma
cells. Granulomas that present within necrotic areas
may present as palisading lesions containing numerous
polymorphonuclear leukocytes and eosinophils.

Ophthalmic involvement of WG is best catego-
rized in two types: focal disease that results from
vasculitis and primarily affects the anterior and
posterior segments of the eye and contiguous dis-
ease, seen primarily in the orbit as a result of WG
extending from the nasal cavity and perinasal si-
nuses. Orbital disease that develops acutely with
painful proptosis, eyelid and conjunctival edema,
and ocular motility disturbance is the most com-
mon ocular manifestation in WG.104,105 This pre-
sentation of WG may mimic orbital pseudotumor
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FIGURE 29.12. Recurrent Wegener’s granulomatosis with minimal
left proptosis but atrophy of left disk as a sequela from previous ep-
isodes of activity. The orbit biopsy material shows granulomatous
(G) vasculitis.

FIGURE 29.13. (A,B) Coronal and
axial T1-weighted MR images
showing irregular infiltrates of
amyloid in the lacrimal gland
fossa. (C,D) Photomicrographs
showing the amorphous, acellular
infiltrates of amyloid (periodic
acid–Schiff and Congo red stains).
Inset: Apple green birefringence of
the amyloid deposit surrounding a
blood vessel.



and infectious cellulitis as well as lymphoma and
metastatic carcinoma.

Advances in the management of WG over the past
20 years have improved the survival with this disease,
which in its classic form is rapidly fatal if not
treated.106 It is extremely important to establish the
diagnosis of WG as early as possible, since early treat-
ment may prevent renal failure, which is usually the
cause of death. The mainstay of treatment is systemic
immunosuppression with cytotoxic therapy; usually
with the combination of corticosteroids and cy-
clophosphamide.103 Although definitive treatment of
any ophthalmic involvement is systemic immuno-
suppression, orbital inflammation may respond poorly
to systemic cytotoxic therapy and may remain active
despite the remission of the systemic disease.103,107

Amyloid Deposits

Amyloid deposits in orbital inflammation are a com-
mon occurrence; however, a localized mass formation
of “amyloid tumor” is a very uncommon disor-
der.108–110 Involvement of the lacrimal gland with
amyloid deposits may mimic localized orbital pseudo-
tumor or a neoplasm (Figure 29.13).111 Clinically,
these lesions present with painless proptosis. On im-
aging studies, the gland shows enlargement and mold-
ing to adjacent bones, frequently with punctate calci-
fication. The appearance of calcification on the CT is
a helpful feature, since the MRI findings are nonspe-
cific. With MRI, amyloid deposits show hypointensity
on T2-weighted images without any enhancement
with contrast.110 Lacrimal gland tumors and ex-
tramedullary plasmacytoma may simulate amyloid
formations.112,113

Plasmacytoma is a rare type of non-Hodgkins lym-
phoma that primarily attacks patients after the age of
40. Diagnosis is based on the documentation of clonal
plasma cell proliferation. Immunohistochemical
stains should be utilized to document the light chain
types (Figure 29.14). These tumors may be confused
with lymphoma, localized pseudotumor, SS, and ep-
ithelial tumors of the lacrimal gland. The manage-
ment of plasmacytoma is combined treatment with
radiation, surgery, and chemotherapy.114,115

Many other vasculitides and collagen tissue disor-
ders rarely involve the orbit and occasionally may form
localized masses. These include angiolymphoid hyper-
plasia with eosinophilia (Kimura disease),116–118 poly-
arteritis nodosa,119,120 Churg–Strauss syndrome,121–123

lupus erythematosus,124–127 Behçet disease,128,129 der-
matomyositis,130–132 scleroderma,133–136 and rheuma-
toid arthritis.137–139 Differential diagnosis of these le-
sions from neoplasms is usually not difficult because
the disorders present with other ocular and systemic
manifestations and laboratory findings. Some of these
entities were summarized in Table 29.2.
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Staging of Orbital Tumors
Zeynel A. Karcioglu and Barrett G. Haik

Surgery is the most common modality of tumor
treatment in the orbit, whether it is performed
for total excision or for debulking or biopsy pur-

poses.1–4 Even in today’s multimodality cancer treat-
ment milieu, surgery remains very effective not only
for diagnosis but also for treatment.4,5 Surgical treat-
ment is most effective in benign lesions and/or well-
delineated malignant lesions. It also provides ex-
tremely useful initial information about the nature of
the tumor as well as about staging, an appropriate
management plan, and prognosis. In many orbital tu-
mors, such as rhabdomyosarcoma, lymphoma, and
secondary and metastatic tumors, radiation therapy
alone or in combination with chemotherapy offers
promising results. However, it is extremely rare that
an orbital tumor patient’s care does not include an ini-
tial surgical component.

Whether the objective of the therapy is cure or pal-
liation, the management plan depends on the specific
typing and staging of the neoplasm.6,7 If the cancer is
considered to be localized without evidence of spread,
the tumor can be excised and the patient is cured.8 If
the cancer has spread beyond local cure, the objective
is to control symptoms and maintain the maximum
function of the eye and the adnexa with the best qual-
ity of life for as long as possible. Patients are gener-
ally considered to be incurable if they have distant me-
tastasis or evidence of diffuse extension of the tumor
into the cranium.2

The selection of the single or multimodality ther-
apy depends on the type and the extent of the neo-
plasm, which is determined by staging.1,2 For exam-
ple, in general, if a neoplasm is limited to the orbit
without extension into the globe, cranial cavity,
and/or regional lymph nodes, the malignancy is con-
sidered curable by surgery and/or radiation. Extension
of a given orbital tumor into neighboring structures
including the globe, optic nerve, nose and perinasal si-
nuses, central nervous system, or regional lymph
nodes is of great clinical importance; these features af-
fect the staging and, therefore, the treatment of the
tumor.

Three significant events determine the biological
behavior of a malignant neoplasm: local tumor (T)

growth, extension to lymph nodes (N), and distant me-
tastasis (M).6,9 These events determine the anatomic
extent of the malignancy, which is more commonly
known as the stage of the disease at a given time in
its progression. Therefore, the letters T, N, and M rep-
resent the indicators of prognosis of the patient har-
boring a particular type of tumor. The type of tumor
as well as the staging are determined by histopatho-
logic examination of tissues. The TNM classification
by stage grouping is possible only when based on ex-
amination of surgically excised specimens from the
primary tumor, from its margins, from the regional
lymph node, and from distant metastatic sites.

Clinical experience has proven that the definition
of the anatomic staging varies depending on the his-
tologic type and the anatomic site of origin. There-
fore, the American Joint Committee on Cancer (AJCC)
utilizes the TNM classification scheme for particular
tumors of each anatomic site (Table 30.1).9 The sys-
tem is intended to provide a common language by
which patient information can be shared among physi-
cians to establish therapeutic plans and to estimate
prognosis. The long-range benefit of the staging sys-
tem is that it provides easy comparison of similar
groups of patients when therapeutic regimens are eval-
uated.

In addition to the TNM classification, the histo-
pathologic type and the grade of a given neoplasm are
important therapeutic and prognostic determinants
(Box 30.1). Numerical subsets that may be used for
each letter, such as, T0, T1, N2, M1, etc., indicate the
progression of the malignant disease, creating a short-
hand notation for describing the clinical and histo-
pathologic extent of a given malignancy. Four classi-
fications are designed for each anatomic site:

1. Clinical classification (cTNM)
2. Pathologic classification (pTNM)
3. Retreatment classification (rTNM)
4. Autopsy classification (aTNM)

Clinical (c) classification is based on physical find-
ings, imaging, endoscopy, and biopsy. The clinical
staging is essential to make therapeutic decisions and
evaluate the patient’s response to that treatment.
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Pathologic (p) classification is based on histopath-
ologic examination of the tissues removed by biopsy
or exploratory surgery. Histopathologic evaluation
provides additional data to make a management plan
and estimate the prognosis.

Retreatment (r) classification is helpful to provide

further management plan for a neoplasm that recurs
after a disease-free interval.

Autopsy (a) classification is done in the staging of
a given neoplasm not evident prior to death that is
discovered by postmortem examination.

Recently, the AJCC upgraded the TNM classifica-
tion for cancers of all types, including orbital neo-
plasms. During this upgrading of the system, the stag-
ing forms for each anatomic site were modified. The
following staging forms for the malignancies of the or-
bit are borrowed from the current (2002) manual of the
AJCC, with the written consent of the committee.

Acknowledgment Staging forms are used with the
permission of the American Joint Committee on Can-
cer (AJCC), Chicago. The authors are grateful to AJCC
and Dr. James C. Fleming, who was primarily instru-
mental in the development of the staging forms. The
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TABLE 30.1. Definitions of TNM.

Primary tumor (T)

TX Primary tumor cannot be assessed
T0 No evidence of primary tumor
Tis Carcinoma in situ
T1, T2, T3, T4 Increasing size of the primary tumor

Regional lymph nodes (N)

NX Regional lymph nodes cannot be assessed
N0 No regional lymph node involvement
N1, N2, N3 Increasing involvement of regional lymph 

nodes

Distant metastasis (M)

MX Distant metastasis cannot be assessed
M0 No distant metastasis
M1 Distant metastasis

BOX 30.1. Summary of Descriptors
Utilized in TNM Classification

G: Histopathology grade (GX, G1–G4)
L: Lymphatic vessel invasion (LX, L0, L1)
V: Venous invasion (VX, V0, V1, V2)
R: Residual tumor (RX, R0, R1, R2)
m suffix: Presence of multiple primary tumors

[e.g., pT(m)NM]
y prefix: Patients classified during or following

initial therapy (e.g., ycTNM)
r prefix: Recurrent tumor after following disease-

free interval (e.g., rTNM)
Histopathology grade (G) is expressed with num-

bers and represents the qualitative assessment
of the differentiation of a given neoplasm. It
ranges from most differentiated (G1) to least
differentiated (G4); GX stands for a grade that
cannot be assessed.
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Surgical Treatment
Zeynel A. Karcioglu

PREOPERATIVE EVALUATION

The preoperative evaluation should begin with a thor-
ough history and physical no matter how obvious the
diagnosis appears to be. The original meaning of the
Greek word historia, from which we derive the En-
glish word history, meant “inquiry.” Detailed sys-
temic and ocular inquiry offer many useful clues for
the management of the orbital tumor patient. The
family history should specify any cancer, craniofacial
syndrome, and other systemic familial disease such 
as neurofibromatosis. Particular attention should be
given to the history of linking diseases as well as to
other major health problems. The history of previous
hospitalizations, head and neck injuries, and surgeries
should be elicited. A list of the patient’s medications
and allergies should be obtained.

The patient’s tendency toward bleeding should
specifically be elicited. It is very important that the
patient be instructed not to take aspirin products,
other prostaglandin inhibitors, or anti–red cell and
anti-platelet agents 2 weeks prior to surgery (Box 31.1).
If there is any doubt regarding the bleeding status, pro-
thrombin time (PT) and partial thromboplastin time
(PTT) should be obtained prior to surgery. Younger
children with questionable vascular lesions should be
typed and crossed for 1 to 2 blood volumes.

The process of obtaining a detailed history and do-
ing a thorough physical examination is an important
opportunity to establish a good rapport with the pa-
tient and the family, which will strengthen their trust
and confidence with the surgeon. It is absolutely es-
sential that the patient’s problem be discussed in de-
tail at every step. One practical way to communicate
with the patient is to use computed tomography (CT)
and magnetic resonance (MR) to explain the problem
shown on the films. Patients can understand the prob-
lem much better when they are shown images of a
space-occupying lesion in an orbit compressing the
eye. The orbit is a particularly good site for this ap-
proach because many times the fellow orbit can be
shown as a normal comparison. Furthermore, the need
for the surgical procedure and the alternative treat-
ments should be discussed, if at all possible, on a
model or a detailed diagram of the eye and the orbit.
The reasons for surgery, potential benefits, as well as

the complications should be detailed with the patient
in a frank manner and the likelihood of complications
based on the surgeon’s judgment and experience
should be listed.

It is important that the patient and the family, not
the surgeon, decide whether to proceed with surgery.
In life- and sight-threatening situations, the physician
should make a clear note of his or her plan in the chart.
If the advice is disregarded by the patient or family,
this should also be documented in the chart. In cer-
tain situations, it may even be advisable, with the pa-
tient’s agreement, to record the conversation. If the
diagnosis is not certain—for example, if an orbital bi-
opsy is required—the need of biopsy diagnosis should
be clearly explained. Radiology and pathology reports,
as well as visual field and other test results, should
also be discussed with the patient.

The surgical complications should be explained to
the patient and family, not only for consent purposes,
but more important, for the patient’s understanding
of potential future problems. They should be told that
there is a chance of infection and/or bleeding after sur-
gery. It should also be explained that a persistent or
transient visual loss, though a remote possibility, may
result. Other postoperative complications include
pain, a feeling of pressure, hypoesthesia or hyperes-
thesia, and scarring on the eyelids and the periorbital
skin. It is very useful to obtain preoperative photo-
graphs and file them in the patient’s chart. It also must
be explained to the patient that the orbital problem
may be part of a systemic disease and that better un-
derstanding of the orbital pathology may eventually
help to arrive at an effective systemic treatment.

It is a sound policy to give information to the pa-
tient and the family members regarding the disease
and the management plan and let them go home and
think about their options. This offers them an oppor-
tunity to digest the information, check with other
family members and friends, or consult other physi-
cians. It should be clear that they can call and discuss
any further concerns with the surgeon and/or with the
other members of the team.

Once the history and physical exam, laboratory
tests, and imaging procedures are completed, a man-
agement plan should be made. The management of a
tumor patient should take into account the relation-
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ship of the orbital manifestations to a systemic dis-
ease, the immune status of the patient, the risk of gen-
eral anesthesia, and the psychological state of the pa-
tient. Simpler plans should always be implemented
before complicated ones. For example, if a fine-needle
aspiration biopsy would offer information about an
apical tumor, this procedure should be attempted first,
no matter how small the yield, before a transcranial
orbitotomy.

SURGICAL PLANNING 
AND PREPARATION

Imaging

Imaging has become the gold standard for the diagno-
sis and management of orbital lesions. All imaging
procedures, including ultrasonography, CT, and MRI
are helpful, not only to obtain clues for diagnosis, but
also for treatment planning in adults and children.1–3

The location, shape, internal characteristics, and re-
lationship of a given lesion to adjacent orbital struc-
tures offer considerable clues toward diagnosis. CT
and MRI, individually or together, usually provide a
wealth of information on orbital lesions. Ultra-
sonography can be uniquely useful to reveal dynamic
changes such as compressibility, multiloculation, and
pulsations of cystic lesions; this kind of information

cannot be obtained with other types of imaging. Fur-
thermore, recently developing advanced techniques 
of imaging, such as color Doppler ultrasonography, 
diffusion-weighted MRI, cine-MRI, MR spectroscopy,
and positron emission tomography (PET), can be use-
ful in special situations to add information regarding
the nature and behavior of space-occupying lesions
within the orbit.4–6 Because of the significance of im-
aging procedures for the diagnosis and management of
orbital tumors, four chapters of this book are devoted
to orbital imaging, offering information from the
standpoint of the radiologist and the clinician, as well
as covering the most recent advances and their appli-
cations to clinical practice (see Chapters 8 through 11).

Anesthesia

The great majority of orbital surgeries in adults and
all the procedures in children are performed under gen-
eral anesthesia. Occasional anterior orbit explorations
and/or biopsies in adults can be done with local anes-
thesia. However, the administration of local anes-
thetics containing epinephrine 15 to 20 minutes prior
to incision into the soft tissues of the surgical field
contributes to vasoconstriction and reduces bleeding,
particularly within the subcutaneous tissues. At the
incision site, 1% lidocaine with epinephrine is usu-
ally injected subcutaneously. If the injection is given
prior to the induction of general anesthesia, 1% lido-
caine should be used because it seems to be the least
painful agent. In one study, the order of local anes-
thetic agents, from least painful to most painful, was
1% lidocaine, 2% chloroprocaine, 1% mepivacaine,
0.5% bupivacaine, and 1% etidocaine.7 If nasal or si-
nus involvement is anticipated during the orbital ex-
ploration, it may be helpful to pack the nose with a
half-inch strip of gauze soaked in local anesthetic con-
taining epinephrine or 4% cocaine solution.

Hypotensive anesthesia is useful to reduce intra-
operative bleeding; it should be implemented if there
are no contraindications.8,9 The problem with this
method, however, is that in some patients bleeding
occurs postoperatively when the blood pressure re-
turns to a normal level. During extubation at the end
of orbital surgery, bucking of the patient should be
avoided because it might lead to expulsive orbital
bleeding.

GENERAL SURGICAL CONCEPTS

The best position for orbital surgery is reverse Tren-
delenburg, which reduces the arterial flow to the or-
bit as well as the venous stasis. The head should be
positioned according to the planned orbitotomy. The
sterile preparation usually includes the involved or-
bit. However, if major reconstruction is anticipated
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BOX 31.1. Partial List of the More
Common Aspirin-Containing Products,
Which Should Be Discontinued 2
Weeks Prior to Surgery

Advil Empirin
Aleve Enteric coated aspirin
Alka-Seltzer Equagesic
Anacin Excedrin
ASA Fiorinal
Ascriptin Ibuprofen products
Aspergum Mediprin
Aspirin Methocarbomol with ASDA
Bufferin Midol
Cephalgesic Motrin
Children’s aspirin Naprosyn
Cold tablets Norgesic
Cope Pepto-Bismol
Coricidin Percodan
Darvon with ASA Phenaphen
Diurex St. Joseph Aspirin
Doan’s Pills Sine-Off Sinus Medication
Dristan Soma Compound
Ecotrin products Vanquish



and a symmetrical appearance at the end of the pro-
cedure is of concern, both orbits should be prepared.
Furthermore, if any tissue borrowing is planned from
other sites (e.g., thigh, retroauricular area, fellow eye-
lid), graft sites should also be prepared and covered
with sterile towels. If the use of microscope or endo-
scope is planned, the surgical team and anesthesiolo-
gist should be notified beforehand.

INCISION

Incisions for orbital surgery include the conjunctiva,
skin, and bone cuts.

SKIN INCISIONS

Skin Incisions of the eyelids and periorbital area
should ideally follow the relaxed skin tension lines
(RSTLs).10 Prior to the injection with local anesthet-
ics, the incision line should be marked with a fine-
tipped surgical pen such as a Codman® marker (Fig-
ure 31.1). The skin incisions can be made with a
Bard-Parker 15-C or a 3 mm, 30° sharp, disposable
blade (e.g., Super Blade®). The incision should cut only
the skin, not the underlying structures; it is helpful
to complete the entire length of the incision in one
sweep to keep blood from pooling over the incision
line. In general, the skin incisions are made perpen-
dicular to the skin surface for the eyebrow. In the eye-
brow the cut is made at a 45° angle following the an-
gulation of the hair follicles. The eyelid incisions and
the lazy-S incision starting in the mid-eyelid crease
are particularly useful to gain access to superior and
lateral orbital space. Conjunctival incisions are pre-
ferred for an inferior orbital approach, but if one has
to go through the skin, a subciliary incision in the
lower lid offers easy access to the orbital floor. The
most commonly used medial and superior medial skin
incisions include modifications of the Lynch incision
and the sub-brow incision. Although the classic Lynch

incision leaves considerable scarring, it is still quite
useful to provide access to lacrimal drainage system
(LDS), the ethmoid sinuses, and the nasal cavity.

CONJUNCTIVAL INCISIONS

In general, conjunctival incisions offer better postop-
erative cosmetic results. Any quadrant of the orbit can
be approached through a segmental conjunctival per-
itomy overlying the area (Figure 31.1). Through con-
junctival incisions, one can easily gain access to the
intraconal space. The intraconal space is directly ap-
proached through perilimbal incisions of the con-
junctiva through the sub-Tenon’s space. For the ex-
traconal space one should use forniceal incisions,
which are particularly useful medially and inferi-
orly.11 Superior and superior lateral fornix incisions
are not ordinarily used, to avoid traumatizing the
palpebral portion of the lacrimal gland and the duc-
tules. The caruncular incision provides excellent ac-
cess to the medial and posterior orbit.

BONE INCISIONS (OSTEOTOMIES)

Although many areas in the orbit can be accessed
through skin and conjunctival incisions, the extent of
the osteotomy to remove portions of the bony orbit
should also be very carefully planned. It should be kept
in mind that the best exposure of the orbital surgical
field is accomplished through well-planned and prop-
erly executed removal of the bone.

In orbital tumor surgery, the bone is removed for
two primary reasons: first, the removal of the mar-
ginal bone improves exposure, such as in lateral or-
bitotomy. The most common osteotomy is performed
for lateral orbitotomy to allow a wide surgical field.
Second, the bone is removed to control a neoplastic
process in malignant orbital tumors such as adenoid
cystic carcinoma.

Surgical Field

LIGHT AND MAGNIFICATION

During orbital exploration, magnification and lighting
are very important. A great majority of cases can be
done under 3 to 5 power surgical loupes. However, at
times the surgical microscope is invaluable for special
purposes, such as fine dissection, with or without car-
bon dioxide laser, for vascular and canalicular anasto-
moses, and to identify tumor margins. Because of the
depth of the operative field in orbit surgery, it may be
preferable to use free-floating operative microscopes
with variable objective focal length designed for ear,
nose, and throat surgery, rather than the fixed focal
microscope designed for ophthalmic surgery.

A headlight combined with surgical loupes pro-
vides the best illumination; however ceiling lights of
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FIGURE 31.1. Skin and conjunctival incisions for orbit surgery:
black: sub-brow incision in continuity with Lynch incision; orange:
lid crease incision; purple: caruncular incision; red: lateral canthal
incision; blue: subciliary incision; green: lateral crus incision
(swinging lid incision); turquoise: lower lid incision; yellow: peri-
limbal incision; pink: lazy-S incision. The dotted white circle
roughly corresponds to the bony margin of the orbit.



the operating room, fiberoptic light sources, endo-
scopes, and the light source of the indirect ophthal-
moscope may be needed occasionally.

EXPOSURE FOR EXPLORATION

The orbit is a small cavity inhospitable to the surgeon;
it is crowded with vital tissues that are separated by
delicate fibrous septae and fat. Orbital exploration usu-
ally begins from its anterior aspect, which commits the
surgeon to a deep, three-dimensional field with poor
visibility. Furthermore, changes in the anatomic rela-
tionships between structures because of the orbit’s
conal shape add to the difficulty of exploration. There-
fore, adequate exposure of the surgical field is of utmost
importance. The optimization of the exposure begins
with the proper selection of skin and bone incisions and
is maintained with accurate positioning of the surgical
retractors and placement of traction sutures. Continu-
ous maneuvering employed during orbital exploration
to gain optimum exposure often takes more time than
the actual biopsy or removal of the tumor.

Proper placement of the patient’s head, position-
ing of the surgeon and assistants, as well as optimum
lighting and magnification are the key elements of
success in orbital surgery. Patience is an important
virtue in orbital dissection, to maintain a bloodless
surgical field and adequate exposure. Because of unan-
ticipated shifting of the orbital fat, the surgeon should
be familiar with continuous interruptions of the visi-
bility that make the surgical field look somewhat like
a Charlie Chaplin movie, but in color. The fat can be
pushed away from the field, put on traction, dissected,
and at times even be resected; however, all surgical
maneuvers should be done atraumatically, with blunt
rather than sharp dissection. The orbital surgeon
should maintain a mental correlation between the im-
aging of the lesion and its actual position within the
orbit and should approach the lesion through the ap-
propriate planes of tissue. The importance of the def-
inition of the plane of entry is aptly emphasized in
Rootman, Stewart, and Goldberg, Orbital Surgery: a
Conceptual Approach: “Instead of entering directly
into the pathologically involved tissue planes, the sur-
geon should begin the dissection in the more easily
distracted and pliable normal tissues adjacent to the
lesion.”12 This approach allows the distinct advantage
of comparing the normal tissues and the abnormal, to
permit the ready identification of the pathology.

Most of the dynamic retractions throughout the
procedure are done with the use of retractors. A wide
range of handheld retractors, including Desmarres,
Semm, and Ragnell retractors and malleable ribbon re-
tractors (3/8 to 1 in. width) are used. In addition, rakes
(Peck or Follet), muscle hooks (Graf or Jameson), and
skin hooks (Joseph or Freer) function well for differ-
ent levels of tissue retraction. Semipermanent retrac-

tion of the skin and subcutaneous tissues may also be
accomplished with nonbarbed fishhooks attached to
rubber bands at the wound edges. The advantage of the
fishhooks is that they can be moved easily from one
location to another; the disadvantage is that no mat-
ter how tightly they are clipped to the drapes, they tend
to get loose after a while. The hooks and retractors can
also be attached to self-retaining stages; however, this
apparatus is usually cumbersome to operate and occu-
pies valuable space in the surgical field (Figure 31.2).

Another method of retraction is to use sutures to
retract tissues of different kinds. One common appli-
cation is to use 4-0 silk for eyelids. When the suture
is passed at the lid margin, it should be applied par-
allel to the eyelid margin with a good bite into the
tarsus. This is best done with a Brown–Adson tissue
forceps, sandwiching the eyelid margin and allowing
the needle to be passed into the tarsus between the
arms of the forceps. It is also advisable to pass a silk
suture under the extraocular muscles to ensure that
they can be identified during the later stages of the
procedure. In particular, medial and inferior recti mus-
cles should be anchored with sutures during orbital
explorations of corresponding sites. If a considerable
amount of traction is to be applied to these sutures,
it is advisable that they be cuffed or replaced with sil-
icone tubing, which may damage the underlying tis-
sues far less when the traction is applied. Traction su-
tures can also be applied to the stumps of disinserted
extraocular muscles. The best example of this is an-
choring the stump of the medial rectus during medial
orbitotomy through the conjunctival approach. It is
best to run a 5-0 Vicryl or Merseline suture at the
stump of the medial rectus muscle and cuff both ends
of the suture with silicone tubing to avoid corneal and
conjunctival damage during retraction of the globe
(Figure 31.3). Corneal protection can also be accom-
plished by threading ocular conformers with traction
sutures.
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FIGURE 31.2. Self-retaining retraction apparatus with attached
fishhooks. Note the crowding of the surgical field.



Bone can also be retracted by sutures. For exam-
ple, zygomatic arche attached to the temporalis fas-
cia/muscle can be hinged laterally and posteriorly by
traction sutures passed through predrilled holes in the
bone (Figure 31.4); it is best to use 2-0 Prolene for this
purpose because the sharp edges of the holes might
cut the finer sutures.

HEMOSTASIS

It should be determined whether any bleeding experi-
enced in the surgical field is due to a ruptured blood
vessel or to generalized oozing. This can usually be
detected by alternating gentle suction and minimal
pressure. If a blood vessel is found to be responsible,
it should be isolated, clamped, cauterized, or tied off
before the exploration is carried on. If the bleeding 
is due to generalized oozing, it is beneficial to apply
thrombin soaked Gelfoam or surgical cottonoids. Neu-
rosurgical cotton paddies are preferable because they
are easier to identify and remove once the oozing has
stopped. Powdered Avitene® can also be packed into

the surgical field or delivered by syringe (Figure 31.5).
Avitene® should be irrigated gently at the end of the
procedure.

As mentioned earlier, hemostasis may be initiated
by hypotensive anesthesia, as well as by injection 
of epinephrine-containing local anesthetics. Some au-
thors advise the use of enfluothane (Ethrane®) anes-
thesia to reduce the intraoperative oozing of blood.13

Intraoperative bleeding can be controlled with bipolar
or unipolar coagulators; the fine-needle tip (Colorado
tip®) is preferred. Furthermore, vascular ties, clips, and
chemical adjuncts can be used to maintain hemosta-
sis (Box 31.2).

BIOPSY

Orbital biopsy is a very important procedure; more
than half of tumor-related surgeries are performed just
to obtain an adequate tissue sample for diagnosis. For
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FIGURE 31.3. Silicone tubing cuffed over traction suture to pro-
tect underlying cornea and conjunctiva.

FIGURE 31.4. A 2-0 Prolene suture is used to retract the zygomatic
arch laterally and maintain its position during lateral orbital ex-
ploration.

BOX 31.2. Hemostasis Methods Dur-
ing Orbital Surgery

Hypotensive general anesthesia
Reverse Trendelenburg position on the operat-

ing table
Application or injection of chemical vasocon-

strictors (epinephrine, cocaine)
Application of strip gauze and/or neurosurgical

paddies soaked with chemical vasoconstric-
tors and/or coagulators (Avitene®)

Thrombin-soaked gelatin sponge (Gelfoam®)
Oxidized regenerated cellulose (Surgicel®)
Bone wax
Cauteries (bipolar, unipolar, fine-tipped 

disposable)
Pressure by hand, with or without ice

FIGURE 31.5. Delivery of powdered form of microfibrillar collagen
(Avitene®) mixed with thrombin directly into the orbit to control
generalized oozing of blood.



proper conduct of the orbital biopsy, it is essential to
establish a procedure plan. Many biopsy techniques,
including FNAB, core biopsy, and excisional biopsy,
are available; the biopsy procedure should be selected
to fit the case.

Because of the significance of the biopsy in the di-
agnosis and management of orbital disease, an entire
chapter is devoted to the subject. Biopsy procedures,
tissue techniques, benefits of special studies, includ-
ing frozen section biopsy, and sentinel lymph node bi-
opsy, are covered in detail in Chapter 12.

TISSUE REMOVAL/ABLATION

Well-delineated masses (and cysts) can be stabilized
with forceps, cryoprobe, and sutures to be removed
following blunt dissection around the lesion (Figure
31.6). Unlike well-encapsulated tumors, infiltrating
lesions cannot be removed totally but need to be de-
bulked. Debulking with sharp instruments causes a
considerable amount of bleeding and may lead to
many inaccuracies because of the obstruction of the
surgical field by blood. Laser energy, on the other
hand, may be a useful surgical adjunct for debulking
orbital tumors. Among argon, yttrium-aluminum-
garnet, dye, and carbon dioxide (CO2) lasers, which are
occasionally used in different applications of ocular
plastics surgery, the CO2 laser is the only one with
substantial clinical usefulness in orbital tumor sur-

gery. The 10,600 nm output of the CO2 laser is
strongly absorbed by tissue water. Because of this high
absorption coefficient, the CO2 laser allows great sur-
gical precision, particularly when it is used under
magnification. In skillful hands, the CO2 laser is a pre-
cise, hemostatic, noncontact, ablation instrument for
infiltrating orbital tumors. Some authors claim that it
reduces postoperative pain, with improved cosmetic
results.14 Because of its precise tissue vaporization 
effect, it has been a useful surgical adjunct for de-
bulking infiltrating tumors such as hemangioma, lym-
phangioma, plexiform neurofibroma, and Kaposi sar-
coma.15 Plexiform neurofibroma, which is otherwise
known as “spaghetti tumor” because of its infiltrat-
ing character, is notoriously difficult to remove by
conventional surgical means. The CO2 laser has been
proven to be a good debulking instrument for this tu-
mor.16 Although the debulking application of the CO2
laser by tissue vaporization is very good, hemostasis
of blood vessels larger than 0.5 mm in diameter re-
quires defocusing of the laser beam.

Potential corneal injury with the CO2 laser should
be kept in mind, and wavelength-specific eye protec-
tion should be placed over the patient’s eyes and
should be mandatory for all members of the surgical
team.

CORRELATION OF SURGICAL 
PROCEDURES WITH ANATOMY

The orbit is a pear-shaped bony chamber with an an-
terior opening measuring approximately 40 and 35
mm in horizontal and vertical diameters, respectively
(Figures 31.7 and 31.8). Its volume expands approxi-
mately 1 cm posterior to the bony rim and then grad-
ually decreases toward the apex, which consists of the
optic canal at its narrowest diameter. In the axial
plane, the medial wall measures approximately 45 to
50 mm from the anterior lacrimal crest to the entrance
of the optic canal (Figure 31.9). In the same plane, each
lateral walls forms a 45° angle to the medial walls and
measures approximately 40 mm from the center of the
lateral orbital rim to the opening of the superior or-
bital fissure. The surgeon should be familiar with the
relationship of the superior and inferior orbital fissures
to the superior, lateral, and inferior orbital rims. In
particular, the superior aspect of the superior orbital
fissure (SOF) and the inferior aspect of the inferior or-
bital fissure (IOF) are helpful landmarks that should
not be violated during orbital exploration. The ana-
tomic relationships between tissue structures vary 
because of the orbit’s conal shape. This relative 
positional variability plus poor visibility of the field
make surgical intervention difficult, particularly in
the mid- and posterior orbit. A thorough knowledge
of the anatomy eases this difficulty. Many elaborately
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FIGURE 31.6. Use of the cryoprobe as a stabilizer during the re-
moval of a cavernous hemangioma. The lower frame depicts a new
design of a straight (“Finger probe”) instrument which provides a
larger zone of cryoadhesion at the tip (Courtesy of Dr. Paul Finger,
New York City, NY.)



written and illustrated textbooks and review articles
exist on orbital anatomy and surgery. This chapter is
not meant to be either an anatomy or surgery atlas.
Only anatomic points that are pertinent to orbital tu-
mor surgery are reviewed here; otherwise the reader
is referred to detailed anatomy texts.12,17,18

There are three main reasons for surgery in a 
tumor-containing orbit: biopsy, partial excision (de-
bulking), and total removal of the tumor. When total
excision with clear margins by means of an orbitot-
omy is not possible because of tumor infiltration into
both the globe and the soft and bony tissues of the 
orbit, special procedures, including enucleation, 
exenteration, and orbitectomy are undertaken.19,20

Traditionally, the orbit is divided into several com-
partments as anterior versus posterior, extraconal ver-
sus intraconal, and superior, inferior, medial, and lat-
eral. The surgical approach is planned according to
these spaces.21 In tumor surgery, however, the inva-
sive and expanding nature of the pathology may force
the surgeon to operate in several spaces at once.22–24

The most significant innovation in orbital surgery

during the past decades has been the development of
preoperative orbital imaging with CT and MR. The
imaging not only confirms the presence of a space-
occupying lesion but also shows its location relative
to other orbital structures and helps immensely in sur-
gical planning. The surgical plan for an orbital tumor
is based primarily on the location of the tumor, and
the incisions are done accordingly. The best exposure
in the orbit is accomplished by wide bone removal;
however, extensive osteotomies are known to be as-
sociated with more complications, longer procedure
time, and slower postoperative recovery. Conven-
tional planning dictates a surgical approach through
the orbital wall closest to the mass lesion. Since, how-
ever, at times, more than one wall needs to be used,
orientation to orbital wall anatomy is important to
the surgeon. The anatomy of orbital walls and the re-
lated surgical procedures are discussed together in the
following section. Capital and lowercase letters in
parentheses correspond to structures shown in Figures
31.7, 31.8, and 31.9.

SURGICAL PROCEDURES

Lateral Wall and Lateral Orbitotomy

The orbital rim tapers laterally to form the thickest
of all orbital walls. Although a small extension of the
frontal bone is included in the superior aspect of the
lateral wall of the orbit, for all practical purposes, this
wall is composed of the zygomatic (ZB) and sphenoid
bones. The frontosphenoid suture and superior and in-
ferior orbital fissures limit the superior and inferior
borders of the lateral orbital wall, respectively. Poste-
riorly, the greater wing of the sphenoid bone (gSB) sep-
arates the orbit from the middle cranial fossa.

An important superior orbital landmark, the Whit-
nall ligament, is the suspensory component of the lev-
ator aponeurosis. This ligament is attached to the 
tubercle of Whitnall, located approximately 10 mm in-
ferior to the frontozygomatic fissure and 5 mm poste-
rior to the lateral rim. The posterior head of the lateral
canthal tendon and Lockwood’s ligaments are also at-
tached to this site. The junction between the frontal
and zygomatic bones, the zygomaticofrontal (FZF) su-
ture, is usually identified at the superior one third of
the lateral orbital rim. The location of this junction to
which the periosteum is firmly attached is variable, and,
on occasion, it is difficult to identify during surgery.

Posteriorly, the lateral wall is bordered with the
superior orbital fissure, situated between the greater
and lesser (lSB) wings of the sphenoid bone. This fora-
men transmits the third, fourth, and sixth cranial
nerves and the ophthalmic branch of the fifth cranial
nerve, the superior orbital vein, and sympathetic
nerves. Space-occupying lesions compressing these
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A

B
FIGURE 31.7. Parameters of orbital anatomy. (A) The vertical di-
ameter (white arrow) is about 35 mm; the horizontal diameter (black
arrow) is about 45 mm; the red lines represent the relative axis po-
sition of each orbit to the other of 90°. (B) The position of the an-
terior (red arrow) and posterior (white arrow) of ethmoidal foram-
ina FB, frontal bone; ZB, zygomatic bone; EB, ethmoidal bone; LF,
lacrimal fossa [bounded by anterior lacrimal crest (black arrow) and
posterior lacrimal crest (double white arrows)], SOF, superior orbital
fissure; IOF, interior orbital fissure.



structures or originating from them present with signs
and symptoms of ocular motor palsies related to these
cranial nerves.

The lateral orbitotomy is considered the best ap-
proach to gain access to the mid- and posterior orbit.
Kronlein’s original technique, which was described in
the late 1800s, has been modified on numerous occa-
sions, by Berke, Reese, Wright, and others.20,25–28 In
practice, all who utilize lateral orbitotomy come up
with minor modifications until the technique suits
them well.29

Numerous skin approaches to lateral orbitotomy
exist: superotemporal lazy S in the eyebrow, supero-
nasal lazy S in the lid crease, lateral canthal incision,
inferotemporal lid incision for the “swinging” eyelid
approach, and scalp incision for coronal approach (Fig-
ure 31.1). Most of these skin incisions allow access to
the bony and soft tissue structures of the lateral, su-
periolateral, and inferolateral orbit. Therefore, the in-
cision preference of the surgeon is based on minimiz-
ing the amount of postoperative scarring and the
operative time, as well as staying away from impor-
tant eyelid structures.

Although bone removal is occasionally performed
in orbitotomies of other types, in lateral orbitotomy

bone excision is a routine part of the procedure. It is
important to realize that maximum exposure in the
field of surgery targeted by the surgeon is governed by
the amount of bone excision rather than the skin in-
cision. This concept is succinctly expressed by Root-
man, Stewart, and Goldberg: “Careful preoperative
evaluation should determine whether or not the le-
sion will require more than the standard bone removal
because virtually all of the anterior walls can be re-
moved from the region, lateral to the superior orbital
notch (SON) and posteriorly as far as the superior or-
bital fissure (SOF).”12 If additional access is needed in-
feriorly, a portion of the inferior rim and the floor as
far medially as the inferior orbital fissure can be ex-
cised (Figure 31.10).

Before the skin incision is made, a 4-0 silk traction
suture is placed under the lateral rectus muscle to tag
the muscle during the procedure. The author feels most
comfortable with the lazy-S incision through the lid
crease as the routine approach for lateral orbitotomy.
Prior to injection, the incision is drawn with a micro-
surgical marker and made in one sweep for its entire
length. The subcutaneous tissues and muscle may be cut
with a fine-tip (Colorado® tip) unipolar cautery, or, if one
is concerned about the heat effect on the underlying 
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FIGURE 31.8. Anatomic land-
marks of orbital walls: (A) lateral
wall, (B) floor, (C) roof, and (D)
medial wall. FB, frontal bone; FZF,
frontozygomatic fissure; gSB,
greater sphenoid bone; ZB, 
zygomatic bone; IOF, inferior 
orbital fissure; LF, lacrimal fossa;
MB, maxillary bone; sof, superior
orbital foramen; NB, nasal bone;
EB, ethmoidal bone; LB, lacrimal
bone; iof, inferior orbital foramen;
horizontal black arrow: posterior
lacrimal crest; vertical black 
arrow: anterior lacrimal crest; 
horizontal white arrow; anterior
ethmoidal foramen; vertical white
arrow; posterior ethmoidal 
foramen; black asterisk; superior
orbital notch; white asterisk; optic
canal.



lesion, the subcutaneous tissues can be dissected bluntly
with a curved hemostat or Stevens scissors.

The skin incision starts from the middle of the eye-
lid crease and extends laterally over the frontozygo-
matic process about 4 mm superior to the lateral can-
thal tendon. The incision should not go more than 30
mm or so beyond the frontozygomatic suture (Figure
31.11). It is helpful to identify the frontozygomatic
process prior to the marking the skin incision. Sub-
cutaneous tissues are bluntly dissected or gently cau-
terized over the temporalis muscle fascia to minimize
the damage to the branches of the seventh nerve. The
blunt dissection may be facilitated if two (superior and
inferior) 4-0 silk traction sutures are placed into the
subcutaneous tissues to retract the open wound and
expose the lateral orbital rim. These sutures should
be placed into the subcutaneous tissue with a wide,
horizontal bite to avoid the “cheese-wiring” of the
skin during traction. The extent of immobilization of
the overlying tissues should be customized according
to the planned extent of the osteotomy. When the or-
bital rim has been visualized, the periosteum is in-
cised with a curvilinear cut approximately 2 mm pos-
terior to the lateral orbital rim and extended superiorly
and inferiorly as much as is necessary. A horizontal
relaxing incision is made in the middle, and then the

periosteum of the zygoma is separated from the bone
with a sharp periosteal elevator. The periosteum is
stripped over the zygomatic arch in all directions;
however, the temporalis muscle attachment from the
bone is not completely severed inferiorly with this
technique.

Once the orbital rim has been exposed as bare bone,
the osteotomy sites are marked with the unipolar
cautery and then the vertical bony incisions are made
with an oscillating saw, under irrigation to avoid ex-
tensive heating. Suction is applied to the area of bone
incisions to collect small fragments of bone and bone
marrow, which could disseminate and cause inflam-
mation later. The bone incisions are usually made at
the superior lateral margin of the orbit a few mil-
limeters above the zygomaticofrontal suture and in-
feriorly through the zygomatic bone just above the
junction of the inferior orbital rim. The extent of the
osteotomy should be tailored to the size, location, and
the nature of the tumor. Therefore, more extensive os-
teotomies can be designed to include superior, infe-
rior, and posterior orbital bones (Figure 31.10). When
the horizontal bone incisions are completed, their an-
terior edges are extended into the orbit and the hori-
zontal incisions are connected with a vertical one, fol-
lowing the contour of the lateral orbital wall (Figure
31.11). The vertical cut is best created by gently tap-
ping on a sharp, curved osteotome with a mallet about
15 to 20 mm posterior to lateral rim. Even a very shal-
low horizontal cut connecting the superior and infe-
rior bony incisions leads to a clean break, controls the
posterior extent of the osteotomy much better, and
usually avoids the additional removal of the bones
with rongeur or burrs. If one chooses to burr additional
bone, it should be remembered that on the other side
of the bone in this area lies the middle cranial fossa.

Most surgeons prefer to drill holes on either side
of the bone incisions prior to the osteotomies because
it is much easier to drill while the bone is stable. Par-
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FIGURE 31.9. Corresponding planes of anatomic specimen and ax-
ial CT scan at midglobe level. Superior orbital fissure (white arrow);
optic canal (black arrow). ES, ethmoidal sinus; gSB, greater wing of
sphenoid bone; LG, lacrimal gland; LF, lacrimal fossa; SS, sphenoid
sinus; ZB, zygomatic bone.

FIGURE 31.10. Depiction of the extent of bony removal on frontal
and lateral views of the human skull. The black lines delineate the
margins of bone removal for conventional lateral orbitotomy. SOF,
superior orbital fissure; IOF, inferior orbital fissure.



ticularly if the zygomatic arch is going to be left at-
tached to the temporalis muscle, drilling of the bone
just prior to repositioning may be cumbersome. Fur-
thermore, a 3-0 Prolene traction suture can be passed
through the holes of the cut piece and retracted pos-
teriorly to keep the bone–muscle flap away from the
surgical field (Figure 31.11). After all horizontal and
vertical bone cuts have been completed, a large, front-
biting bone rongeur is placed on the zygomatic arch
and the lateral orbital wall is out-fractured by bend-
ing the rongeur laterally and posteriorly. If there is re-
sistance, the surgeon should extend the bony incisions
rather than applying excessive force onto the bone,
which may lead to irregular cracks into the orbit. The
lateral rim of the orbit is cut but not totally removed
from the surgical field; it is hinged laterally with a
traction suture while it is still attached to the tem-
poralis muscle. In a great majority of cases, this ma-
neuver provides enough exposure of the surgical field.

Once the bone flap is out of the way and the sur-
geon is satisfied with the full exposure of the orbit,

periorbita is incised, generally, with one vertical cut.
Periorbita should be cut with extreme care. It usually
helps to hold it with a 0.5 or 0.9 forceps and make a
shallow nick into it with a sickle-shaped no. 12 Bard-
Parker blade. When this has been accomplished, one
blade of the blunt Stevens scissors is inserted under
the periorbita and it is carefully cut. The initial place-
ment of the nick with the scalpel should not be di-
rectly over the lateral rectus muscle.

Alternatively, the initial nick of the scalpel blade
can be slightly enlarged with a small curved hemo-
stat, which is then inserted underneath the periorbita
for blunt dissection of the underlying fat and attach-
ments. When this has been accomplished, the hemo-
stat is pulled up to tent the periorbita, away from the
lateral rectus muscle, which then can be cut safely
with blunt Stevens scissors. The edges of periorbita
may be tagged with silk sutures to facilitate its ap-
proximation at the closure. With the orbital surgical
field exposed to the surgeon’s satisfaction, the explo-
ration is carried out with the use of narrow ribbon re-
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silk suture on lateral rectus lid crease incision spreading the wound

ribbon retractor
to protect the globe
while drilling & sawing

drilling holes into
the zygomatic arch

connecting the vertical osteotomies
with a horizontal cut by chisel

inferior vertical osteotomy

edge of
zygoma

FIGURE 31.11. Lateral orbitotomy procedure. (A) Anchoring the
lateral rectus muscle with a silk traction suture; a note lazy-S lid
crease incision. (B) Spreading the wound with sharp and blunt dis-
section to reach to the underlying bone. (C) Cutting the periosteum

and undermining the edges (arrowheads) to expose the bone. (D)
Drilling holes into the zygomatic bone. (E) Cutting the zygomatic
bone with an oscillating saw (OS). (F) Cutting the posterior aspect
of the zygomatic bone with a chisel (Ch).



tractors, blunt microsurgical dissectors, small curved
hemostats, and cotton tip applicators. At times a dual
cotton tip holder may be positioned on each side of a
tumor and by pushing this instrument posteriorly, 
one may break the adhesions to the lesion, whereupon
the tumor may eventually come forward without too
much damage to the surrounding tissues. This simple
instrument (Figure 31.12D) is also very handy to sta-
bilize the optic nerve during the sheath fenestration
procedure.30 If the anterolateral presentation of the tu-
mor does not happen readily, a fine-toothed Adson for-
ceps or a retinal cryoprobe may be applied to the sur-
face of the tumor capsule (or pseudocapsule) and with
rotating and rocking motions can allow the mass to
be pulled out (Figure 31.6). In rare instances, traction
sutures may also be applied to the tumor for manip-
ulation. The suturing of cystic tumor mass may be a
mixed blessing. Oozing of luminal contents or blood
from a cystic mass may reduce the size of the tumor
and expedite the removal. On the other hand, once the
cyst has collapsed, the surgeon loses the advantage of
the force it applies to the adjacent tissues, and the
mass does not easily push itself out of the orbit. This
may be a particular disadvantage if there are strong
tissue adhesions to the posterior surface of the mass.
A right-angled vascular clamp may be a handy in-
strument to place behind the mass to break the 
adhesions.

If the purpose of the orbital exploration is not the
removal of a tumor in toto but rather to perform an
incisional biopsy or tumor debulking procedure, more
bleeding should be expected in the field following the

initial cut of the tumor. Therefore, the surgeon should
make every effort to expose a large area of the tumor
for the initial biopsy and excise as much tissue as pos-
sible during the first pass. This may be accomplished
as a wedge biopsy with the use of a long scalpel blade
and an Adson forceps. At times, a disposable skin
punch or a small-diameter corneal trephine attached
to the tip of a straight hemostat can be used to core
out a tumor biopsy sample to be cut with an angled
knife. For the posteriorly located or apical lesions,
where the exposure is difficult, a core biopsy can be
done with a Jamshidi bone marrow needle or with the
fine-needle aspiration technique (see Chapter 12). If
the lesion to be sampled is very small and confined to
the apex, ultrasound guidance or a stereotactic image
guidance system may be used (see Chapter 32).

At the end of the exploration, one must ensure that
the bleeding is adequately controlled. After this, the
periorbita is carefully approximated and closed by
means of interrupted 5-0 Vicryl sutures and then the
bone muscle flap is moved to its original position to
be reinserted and secured with 2-0 nylon sutures us-
ing the preplaced drilled holes. The periosteum can
then be closed over the bone with several interrupted
5-0 Vicryl sutures, and the same type of suturing can
be applied to the overlying temporalis fascia if it was
detached from the bone; if the bone–muscle flap has
been left intact, this is not necessary. A drain should
be inserted during the closure.

The skin wound is closed with 6-0 nylon sutures
on a bolster in a continuous or subcuticular fashion.
The placement of the suture with a bolster expedites
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FIGURE 31.12. Transcaruncular
medial orbitotomy procedure. 
Medial rectus muscle is disinserted
and anchored with double-armed 
6-0 Vicryl suture following a mid-
conjunctival peritomy. (A) A 5-0
Mersilene traction suture was
placed at the medial rectus stump
in a running fashion and cuffed
with silicone tubing to protect the
underlying cornea during retraction
of the globe. The incision was 
extended toward the caruncule,
and Horner’s muscle is cut to
reach the underlying medial conal
space with down and lateral 
displacement of the globe. (B,C)
Exploration of the medial and
retrobulbar conal space with a 
malleable ribbon retractor and 
cotton tip holder. (D) Stabilization
of the optic nerve with a cotton tip
holder and the incision into the
optic nerve sheath with an angled
disposable blade.



the removal. After skin closure, the traction sutures
and the anchoring suture of the lateral rectus muscle
are removed and the conjunctiva is closed with bipo-
lar cautery or with one or two absorbable sutures. Fol-
lowing this, the conjunctival sac is irrigated with a
small amount of buffered saline solution, and Max-
itrol ophthalmic ointment is instilled; the ointment
is also applied to the wound and to the drain site. Dur-
ing the surgery, antibiotics and corticosteroids are
given intravenously. It is important that the extuba-
tion of the patient at the end of surgery be done gen-
tly, without bucking of the patient.

Inferior Wall (Floor) and Inferior Orbitotomy

The triangular orbital floor primarily consists of the
maxillary bone (MB) and the greater wing of the sphe-
noid bone; between these two bones is the inferior 
orbital fissure. The IOF connects the orbit with the
pterygopalatine fossa. The inferior orbital nerve and
the veins that drain the inferior orbit transmit through
the IOF. The inferior orbital nerve enters a bony
groove of the floor approximately 25-mm posterior to
the rim and travels forward to enter the fascial tissues
through the inferior orbital foramen. The dissection
for extraperiosteal orbitotomy should, therefore, be
done posterior to the exit of this nerve. However, it
should be kept in mind that the nerve may lie rather
superficially under the bone, and one should be aware
of its actual location. Damage to the nerve would lead
to numbness in the lower lid and inferior periorbital
region, cheek and upper lip. Rarely are tumors found
in the inferior orbit. However, lymphoid lesions, pe-
ripheral nerve tumors, and metastatic tumors are oc-
casionally encountered in this area.

For inferior orbitotomy there are two basic ap-
proaches. If the pathology is located anterior to the
septum, a subciliary incision allows the surgeon to
gain easy access to the lesion. The same incision can
also be used to access the inferior orbital space through
the septum. The direct cutaneous incision approxi-
mately 25 mm inferior to the lid margin would allow
one to get into the orbit by avoiding the lower lid re-
tractors and the inferior oblique muscle and does not
interfere with the lower lid function postoperatively.
Since, however, the scar of this incision may be un-
sightly, in cutting one should follow the relaxed skin
tensions lines.

From the cosmetic standpoint, the preferred ap-
proach is transconjunctival through the inferior
fornix; this approach also offers access to the mid-
orbit.31,32 This is best accomplished by doing a can-
thotomy incision by scalpel blade over the inferior
crus of the lateral canthal tendon.33 Once the lateral
canthal tendon is cut, the lower lid is stabilized with
a forceps and pulled down, exposing the conjunctiva

of the lower fornix. The lower fornix conjunctiva may
be incised with curved Stevens scissors or by fine-
tipped (Colorado tip) unipolar cautery. During this in-
cision, by passing a traction suture under the inferior
rectus muscle to rotate the eye upward and resting
the scissors on the bone of the inferior orbital rim,
one can easily become oriented to the anatomy. On
the other hand, the advantage of the cautery incision
is that the underlying lower lid retractors can also be
cut with a minimal amount of bleeding. When the
lower lid retractors have been cut at their point of at-
tachment to Lockwood’s ligament, one enters the in-
ferior space anterior to the inferior oblique muscle.
An incision along this line causes minimum trauma
to the lower lid retractors. The advantages of this
“swinging eyelid” or “hinged eyelid” technique in-
clude good exposure of the infraorbital space, quick
closure, and minimal postoperative complications
and scarring (Figure 31.13). The inferior fornix inci-
sion should be closed with a few interrupted 6-0
Vicryl sutures, which can also be used for the reat-
tachment of the inferior crus of the lateral canthal
tendon to its disinsertion point. Conjunctiva can be
closed with a 6-0 or 7-0 chromic running suture. If
the infraorbital orbitotomy extends toward the me-
dial aspect of the orbit, one should be aware of the
anatomy of the lower canaliculus and lacrimal sac.
During surgery, the canaliculus may be probed and
isolated; care should be taken at the closure to avoid
symblepheron formation of the conjunctiva, which
may lead to epiphora and ectropion of the eyelid af-
ter surgery.

MEDIAL WALL AND MEDIAL ORBITOTOMY

Most of the medial wall consists of the thin lamina
papyracea separating the orbit from the neighboring
ethmoid sinus. Lamina papyracea is primarily made
of ethmoidal bone (EB) with neighboring frontal bone
(FB) superiorly, lacrimal bone (LB) anteriorly, and max-
illary (MB) bone inferiorly. Anterior and posterior eth-
moidal neurovascular bundles usually lie at the suture
line between the ethmoid and frontal bones (Figure
31.8). This is a critical landmark because it helps iden-
tify the roof of the ethmoid sinus, and the disruption
of the bone above this level may damage the dura of
the frontal lobe (Figure 9.2). A useful mnemonic to re-
member the approximate positions of the ethmoidal
neurovascular bundles relative to anterior lacrimal
crest is “24-12-6.” The numbers indicate that the dis-
tance from the lacrimal crest to the anterior ethmoid
foramen is 24 mm; there is 12 mm from the anterior
to the posterior ethmoid foramen; and the measure-
ment from the posterior ethmoid foramen to the an-
terior osteum of the optic canal is 6 mm. If one is well
oriented with the anatomy, the anterior and posterior
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ethmoidal arteries can easily be identified and tied,
clipped, or cauterized to maintain a bloodless field dur-
ing medial wall exploration.

Lacrimal drainage system anatomy should also be
kept in mind during medial orbitotomy. The lacrimal
sac and the superior portion of the nasolacrimal duct
lie within a shallow bony fossa, bordered anteriorly by
the anterior lacrimal crest, which is made of an as-
cending extension of the maxillary bone (Figures 31.7
and 31.8). The lacrimal sac fossa is limited posteriorly
by the lacrimal crest of the lacrimal bone. The ante-
rior and posterior limbs of the medial canthal tendon
insert onto the anterior and posterior lacrimal crests,
respectively.

Another important landmark in medial orbital ex-
ploration is the sphenoethmoid junction, where the
ethmoidal bone meets the sphenoid bone posteriorly.
The location of this junction is variable but usually is
at the level of the anterior osteum of the optic canal.
In this posterior location, the exposure is practically
nil, even in bloodless, well-illuminated fields. One
very useful technique for orienting the surgeon to the
anatomy is image-guided stereotactic surgery, in
which the identifying probe is placed on apical struc-
tures that can be seen on the monitor with the help
of the image guidance system (see Chapter 32). Al-
though this procedure is primarily useful to identify
the posterior ethmoidal cells and to perform decom-
pression surgery, it can also be helpful to identify api-
cal tumors. Blind dissection is likely to damage the
vital structures of the orbit going through the optic

canal and the superior orbital fissure. At best, the le-
sions in this area, such as meningiomas and other pos-
teriorly located nerve tumors, can be biopsied with
the help of the image guidance system,34 ultrasonog-
raphy, or CT during the biopsy procedure.

Medial orbitotomy can be done through a cuta-
neous approach or a transconjunctival (transcaruncu-
lar) approach. The skin approach is best accomplished
by direct or modified Lynch incision, which is a
slightly curved cut, starting from mid-eyebrow and ex-
tending downward and medially toward the lateral
surface of the nose (Figure 31.1). It is best to keep the
skin cut shallow and to do the subcutaneous dissec-
tion carefully, since the superomedial orbit contains
several important structures. The beginning of the
Lynch incision is usually initiated at the level of the
superior orbital rim or a few millimeters above it. In
this area, one should be careful not to damage the
nerves of the superior orbital bundle (sof in Figure
31.8). As the incision makes a bend inferiorly, it over-
lies the trochlea, which is a small cartilaginous struc-
ture located in a bony fossa in the superomedial orbit
5 to 7 mm posterior to the rim.35 If a mass lesion
within the medial fat pad does not directly involve the
trochlea, the blunt dissection should be done poste-
rior to this structure to avoid any damage. In most
cases, the superior oblique muscle tendon can easily
be retracted away from the exploration field. However,
if the removal of the trochlea is mandatory, it should
be done with care. The trochlea is a U-shaped ring
with its opening firmly attached toward the medial
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FIGURE 31.13. Transconjunctival
inferior orbitomy with “hinged-
eyelid” technique. (A) The incision
of the inferior crus of the lateral
canthal tendon and the 
stabilization of the lower eyelid, 
exposing the inferior fornix, which
is medially incised. (B) Further 
dissection into the inferior medial
orbit, exposing the tip of a cystic
tumor (arrow). (C) The cystic tumor
(arrow) is further dissected. (D) Easy
access to the posterior aspect of the
cystic tumor through the inferior
fornix incision. A thick 
fibroadipose band on the posterior
surface of the tumor is undermined
with a hemostat. The closure of
this type of orbitotomy is fast, 
and postoperative cosmetic results
are excellent.



wall periosteum (Figure 31.14). The superior oblique
muscle tendon passes between the periosteum and the
cartilaginous flange of the trochlea and turns posteri-
orly to form its reflected arm.36 When the trochlea is
removed from the underlying bone, it is advisable to
leave a stump of periosteum attached to the trochlea,
which is marked with a silk suture for accuracy dur-
ing reattachment. The reattachment suturing should
be done from periosteum to periosteum. No suture
should be passed into the medial aspect of the
trochlea, since this can easily scar the superior oblique

tendon and may lead to a postoperative superior
oblique restriction (acquired Brown’s syndrome).

As the Lynch incision curves down to follow the
inferior orbital rim, it may overlie the angular artery
and vein and approach the upper canaliculus and the
underlying medial canthal tendon (MCT). If the lower
limb of the incision extends over the medial canthal
area, the surgeon should be aware of the level of the
tendon (MCT) and the underlying lacrimal sac.37,38

The anterior limb of the MCT, which can be palpated
through the skin, may be visualized after a shallow
skin incision. The anterior limb under which the
lacrimal sac lies originates from the anterior lacrimal
crest (Figure 31.7). The MCT cannot be retracted eas-
ily for dissection. If wide exposure is needed in this
area (e.g., lacrimal sac tumors), the MCT should be
disinserted from the periosteum and reattached in its
proper position after the exploration.

One may choose to probe the canaliculi during the
dissection in this area; it is also advisable to irrigate
the lacrimal drainage system following the medial or-
bital exploration to ensure its patency. If the LDS is
disrupted secondary to tumor compression, every pos-
sible effort should be made to repair the damage; on
the other hand, if the system is infiltrated with a ma-
lignancy, it must be sacrificed during dissection. The
anatomy of the proximal LDS may be maintained af-
ter the removal of benign, well-encapsulated lesions.
If this cannot be managed, dacryocystorhinostomy
(DCR) may be performed during the same session and
silicone stents passed into the nose. Same-session
DCR is advisable only if the tumor is benign and the
surgeon does not anticipate any further surgery. If,
however, postoperative external beam radiation ther-
apy (EBRT) is anticipated, silicone intubation may
prove advantageous to minimize radiation scarring of
the drainage system. If the canaliculi are intact but
the sac or the nasolacrimal duct is damaged beyond
repair, the same approach is advised. However, if the
canaliculi cannot be salvaged because of extensive tis-
sue loss, it is best to reconstruct the eyelid and the
canthus as well as possible and to leave the lacrimal
bypass surgery for a future session after the scarring
of the area is stabilized.38

The medial orbit can also be explored through a
transcaruncular incision.39–42 During transcaruncular
medial orbitotomy, a crescent-shaped incision is made
through the posterior limb of the medial canthal ten-
don to which the deep head of pretarsal orbicularis
muscle attaches to reach the underlying bone.39 About
10 to 15 mm posterior to the caruncle, the deep head
of the pretarsal orbicularis muscle (Horner’s muscle)
becomes visible. When this muscle is cut, the orbital
fat presents itself; upon retracting the fat with a thin
ribbon retractor, one can easily identify the posterior
lacrimal crest. At this point the periosteum may be
cut and elevated and the dissection may be carried pos-
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FIGURE 31.14. Diagram of the anatomy of the trochlea combined
with the histologic section going through a vertical plane. T,
trochlea; SOM, superior oblique muscle; OP, orbital periosteum.
(Courtesy of Dr. Joel Sacks of New Orleans, Louisiana.)



teriorly below the periosteum with periosteal eleva-
tors and malleable retractors. On the other hand, one
may choose to stay within the periorbita to explore
retrobulbar tumors located in midorbit. This approach
is also a direct route to the optic nerve and is preferred
by many surgeons for optic nerve sheath decompres-
sion. The optic nerve can be reached through the trans-
caruncular approach without disinserting the medial
rectus muscle. However, the exposure, which may be
good for the removal of small tumors and for biopsy
purposes, does not offer the best surgical field to op-
erate on the optic nerve sheath. For this purpose it is
best to do a 120° peritomy a few millimeters anterior
to the insertion of the medial rectus muscle and to
isolate the medial rectus muscle with a double-armed
6-0 Vicryl suture. Then a 5-0 Merseline suture on a
spatula needle is passed through the stump of the ten-
don of the medial rectus muscle in a running fashion.
Both ends of the Merseline suture are threaded with
silicone tubing to protect the cornea while retracting
the globe laterally (Figure 31.14). The next maneuver
is to push the globe down gently while retracting the
silicon tubing laterally as the assistant retracts the 
medial rectus complex medially with a malleable re-
tractor. This affords a quick and easy access to the
midconal space; however, visibility is obscured by
retrobulbar fat. When the retrobulbar fat has been
bluntly dissected with cotton tip applicators, the pos-
terior ciliary arteries and the optic nerve come into
view. If the orbitotomy is being performed for optic
nerve sheath fenestration procedure, a cotton tip ap-
plicator holder may be useful to push the fat posteri-
orly on both sides of the optic nerve and isolate the
dura (Figure 31.14). The cotton tip applicator holder
is particularly helpful if one is doing the procedure
alone because it will stand up on its own while the
surgeon is handling other instruments. When the dura
is exposed, it is picked up with microsurgical forceps
(the author prefers the Belushi forceps, a microforceps
for middle ear surgery) toward the edge of the optic
nerve and a vertical incision is made into the dura
with a no. 75 blade. At the time of this cut, it is com-
mon to see cerebrospinal fluid gushing through the in-
cision. Next, a cut parallel to the first one can be made
and a rectangular window removed with microscis-
sors. Or a small muscle hook can be inserted through
the first incision, whereupon the subarachnoid tra-
beculae are broken away from the overlying nerve
sheath, and a small amount of Healon® is injected to
balloon the dura. When enough room has been cre-
ated, the glaucoma punch (Katena®) is inserted un-
derneath the dura and a round hole is punched out in
the optic nerve sheath. This may be difficult to do in
deep orbits because of the limited length of the punch
instrument. Following the establishment of the open-
ing, the medial rectus muscle is reinserted and the
conjunctival peritomy is closed.43

The most commonly encountered space-occupying
lesions in the medial orbit are mucoceles, bone and
peripheral nerve tumors, and hemangiopericytomas.
Small mucoceles may be removed in toto, but in most
instances these lesions extend into the sinuses (Figure
31.15). In these cases, the bony shell can be removed
partially and the mucosa of the cyst is stripped off
completely or as much as possible. If some of the mu-
cosal lining cannot be removed, it is best to cauterize
the leftover mucosa and establish an opening between
the mucocele and the adjacent sinuses.

Combined Medial–Lateral Orbitotomy

If the lesion is medially located but close to the apex,
exposure is not possible laterally and may also be lim-
ited through a medial caruncular approach. In this sit-
uation, a combination of medial and lateral orbitot-
omies may be performed. This approach is also useful
when the tumor to be removed is too large for the ex-
posed surgical field. First, lateral orbitotomy is done
and the medial rectus muscle is disinserted so that the
globe can be retracted laterally, allowing more room
for tumor dissection in the medial orbit. With the me-
dial rectus muscle disinserted, the globe can be dis-
placed temporally, offering a better exposure of the
medial apex area (Figure 31.16).44 This combination
approach is useful for small, apical tumors. Larger le-
sions, particularly the infiltrative lesions, however,
cause considerable anatomic distortion, and therefore,
a transfrontal craniotomy may be needed to provide
wide exposure of the posterior orbit.45

Superior Wall (Roof) and Superior Orbitotomy

Superiorly the rim is most protuberant. The supraor-
bital notch is located at the medial third of the rim.
This notch provides a safe landmark to identify the
supraorbital neurovascular bundle, which harbors the
superior orbital branch of the frontal nerve and blood
vessels. The trunks of the supraorbital and supra-
trochlear nerves are important sensory branches of the
ophthalmic nerve (CN V-I). The trauma to the supra-
orbital nerve should be minimized during superior or-
bitotomy and transcoronal orbital approach. Often one
can chisel out a small rectangular bony piece of the
superior rim around the nerve, which allows the nerve
to be moved away from the surgical field, but if there
is an infiltrating lesion this may not be possible. Dur-
ing a subperiosteal approach, one should look for the
trunk exiting the superior orbital foramen because
variations may happen. The posterior dissection of the
periosteum should be made cautiously because, in
some cases, the supraorbital nerve leaves the bone pos-
terior to its usual location. The orbital roof primarily
consists of the frontal bone and the lesser wing of the
sphenoid bone. The anterior cranial fossa and the
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frontal sinus are located above the orbital roof, and,
therefore, one should be familiar with the anterior
margin of the cranial fossa to limit the superior or-
bital osteotomy. Since both the anterior extent of
the cranial fossa and the aeration of the frontal si-
nus vary from case to case, it is best to determine
these relationships to the superior orbit prior to the
exploration, by a thorough inspection of the CT
scan. Recurrent benign and malignant tumors (e.g.,
lacrimal gland lesions) may easily violate the
frontal sinus and cranial bone, distorting the anat-
omy and extending into the sinus or cranial fossa
(Figure 31.17).

One should keep in mind that even the small tu-
mors developing in this region such as dermoids (par-
ticularly leaking dermoids, which cause secondary 
inflammation), cholesteatomas, or mucoceles may
easily disturb the anatomy and function of the
trochlear apparatus. Therefore, this region should be
dissected carefully, particularly in the presence of
pathology. The superior ophthalmic vein originates
within the same superior medial fat pad and runs pos-
teriorly, leaving the orbit through the superior orbital
fissure above the annulus of Zinn.

Orbital Apex

In adults, the optic canal is approximately 10 mm long
and varies from 5 to 6 mm in diameter at its orbital
osteum.46 It is located at the posterior-most extension
of the orbital apex between the lateral, medial, and su-
perior walls of the orbit within the lesser wing of the
sphenoid bone. It transmits optic nerve, ophthalmic
artery, and sympathetic fibers from the orbital cavity
to cavernous sinus.47 The optic nerve, surrounded by
the meninges, enters the canal on the medial aspect
of the posterior orbit. In the adult, the nerve measures
approximately 25 mm from the posterior sclera to the
entry of the optic canal; however, the posterior sclera
is only about 18 mm anterior to the canal. This 7 mm
infero-temporal slack on the nerve allows the globe to
move to all gazes freely without applying tension on
the nerve. Gradual loss of visual acuity and visual field
are generally due to optic nerve compression second-
ary to apical tumors. Nerve appearance and function
can be monitored with color vision testing, afferent
pupillary light reflex, visual perimetery, visual evoke
response (VER), or ophthalmoscopy, depending on the
clinical setting (See Chapter 7).
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FIGURE 31.15. (A,B) Facial 
photograph of patient in whom a
frontoethmoidal mucocele of the
right orbit was causing proptosis.
In addition, there was lateral 
dislocation of the globe, 
extraocular motility disturbance,
and compressive optic neuropathy.
(C,D) Coronal and axial (bone win-
dow) CT scans delineate the le-
sion accurately. (E) Superior me-
dial orbitotomy is initiated
through a Lynch incision and the
mucocele is exposed. Note that
the mucocele luminal contents 
are being cultured at this stage. 
(F) Later the mucocele cavity was
fully exposed by removing 
mucosal and bone elements 
of its wall.



The annulus of Zinn is a fibrous ring that origi-
nates from the apical periosteum, surrounds the optic
canal, and sprawls inferolaterally to surround some of
the structures going through the superior orbital fis-
sure, including the inferior and superior branches of

the oculomotor (third cranial) nerve, the nasociliary
branch of the ophthalmic division of the trigeminal
(fifth cranial) nerve, and the abducens (sixth cranial)
nerve (Figure 31.9). The portion of the superior 
orbital fissure (SOF) outside the annulus transmits 
the trochlear (fourth cranial) nerve, the frontal and
lacrimal branches of the ophthalmic division of the
trigeminal nerve, and the ophthalmic veins.

The inferior orbital fissure is longer than the su-
perior and sits between the lateral wall and the floor
of the orbit. It transmits the maxillary division of the
trigeminal nerve, which branches into the infraorbital
nerve and forms the bundle together with branches of
the maxillary artery and vein. The bundle exits the or-
bit through the infraorbital foramen below the infe-
rior rim.

Although there are general guidelines for orbital
exploration in tumor surgery, no absolute rules can be
formulated, particularly when there is preoperative
uncertainty about the extent and the nature of the tu-
mor. Therefore, it is very beneficial to obtain as much
preoperative data as possible before beginning explo-
ration of the orbit.
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FIGURE 31.16. Combined lateral and
medial orbitotomy procedure to remove 
a posteriorly located cavernous 
hemangioma. (A,B) A lateral orbitotomy
is performed through a lid crease incision
shown in Figure 31.11A. Later an inferior
medial orbitotomy is performed with this
insertion of the medial rectus muscle,
and the globe is retracted laterally as
much as possible. (C,D) This maneuver
allows the inferior medial orbit to be 
explored with ease, and the tumor is 
removed within its capsule with the help
of a cryoprobe.

FIGURE 31.17. Removal of adenoid cystic carcinoma (AdCyCa)
from the left lacrimal gland fossa. Inset: Axial CT scan shows the
infiltration of the tumor into the bone (white arrow)



Enucleation

Enucleation, the removal of the globe by separating it
from all its anterior and posterior soft tissue connec-
tions, is a relatively rare procedure in orbital tumor
management. Most enucleations are done because of
secondary orbital tumors originating from the globe
and/or adnexae, such as malignancies of the eyelid
and conjunctiva, choroidal melanoma, or retinoblas-
toma. In certain instances, conjunctival malignancies
may extend into the globe without extensive exten-
sion into the orbit. When the sclera is infiltrated 
but the orbital extension is limited, the tumor may
be controlled with enucleation and the excision of 
the localized orbital invasion without exenteration.
In other instances, the globe may be left behind, but
other tumor-infiltrated soft tissues are removed
extensively.48

Orbital involvement by conjunctival melanoma is
rare, but when this happens, orbital exenteration has
been the traditional treatment of choice.49–51 How-
ever, if the orbital component of the tumor is small,
limited excision of this lesion, combined with enu-
cleation and/or orbital brachytherapy can be done.52

Similarly, in some cases of eyelid melanoma, local-
ized surgical excision, with or without enucleation,
may be considered over total exenteration.53

Enucleation plays a larger role in the management
of squamous cell carcinoma of the conjunctiva (Fig-
ure 21.2).54,55 Since the growth of this tumor is slower
than melanoma and it is more frequently seen in the
bulbar conjunctiva, it invades the globe more often
prior to its invasion of the orbit.56 Therefore, in many
cases of global invasion, it is possible to control the
tumor by means of enucleation and excising the in-
volved portion of the conjunctiva before it extends
through the orbital septum. In these cases, it is best
to determine the tumor-negative margins of the con-
junctiva under frozen section control, free the con-
junctiva around the primary site of the tumor, and
then do the enucleation. The surgical technique of
these cases must be more deliberate and gentle than
the ordinary enucleation because the tumor invading
through the sclera may cause a weak area in the 
eye wall, leading to perforation of the globe during the
procedure.

Another indication of enucleation may present in
cases of extraocular extension of the uveal melanoma
into the orbital soft tissues.57–59 The treatment of sec-
ondary orbital melanoma originating from the choroid
depends on the size, location, and shape of the orbital
components. If the orbital extension of the choroidal
melanoma is solitary and limited to a delineated nod-
ule outside the globe, management should consist of
the enucleation of the eye with the nodule and sec-
ondary EBRT of the orbit.60–62 On the other hand,
when the orbital extension is massive, the choice of

treatment is exenteration, with or without sparing the
eyelids, depending on the location and the extent of
the orbital component of melanoma.62,63

In some instances, retinoblastoma with limited
transcleral and optic nerve invasion may also be
treated with enucleation, combined with postopera-
tive radiation. Extension of the retinoblastoma into
the orbit is usually not nodular and therefore does not
lend itself for easy surgical excision; however, this tu-
mor is very sensitive to radiation and responds well
to postoperative radiation treatment. Orbital radiation
may lead to socket contraction and retarded growth
of orbital soft tissues and bones; it may also increase
the incidence of second primary malignant tumors,
particularly in hereditary retinoblastoma (see Chapter
5). The invasion of the orbit in retinoblastoma is con-
sidered as a very serious risk factor for metastasis and
is considered to be an indication for poor progno-
sis.64–66 Orbital invasion is conventionally treated
with a combination of radiation and chemotherapy,
with or without enucleation. Advances in chemo-
therapy have increased the survival of these patients,
but the prognosis is still very guarded.67,68

Other indications of enucleation in an orbital tu-
mor patient include the development of a secondary,
blind, painful eye, followed by neovascular or chronic
angle closure glaucoma and chronic retinal detach-
ment.69 In rare instances, an extensively proptotic, dis-
figured eye with chronic dryness, with or without 
secondary infections, may require enucleation for
functional or cosmetic reasons.

Different surgical techniques of enucleation have
been detailed in a number of excellent publica-
tions.70–72 The purpose of this chapter is not to go
through the enucleation technique step by step but to
underline the pertinent points when enucleation is
performed in a tumor-harboring orbit. In the case of
conjunctival and eyelid tumors that extend into the
globe secondarily, the excision around the primary fo-
cus of the tumor should be done prior to the enucle-
ation, preferably under frozen section control. When
the surgeon is satisfied that the margins of this exci-
sion are clear, the enucleation may follow. Care
should be taken to not seed tumor cells to uninvolved
areas of the orbit.

In posteriorly located tumors of the globe, second-
arily involving the orbit, it is to the surgeon’s advan-
tage to have the optimal visualization and/or palpation
of the posterior surface of the globe before enucleation.
The author’s preference is to do a large lateral can-
thotomy, push the globe anterior to the eyelids, and
place the optic nerve on a stretch. From the lateral as-
pect of the orbit, the nerve, or at times a posterior
choroidal melanoma extending into the orbit, can be
seen or at least palpated. This may offer the advan-
tage of removing the extrascleral tumor nodule with
the globe. It is also better practice not to place trac-
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tion sutures in the muscle stumps for enucleation in
tumor-containing globes; in this way one avoids pen-
etration of the sclera with underlying tumor (Figure
31.18). It is better to place a right-angle vascular clamp
or a curved hemostat on the muscle stump for trac-
tion purposes. At the time of enucleation, if the tu-
mor is identified and it is judged that the further ex-
cision would offer an advantage, then it is excised. On
the other hand, if the orbital involvement is exten-
sive, the case can be converted to exenteration, with
or without postoperative EBRT.

Last, but not least, the tumor-containing globes
should be injected with 0.5 mL of 10% formaldehyde
in the operating room before they are submitted to the

pathology laboratory. This measure serves to main-
tain the shape of the globe for pathology processing
and, therefore, better orients the pathologist to the tu-
mor. Furthermore, it is essential that the specimen be
anatomically oriented and marked with sutures and
sampled accordingly; this may offer invaluable infor-
mation for the future management in tumor cases, par-
ticularly if the tumor recurs in the orbit.

When the enucleation procedure is performed for
a nonneoplastic disorder, a variety of orbital implants
may be placed into the socket at the time of surgery
depending on the decision of the surgeon and the needs
of the patient.73–75 In general, implants function to re-
place the volume lost by the enucleated eye, to sup-
port the ocular prosthesis for good motility, and to
maintain cosmetic symmetry with the normal eye. Ba-
sically, there are two major groups of orbital implants:
integrated and nonintegrated. The advantages and dis-
advantages and surgical techniques of implantation of
orbital spheres have been covered in numerous publi-
cations in recent years.69,76,77

Our purpose here is to look at the specific needs
of a tumor-containing eye/orbit after enucleation. In
many instances, any implant can be placed into the
orbit if one is confident of the total removal of the tu-
mor, a difficult judgment in many instances. There-
fore, it is logical that a rather simple implant made of
silicone, acrylic, or polymethylmethacrylate (PMMA)
be placed in the orbit; this would provide good vol-
ume replacement and in most instances acceptable
motility. In case of a recurrence, these implants can
be removed more easily than the integrated ones. We
have studied the appropriateness of different types of
orbital implant from the standpoint of radiation ab-
sorption properties and could not document a signifi-
cant difference between PMMA, hydroxyapatite (HA),
and porus polyethylene (PP) implants (Figure 31.19).78

Arora and coworkers are in agreement, indicating that
HA implants have no significant influence on the at-
tenuation or scattering properties of the photon beam
that may need to be used in some patients following
enucleation of tumor-containing eyes.79
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FIGURE 31.18. (A) Gross and histopathologic specimens of an enu-
cleated retinoblastoma-containing eye reveal the close proximity of
the traction suture needle track (NT) to the underlying tumor (RB).
(B,C) Traction is best provided by a curved hemostat applied to the
lateral rectus muscle during the enucleation of an eye containing
retinoblastoma.

FIGURE 31.19. Orbital implants made of hydroxyapatite (HA),
methylmethacrylate (MM), and porous polyethylene (PP).



Exenteration

Exenteration, the surgical removal of the entire orbital
contents, including the globe, optic nerve, extraocu-
lar muscles, lacrimal gland, and lacrimal drainage sys-
tem, as well as the orbital fibroconnective and adipose
tissues, is undertaken only in extreme circumstances,
such as malignant invasive tumors or adenoid cystic
carcinoma. Ninety percent of orbital exenterations are
performed as a last resort for invasive neoplasma.
Lesser indications for exenteration are for the irradia-
tion of potentially life-threatening infections that can-
not be controlled by other means and for the man-
agement of intractable pain or structural deformity,
congenital or acquired. The last two groups comprise
approximately 10% of all indications.80–82 This is rad-
ical, last-resort surgery, which is done infrequently
even in large ophthalmic institutes.83,84

Exenteration may be performed either in total or
subtotal fashion. Even when it is limited, exentera-
tion is extensive, radical surgery, which needs to be
explained in great detail to the patient and the fam-
ily. There are two issues that need to be conveyed
clearly. One is that the exenteration is usually the last
resort of management and represents the failure of
other treatments. Therefore, in many instances it may

or may not arrest the pathological process involved.
That is, if the procedure is being attempted to control
an invasive or recurrent adenoid cystic carcinoma, the
tumor may recur despite this radical surgery, even
though the surgery goes well. This needs to be un-
derstood by the patient and the family. It would also
be wise to detail what the surgical procedure entails,
what the postoperative care would include, and how
such radical surgery would affect the patient’s ap-
pearance afterward. Depending on the patient’s will-
ingness to understand, postoperative pictures from
other cases may be shown to clear any misunder-
standing about the extent of the surgery.

Whether the exenteration is performed in total or
subtotal fashion, the objective of the operation is the
same: to excise the pathologic tissues with clear mar-
gins. Therefore, the planning of surgery depends on
the extent of the pathology, which may or may not
include the eyelids, posterior orbit, or the bony wall.
For example, if the exenteration is being performed for
a squamous cell carcinoma of the conjunctiva that had
extended into the globe and the eyelids, there may be
no need to remove the posterior orbital soft tissues,
which are usually not involved with tumor. Sparing
them would facilitate the healing and reconstruction
process (Figure 31.20). On the other hand, if the main
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FIGURE 31.20. Enucleation with partial
exenteration. (A) Facial photograph of a
patient with a cystic basal cell carcinoma
(BCC) that had invaded the globe and an-
terior orbit. (B) Axial CT scan depicts the
recurrent cystic BCC. (C) Intraoperative
photo. (D–F) Gross and histopathologic
specimens also reveal the cystic nature
and the site of invasion into the globe
(red arrow). The surgical margins were
monitored by frozen section during 
surgery. CB: ciliary body.



pathology is located posteriorly, such as a choroidal
melanoma, extending into the orbit secondarily, there
is no reason to remove the eyelids, and the procedure
can be done as a lid-sparing exenteration. Individual-
ization of exenteration cases should take into account
the location, size, and aggressiveness of the pathology
as well as the reconstruction plan. A recent report of
25 exenterations revealed that subtotal procedures
would offer improved functional and aesthetic results,
while being comparable to total exenteration proce-
dures in terms of eradication of the disease.85

If the bones of the orbit are involved with malig-
nancy, bone resection should be performed at the time
of initial orbitotomy, even if that procedure is not an
exenteration.20 In recurrent or advanced cases, the ex-
tent of the bone invasion should be mapped carefully
with preoperative CT scans. At the time of exentera-
tion, the bone should be removed well beyond the
margins of the tumor depicted by CT, provided the
part of the orbital wall is made of expendable bone.
Wider margins are advisable in bone resection because
frozen section monitoring cannot be done in bony tis-
sue. Most of the orbital bone, except for the roof of
the orbit and the orbital apex, can be removed after
the exenteration. There are no standard techniques for

bone resection; in most cases, the removal depends on
the extent and the location of the bony invasion. In
most areas of the orbit, it is preferable to deeply in-
cise the bone with an oscillating saw along the pre-
determined limits of resection and then attempt to
break the bone en bloc with a strong rongeur. In some
areas, this may not be difficult; in other sites, a sharp
osteotome and a mallet may be needed to remove
pathologic bone in layers (see Chapter 16; Figure 16.8).

Wide excision of the bone from the lateral wall of
the orbit is usually indicated in cases of malignant ep-
ithelial tumors of the lacrimal gland. Long-term sur-
vival has been reported following this type of sur-
gery.86,87 The removed pieces of bone should be
properly oriented and labeled for permanent histo-
pathologic examination to determine the extent of tu-
mor. This may be a tedious procedure; however, it is
a rewarding one to help decide whether the patient
needs further treatment.

In total exenteration, the eyelids are secured in
closed position with two silk sutures and a circum-
ferential skin incision overlying the orbital rim is done
(Figure 31.21). When the underlying soft tissues have
been reached, the incision is continued with the use
of unipolar cautery with a fine needle tip (Colorado
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FIGURE 31.21. Exenteration procedure:
total exenteration (A–D) and bone 
removal (E) from the lateral wall for 
adenoid cystic carcinoma (F).



tip). From the standpoint of minimizing the bleeding,
we prefer to begin the incision in the upper quadrant,
around 12 o’clock, and proceed clockwise, postponing
the dissection of the vascular nasal quadrant to the
end of the procedure. Then the periorbita is elevated
with a sharp-tipped periosteal elevator and further dis-
sected with malleable retractors. When the perios-
teum of the orbital rim is reached, the periosteum is
elevated and the dissection is swiftly continued be-
yond the rim into the orbit, to complete the procedure
as quickly as possible. During dissection, which is
done while the blood is suctioned, bleeding is ignored
unless hemorrhage is so profuse that it interferes with
the view of the surgical field. When the soft tissue dis-
section is complete, hemostasis with cautery and
other means is addressed. Once the dissection toward
the apex is completed 360°, one reaches posteriorly to
the apical bundle of soft tissues, including extraocu-
lar muscles, blood vessels, and nerves. These abun-
dant tissues at the tip of the orbital cone cannot be
clamped or cut with one move. We approach this bun-
dle from its nasal aspect, place a strong, curved he-
mostat, and cut the pedicle with unipolar cautery
above the hemostat; then the same maneuver is re-
peated laterally and inferiorly to free the apex from or-
bital soft tissues. To cut the apical tissues with unipo-
lar cautery reduces the hemorrhage somewhat, but the
bleeding sources in the apex should be identified and
clamped and tied after the removal of the bulk of the
soft tissue. Application of electrocautery at the apex
too much and too long may create damage in the re-
maining portion of the optic nerve, which may extend
into the chiasm.

Alternatively, others approach the procedure with
tedious attention to hemostasis throughout the dis-
section. The author’s preference, however, is the first
approach, which shortens the procedure time; with to-
day’s suction and cautery equipment, the total soft tis-
sue excision can be done in less than 15 minutes with-
out any significant blood loss. Most of the bleeding
originates from the supraorbital and infraorbital bun-
dles, the anterior and posterior ethmoidal arteries, and
the ophthalmic artery, as the dissection reaches the
apex. Although the posterior bleeding is the most sig-
nificant, it is easier to control, since by the time one
reaches the apex of the orbit, all soft tissues have been
freed and the surgeon maintains better visibility. Af-
ter the major bleeding sites are controlled by tying the
vessels or cauterization, smaller bleeding sites are ad-
dressed by cautery, bone wax, or simply by pressing
thrombin-soaked Gelfoam onto the sites of oozing;
Avitene® may also be used to control bleeding.

Cerebrospinal fluid (CSF) leak is not a very com-
mon complication of orbital surgery in general.88

However, when leakage takes place during surgery or
postoperatively, the procedure and/or hospitalization
are prolonged and prognsosis may worsen. Since or-

bital exenteration is an extensive procedure, one ex-
pects CSF leak to occur more often. In a series of 
39 exenteration cases reported by Bonovolonta and
deConcilis, CSF leak was experienced approximately
18% of the time, and majority of patients had inva-
sive secondary tumors from conjunctiva, eyelids, and
globe.89 In 26 out of 39 cases, one or more orbital wall
was removed, and, therefore, the dural exposure and
the CSF leak incidence were higher.

When CSF leak takes place during surgery, the
conventional treatment is to suture the dura when-
ever possible; when this is out of the question, the
area is packed with temporalis muscle, fascia, or fi-
broadipose tissue. The successful use of cyanoacrylate
adhesive for CSF leaks during orbital surgery has been
reported.90 At times, particularly in CSF leaks that
happen after surgery or ones that do not respond to 
repair and continue to leak intraoperatively, lumbar
puncture to lower the CSF pressure may help.

In eyelid-sparing exenteration, one may need to
spare either the entire eyelid structure or just the eye-
lid skin. If the eyelid skin is to be spared, the skin in-
cision is placed approximately 2 to 3 mm above and
below the lash lines in upper and lower eyelid, re-
spectively. Then the skin is dissected superiorly and
inferiorly until the orbital rim is reached; the perios-
teum outside 2 mm of the orbital rim is cut 360° to
carry on the rest of the exenteration procedure. If the
entire eyelid anatomy will be preserved, the operation
is similar to an extended enucleation in which the eye
with the bulbar conjunctival lining and the rest of the
orbital tissues are removed en bloc. Eyelid-sparing
subtotal exenteration offers significant advantages in
terms of reconstruction of the orbit and cosmesis. The
simplest approach to cosmetic rehabilitation is to pack
the orbit with iodine gauze and let the socket granu-
late by itself.

When the eyelids are entirely removed, the free
skin margin is tacked to the orbital rim with inter-
rupted silk sutures for 360° and the socket is lined
with antibiotic-soaked Vaseline or Xeroform gauze.
Then more gauze is packed into the orbit, compress-
ing the initial gauze strip lining firmly over the con-
cavity of the orbital bones. Maxitrol ointment is then
instilled to the edges of the wound, the exenteration
cavity is covered with dry gauze squares, and a firm
dressing is applied. In some instances, the interrupted
5-0 silk sutures at the skin margin may be left long
and tied over the socket gauze pack (Figure 31.22). The
initial dressing is removed 7 days postoperatively, and
from then on the site should be irrigated frequently
with 2% hydrogen peroxide solution. The initial de-
bridement of the socket can be done at the clinic every
other day or on third-day visits. After 2 weeks, the ir-
rigation can be done with running water from a show-
erhead by the patient at home. The entire granulation
process may take 8 to 10 weeks to complete (Figure
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31.22). By the time the granulation is complete, the
orbit is covered with a very thin layer, which has the
advantage of allowing the detection of recurrent tu-
mor at an early stage. The resulting cavity is deep but
can usually be fitted well with a silicone oculofacial
prosthesis (Figure 31.23). The cosmetic results of the
prosthesis are acceptable, particularly with shaded
glasses (Figure 31.24).

Alternatively, the socket may be lined immedi-
ately at the completion of the exenteration procedure
with split-thickness skin graft. The recommended
thickness for the graft varies, but it should be free of
hair follicles. A graft measuring approximately 10
cm � 5 cm in greatest dimensions would be sufficient
to cover the orbital cavity. A graft of this size can eas-
ily be obtained from the front surface of the thigh.
When the skin graft has been fitted into the orbit, one
should ensure close approximation, preferably con-
tact, of the graft to the recipient bony orbit. It is po-
sitioned and sutured to the marginal edges of the skin
with interrupted absorbable sutures, and the orbit is
packed with Xeroform gauze as a mold to provide firm
apposition of the graft to the recipient area. Maxitrol
ointment is applied to the edges of the skin, and a firm
dressing is applied to keep the packing gauze in posi-

tion for 10 days.91 Some surgeons perforate the graft
with small slits, which may make the fitting of the
graft easier and allow an evacuation route for early
postoperative bleeding, avoiding the accumulation of
blood under the graft. Blood under the graft delays
healing and may become a site of infection.

Although the orbits that are covered by skin grafts
heal a few weeks faster than the uncovered ones, the
grafted cavities have the disadvantage of not develop-
ing fibrosis to reduce the depth of the orbital cavity,
which is commonly observed in the sockets that gran-
ulate on their own. Most surgeons agree that the or-
bits heal in a more uniform fashion without the skin
graft; but the rehabilitation of the socket with nu-
merous hospital visits for uncomfortable debridement
and redressing of the socket makes this option rather
unappealing for many patients.

To facilitate the healing of the exenteration socket,
we use vacuum-assisted closure (VAC) in selected
cases (Figure 31.25). The premise of this method is to
apply controlled subatmospheric pressures to the
wound to remove the edema, increase the localized
blood flood, and enhance the formation of granulation
tissue.90,92,93 The VAC technique entails placing an
open-cell foam dressing into the exenteration cavity
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FIGURE 31.22. (A) Dressing of the 
exenteration cavity at the end of surgery.
(B) Packing of the cavity with Xeroform
gauze. (C) Tying the marginal skin 
sutures over the socket gauze pack. 
The gradual healing process of an 
exenteration socket at 4 weeks (D), 6
weeks (E), and 11 weeks (F).



at the end of surgery and sealing the socket with an
adhesive plastic drape so that intermittent subatmos-
pheric pressures can be applied to the socket during
the next 2 to 3 days. The sterile foam dressing should
be trimmed to fit into the socket and to allow the
evacuation tube to sit centrally from the orbit (Figure
31.25). Cyclic intermittent negative pressures of 75 to
100 mmHg are used for 3 days while the patient is

still in the hospital. Although the patient remains at-
tached to the VAC pump during the hospitalization,
the negative pressure does not seem to cause discom-
fort, and the procedure is well tolerated. The granula-
tion of the orbit is markedly expedited and the socket
heals well within 4 to 5 weeks as opposed to the usual
8 to 10 weeks of the granulation process. The removal
of the sponge from the socket may create some dis-
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FIGURE 31.23. Molding of the socket
(A–C) for the preparation of an 
orbitofacial prosthesis with an artificial
eye (D–F).

FIGURE 31.24. Facial prosthesis with glasses fitted to a patient following exenteration due to heman-
giopericytoma. Patient is shown at the ages of 4 (A), 12 (B), and 15 (C) years. (Courtesy of Dr. Amin M.
Nasr, Beirut, Lebanon.)



comfort, particularly in eyelid-preserved exentera-
tions. It is advisable for the patient to be sedated when
the sponge is removed at the bedside. Skillman and
coworkers reported the utilization of the VAC for im-
proved healing of split-thickness skin grafting in ex-
enteration cavities.94,95

In certain cases in which the orbital tumor is ex-
tensive, an orbitocraniofacial approach may facilitate
the exenteration.96,97

No matter what approach is used and how limited
exenteration may be, it is still extensive surgery and
requires considerable reconstruction work. The pri-
mary objectives of reconstruction are to reach an op-
timal aesthetic result by restoring the boundaries be-
tween the orbit and surrounding cavities while
allowing enough visibility for follow-up examinations
to detect recurrent disease. In many cases, allografts
cannot be used extensively because of concern about
recurrent tumor, and most surgeons prefer to let the
exenterated orbit heal by secondary intention.91 Al-
though this approach is not aesthetically ideal, the
socket heals with a very thin layer of tissue, which al-
lows early detection of recurrent tumor.

Regional surgical solutions, including transfer of
the temporalis muscle and fascia and other regional

pedicle flaps, as well as myocutaneous flaps with mi-
crovascular anastomosis, offer better cosmetic results.
However, these procedures should not be performed
unless one is absolutely sure that the malignant pro-
cess has been totally cured. In some instances, early
placed flaps and free grafts cover the recurrent disease
and delay its diagnosis. When it is confirmed that
there is no recurrent malignancy at the site of surgery,
regional flaps or vascular myocutaneous flaps may be
used for cosmetic rehabilitation. A common procedure
is to borrow a portion of the temporalis muscle from
its anterior half, pass it through the lateral wall, and
fill the orbital cavity with the bulk of this graft. Skin
graft can later be positioned over the muscle flap; in
most instances this procedure effectively makes the
exenteration cavity shallow.98 Many patients are sat-
isfied simply by wearing a black “pirate’s patch” over
the defect; others prefer the use of oculofacial pros-
theses. Early reconstruction during the exenteration
procedure with myocutaneous and other flaps may be
considered in children, since the tissue transfer will
allow much easier postoperative wound care than
split-thickness skin grafting and primary intention
healing. Primary reconstruction may be recommended
for very old patients as well as young children who re-
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FIGURE 31.25. (A) Partial lid-sparing 
exenteration procedure was performed 
because of the extension of a choroidal
melanoma into the orbit. (B,C) The 
placement of the cell foam sponge into
the socket. (D) The draping of the socket
with an adhesive plastic in a watertight
fashion. (E) The patient is attached to
VAC pump during hospitalization. (F)
The appearance of the well-granulated
socket only 4 weeks postoperatively.



quire orbital exenteration but cannot tolerate the tra-
ditional postoperative debridement process.99

WOUND CLOSURE AND 
POSTOPERATIVE CARE

Wound closure is the last step of any surgical proce-
dure. Although the techniques vary from one surgeon
to another, certain basic principles should be followed.
When the surgeon is ready to close the wound, layers
of the exploration should be inspected, to ensure that
the deep and superficial tissues are in optimal condi-
tion to be closed. All tissues, including bone, perios-
teum, orbital soft tissues, and skin/conjunctiva,
should be properly approximated to their original an-
atomic planes as much as possible to minimize the
functional deficit and postoperative scarring.

The bone is usually closed with heavy nylon or
Prolene sutures; wires and bone fixation systems with
metal plates and screws should be avoided. Although
bioabsorbable bone fixation systems can be used, these
devices are hardly necessary to reattach bone after tu-
mor surgery. Alternatively, the bone may be reposi-
tioned in its original site without suturing and the peri-
osteum may be pulled over to secure the underlying
bone. For this purpose, the periosteum should be un-
dermined. Another helpful point is to mark the edges
of the periosteum with silk sutures at the time of in-
cision; when the time of closure is reached, the peri-
osteal layers are then easy to identify and reattach.
The closure of the periosteum is usually accomplished
with interrupted 5-0 or 6-0 Vicryl sutures.

The deep soft tissues of the orbit can be aligned
and closed with 5-0 or 6-0 Vicryl sutures on a re-
verse cutting or spatula needle. It is best to close the
subcutaneous tissues with an inverted suturing
technique so that the knot will be hidden at the base
of the closure, rather than being positioned imme-
diately under the skin. Proper placement of deep su-
tures not only orients the tissues to their anatomic
layers to minimize postoperative scarring but also
avoids the “dead space” in between tissue recesses.
“Dead space” between tissue planes leads to inac-
curate wound closure and delays the wound healing;
it also creates room for postoperative blood accu-
mulation, which, in turn, may lead to infection.
Then the overlying subcutaneous tissue and skin are
closed with silk, nylon, or fast-absorbing gut su-
tures. In most tumor surgery cases, the margins of
the skin are straight and clean as opposed to the
ragged skin edges of trauma and infectious cases.
Skin edges should be accurately positioned and su-
tured at two or three cardinal positions to ensure
correct approximation. Then, interrupted sutures
are placed between the initial cardinal sutures and
tied with gentle eversion of the wound edges.

McCord and coworkers emphasize the proper ever-
sion of the skin edges in closure to minimize postop-
erative functional deficit and scar formation.41,44

Larger skin wounds may be closed with horizontal
mattress and “near-far/far-near” suturing techniques
in which more uniform tension is applied to the
wound. Although these techniques minimize postop-
erative scarring, they are hardly ever necessary for or-
bitotomy incisions. Subcuticular running 6-0 nylon
suture may also be used for skin closure. It is helpful
to place the running suture on a bolster for easy re-
moval in the clinic. For eyelid incisions, where the
skin is thin, subcutaneous closure is not necessary,
and the skin is directly closed with interrupted 7-0 ny-
lon sutures.

The drain should be placed carefully to ensure the
best surgical results. The author’s preference is to in-
sert a vacuum drain through an ab externo site. A He-
movac® drain or a 21-gauge butterfly tubing with cut
holes can be used (Figure 31.26). Drain function should
be checked by applying gentle suction, and the tubing
of the drain should be anchored to the skin to avoid
accidental displacement during the postoperative pe-
riod. For lateral and superior orbitotomies, it is prefer-
able to position the drain immediately adjacent to the
lateral edge of the eyebrow in which the scar can be
hidden. Incorporating the drain into the initial skin
incision may increase the postoperative scar forma-
tion, particularly in black patients. Suturing the eye-
lids together after (or during) orbital surgery is bad
practice because of its pressure effect on the eye and
also because it does not allow the eye to be observed
during the immediate postoperative period.

At the end of the orbitotomy, a red top labora-
tory tube is attached to the drain to evacuate the
initial blood and residual fluids from the surgical
site; the tube is replaced with a new one before the
patient is sent to the recovery area. The vacuum
tube should ideally be positioned inferior to the sur-
gical site, where it can be taped onto the skin in a
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FIGURE 31.26. Hemovac® drain in place one day after lateral or-
bitotomy.



vertical fashion. After application of ophthalmic
ointment (Maxitrol or Tobrex), a light dressing with
one or two eye pads should be applied to the wound,
using the fewest possible tapes to hold the dressing
in position without putting too much pressure on
the suture line. This point is important because if
postoperative, intraorbital hemorrhage occurs, the
nonpressure dressing will not contribute to the in-
creased intraorbital/intraocular pressure, which
could lead to a number of serious problems, includ-
ing increased intraocular pressure and an arterial or
venous thromboembolic phenomenon.

Following the dressing, the orbit should be cov-
ered with a few layers of clean gauze and an icepack
should be applied immediately, preferably before
the patient leaves the operating room, and contin-
ued during the first 24 to 48 hours of the postoper-
ative period. Ice is extremely useful to reduce the
postoperative edema and may also be helpful in re-
ducing the chances of a postoperative intraorbital
hemorrhage. On the other hand, if there is no con-
cern for complications related to the globe, such as
in enucleation–exenteration cases, pressure dress-
ing can be applied to keep postoperative edema to
a minimum. For the pressure dressing, two or three
pads are applied to the closed eyelids and covered
with tight Elastoplast taping.

Application of Benzoin is useful to increase the
stickiness of the tape to the skin. However, when Ben-
zoin is applied to the periorbital area, care should be
taken that it not spill into the eye. If Elastoplast dress-
ing does not stick well, a gauze head roll may be used.
The pressure dressing is not left in place more than 3
days, even when there is no underlying globe to worry
about. In some exenteration cases, the pressure dress-
ing may stay in place longer, up to one week. The ny-
lon and Prolene sutures are generally removed in 5 to
7 days; 1/8 in. SteriStrips may be applied to the wound
after the removal of the skin sutures and left in place
for another 7 days.

Postoperative antibiotics and corticosteroids, in-
cluding 500 mg of oral Keflex every 8 hours and 60 to
80 mg of prednisone per day for 2 days, are given. Kef-
lex is continued for 7 to 10 days.

COMPLICATIONS

Intraoperative Complications

The most serious complication during surgery is
the laceration of a vital structure such as a nerve,
a muscle, a blood vessel, or the globe. Although
this kind of injury is rare, the damage should be re-
paired before the procedure is continued. Scleral
lacerations are extremely rare and should be treated
as an open globe. Vascular lacerations are difficult

if not impossible to repair because of the small size
of the blood vessels and the difficulty in locating
the ends. It should be ensured that the violated
blood vessel is tied or cauterized to avoid postop-
erative hemorrhage. If a major peripheral nerve is
cut accidentally, it is ideal to anastomose the nerve
under high magnification (preferably with the mi-
croscope) with 9-0 nylon suture from perineurium
to perineurium after the cut ends of the nerve have
been aligned. If anastomosis is not possible, the
nerve edges should be approximated to facilitate
healing. If an extraocular muscle is cut inadver-
tently, it should be approximated and sutured with
a 6-0 Vicryl suture.

Lacerations to the nasolacrimal drainage system
may also cause postoperative problems. Here, as well,
every attempt should be made to repair the laceration,
and canalicular silicone tubing should be placed in po-
sition to maintain the patency of the LDS. If the dam-
age is limited at the canaliculus level, both ends of
the cut canaliculus should be aligned and repaired
with fine sutures under the operating microscope. If
the damage is serious at the lacrimal sac or naso-
lacrimal duct level and judged to be irreparable, a DCR
may be the choice of treatment at the end of the or-
bital exploration or at a later date.

If dural laceration is suspected during surgery, it
should be identified to rule out CSF leak. Although
small lacerations can be repaired with direct suturing,
the visualization is usually not good enough to allow
this procedure. The best way to repair the dural rents
is to apply free grafts from temporalis fascia or mus-
cle, which can be applied with tissue adhesives.100 If
the CSF leak cannot be controlled, neurosurgical con-
sultation should be sought intraoperatively. A lumbar
puncture may be of some help to reduce the CSF pres-
sure and thereby allowing the surgeon to control the
leak better.

Intraoperative hemorrhage due to vascular lacera-
tion or generalized oozing is the most detested part of
orbital surgery because it interferes with direct visu-
alization and disrupts the procedure. Therefore, intra-
operative bleeding during orbit surgery should be ad-
dressed methodically until hemostasis is regained;
without the control of bleeding, surgery cannot pro-
ceed. The first objective should be the identification
of the bleeding source. Suction and pressure by hand
may accomplish this. If any obvious bleeding from
blood vessels is detected, these should be cauterized
or tied off. If no direct source can be seen, generalized
pressure with epinephrine-soaked gauze or thrombin-
soaked Gelfoam can be applied with gentle pressure.
Bleeding from the bone is best controlled with gener-
ous application of unipolar cautery. If this is not suc-
cessful, bone wax may be applied. Excess bone wax
should be carefully removed because it could cause
foreign body reaction.101
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Postoperative Complications

The most dreaded postoperative complication in or-
bital surgery is hemorrhage, which can happen
overnight or weeks after surgery but generally occurs
in the 4 to 6 days following the procedure. Because
the orbit is small and closed, any size hematoma may
be of significance, depending on its location. Gener-
ous application of ice and elevation of the head of the
bed during the first 24 to 48 hours of the postopera-
tive period reduce the likelihood of orbital bleeding;
however, postoperative hemorrhage may happen even
in patients without risk factors such as hypertension
or hypocoagulability. Physician’s orders should be
clearly written to alert the nursing staff to recognize
symptoms of postoperative hemorrhage, including
loss of vision, pain, and rapidly increasing proptosis.
Small postoperative hematomas that produce some
proptosis and chemosis but no pain or afferent pupil-
lary defect can be observed under conservative treat-
ment and usually get better within days. If a large
postoperative hematoma is suspected, the eye should
be examined immediately by checking the visual acu-
ity, intraocular pressure, and the pupillary light reflex.
Imaging studies, preferably MRI, should be obtained
immediately. Even if an obvious nerve compression is
not identified in the MRI image, but the clinical symp-
toms warrant an acute increase in intraorbital pres-
sure, the patient should be managed urgently.

An acute rise in the pressure of the orbit may cause
compressive optic neuropathy as well as hypoperfu-
sion to the optic nerve and retina.13 If the patient com-
plains of visual loss in the presence of rapidly devel-
oping painful proptosis, one should check orbital
pressure. One can assess increased orbital pressure by
digital palpation, by observation of pulsating retinal
vessels, and by increased intraocular pressure. If the
orbit is tense while the patient is still carrying a drain,
the position of the drain tubing should be manipulated
while it is placed on suction. Because of the fibrous
septae and the fibrin loculations during the orbital sur-
gery, the hematomas, which may be localized, can be
evacuated with position change of the drain. A great
majority of patients are on steroids and antibiotics af-
ter orbital surgery; however, addition of Manitol and
Acetazolamide should be considered to lower the pres-
sure. Acute increase in orbital pressure is an emer-
gency, and if the high pressure persists it should be
relieved surgically. The simplest and the most effec-
tive way of relieving the orbital pressure is a lateral
canthotomy. This can easily be done with the lyses of
the inferior crus of the lateral canthal tendon. If the
pressure is not relieved, the superior crus is cut in the
same fashion. When the canthotomy is done, the lids
may not cover the cornea; the cornea should be pro-
tected with ointment, collagen shield, bandage con-
tact lens, or light patching.

Imaging may reveal the localization of the blood,
which sometimes can be evacuated with a 20-gauge
needle (Figure 31.27). Subperiosteal hematomas are
the easiest ones to tap with a needle. This maneuver
can also be done under CT guidance. B-scan ultra-
sonography may also be useful to guide a needle into
anteriorly located hematomas.

If all these maneuvers fail, and the increased or-
bital pressure cannot be relieved, the patient should
be taken back to the operating room so that the wound
can be opened to evacuate the blood. If bleeders are
observed, hemostasis should be accomplished and new
drains should be placed before reclosure.

The best protection against postoperative increase
of intraorbital pressure, due to hematoma or infection,
is the meticulous performance of orbital surgery. The
chances of postoperative hemorrhage can be decreased
with complete hemostasis before closing the orbital
cavity and with proper placement of a drain. The pa-
tient should be extubated carefully without develop-
ing Valsalva maneuvers, and the blood pressure should
slowly rise in cases of hypotensive anesthesia. Tight
pressure dressings should be avoided; ice should im-
mediately be applied to the orbit. A certain degree of
hemorrhagic chemosis cannot be avoided after orbit
surgery; this can be managed with ophthalmic oint-
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FIGURE 31.27. Evacuation of blood (red arrows on MRI) from or-
bit with a 21-gauge catheter.



ments. On occasion, the chemosis in the inferior
fornix becomes semisolid and persistent. In these
cases, a roll of gauze soaked in Vaseline can be placed
into the inferior fornix with pressure patching on the
eye. This can be left in place for 24 hours.

Excessive traction or blind dissection of the orbital
tissues may damage the nerves, causing postoperative
sensory and motor complications. For example, ab-
duction weakness after lateral orbitotomy is a com-
mon occurrence, but this usually subsides without
any interference. One hundred fifty-two patients who
underwent surgery for orbital tumors during a 7-year
period were reviewed for surgical complications. The
highest number of complications was recorded in lat-
eral orbitotomies (35%).102 Ninety-seven anterior or-
bitotomies revealed minor problems in only 3% of the
surgeries.

The complications of lateral orbitotomies included
extraocular motility problems, particularly abduction
deficit (17.5%) and loss of pupillary reflex (10%). Oc-
casional cases of ptosis, neurotrophic keratitis, and in-
traorbital hemorrhage were also seen. The most sig-
nificant risk factor was found to be the intraconal
location of the tumor. The majority of the complica-
tions were associated with the lateral approach to ex-
cise intraconal tumors; tumor type did not appear to
be a factor. Ptosis may also be a problem following
lateral and superior orbitotomies. During these pro-
cedures it is common to have hemorrhages into the
levator muscle with subsequent ptosis. Again, this is
not usually persistent; it usually resolves in weeks to
months. Damage to the superior division of the third
nerve and injury in the orbital apex can also produce
long-term ptosis.103 If ptosis is secondary to nerve lac-
eration, the repair may take a long time; these patients
should be observed for up to a year. Overzealous dis-
section may injure the ciliary ganglion in lateral or-
bitotomies, particularly after removal of intraconal 
lesions, and the patient may develop dilated, nonre-
active pupil, postoperatively. Again, it may take up to
6 months for the repair process. In superior medial or-
bitotomies, if the trochlea is injured, the patient may
develop acquired Brown’s syndrome, postoperatively.
This usually resolves during observation. In superior
lateral orbitotomies, the lacrimal gland or its con-
necting ductules may be damaged, resulting in dry eye
in many patients. This is usually a permanent prob-
lem and should be managed with artificial tears, oint-
ments, and punctal plugs.

Postoperative emphysema may occur in small
amounts and in localized fashion following the or-
bitotomy, owing to established passages from the si-
nuses and nasal cavity to the orbit. Small localized
pockets of air are benign and usually resolve within
days. On the other hand, if the volume of air entrapped
in the orbit is large enough to increase intraorbital
pressure and compromise the optic nerve, evacuation

should be performed, preferably with a 20-gauge
needle under ultrasonographic control.

Wound infection and dehiscence as well as orbital
cellulitis are unusual postoperative complications fol-
lowing tumor surgery. However, if the patient devel-
ops signs and symptoms of an infection, broad-
spectrum antibiotics are given and cultures obtained
from the wound or from the drainage fluid. Warm
compresses should be applied. Imaging procedures,
preferably MRI, should be done to identify localized
abscess formation. If the patient fails to respond to
medical treatment, the abscess should be evacuated
in the operating room.

Another long-term complication in any surgical
procedure is scar formation, which in general can be
minimized with strict attention to precise surgical
technique. The surgical approach for tumor patients
is usually well planned and accomplished with rela-
tively small skin incisions. Therefore, scars are seen
less often after orbital tumor surgery than following
treatment for other orbital problems, such as trauma
and inflammation. On the other hand, conjunctival
scarring and focal symblepharon formation can be
seen after surgery and postoperative radiation. In cer-
tain cases, particularly in darkly pigmented individu-
als, there may be scarring of the periorbital skin at the
incision site or at the site of the drain insertion. Con-
traction of the scar is the last phase of wound healing
and may take a long time, extending over many weeks
to months.104 Therefore, even if medical or surgical
treatment is contemplated to revise a scar, this should
not be undertaken until the area has stabilized, usu-
ally after several months. Some of the hypertrophic
scars and keloids may respond to steroid ointments or
intradermal injection of steroids or low-dose radiation.
For example, 0.1 mL of triamcinolone (Kenalog) may
be directly injected into the scar with a 27- or 30-gauge
needle; the injections may be repeated every 2 weeks.
Darkly pigmented individuals may experience depig-
mentation. A certain degree of response is obtained in
hypertrophic scars, but keloids usually recur.105 If
there is severe contracture and irregularity of the skin,
excision of the scar (scar revision) and/or skin graft-
ing may be indicated; scar revision surgery is rarely
needed after planned orbitotomies. More significantly,
scarring may take place within the underlying soft tis-
sues of the wound owing to excessive dissection, cau-
terization, hemorrhage, or improper closure of the soft
tissues and periosteum. Scar formation around the ex-
traocular muscles and peripheral nerves may result in
the malfunction of the involved structures; most com-
monly leading to postoperative diplopia.103 In most
cases, diplopia also resolves over the coming months;
if it does not, in the absence of recurrent tumor, the
possibility of strabismus surgery should be entertained.

Conjunctival scarring and symblepharon may also
occur occasionally, but these scars are usually small
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and do not interfere with lid function. If surgical re-
pair is needed, it is best to wait 4 to 6 months, to al-
low the reparative process to stabilize.
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Computer Image Guidance and
Skull-Base Strategies

Christopher R. Mascott and Zeynel A. Karcioglu

As in many areas of medicine, computerized im-
aging modalities (CT and MRI in particular)
have also revolutionized the diagnosis of or-

bital tumors. The therapeutic impact of these imag-
ing techniques has only recently been explored in se-
lect cases of orbital tumors. Computer image guidance
has seen remarkable development in other specialties,
notably in neurosurgery.1,2 It is therefore not surpris-
ing that the initial experience with this technology in
the surgery of orbital tumors has entailed tumors with
intracranial extension, requiring a multidisciplinary
approach of ophthalmological and neurological sur-
geons. In addition to image guidance, a standard cra-
niotomy to expose the orbital roof and areas of in-
tracranial tumor extension can be supplemented by a
skull-base approach in select cases with minimal to
no additional morbidity. Other treatment modalities
include radiosurgery (computer image-guided stereo-
tactic radiation).3 A limiting factor for radiosurgery
both for intraorbital and intracranial treatment is the
risk of functional damage to the optic pathways. In
this chapter, we discuss our multidisciplinary ap-
proach to select orbital tumors with special reference
to emerging technologies and surgical approaches.

COMPUTER IMAGE GUIDANCE

In recent years, systems that permit computer-guided
navigation during surgery using preoperatively ac-
quired computer-based imaging have seen exponential
development in neurosurgery and to a lesser degree in
the ear, nose, and throat field. The fundamental prin-
ciple of surgical navigation is to acquire computed to-
mography (CT) or magnetic resonance (MR) as a vol-
umetric data set, usually implying image acquisition
in the form of an elevated number of parallel slices
with no intervening gaps between slices. Such a data
set can then be reconstructed into a volume, which
can be reformatted in any plane. The volumetric study
can also be reconstructed to define three-dimensional
renderings of the head, the orbit, the eye, the optic
nerves, and the brain, as well as of tumors. These

three-dimensional models are thus defined in “image
space.”

To use imaging data for intraoperative real-time
navigation, the three-dimensional structures in image
space must be correlated with the real anatomic struc-
tures in the “surgical space” of the actual patient. To
accomplish this, surgical space must be defined so that
exact coordinates can be determined for areas of in-
terest at surgery. In neurosurgery, the traditional
frame of reference has been a stereotactic frame rigidly
affixed to the skull prior to imaging and maintained
during surgery. Computer image guidance with a
frame was pioneered by Kelly et al.4 Over the past 10
years, there has been an accelerated development of
“frameless” image guidance systems, in which the
rigid frame has been replaced by using the recon-
structed three-dimensional rendering of the head. The
position of the head, which needs to be rigidly im-
mobilized only at the time of surgery (using a stan-
dard three-point headholder), needs to be referenced
in space by means of a mechanical, ultrasonic, opti-
cal, or magnetic system.5–11 Ultrasonic referencing has
fallen from favor for lack of reliability, and mechani-
cal systems are seen less frequently because of their
cumbersome nature. The most common systems
presently available use infrared light or ambient light
to define the position of probes during surgery. There
is growing interest in using a magnetic field as a frame
of reference for defining space, since this methodol-
ogy interferes least with surgical procedures.12

Regardless of the methodology used, the principles
of frameless image guidance remain the same. Several
landmarks must be chosen on the three-dimensional
head rendering (in image space) and the corresponding
landmarks on the patient (surgical space) are corre-
lated at the time of surgery by detecting and tracking
the position of a probe with regard to a reference (e.g.,
by two cameras for optical tracking, by a magnetic re-
ceiver attached to the probe for magnetic tracking).
The procedure of correlating selected points in image
space with their homologues in surgical space is
known as registration and is performed by touching
the designated points with a nonsterile tracked probe

3 9 1



and recording them (Figure 32.1). The accuracy of im-
age guidance at surgery (using a sterile probe) depends
greatly on the quality of registration. It must also be
kept in mind that following registration, the computer
usually gives an estimate of calculated accuracy
(should be less than 3 mm), but this number may or
may not correspond to the true surgical accuracy (also
termed application accuracy) during surgery. Overall,
it is therefore necessary to know the principles and
limitations of this technology and to evaluate the true
accuracy intraoperatively against recognizable surgi-
cal landmarks. To facilitate registration, many sur-
geons apply special adhesive skin markers prior to im-
aging. The presence of these additional landmarks
adds accuracy to registration, provided they are ap-
plied to areas of skin or scalp that are unlikely to move
during imaging or surgical positioning. In selected
cases, where high accuracy is paramount, optimal ac-
curacy can be obtained by MRI/CT markers attached
to small titanium screws implanted in the skull un-
der local anesthesia prior to imaging and kept in place
until surgery to permit registration.12,13

TECHNIQUES AND SETUP

We have been fortunate to have two different image
guidance systems at our disposal. The StealthStation
(Medtronics Surgical Navigation Technologies, Louis-
ville, CO) is an optical referencing and tracking sys-
tem. The Cygnus-PFS (Compass International, Roch-
ester, MN) is a magnetic referencing and tracking
system. Since we have a research interest in image
guidance, we have used both systems simultaneously
in over 70 cases, including in orbital tumors.12 This
has allowed us to compare systems and evaluate 
accuracy.

Preoperative images are acquired according to vol-
umetric protocols, so that the data sets can be im-
ported and reconstructed by the image guidance work-
stations. Transfer is accomplished either by network
or via a variety of digital media (optical disk, DAT

tape, recordable CD, etc.). We usually place adherent
markers around the head prior to imaging to facilitate
point-to-point registration (Figure 32.1). If imaging is
done the day before surgery, the markers can be left
overnight and a marking pen used to highlight their
position, should they move before surgery. If surgery
is to occur several days after imaging, we usually try
to align the markers with birthmarks, angiomas, or
scars on the scalp to find the correct points at surgery.
A small cruciate scratch will also last several days.
When accuracy is paramount, we implant small tita-
nium screws (Stryker-Leibinger, Freiburg, Germany)
under local anesthesia and attach MRI/CT markers to
these (Figure 32.1). The screws can remain in place for
days (or weeks) after the markers have been removed.

The optical system employs a large workstation
and a dual infrared camera mounted on a pole. To de-
fine the position of the head in space during registra-
tion, an optical reference arc is attached to the head-
holder when the head has been immobilized at surgery
(Figure 32.1). This nonsterile arc is then replaced by a
sterile one after draping (Figure 32.2). The magnetic
system runs on a laptop, and there are no cameras.
The system is therefore minimally obtrusive. A mag-
net is attached to the headholder at the time of sur-
gery, and this remains under the drapes. The non-
sterile probe is exchanged for a sterile probe after
draping (Figure 32.2).

WHY USE IMAGE GUIDANCE 
IN ORBITAL TUMORS?

Computer image guidance systems have found appli-
cations in neurosurgery for brain tumors and other
procedures requiring surgical navigation inside the
brain. What can a surgical navigation system contrib-
ute to surgery of orbital tumors? Unlike surgery of the
brain, finding a tumor within the relatively narrow
confines of the orbit and its surroundings is not a great
challenge. For this reason, the application of image
guidance for the orbit is not frequently reported.14,15
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FIGURE 32.1. Registration consists of the
mathematical matching of defined points
in image space with their homologues in
surgical space. This is accomplished by
touching the predetermined locations at
the time of surgery with a probe that is
referenced and tracked in space. An 
optical reference arc is seen near the top
of the image and is attached to the head-
holder. This defines the location of the
head with respect to the cameras (not
shown). The magnetic system, which was
used in parallel, uses a magnetic field as a
reference. The magnet generating this
field can be seen attached to the head
holder in the lower right-hand corner of
the surgical space photo.



On the other hand, some of the more sophisticated
offshoots of image guidance can be quite invaluable.
All current image guidance systems are capable of
“fusing” or “correlating” a second data set with com-
plementary information. It is thus possible to “fuse”
a volumetric CT study with a contrast-enhanced MRI,
which permits optimal visualization of bone erosion
on CT and soft tissue tumor invasion on MRI. With
intraoperative guidance, it is then possible to locate
these specific areas at surgery, even if tumor infiltra-
tion is not clearly seen under the surgical microscope.

IMAGE FUSION FOR ORBITAL TUMORS

CT/MRI SPGR (T1-Type Weighting)

We have found a number of image fusion strategies to
be particularly useful in skull-base surgery including
that of orbital tumors with extraorbital invasion. The
most common fusion we employed was that described
earlier: merged CT and MRI with contrast. Figure 32.3
illustrates surgical image guidance using CT/MRI fu-
sion. The patient had a middle fossa meningioma in-
vading the orbit on the left. The skull renderings show

a previous craniotomy site in which the tumor had
been subtotally excised. Tumor is best seen on MRI,
yet bone erosion is well visualized only on CT.

CT/MRI FLAIR, MRI SPGR/MRI FLAIR

Fluid-attenuated inversion recovery (FLAIR) MR im-
aging, introduced by Hajnal et al. in 1992, is an im-
aging sequence based on the suppression or reduction
of the water signal with the use of an inversion re-
covery pulse sequence employing a long T1 (inversion
time).16 This sequence has the potential to highlight
pathologic changes including tumor infiltration with
great sensitivity. We have fused FLAIR sequences, ac-
quired in 3 mm slices (no gaps) with either T1-type
MRI (SPGR: radiofrequency-spoiled gradient-Recalled)
or CT volumetric studies and have used the FLAIR-
bright imaging to determine tumor margins or pres-
ence of tumor infiltration of soft tissues.17 A good il-
lustration of the benefits of importing FLAIR images
can be seen in Figures 32.4 and 32.5. The patient was
a 14-year-old black female with a large optic nerve
glioma of the right orbit that had been followed in
clinic over many years. The optic nerve glioma was
diagnosed at the age of 3 and was treated with exter-
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FIGURE 32.2. Image-guided
orbitofrontozygomatic craniotomy.
The sterile reference arc for the 
optical system can be seen on the
left. The suction is attached to a 
receiver for the magnetic system. In
this situation, the tip of the suction
is shown as crosshairs on a 
multiplanar computer display. The
probe for the optical system (not
shown) has infrared light-emitting
diodes. Left: The suction tip is on
periorbital tissues after removal of
the lateral orbital rim and zygoma.
Right: Reconstruction of the or-
bital rim and zygoma with mi-
croplates (Stryker-Leibinger,
Freiburg, Germany).

FIGURE 32.3. Image fusion
between CT and MRI (here
performed by “ImMerge”™
StealthStation). The
crosshairs show the same
point localized on CT and
MRI.



nal beam radiation therapy at the age of 6. Sub-
sequently, the tumor continued to grow within the 
orbit and extended into the chiasm. Hertel exoph-
thalmometry of the right eye revealed a 2 mm pro-
ptosis with a 2� afferent pupillary defect (APD). Ex-
traocular motility was full, and visual acuity in the
right eye was sufficient for the patient to count fin-
gers at 1 foot and 20/20 in the left eye. The right op-
tic disk was pale with total atrophy. The left optic
disk was within normal limits. The MRI study with
oblique images revealed that the tumor extended into
the nerve posteriorly, approaching the chiasm, with
increased tumor size in comparison to an MRI per-
formed approximately a year earlier. At this point, the
Goldmann visual field of the left eye was performed
and found to be normal, and it was decided that the
tumor should be excised surgically because of the pos-
sibility of extension into the chiasm and the increased
risk of visual loss in the good eye.

The patient underwent a craniotomy and superior
orbitotomy through the roof of the orbit, and the op-
tic nerve glioma was excised. Both anterior and pos-
terior margins of the tumor were confirmed with im-

age guidance. The anterior margin of the tumor was
easy to resect. Posteriorly, however, the tumor was
extensively adherent to the surrounding tissues
within the optic canal that had to be dissected and
cauterized following the unroofing of the canal. The
image-guided system was particularly useful to deter-
mine the posterior extent of the tumor into the chi-
asm, especially on FLAIR sequences (Figures 32.4 and
32.5). By importing images from the MRI FLAIR se-
quence into the image guidance systems and fusing
these with the MR SPGR sequence (Figure 32.4), or
with volumetric CT (Figure 32.5), it was possible to
determine the posterior margin of the tumor and to
section the nerve just beyond the tumor without un-
due endangerment of the chiasm. Histopathologic ex-
amination of the tumor specimen confirmed tumor-
free anterior and posterior resection margins.

Both CT/SPGR and SPGR/ FLAIR fusion were em-
ployed in a 43-year-old man presenting with a recur-
rent benign mixed lacrimal gland tumor. The initial
diagnosis of the tumor was made at the age of 14 when
the patient was undergoing a ptosis procedure. The le-
sion was partially excised and histopathologically di-
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FIGURE 32.4. The posterior
limits of this optic nerve
glioma are best seen on MRI
FLAIR sequences (the three
images on the right) and are
less well defined on the MRI
SPGR with contrast (on the
left). This image fusion 
between two data sets was
accomplished using Image
Correlation (Cygnus-PFS).

FIGURE 32.5. A CT/MRI
FLAIR fusion in the patient
whose images are shown in
Figure 32.3 (“ImMerge”
StealthStation).



agnosed to be a pleomorphic adenoma (benign mixed
tumor). The patient subsequently underwent three
other surgical procedures for tumor recurrence. At the
last recurrence, a superior medial mass was identified;
the lesion was firm with an irregular surface and ex-
tended into the superior orbit. The patient’s best cor-
rected visual acuities were 20/20 and 20/40 � 2 for the
right and left eye, respectively. The left superior eye-
lid had mechanical ptosis, and the extraocular motil-
ity was severely limited at all gazes. Pupils were equal,
round, and equally reactive to light; color vision test-
ing was within normal limits. On the CT and MRI ex-
aminations, a large superior orbital mass was identi-
fied extending into the roof of the orbit and the frontal
sinus (Figure 32.6). CT showed irregular bony inva-
sion, and on MRI the mass revealed increased inten-
sity in T2-weighted images and presented a rather ho-
mogeneous appearance. 

On several cuts of the coronal CT scans, the tu-
mor was seen to involve the bone with questionable
extension into the cranial cavity.

At surgery, the tumor was very difficult to distin-
guish owing to an abundance of scar tissue from the
prior operations. Image guidance was particularly use-
ful in this context for indicating areas of contrast en-
hancement or FLAIR hyperintensity that correlated well
with the presence of the tumor within the scar tissue. 

On histopathologic examination, the tumor was di-
agnosed as a recurrent pleomorphic adenoma with fo-
cal intraepithelial carcinoma; no invasive malignancy
was seen. Two years after surgery, no recurrent dis-
ease was present.

EXTENDED CRANIOTOMY 
APPROACHES AND THE ORBIT

Of extended craniotomy approaches in neurosurgery,
the one that most obviously applies to orbital tumors
is the orbitofrontozygomatic craniotomy. This skull-
base approach does add time to surgery but adds very
little in terms of morbidity. This technique has be-
come more routine in the neurosurgical repertoire
over recent years.18–20 It consists of an extension of a
frontotemporal craniotomy by removing the zygo-
matic arch along with the roof of the orbit. This is ac-
complished by performing osteotomies from the in-
ferior orbital fissure through the orbitozygomatic
process anteriorly, transecting the root of the zygoma
posteriorly, and cutting and mobilizing the orbital rim
along with the orbital roof. This craniotomy can be
performed in one piece or in two pieces, as illustrated
in Figure 32.7.

This approach not only provides wide exposure to
the contents of the orbit but also provides extraordi-
nary exposure to the lateral orbital and periorbital
structures by the complete mobilization of the tem-
poralis muscle (Figure 32.8). The approach is illus-
trated by the case of a 75-year-old man with a resid-
ual left middle fossa atypical meningioma invading
the orbit (Figure 32.3). Surgery had been performed 3
months earlier by a neurosurgeon at another institu-
tion. Initial surgery had not been radical and had not
extended to the orbit. At the time of our initial as-
sessment, the patient’s vision was 20/30 and 20/60 in
the right and left eye, respectively. A firm, irregular
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FIGURE 32.6. Frontal sinus invasion in a 
pleomorphic adenoma of the lacrimal gland 
represented by means of fusion of CT/MRI
SPGR and MRI/FLAIR. Tumor-infiltrated tis-
sues were indistinguishable from scar tissue at
surgery. A high correlation between suspected
tumor infiltration on image guidance and serial
biopsies was found.



mass was palpable in the left superior lateral orbit,
causing a 3 mm proptosis and restriction of horizon-
tal and vertical eye movements. The patient com-
plained of diplopia at all gazes except the primary gaze.
The left upper eyelid had ptosis. The left pupil re-
vealed a 2� APD, but no disk edema or atrophy was
detected. Goldmann perimetry revealed a large blind
spot and arcuate field defect superiorly in the left eye.
The ocular and systemic examinations were otherwise
unremarkable.

The patient underwent an orbitofrontozygomatic
craniotomy and superiolateral orbitotomy under the
computer-assisted image guidance (Figure 32.2). The
orbitofrontozygomatic osteotomy was mobilized, and
the lateral roof of the orbit and the zygomatic process

were removed in one piece. The area just under the
lacrimal “keyhole” was suspect for tumor infiltration.
The extent of tumor into this area was identified with
the help of image guidance. Meningioma was identi-
fied in the dura of the middle fossa, the skull base, 
lateral orbital wall, and extending into the lateral 
periorbita. Tumor margins of the orbital wall and peri-
orbita were also monitored by image guidance and
were confirmed by frozen sections during resection.
Although the periorbita was involved, the orbital soft
tissues were free of tumor. Ten months after surgery,
the patient’s visual acuity in the left eye was 20/25 �
1 and he was free of diplopia at all gazes with 1 mm
proptosis.

RADIOSURGERY

Stereotactic delivery of single fraction radiation has
been available for many years and has on some oc-
casions been employed in orbital tumors, or more
commonly, in tumors extending into extraorbital
areas such as the cavernous sinus. Radiosurgery re-
quires the precise targeting of a tumor by many con-
vergent linear radiation sources (gamma knife) or a
single moving linear radiation source (LINAC: lin-
ear accelerator).21–23 At present, most of these sys-
tems still require the application of a rigid stereo-
tactic frame, but more systems could develop
“frameless” options in the near future. The major
limitation in using this form of tumor treatment in
or near the orbit is the known sensitivity of the vi-
sual pathways to radiation damage. Although we
have radiosurgery systems at our disposal, we have
little personal experience with radiosurgery of or-
bital tumors.
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FIGURE 32.7. Left
orbitofrontozygomatic
craniotomy and subsequent
closure. The orbitozygomatic
osteotomy is shown as a 
separate procedure. The bone
can also be removed in one
piece.

FIGURE 32.8. Exposure of orbital structures by an orbitofrontozy-
gomatic craniotomy.



BIOPSIES AND MINIMALLY 
INVASIVE APPROACHES

There are many advantages of image-guided surgery
in the orbit. It can be particularly useful during min-
imally invasive approaches to pathologically altered
orbital anatomy, especially deep in the orbit (i.e., small
lesions in the posterior orbit). Even with larger, direct
exposure, distorted anatomy from tumors, congenital
anomalies and trauma can be confusing. We have al-
ready illustrated that image-guidance is also helpful
in defining the extent of tumor infiltration in order to
obtain tumor-free margins in combination with serial
biopsies and pathological analysis. A further advan-
tage of the technology in tumor surgery is the super-
imposition of CT and MRI images during the opera-
tion, since MRI offers greater soft tissue detail, but CT
has better bone delineation. One of the potential uses
of frameless stereotaxis for the orbital surgeon is to
obtain biopsy material from the depth of the orbit
without major surgery. Probes can easily reach the or-
bital apex and be guided to any lesion with accuracy.
With a filter-type catching device at the end of a
stereotactic suction, sufficient histological/cytologi-
cal can be obtained. With the availability of Cytospin
and/or frozen section capability, the material can be
evaluated in 15 to 20 minutes during surgery. This
technique can save a considerable amount of time over
orbitotomy and is far less invasive. This is particularly
useful in posteriorly located small lesions. Although
Cygnus has a biopsy kit, we are developing one in-
tended to better preserve orbital biopsy material. 
Image-guidance has also been reported as an adjunct
to posterior orbital foreign body removal.14

CONCLUSIONS

We have presented some of the advantages of com-
puter image guidance in the orbit and its surrounding
structures. As with any technology, it is important to
be familiar with the basic principles and limitations
involved. We have also discussed both extended and
minimally invasive approaches to tumors of the orbit.
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Neutron beam radiation therapy is being investi-
gated in the treatment of orbital tumors refractory to
current radiation modalities.13,27 Modern neutron
therapy machines produce neutron beams with depth–
dose characteristics equivalent to 6 MV x-rays.11

Fission neutrons, although suitable for neutron cap-
ture therapy, cannot be used for teletherapy because
of their low energy and poor penetration. Therefore,
the proton Berylium (pBe) reaction is the most com-
monly used in modern isocentric neutron therapy 
machines.22,23

ORBITAL DISEASES

Vascular Tumors

Infantile hemangiomas can occur in the eyelids and
orbit (Figure 33.1). When they occur in the eyelids,
they can cover the visual axis, deviate the eye, and in-
duce amblyopia. When posterior to the eye, these tu-
mors can also produce proptosis, corneal exposure, and
optic nerve compression. Though capillary hemangi-
omas are radiation sensitive (5–7.5 Gy in two to three
fractions), those not causing optic nerve compression,
amblyopia, or strabismus can be watched over 3 to 4
years for spontaneous regression or treated with in-
tralesional steroids.28–32 Because of concerns about
secondary carcinogenesis and long-term effects of ir-
radiation, we consider radiotherapy for infantile hem-
angiomas only when other treatments have failed.31,32

In contrast, radiation therapy for Kaposi sarcoma
is very effective.33 Here radiation is typically given to
older patients for localized disease (vs systemic che-
motherapy for systemic manifestations). Typically,
electron beam radiation is used to limit penetration.33

Lymphoid Tumors

Lymphoid tumors can present in the orbit, eyelids, and
conjunctiva (see Chapter 13). They can be divided into
atypical lymphoid hyperplasia (pseudolymphoma), and
lymphomas (Figure 33.2). Observation, resection, ste-
roid therapy, antibiotics, and radiation therapy have
been employed for local control. Each lesion is treated
differently, but all have been noted to be relatively 

The anatomy of the orbit provides unique chal-
lenges for radiation therapy. By definition, or-
bital tumors occur in the space between the

eyeball and bony orbital walls. While the bones, mus-
cle, and fat within the orbit can tolerate a relatively
high radiation dose, components of the eye and
lacrimal system are more radiation sensitive. Side ef-
fects such as dry eye, eyelash loss, cataract, neovas-
cular glaucoma, radiation retinopathy, and optic neu-
ropathy are all potential complications of orbital
radiation therapy.1–3, 4–9 Therefore, though tumor con-
trol is the primary goal, when possible treatment plans
are shaped to avoid the retina, lacrimal system, and
natural lens. Radiation therapy continues to play an
integral role in the treatment of both malignant and
benign orbital tumors.

TECHNIQUES

External beam radiation therapy (EBRT) is currently
delivered utilizing photons (�-rays or x-rays), or parti-
cles (e.g., protons and neutrons) with linear accelera-
tors doing the bulk of the work.10–21 The linear ac-
celerator creates energetic photons by using high-
frequency electromagnetic waves to accelerate elec-
trons through a microwave accelerator structure. The
high-energy electron beam can be used either by itself
to treat superficial tumors or to strike a high-Z target
to produce a bremsstrahlung x-ray beam (for treating
deep-seated tumors).21–24

Charged particles (e.g., protons) have also been used
in the treatment of orbital tumors.12,25,26 The absorp-
tion characteristics of charged particles allow radiation
treatment with dose distributions that are highly con-
formal with target-volume shapes. It is important to
note that protons travel relatively straight paths
through tissue, slowing as a result of contacts with sur-
rounding electrons and owing to occasional nuclear in-
teractions. There is a fairly constant dose over the en-
try “plateau” followed by a sharp Bragg peak in dose at
the end of the particles’ path. Dose at the peak is typ-
ically four times that at the plateau in laboratory situ-
ations. In clinical practice, techniques that spread out
each Bragg peak to cover a tumor target volume reduce
the plateau-to-peak ratio (increase the entry dose).3,22,23
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radiation sensitive. In general, the more benign-
appearing tumors tend to respond less dramatically
than malignant lesions.10,15,34,35

Radiation therapy has been reported to consist of
a single exposure of 8 Gy through an anterior portal,
to a more typical 20 to 25 Gy (in 10 to 14 daily frac-
tions) for MALTomas and benign lymphoid hyperpla-
sia. Malignant lymphomas have been treated to as
much as 35 to 45 Gy (in 18–24 fractions). Bolek et al.
reported a 95% local control rate (at a median 25 Gy
external beam radiation therapy).10,36

Thyroid-Related Ophthalmopathy

Thyroid-related “Graves” ophthalmopathy can occur
in hyperthyroid, euthyroid, and hypothyroid patients.
Indications for radiation include progressive exoph-
thalmos, corneal exposure, and optic nerve compres-
sion (typically with vasculopathy). In practice, steroid
therapy is typically a first-line treatment followed by
radiation or surgery as needed. Radiation is typically
applied via a single lateral portal to a dose of 20 Gy
in 10 to 12 fractions.16,37 Electrons (12–15 MeV) may
be preferred in that they minimize treatment of the
fellow eye and orbit, although the dose to the involved
orbit is less homogeneous. Sandler and associates re-
ported that 71% of patients receiving doses in this
range required no further steroid treatment or surgi-
cal decompression.38 The main prognostic factor for
failure was radiation at less than 6 months from the
time of onset of ophthalmopathy. There is now con-
troversy about the efficacy of radiation for thyroid-
related orbitopathy.39,40

Conjunctival, Eyelid, and Sinus Tumors

Eyelid, adnexal, and sinus tumors can invade the or-
bit, making local resection difficult or impossible.41–45

In these cases, adjuvant radiation therapy can be used

to treat the nonresectable margins.41,45 Radiation is
typically done with photon-based external beam ther-
apy. Adjuvant chemoreduction of orbital tumors prior
to radiation has also been tried.41,46 The doses required
for treatment of basal cell, squamous cell, and malig-
nant melanoma typically exceeds the tolerance of the
eye and lacrimal system (45–60 Gy).47–49 Therefore,
techniques utilizing protective eye shields, intensity-
modulated radiation therapy, and brachytherapy
boosts have been employed.48 External beam radiation
is also used for presumed residual microscopic disease
(after resection of the primary tumor).

Sebaceous Carcinoma of the Meibomian Gland

Though it occurs in less than 5% of eyelid tumors, se-
baceous carcinoma has been reported to carry a sig-
nificant mortality rate. This is thought to result from
its tendency toward pagetoid spread and multifocal-
ity. Radiation therapy has been used in treatment of
selected cases when surgery has failed or when nega-
tive surgical margins are not obtainable.50 Sebaceous
carcinoma is a relatively radiation resistant tumor,
and doses in excess of 60 to 65 Gy (in 2 Gy daily frac-
tions) are required. Pardo et al. reported a large series
of patients treated for nonresectable orbital sebaceous
carcinoma or for palliation.51,52

Meningiomas

Orbital meningiomas may arise from the intracranial
cavity, optic nerve, paranasal sinuses, or (rarely) the
orbital soft tissues.53,54 These slow-growing tumors
tend to present by compression or displacement of or-
bital tissues. Intracranial meningiomas are most likely
to cause bilateral vision loss, while optic nerve sheath

C H A P T E R 33 : R A D I A T I O N T R E A T M E N T 3 9 9

FIGURE 33.1. Orbital hemangioma of childhood involving the eye-
lids and orbit. (Courtesy of Dr. Barrett Haik, Memphis, Tennessee.)

FIGURE 33.2. This case of biopsy proven bilateral orbital lym-
phoma was treated with external beam radiation therapy (40 Gy) to
both orbits. Axial CT image demonstrates bilateral soft tissue den-
sities centered posterior to each globe.



meningiomas more typically present early with com-
pressive optic neuropathy. Most intracranial menin-
giomas that affect the orbit arise from the dura of the
sphenoid bone.54

Total surgical excision is recommended after pro-
gression has been documented.55 Radiation therapy is
typically employed when surgical margins are not pos-
sible, when the tumor is recurrent, or when the re-
maining sighted eye is affected (vision has been lost in
the fellow eye).54,56–61 When radiation is used as an ad-
juvant to resection, postoperative doses of 50 to 54 Gy
over 5 to 6 weeks are typical. Conformal fields are used
to avoid normal brain tissue. As primary treatment,
doses of 60 Gy in 33 fractions can be employed.62 At
these levels, the long-term prognosis for vision is poor.

Orbital Metastasis

The incidence of orbital metastasis is difficult to quan-
tify. Typically the goals of treatment for orbital me-
tastasis are palliative (to improve the patient’s qual-
ity of life by salvaging vision and the cosmetic use of
the globe). We treat to avoid the development of a
blind and painful eye that may require enucleation or
exenteration. Treatment options include observation,
systemic drug therapy, EBRT, brachytherapy, exen-
teration, and stereotactic radiosurgery.

For decades, EBRT has been employed in the treat-
ment of orbital tumors.63–66 Typically palliative, tech-
niques vary depending on the proximity of radiation-
sensitive structures to the orbital tumor (Figure 33.3).
Normal tissue tolerance and a patient’s long-term
prognosis will often guide the selection of technique,
dose, and dose rate.

Patients with orbital metastasis may have a
slightly prolonged median survival. Therefore, it is
reasonable to select from among such lens-sparing
techniques as right-angled wedged fields, direct lateral
field posterior to the lens (where the anterior margin

is positioned at the temporal canthus, posterior to the
lens), oblique lateral field with lens shielding, and an-
terior field with lens block. Rectangular field sizes typ-
ically range from 3 to 5 cm. Typical energies range
from 4 to 16 MeV for electrons or 4 to 15 MeV for
photons. Higher energy photons are used to generate
greater depth within the orbit, sinuses, or brain.

Commonly accepted doses range from 30 to 40 Gy
(typically delivered in 2–3 Gy daily fractions) over 2
to 4 weeks. There is considerable controversy about
the correct dose. A dose escalation study would be 
invaluable.

Optic Glioma

Optic nerve glioma typically affects children under 15
years of age and occurs as only 1% of all central ner-
vous system tumors. There may be a genetic compo-
nent with a higher incidence in patients with neu-
rofibromatosis and in females. Optic nerve gliomas
grow slowly, are initially asymptomatic, and involve
the optic chiasm in 50% of cases.67 When symptoms
occur, they include exophthalmos, visual field defects,
nystagmus, optic atrophy, and intracranial signs (with
hypothalamic involvement).68

Treatment should include complete surgical exci-
sion (when possible); positive margins are treated ag-
gressively.26 Radiation is used when intracranial or
progressive symptoms are evident. Multiport beam
arrangements are typically used to minimize the en-
try dose and concentrate the radiation within the tar-
geted zone.12,69 Orbital tumors are typically treated
with a wedged-pair external (photon beam) technique.
Doses of 45 to 50 Gy (in daily fractions of 1.8–2.0 Gy)
are typically employed.26,70 To avoid the side effects
of radiation in young children, chemotherapy is con-
sidered to be an alternative.68

Numerous reports document the value of radiation
for patients with optic glioma. Long-term survival
rates have been reported to be as high as 80 to 100%.
Khafaga et al. reported on 50 children with optic
glioma.71 Sixteen were treated with primary radiation
therapy to a median dose of 50 Gy. The overall 10-
year, relapse-free survival was as high as 87.5% at 5
years and 75% at 10 years. Overall, patients with tu-
mors affecting the anterior visual pathway fared bet-
ter than those with posterior tumors.71

Rhabdomyosarcoma

Rhabdomyosarcoma is the most common primary ma-
lignancy of the orbit in children. Parents might first
notice ptosis followed by rapid progressive proptosis.
Most tumors are located in the superonasal orbit, with
imaging showing a tumor adjacent or attached to one
of the ocular muscles. When the tumor has metasta-
sized to the brain or lung, prognosis is poor. But for
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FIGURE 33.3. A three-dimensional reconstruction of a computed
radiographic tomogram reveals the position of a metastatic adeno-
carcinoma in the medial portion of the right orbit (arrow).



lesions localized to the orbit, a combination of biopsy,
chemotherapy, and irradiation currently offers a 90%
survival rate (Figure 33.4).72,73

Sagerman et al. and Schulla et al. have suggested
that a minimum tumor dose should be 45 to 50 Gy
over 5 to 7 weeks.17,18 Lens blocks are typically placed
to protect the anterior segment (when possible).
Though survival has been excellent, doses in this
range typically develop late radiation side effects.5

Lacrimal Gland Tumors

The high mortality associated with lacrimal gland tu-
mors is associated with the difficulty of obtaining neg-
ative surgical margins and the tendency of certain tu-
mors (e.g., adenoid cystic carcinoma of the lacrimal
gland) to invade surrounding tissues.74

Adenoid cystic carcinoma is considered to be ra-
diation resistant. Most believe that the orbit should
be irradiated only after resection, to reduce the inci-
dence of postoperative recurrences.25,43,75–77 If the tu-
mor is removed within a well-defined capsule, recur-
rence is uncommon and postoperative radiation may
be deferred. Many such tumors have been subjected
to biopsy or extend outside the capsule prior to sur-
gery. In these cases, orbital exenteration with sec-
ondary EBRT is employed.

Recent investigations of brachytherapy boosts to
the tumor bed together with complete irradiation of
the orbit has allowed for organ (eye) preservation. Oth-
ers advocate neutron radiation therapy for adenoid
cystic carcinoma of the lacrimal gland (Figure 33.5).
Other orbital tumors of the lacrimal fossa include be-
nign mixed tumor, adenocarcinoma, sarcoidosis of the
lacrimal gland, and inflammatory diseases.

Orbital Pseudotumor

Inflammatory tumors of the orbit can mimic neopla-
sia and are termed “orbital pseudotumor.” Typically,
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FIGURE 33.4. (A) Computed radiographic tomogram of orbital rhabdomyosarcoma. (B) After treatment
with a combination of chemotherapy and external beam irradiation, the tumor demonstrated complete
regression and long-term local control. (Courtesy of Dr. Aaron Rausen of New York City.)

BA

45o

45o

21 Gy

19.95 Gy

18.9
Gy

14.7
Gy

10.5 Gy

6.3 Gy

L

Wedged Pair Isodose Plan for Adenoid
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FIGURE 33.5. (A) A patient with adenoid cystic carcinoma of the
lacrimal gland being treated at the University of Washington Fast
Neutron Radiotherapy facility. (Courtesy of Dr. George E. Laramore,
Seattle.) The isocentric gantry and multileaf collimator make it pos-
sible to use angled, shaped fields that spare the optic chiasm and
contralateral eye. (B) An isodose curve for a 66 MeV fast neutron
beam in treatment of an adenoid cystic carcinoma of the lacrimal
gland. (Courtesy of Fermilab Visual Media Services and Dr. Arlene
Lennox.)
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biopsy samples are removed from these orbits to es-
tablish the diagnosis. Blood tests and radiographic im-
ages are obtained to rule out known infectious, in-
flammatory, and neoplastic tumors.78,79

Most patients found to have idiopathic orbital
pseudotumor are treated with systemic steroids or im-
munosuppressive or cytotoxic-immunosuppressive
agents.46 Radiation is also employed to suppress the
immune reaction and secondary fibrosis.80–85 The au-
thor has found the subset of fibrosing pseudotumors
to be less radiation sensitive (Figure 33.6). They occa-
sionally require exenteration surgery to prevent ex-
tension into the cavernous sinus.

INTRAOCULAR TUMORS 
THAT REQUIRE ORBITAL 
RADIATION THERAPY

Uveal Metastasis

The most common intraocular cancer, uveal metas-
tasis, can be treated with EBRT.86 Although these
metastases are mostly derived from breast cancer in
women and from lung cancer in men, other common
primary sites include the colon, kidney, prostate, and
thyroid.87,88 Most intraocular metastases are asymp-
tomatic, go undiagnosed, and are left untreated.

In clinical practice, most patients are examined
when they develop involvement of the macular retina
and/or visual symptoms. In these cases, prompt treat-
ment with EBRT (25–40 Gy in 2–3 Gy daily fractions)
typically offers the best chance for preservation of 
vision.89,90

It is important to have the ophthalmic oncologist
determine whether both eyes are affected and to as-
certain whether tumor is present in the anterior cham-
ber. Then the radiation oncologist will know whether
to treat one or both eyes and whether a shield can be

placed to spare the lens. Uveal metastases should not
be treated until the primary or cell type is known. In
some cases, the intraocular tumor may be the only
source of tissue to indicate the source of cancer. In
practice, most patients with uveal metastasis are
found to have multiorgan disease or a history of met-
astatic cancer.

Since both breast and lung cancer are radiation sen-
sitive, most patients with uveal metastasis can be
treated with relatively low-dose external beam radia-
tion therapy.89–92 Ophthalmic plaque irradiation or
enucleations are occasionally required for radiation re-
sistant tumors (e.g., renal metastasis) and for uncon-
trollable glaucoma secondary to anterior segment 
metastasis.20,87,88,93

The author has noted that current improvements
in survival among patients with uveal metastases have
been accompanied by an increase in the incidence of
secondary radiation retinopathy and local tumor re-
currence. Though rare, both are becoming more com-
mon, which suggests divergent needs to lower the dose
(or dose volume) to protect against radiation retin-
opathy and to increase the dose to prevent tumor 
recurrence.

Extrascleral Extension of Choroidal Melanoma

Gross extrascleral extension of uveal melanoma is
rare, but microscopic evidence of intrascleral tumor
and invasion of emissary veins has been found in as
many as 50% of enucleated specimens.94 Studies sug-
gest that when there is “gross” or visible evidence of
extraocular tumor extension, patients have a worse
prognosis for survival.95 On the other hand, massive
extrascleral melanomatous extension with orbital in-
vasion is often treated by exenteration with or with-
out adjuvant radiation therapy.3,20

External beam radiotherapy is an alternative to ex-
enteration for patients with extrascleral (orbital) ex-
tension of their uveal melanoma. Hykin studied 17
patients enucleated for choroidal melanoma with lo-
calized extrascleral extension whose tumor had not
visibly extended into orbital tissues.95 In this study,
patients received 50 Gy in 22 fractions within 2
months of enucleation. The actuarial melanoma-
related survival rate was 51% at 5 years with one lo-
cal orbital recurrence.95 Though this survival rate is
comparable to that of patients with large melanomas
treated by enucleation alone, orbital tumor margins
are often difficult or impossible to obtain, and radio-
therapy offers a treatment for residual microscopic
melanoma cells. Clearly, most patients would prefer
to undergo some form of treatment for their residual
melanoma.

I typically offer postenucleation 50 Gy (in 1.8–2 Gy
daily fractions) adjuvant external beam radiotherapy
for patients noted to have encapsulated or well-defined
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FIGURE 33.6. This patient with fibrosing orbital pseudotumor
with secondary proptosis failed to exhibit any response to EBRT (20
Gy) delivered in 11 fractions after a surgical debulking procedure.



nodules of extrascleral extension present after enu-
cleation surgery. When there are large areas of ex-
trascleral spread, removal of all pigmented tissue fol-
lowed by external beam radiotherapy for presumed
microscopic orbital melanoma is prescribed (as a rea-
sonable approach to obtaining definable treated-tumor
margins). Such an approach offers a method to de-
crease the rate of recurrence with a result that is more
cosmetically acceptable than orbital exenteration.

Retinoblastoma

Despite concerns of secondary carcinogenesis, EBRT
continues to play an important role in the treatment
of extrascleral and intraneural extension of retinoblas-
toma (Figure 33.7).46,96 Residual and recurrent orbital
retinoblastoma is a significant risk factor for metas-
tasis and typically is treated by a combination of 
systemic chemotherapy and external beam irradia-
tion.46,97

The most common complication (with the lens-
sparing technique) of external beam irradiation for
retinoblastoma is radiation retinopathy.7,98 First de-
scribed by Stallard (following radon seed application
for treatment of retinoblastoma), radiation retinopa-
thy is characterized by retinal capillary microaneu-
rysms, cotton-wool spots, retinal neovascularization,
and vitreous hemorrhage.99 Other radiation compli-
cations include ischemic optic neuropathy and neo-
vascular glaucoma.100 Less common complications in-
clude dry eye and eyelash loss.2,100,101

In general, with schedules of 2 Gy daily fractions
and long-term follow-up, radiation retinopathy has
been reported to occur in as many as 10% of eyes dosed
to 35 Gy (EBRT), in 66% of eyes treated to 45 Gy, and
100% of eyes given 80 Gy or more.2,7,98,101–103 On a
histopathologic basis, the retinal vessels have been

shown to develop hyalinized walls, and the lumen
may be partially or completely obliterated. Narrowing
of the central retinal and ciliary arteries has also been
observed.

Radiation optic neuropathy has been reported af-
ter high-dose EBRT and ophthalmic plaque radiation
therapy. It is believed to be secondary to radiation vas-
culopathy.7,100,103

Growth retardation of irradiated orbital bones can
result in significant facial malformations.100,104 Mod-
ern authors believe that the incidence of bony dys-
genesis is less with modern megavoltage radiation
techniques (in comparison to the older orthovoltage
machines).6,7,98,106–108 In addition, doses for treatment
of retinoblastoma have been reduced to 35 to 45 Gy.

Postlaminar optic nerve and orbital extension of
retinoblastoma are known risk factors for metastasis
and are typically treated with radiation therapy.97 In
addition, the chemotherapeutic agents cisplatinum,
etoposide, vincristine, and cyclophosphamide are 
often employed.46,96 Some centers add intrathecal
methotrexate or craniospinal irradiation.46 Pradhan et
al. treated 28 eyes with EBRT to the orbit for
retinoblastoma extension. Nineteen patients were
also given chemotherapy. Local control was main-
tained in 71% for a mean follow-up of 22.6 months.103

Sagerman et al. described a dose–response 
relationship demonstrating an increased risk of sec-
ond malignant tumors with increasing radiation
dose.101,109,110 This was confirmed by Alberti et al.,
who showed a 47.5% incidence at 16 years for second
tumors within the radiation field in patients treated
to 55 Gy or more versus a 5% incidence in those
treated with smaller doses (p � 0.0006).7,101

SIDE EFFECTS OF ORBITAL 
RADIATION THERAPY

It was not long after the discovery of the x-ray that
Chalupecky published his study on its effect on the
eye.111 The eye was noted to be relatively radiation
sensitive by Birch-Hirshfeld and Ammon, who re-
ported the first radiation-induced cataract.112,113

Sagerman and Alberti have provided a relatively cur-
rent review of the management of radiation effects on
the eye and orbit.114

Eyelids

Skin changes associated with radiation therapy in-
clude acute erythema, depigmentation, atrophy, tel-
angiectasias, hair loss, and ectropion or entropion of
the eyelid.33,115,116 Radiation typically travels through
the skin of the eyelids on its way to treat orbital tu-
mors. Eyelid skin reacts like skin of other sites, but it
is thinner and has less integument. The first reaction
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FIGURE 33.7. Extrascleral extension of retinoblastoma (arrow) is a
significant risk factor for metastasis and is treated by EBRT to the
orbit after enucleation surgery.



is erythema (typically 2–4 weeks after starting treat-
ment), followed by dry and moist desquamation (and
rarely necrosis). Erythema is usually transient and dis-
appears rapidly. Silver sulfadiazine cream can be help-
ful to treat the acute reaction and to prevent second-
ary infection.

Moist desquamation is more common after doses
of 50 to 60 Gy (in 1.8–2.2 Gy daily fractions) over 5
to 6 weeks and also more common where superficial
lesions break the skin. Healing is typically slow and
may take up to 4 weeks. There is usually no result-
ant radiation-related scar unless high dose rates are
used or secondary infection occurs.114

Cicatricial scarring can result in entropion or ec-
tropion of the eyelids. Slowly progressive skin changes
(which may appear over subsequent years) include
thinning of the skin, depigmentation, and telangiec-
tasias.114

Eyelash loss may be incomplete or complete de-
pending on the dose and dose rate. It may occur with
as little as 10 Gy but can be permanent with as little
as 30 Gy. At more than 50 Gy, radiation has been used
to produce permanent epilation in patients with trichi-
asis and secondary corneal disease. The tarsus and
meibomian glands appear to tolerate doses in the range
of 40 to 50 Gy.114

Lacrimal Apparatus and Dry Eye

The lacrimal gland, accessory lacrimal glands, punc-
tum, and lacrimal sac make up the lacrimal appara-
tus. Radiation damage to the lacrimal glands can pro-
duce irreversible dry eye. Published studies indicate
that doses in the range of 30 to 40 Gy can be deliv-
ered to the entire orbit without long-term keratitis
sicca. Evidence of histopathologic atrophy of the
lacrimal gland has been reported with single doses of
20 Gy and after 50 to 60 Gy given over a 6-week pe-
riod.15 Parsons has reported symptomatic dry eye in
0% of patients treated with less than 30 Gy and in
100% of patients treated with more than 57 Gy (in
standard fractions).114,117

Cornea, Lens, and Conjunctiva

Though direct corneal injury can result from high-
dose irradiation, most acute corneal toxicity results 
from loss of the tear film with secondary keratitis
sicca. Fairly high doses of brachytherapy have been
delivered to the cornea with no long-term se-
quelae.3,93,118,119

Cataracts are common complications of radiation
therapy (Figure 33.8).120 Merriam and Focht have
shown that as little as 2 Gy in a single fraction or 8
Gy in multiple fractions can induce cataract.9,121–123

Because cataracts are common in the elderly, studies
on children with retinoblastoma are particularly

telling. Schipper et al. delivered 45 Gy to the retina in
15 fractions in 5 weeks to 73 eyes of 39 children with
retinoblastoma.7,19,98 Cataracts developed in 18 eyes
(where Schipper noted that more than 1 mm of the
posterior lens was included in the field). In this study,
8 Gy in 15 fractions was the minimum cataractogenic
dose.

Sclera

The sclera is particularly resistant to radiation (like
the cornea).119 No scleral radiation damage has been
reported after external beam radiation doses of 60
Gy.114 In contrast, it has been my experience that the
relatively high scleral brachytherapy doses (e.g., �600
Gy) can cause melting of the sclera.3 In practice, stron-
tium-90 (90Sr) and ruthenium-106 (106Ru) are more
likely to deliver much higher scleral doses than io-
dine-125 (125I) or palladium-103 (103Pd) during plaque
radiation therapy of intraocular tumors.3,124

Iris

Iritis has been reported with a single dose of 10 to 20
Gy, but more severe anterior uveitis has been observed
with doses of 30 to 40 Gy (in 10 Gy fractions) and af-
ter 70 to 80 Gy (over 6–8 weeks).114,116 Radiation ther-
apy can cause a dry eye–related corneal ulceration that
can exacerbate iritis and iris neovascularization. Sec-
ondary glaucoma can also be related to iritis or iris
neovascularization. Localized iris atrophy has been
noted after plaque radiation therapy for iridociliary
melanomas but not after external beam radiation ther-
apy for orbital tumors.80,93,119,125

Retina, Choroid, and Optic Nerve

Radiation-related chorioretinal changes have generally
been attributed to external beam radiation doses of 45
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FIGURE 33.8. A posterior subcapsular (PSC) “radiation” cataract.
Though PSC cataracts are most commonly associated with radia-
tion, the author has also observed anterior subcapsular and pro-
gression of nuclear sclerotic cataracts immediately after irradiation.



to 60 Gy. In the author’s experience, doses as low as
18 Gy can induce radiation retinopathy in patients
with compromised chorioretinal circulation (e.g., due
to diabetes) and those on chemotherapy (Figure 33.9).
Patients receiving 35 to 50 Gy carry a moderate risk,
and those getting more than 50 Gy will eventually de-
velop some form of the disease.102 Radiation retinop-
athy is characterized by closure of small retinal cap-
illaries, microinfarctions of the retina (cotton-wool
spots), intraretinal hemorrhages, and neovasculariza-
tion.114,126 Radiation retinopathy in the macula causes
vision loss and blindness.

In addition, radiation can cause closure of the blood
vessels within the optic nerve (radiation optic neu-
ropathy).49,127 Parsons et al. described radiation optic
neuropathy in 12 patients out of 131 whose optic
nerves had been irradiated. No optic nerve that re-
ceived less than 59 Gy developed optic neuropathy.
Among optic nerves that received greater than 60 
Gy, the 15-year actuarial risk of optic neuropathy was
11% when fraction size was less than 1.9 Gy per day
and 47% with larger fractions.102

Hypothalamus and Pituitary Dysfunction

Hypothalamic and pituitary dysfunction is most often
seen in children who have been irradiated for optic
nerve glioma.26,68,71,128 Brauner et al. described the ef-
fect of optic nerve glioma and its radiation therapy in
21 patients treated with intracranial radiation to 55
Gy. Growth hormone deficiency was present in 1 pa-
tient before irradiation and in 21 afterward. Height
loss was also noted.129 Clearly, patients irradiated for
optic nerve gliomas should be monitored for hypo-
thalamic and pituitary dysfunction.

NEW FRONTIERS IN ORBITAL 
RADIATION THERAPY

Stereotactic Radiosurgery and the 
“Gamma Knife”

Stereotactic techniques were developed to deliver rel-
atively high radiation doses to small fixed tar-
gets.14,53,69 This is accomplished by creating multiple
small entry beams that intersect within a three-
dimensional target volume. Gamma knife and stereo-
tactic radiosurgery treatments are typically given in a
single or a few large fractions using either a linear ac-
celerator or a cobalt source (gamma knife). Using mul-
tiple entry beams, the “entry dose” radiation is di-
vided among several locations outside the target zone.
This technique was initially used in the treatment of
intracranial malignancies, arteriovenous malforma-
tions, and acoustic neuromas.69 To date, no evidence-
based results suggest that stereotactic radiosurgery is
better than standard external beam techniques to pre-
vent local recurrence or side effects related to radia-
tion therapy of orbital tumors.

Brachytherapy Boost Technique

A new multidisciplinary approach to orbital radiation
therapy is emerging to spare patients from exentera-
tion surgery. Instead of removing the eyelids and or-
bital tissue as is done in exenteration, the bulk of the
tumor is removed and a pattern of radiation (seeds or
afterloaded sources) is placed temporarily (for several
days) in the tumor bed (Figure 33.10). The seeds de-
posit a bolus of radiation where residual microscopic
tumor cells are most likely to have escaped resection.
Then, an additional (reduced) external beam radiation
dose is delivered to the entire orbit including the tu-
mor bed (boost volume). This overlay of radiation is
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FIGURE 33.9. Fundus photograph of radiation retinopathy. Note
the vascular sheathing, ghost vessels, intraretinal exudation, in-
traretinal microangiopathy, and optic neuropathy.

FIGURE 33.10. For a brachytherapy boost, surgically placed cath-
eters are afterloaded with radiation sources placed in an array within
the orbit and tumor bed (after resection of an adenoid cystic carci-
noma of the orbit).



given to provide an additional margin of safety. The
reduced external beam dose is still high, leaving the
patient with a high probability of both ocular com-
plications and organ preservation.

Indications for the brachytherapy boost technique
are as follows:

1. When the standard EBRT dose would likely result
in a blind and painful eye owing to radiation ret-
inopathy, keratopathy, and/or neovascular glau-
coma

2. When exenteration of the orbit is the only option
but offers historically poor local control rates (e.g.,
adenoid cystic carcinoma)

3. When a recurrent tumor has already received max-
imal EBRT

4. When a patient refuses exenteration surgery

Our local control rates have been over 75% using
this brachytherapy boost technique for selected cases
of adenoid cystic carcinoma, orbital basal cell, and se-
baceous carcinoma and hemangiopericytoma of the
orbit.

Abramson et al. have used orbital brachytherapy
in a case of recurrent orbital rhabdomyosarcoma.130

Tijl et al. used it for a recurrent hemangiopericytoma,
and Sealy and Stannard have used it as an alternative
to external beam irradiation of the orbit in retinoblas-
toma.131–133 Bacskulin and Kim have developed ap-
plicators specifically for treating the orbit after enu-
cleation or exenteration.134,135

CONCLUSIONS

Radiation therapy has played an important role in the
management of benign and malignant orbital tumors,
as well as sinus, intraocular, and adnexal tumors with
orbital extension. Research on neutron therapy,
stereotactic radiosurgery, and brachytherapy boost
techniques appears promising for the goals of increas-
ing local control and decreasing secondary radiation
complications.
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TREATMENT OF CHILDREN

Malignancy in childhood is relatively rare, compared
with that in adults; only about one child in 300 will
develop any form of cancer,1 and only a tiny minor-
ity of children with any malignancy will have orbital
involvement. Furthermore, only a small number of or-
bital lesions are malignant. Of 241 orbital lesions in
children aged 0 to 20 years, only 17 (7.1%) were re-
ported to be malignant.2 Shields et al.3 reported on 250
consecutive biopsies of orbital masses in children 18
years of age or younger. They found a total of 23 ma-
lignant tumors (9.2%). However, they caution that
this figure may be an underestimate, since many chil-
dren have malignant orbital disease within the con-
text of metastatic disease, and the diagnoses are made
from elsewhere.

Nevertheless, it is clear that pediatric orbital ma-
lignancy is a rare event, and understanding and im-
provement in outcome will come about only with a
cooperative, multidisciplinary approach within the
context of large group trials.

PRIMARY MALIGNANT 
ORBITAL TUMORS

Orbital Rhabdomyosarcoma

Rhabdomyosarcoma is a rare tumor with an annual
incidence of 4.3 per million children.4 The orbit is the
primary site in about 10% of these tumors.5 Each year,
about 350 new rhabdomyosarcomas are diagnosed in
children in this country; thus only about 35 cases of
orbital rhabdomyosarcoma are diagnosed each year in
the United States.6

Prior to the 1960s, the standard of care for treatment
of rhabdomyosarcoma was to attempt complete resec-
tion of the tumor.7,8 For orbital primaries, this meant
enucleation and possible exenteration of the orbit. Radi-
ation therapy was sometimes used,9–12 but chemother-
apy was generally reserved for patients with recurrent or
disseminated disease. Outcomes were poor, and many
children had recurrence of localized or distant disease.

Chemotherapy for 
Childhood Tumors
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In the mid-1960s, higher doses of local radiation
began to be used, and local surgical control was not
uniformly attempted. In addition, chemotherapy was
sometimes used for local control. These approaches
seemed beneficial, but the number of children stud-
ied in any systematic way was very small.

In the early 1970s, the Intergroup Rhabdomyosar-
coma Study (IRS) Group was formed, with the goal of
studying large numbers of children with rhabdomyo-
sarcoma in a short period of time, thus answering im-
portant questions as rapidly as possible.

In the first IRS study (IRS-I), all patients were
treated with chemotherapy. Patients with group I dis-
ease (localized disease that is completely excised) were
randomized to treatment with vincristine, actinomy-
cin D, and cyclophosphamide (VAC) with or without
radiation therapy; patients with group II disease (mi-
croscopic residual or completely resected regional dis-
ease with lymph node positive) all received vin-
cristine–actinomycin D (VA) and radiation therapy
with or without cyclophosphamide; and patients with
groups III (gross residual) and IV (metastatic) disease
all received VAC and radiation therapy with or with-
out doxorubicin.13,14 Cyclophosphamide was given
orally in all groups.

Of the 56 patients with primary disease of the eye
and orbit (including the eyelid), 16 were in group II
(microscopic residual) and 39 patients had group III
disease (gross residual disease). One patient had group
IV disease (distant metastases) at presentation.14

One of the most remarkable findings of this large
study was that patients with localized orbit primaries
did well regardless of the extent of initial resection
(group II or III). Fifteen of 16 (94%) patients with group
II disease and 33 of 39 (85%) patients with group III
disease survived 6 to 12 years from diagnosis.14 At the
final report, the 5-year overall survival for all patients
with orbital primary disease was 89%.15

Because of the excellent outcome in patients with
group II and group III disease, an initial attempt at
complete or gross total excision of orbital rhabdo-
myosarcoma ceased to be the standard of care.13,14

Importantly, of the six deaths that occurred within
the first 3 years, two were due to infection and one



was related to a secondary leukemia.14 The other three
early deaths and both late deaths were related to re-
current disease.

The second IRS study (IRS-II) ran from 1978 to
1984. Patients with group I disease were treated with
VA or VAC (and no radiation). Patients with group II
disease all received local radiation and intensive VA
with or without cyclophosphamide, and patients with
group III disease received radiation and intensive VAC
with or without Adriamycin. There was no improve-
ment in any of the more intensive arms, over those re-
ceiving the less intensive regimen. However, all arms
did better than the comparable group on the IRS-I pro-
tocol. When the patients with orbital disease from IRS-
I and IRS-II are combined, local control was achieved
in 93% of patients who did not undergo exenteration.
However, 11% of patients with group III disease in the
IRS-II study had local failure.16 Following local recur-
rence, many of the patients could still be salvaged.

Long-term complications were common. Infec-
tious complications were more likely in patients who
had had initial exenteration, and most patients devel-
oped some degree of unilateral visual loss—primarily
owing to cataract formation related to local radiation
therapy.14 In addition, patients with second malig-
nancies were beginning to be described, some of whom
may have had a genetic predisposition to malig-
nancy.17 Thus, there was a strong incentive to de-
crease therapy in patients who had a good prognosis,
to spare them secondary complications.

In the third study (IRS-III), the number of patients
with orbital group II and III tumors was not expected
to be sufficient to merit the design of a randomized
study powerful enough to answer a question; this is
due to the tremendously good response seen by the
end of the IRS-II study—the better the outcome, the
more patients needed to demonstrate a difference be-
tween two groups. Therefore, all group II and III pa-
tients with orbital rhabdomyosarcoma were treated
with VA and local radiation for only one year; these
patients were then compared with patients in IRS-II.
There was no statistically significant difference in out-
come between the patients treated in IRS-III and 
IRS-II.18

The fourth study (IRS-IV) enrolled patients from
1991 to 1997 and continued the use of vincristine and
actinomycin for all group I and II orbital primaries.
Conventional radiation therapy was given to patients
with group II disease. Patients with group III disease
were randomized between VAC, vincristine, actino-
mycin D, and ifosfamide (VAI), and vincristine, ifos-
famide, and etoposide (VIE). In addition, these patients
were randomized to receive either conventional radi-
ation therapy or hyperfractionated radiation therapy
at a higher dose (presumed equitoxic dose). For 22 pa-
tients with group I and II orbital disease, the 3-year
failure-free survival (FFS) is 91%, and the 3-year over-

all survival (OS) is 100%. This represents no change
from IRS-III, as would be expected. For the 59 patients
with group III disease, the 3-year FFS was 94% and
the OS was 98%. There was no difference between the
three chemotherapy groups or two radiation groups.
Compared with the FFS on IRS-III (80% for the group
III orbit primaries), however, patients with group III
primary tumors benefited more from three drugs than
from vincristine and actinomycin D only.19

The staging for rhabdomyosarcoma became much
more complicated upon recognition that outcome is
very highly influenced by primary tumor site, in ad-
dition to more conventional factors (size, nodal in-
volvement, etc.). The details of the current staging
classification are not presented here, except to say that
all orbit primaries are stage I unless there is dissemi-
nation of disease at the time of diagnosis, which is
stage IV. Since most orbital tumors are subjected to
biopsy without attempt at resection, there is gross re-
sidual disease (group III); thus, most orbital rhab-
domyosarcomas are stage I/ group III, a minority are
stage I/group I or II, and, rarely, a primary orbital rhab-
domyosarcoma is stage IV.

Considering the concerns about complications as-
sociated with alkylating agents (cyclophosphamide
and ifosfamide) and etoposide, there seems to be a
push to decrease the use of these drugs. However, re-
placing them with radiation therapy leads to the lo-
calized side effects of radiation.

The current (IRS-V) study uses standard doses of
actinomycin D and vincristine, combined with a 
decreased dose of radiation therapy (4500 cGy vs 
5000 cGy) for patients with low risk rhabdomyosar-
coma, including group III orbital disease. This study
is ongoing.

Lymphoma

Pediatric orbital lymphomas are quite rare and have
not generally been studied as a separate entity. Instead,
therapeutic studies have focused on the pathology and
the extent of the lymphoma, rather than the specific
site of primary or disseminated disease.

Pediatric non-Hodgkin’s lymphoma is typically
considered to be a systemic disease; thus, even “lo-
calized” non-Hodgkin’s lymphoma is treated with
chemotherapy. This is extremely important for the
ophthalmologist to keep in mind, since aggressive sur-
gical intervention is neither required nor necessarily
helpful. In the case of localized orbital lymphoma, the
surgeon is certainly needed to make the diagnosis.
However, in the event of disseminated or multifocal
disease, the diagnosis may best be made from another
tissue site.

Unlike the adult lymphomas, which are low and
intermediate grade, pediatric non-Hodgkin’s lym-
phomas are typically high grade, and these comments
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are confined to the most common ones: Burkitt’s and
Burkitt’s-like/small noncleaved-cell, B-large cell, ana-
plastic large cell, and lymphoblastic lymphomas.

For the purposes of treatment, the pediatric non-
Hodgkin’s lymphomas can be classified as low risk and
high risk. Patients with high-risk features include all
stage III and stage IV disease, as well as patients with
lower stage disease but extensive mediastinal or gas-
trointestinal primaries. Some groups have used lactate
dehydrogenase level at diagnosis to help classify some
of the lymphomas as low or high risk. Patients with
low-risk disease include those with stage I or stage II
diseases, excluding the special groups already men-
tioned. Patients with stages I and II lymphoblastic lym-
phoma fall somewhere in between the low- and high-
risk groups. All patients with central nervous system
(CNS) involvement are considered to be at high risk.

Many studies have been done, and a detailed dis-
cussion of them is beyond the scope of this chapter.
However, certain conclusions and principles can be
derived. Most children with non-Hodgkin’s lym-
phoma of any histology or stage can expect to be cured.
Thus, these children may have 50 years or more in
which to develop long-term side effects, including sec-
ond malignancies and gonadal failure. Thus, there has
been a major effort to reduce exposure to agents that
may lead to these devastating outcomes. Since most
pediatric patients with lymphoma can be expected to
have a long-term disease-free survival (cure) regardless
of the presenting stage, the terms “high” and “low”
risk have more to do with the treatment strategy than
with prognosis.

Burkitt’s lymphoma (small noncleaved, Burkitt’s-
like lymphoma) is an extremely rapidly growing tu-
mor. Rapid diagnosis is key to the successful treat-
ment of this disease, since death may otherwise occur
within days or weeks of presentation with symptoms.
This disease has such a rapid turnover that patients
who relapse will do so very early. Conversely, a pa-
tient who remains in remission for 12 to 24 months
from diagnosis is generally considered to be cured.

For low-stage Burkitt’s and B-large-cell lymphoma,
a relatively short course of systemic chemotherapy is
successful at leading to long-term disease-free sur-
vival (cure) in 80 to 100% of the patients. Studies
comparing 6 vs 18 months20 of therapy and 4 vs 7
months21 of therapy failed to demonstrate any added
benefit to longer treatment regimens for children
with nonlymphoblastic low-stage lymphoma. Recent
trials have utilized as little as 9 weeks of cyclophos-
phamide, doxorubicin, vincristine, and prednisone
(CHOP),22,23 whereas others have omitted the cy-
clophosphamide, in an attempt to decrease exposure
to alkylating agents even further.

Radiation therapy has also been directly evaluated.
In patients who have low-risk disease but are at high
risk of CNS relapse, which includes patients with head
and neck primary tumors, radiation therapy has been

demonstrated to be unnecessary as long as adequate
systemic and intrathecal chemotherapy are given. In-
volved field radiation therapy was demonstrated to of-
fer no disease-free survival benefit.24 Thus, radiation
therapy has been completely eliminated from a num-
ber of recent trials targeting pediatric patients with
low-risk lymphomas.

Multiagent, intensive chemotherapy has been
demonstrated to greatly improve the outcome of chil-
dren who have high-stage small noncleaved lym-
phoma. In 1977 the Children’s Cancer Group (CCG)
demonstrated that children with nonlymphoblastic
lymphoma had improved survival with cyclophos-
phamide, vincristine, methotrexate, and prednisone
(COMP) over children who had received the LSA2L2
(cyclophosphamide, vincristine, methotrexate, dauno-
mycin, prednisone, cytarabine, thioguanine, L-as-
paraginase, carmustine, hydroxyurea), with 2-year dis-
ease-free survivals of 57 and 29%, respectively.25,26

The French Society for Pediatric Oncology noted
that patients with CNS disease did worse than those
without CNS involvement.27 This finding was sub-
stantiated by all the early major lymphoma studies.
Patients without CNS involvement were subse-
quently treated with either 7 or 4 months of therapy;
there was no added benefit to the longer treatment.
Decreasing the duration of treatment resulted in de-
creased toxicity and a long-term disease-free survival
improved to greater than 80%.21 The CCG likewise
found that 6 months of treatment in patients with
nonlymphoblastic non-Hodgkin’s lymphoma was
comparable to 18 months of treatment. This study in-
cluded patients with Burkitt’s, Burkitt’s-like and large-
cell lymphomas.20

CCG compared the French protocol with another
successful but less toxic regimen. The U.S. researchers
found a lower toxic mortality but the same disease-
free survival in patients with lower stage disease who
were treated on the less toxic “orange” arm. However,
for patients with high-risk disease, disease-free sur-
vival was improved on the more toxic “French” arm.

The Pediatric Oncology Group (POG) demon-
strated that intrathecal chemotherapy could replace
cranial radiation as prophylaxis against CNS relapse
in patients without initial CNS disease.28

It is now reasonable to anticipate a long-term dis-
ease-free survival (cure) for children with all stages of
small noncleaved cell (Burkitt’s) and B-large-cell lym-
phomas of 80 to 90% or better. Recent studies have
moved toward maintaining this excellent response
rate while decreasing the short- and long-term mor-
bidity. Thus, it remains critical that children with
these diseases continue to be entered in large multi-
institutional studies.

Lymphoblastic lymphomas are typically of T-cell
origin. They may be considered to be a solid, lower
grade version of T-cell lymphoblastic leukemia, a rel-
atively common childhood acute leukemia. Stage IV
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lymphoblastic lymphoma and T-cell leukemia may
differ only slightly, or the difference may be purely ac-
ademic. Biologically, they react in the same fashion
and require the same therapy.

Patients with low-stage lymphoblastic lymphoma,
especially including the mediastinum, have shown
more resistance to successful treatment than have the
low-stage B-cell lymphomas. This population has re-
quired either more agents or longer treatment or
both.20,23,29 However, even in this group of children,
involved field radiation therapy has been shown to
confer no added benefit over no radiation therapy.
These patients may be treated for 6 months to 2 years,
depending on the specific protocol.

Patients with high-stage lymphoblastic lymphoma
were shown to have an inferior outcome when treated
with COMP chemotherapy instead of the more ag-
gressive LSA2L2 treatment.24,25 The LSA2L2 regimen
has been modified several times, including high doses
of methotrexate, for improved outcome in treatment
of lymphoblastic lymphoma.29

Anaplastic large-cell lymphoma comprises a het-
erogeneous group of lymphomas that may be of T- or
B-cell origin that includes Ki-1 positive lymphomas.
Some of these lymphomas have been difficult to dis-
tinguish from Hodgkin’s disease, and thus, interpre-
tation of prior studies must be done with caution. Var-
ious intergroup studies have differing requirements,
and some of the studies, including several mentioned
earlier, include treatment of the anaplastic large-cell
lymphomas along with the B-large-cell lymphomas, or
with the lymphoblastic lymphomas. In addition, the
anaplastic large-cell lymphomas have also been
treated like Hodgkin’s disease. All these approaches
have some merit, and the optimal treatment strategy
remains to be defined.

Granulocytic Sarcoma

The entity described as a solid mass of myeloid leu-
kemia, found outside the bone marrow (medullary)
space, is variably known as extramedullary leukemia,
granulocytic sarcoma, chloroma, and reticulin cell sar-
coma.30 For simplicity, “granulocytic sarcoma” is
used in this section.

Granulocytic sarcoma is a relatively uncommon
presentation for acute nonlymphoblastic leukemia
(ANLL) and may present simultaneously with, or prior
to, bone marrow involvement with leukemia. One of
the most common sites of granulocytic sarcoma seems
to be the orbit.31 In certain areas of the world, as many
as 30% of granulocytic sarcomas will be in the or-
bit,32–34 though the incidence in Europe and the
United States seems to be lower.

Initial misdiagnosis is relatively common,30,31 es-
pecially when there is no initial bone marrow in-
volvement. When granulocytic sarcoma presents as an
isolated finding, however, it is a preleukemic finding,

since if local therapy only is offered, bone marrow “re-
lapse” invariably follows.31

Byrd et al. reviewed all reports of extramedullary
leukemia published between 1965 and 1995. In that 30-
year period, they found reference to 154 cases of pri-
mary extramedullary leukemia—that is, there was no
concurrent bone marrow disease.31 Thirteen of these
154 cases were found in the orbit; 72 were initially mis-
diagnosed. Thirty patients received local therapy only,
and 29 of 30 experienced relapse in the bone marrow
between 1 and 25 months after presentation. Only a
single patient remained disease free at 5 years. On the
other hand, of 29 patients initially treated with the ther-
apy typically prescribed for acute myelogenous leuke-
mia (AML), only 33% ever went on to develop AML.
Of the nine children in this subgroup, four had primary
extramedullary leukemia of the orbit.

The Byrd series also looked specifically at children
16 years of age and younger who presented with AML
and extramedullary leukemia. The most common site
of extramedullary leukemia in this group was found
to be the orbit, though most cases were reported from
Turkey and India. In these regions of the world, or-
bital granulocytic sarcoma may present in as many as
30% of the pediatric patients with AML.32,33

In a limited institution retrospective review in
South Africa, 15 of 88 children with AML had granu-
locytic sarcoma at presentation; 2 of the 15 were diag-
nosed with primary extramedullary leukemia. The 
orbit was the site of extramedullary disease in 9 of 15
cases. All of the patients were treated for systemic AML
on BFM (Berlin–Frankfurt–Münster), POG, or CCSG
protocols. Overall, 8 patients had long-term disease-free
survival, and 5 of the 9 patients with orbital presenta-
tions were long-term disease-free survivors. These
numbers were significantly better than the disease-free
survival seen in patients who had AML without gran-
ulocytic sarcoma, which was about 30%.34

As long as patients with granulocytic sarcoma are
treated with appropriate AML-type therapy, the pres-
ence of extramedullary disease does not seem to ad-
versely affect outcome and may confer an advantage.35

The exact role of local irradiation, however, remains
somewhat controversial. Since AML therapy in pedi-
atrics is constantly being refined, specific recommen-
dations cannot be made. These patients deserve the
full benefit of large multi-institutional controlled clin-
ical trials and should be immediately referred to a pe-
diatric oncologist.

MALIGNANT TUMORS WITH DISTANT
ORBIT METASTASES

Neuroblastoma

The majority of children with neuroblastoma present
with stage IV disease, with bone and bone marrow be-
ing the most common sites of distant spread. Neuro-
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blastoma has a peculiar predilection for facial bones,
and initial presentation with “raccoon eyes,” bilateral
or unilateral periorbital ecchymoses, is fairly com-
mon. The ecchymoses are due to hemorrhage related
to tumor invading the orbital bones. Neuroblastoma
is the most common metastatic tumor of this age
group to invade the orbit and cause proptosis and other
findings of a space-occupying lesion. The tumor may
extend into the intracranial vault.

These stage IV patients have a fairly grim progno-
sis, with long-term disease-free survivals reportedly
between 10 and 40%. Interestingly, however, neuro-
blastoma is one of the lesions most responsive to che-
motherapy, and even very large tumors may “melt”
in the face of appropriate chemotherapy. Most stage
IV patients will actually enter complete remission,
only to subsequently relapse and die from the disease.

The major strategy for treatment of this disease has
been (1) treatment with intensive chemotherapy, (2) 
local control with both surgery and radiation, (3) 
high-dose chemotherapy with autologous stem cell
transplantation, and (4) biotherapy, especially with cis-
retinoic acid. More recently immunotherapy has begun
to make an impact on the outcome of neuroblastoma.

One of the primary goals of chemotherapy is to re-
duce the tumor burden, which may be considerable.
In addition, initial chemotherapy may render re-
sectable an initially unresectable tumor. Finally, since
bone marrow is so commonly involved in patients
with neuroblastoma, the initial chemotherapy may
lead to improvement of or resolution of bone marrow
involvement, thus making harvesting of either bone
marrow or peripheral blood stem cells feasible.

Local control refers not only to the primary tumor
site but also to metastatic sites, including the orbits.
While intra-abdominal sites are typically resected (and
irradiated), the orbital bony disease is not amenable
to this approach, and radiation therapy is the preferred
method of control. Neuroblastoma not only is sensi-
tive to a variety of chemotherapeutic agents, it is also
quite radiosensitive, and doses in the order of 2100 to
2400 cGy are typically used.

High-dose chemotherapy with autologous stem
cell transplant has been shown by some, but not all
studies, to lead to improved long-term disease-free sur-
vival. In a well-conceived and well-executed phase III
trial by the CCG, children with stage IV neuroblas-
toma (and certain other high-risk neuroblastoma 
patients) were randomly assigned to either ongoing
chemotherapy or high-dose chemotherapy with au-
tologous stem cell rescue. Patients randomized to
transplant did better, with a 3-year event-free survival
of 34% vs 22%, on an intent-to-treat basis.36

In the same CCG study, patients were also ran-
domized between posttreatment cis-retinoic acid and
no cis-retinoic acid. Patients received either ongoing
chemotherapy and no cis-retinoic acid, ongoing che-

motherapy with cis-retinoic acid, transplant and no
cis-retinoic acid, or transplant with cis-retinoic acid.
Patients who received cis-retinoic acid did better than
those who were not thus treated, and patients treated
with stem cell transplant and cis-retinoic acid fared
the best.

cis-Retinoic acid can induce neuroblastoma cells
to differentiate. Another retinoid, fenretinoid, has
been shown to induce apoptosis in neuroblastoma
cells and may provide a more effective therapy than
cis-retinoic acid.

Current studies are evaluating the relative roles of
(1) rapid vs slower remission induction, (2) purged vs
nonpurged autologous stem cells prior to transplant,
(3) newer chemotherapeutic agents, (4) immune mod-
ulation and tumor vaccines, and (5) tandem stem cell
transplants.

Ewing Tumors

The Ewing family of tumors includes Ewing’s sar-
coma, peripheral primitive neuroectodermal tumor
(PPNET), and Askins tumor of the chest wall. The pri-
mary difference between Ewing’s sarcoma and PPNET
is the degree of histologic differentiation, with Ewing’s
sarcoma being very poorly differentiated and PPNET
demonstrating some neural differentiation. These two
tumors share a common translocation t(11;22). Rare
alternative splicing sites that join with the 22q12
(EWS gene) have been described, especially t(21;22).
These tumors seem to behave similarly to chemo-
therapy, though there have been fewer studies of 
PPNETs than of Ewing’s.

Orbital Ewing’s or PPNET may present as primary
disease, though this is very rare. More commonly, if
the orbit is involved, it is within the context of met-
astatic or relapsed disease.

In general, Ewing’s/PPNET is a systemic disease,
and chemotherapy is a cornerstone of treatment. Che-
motherapy regimens that incorporate multiple drugs
are the standard. Agents that have been particularly
helpful include vincristine, doxorubicin, cyclophos-
phamide, etoposide, ifosfamide, and actinomycin D.
High-dose chemotherapy with stem cell rescue has
had some modest success in patients with relapsed
disease.

Control of the local disease is essential. In chil-
dren, surgical resection with appropriate margins is
encouraged because radiation therapy has so many
side effects in growing children. However, this tumor
is radiosensitive, and local high-dose radiation is con-
sidered adequate and appropriate for local control.

Wilms Tumor

Wilms tumor is one of the most common tumors of
childhood. In the past 35 years, the outlook in chil-
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dren having this tumor has improved from 60% long-
term disease-free survival to 90% of children expected
to be cured of this disease. Metastases are typically to
the lung, to the liver, or via contiguous spread. The
orbit is a distinctly rare site of metastatic Wilms 
tumor.37–39

There are no studies at all addressing the orbit as
a specific site of disease in Wilms tumor. However,
agents active in other sites include vincristine, acti-
nomycin D, and doxorubicin. Etoposide, carboplatin,
and ifosfamide are the most frequently used agents
used for refractory or relapsed disease. Radiation ther-
apy plays a major role in the complete management
of metastatic Wilms tumor.

MALIGNANT TUMORS WITH 
SECONDARY INVASION OF THE ORBIT

Retinoblastoma

Most retinoblastomas in the United States are diag-
nosed while still contained within the globe, and treat-
ment of intraocular retinoblastoma is not discussed in
this chapter. Orbital retinoblastoma may be primary
(present at diagnosis) or secondary (present at relapse).
Historically, the presence of orbital retinoblastoma
was a very poor prognostic feature, with 20 to 25%
long-term disease-free survival.40,41

In a very small series of patients from St. Jude’s,
single-agent chemotherapy with cyclophosphamide or
ifosfamide (or other single agents) in relapsed or pri-
mary orbital retinoblastoma was shown to have min-
imal effect on tumor growth, whereas combination
chemotherapy with vincristine and cyclophospha-
mide was more effective.42

A 1990 report from the United Kingdom noted that
5 children with orbital recurrence of retinoblastoma
remained disease-free at 8 months to 7 years after com-
bined treatment with surgery, local radiation therapy,
and vincristine plus cyclophosphamide or vincristine,
cisplatin, etoposide, and cyclophosphamide (OPEC).43

These 5 patients are compared with another group of
9 patients treated with surgery and radiation therapy,
all of whom failed with distant and/or local recurrence.

In India, 8 patients with advanced primary or re-
lapsed retinoblastoma (including 6 with orbital in-
volvement) were treated with combination cyclo-
phosphamide, Adriamycin, cisplatin, and etoposide for
two or three 75-day cycles. All patients had a com-
plete response after the first cycle, though 3 patients
subsequently relapsed, 2 died of toxicity, and 3 were
still on treatment at the time of publication.44

French investigators reported a 17-year experience
with chemotherapy and orbital disease.45 They treated
33 patients between 1977 and 1991 with various com-
binations of chemotherapy with and without radiation
therapy, and with and without surgery. From 1977 to

1985, the chemotherapeutic agents included cy-
clophosphamide, vincristine, dactinomycin, doxoru-
bicin, teniposide, lomustine, and procarbazine. After
1985, therapy included combinations of cyclophos-
phamide, doxorubicin, and vincristine (CADO), cis-
platin and teniposide (PE), and carboplatin and etopo-
side. Some patients were treated with intrathecal
chemotherapy, and 7 patients went on for high-dose
chemotherapy with autologous bone marrow trans-
plantation. Twelve of 33 patients remain disease-free
2 months to 11.5 years after treatment. The authors
note an improvement in outcome in patients treated
after 1985. Dose intensity increased after 1985, and
the authors suggest that this accounts for the im-
proved outcome. Consistent with this notion, 5 of 6
patients treated with a uniform bone marrow trans-
plant regimen (carboplatin, etoposide, and cyclophos-
phamide) were long-term disease-free survivors.

In Argentina, Schvartzman and coworkers treated
patients with retinoblastoma based upon stage. This
included 29 patients with orbital involvement. Pa-
tients were treated with cyclophosphamide (20
mg/kg), vincristine (0.05 mg/kg), and doxorubicin
(0.67 mg/kg) every 3 weeks for eight courses. In the
induction course there was a higher dose of cy-
clophosphamide (40 mg/kg). After the eight courses,
cyclophosphamide (30 mg/kg) and vincristine (0.05
mg/kg) were continued every 3 weeks for another 12
courses. In addition, patients had initial surgery, local
radiation, and intrathecal chemotherapy, if appropri-
ate. Twenty-five of 29 patients so treated were long-
term disease-free survivors, with all events occurring
within the first 12 months.46

The combination of etoposide (160 mg/m2/day for
5 days) and carboplatin (160 mg/m2 for 5 days) was pi-
loted in a phase II trial in France for patients with ex-
traocular retinoblastoma. Seventeen of 20 patients had
a complete or partial remission. All patients subse-
quently went on to receive additional chemotherapy,
including bone marrow transplantation in 14 of the
patients. Of 6 patients with orbit disease, 4 had an ini-
tial partial remission, and 4 had no evidence of dis-
ease at 10 to 50 months of follow-up.47

Idarubicin is an anthracycline [like doxorubicin
(Adriamycin)] with improved CNS penetration and a
prolonged half-life. Idarubicin was used in a phase II
window in patients with extraocular retinoblastoma.
The initial dose of 15 mg/m2/day for 2 days was found
to be too toxic, and subsequent courses used 10
mg/m2/day for 2 days. Following two 2-day courses, 6
of 10 patients had complete or partial remission.48

Chantada et al. updated the Argentina series in
2003.49 The patients treated after 1994 received alter-
nating courses of cyclophosphamide (65 mg/kg), vin-
cristine (0.05 mg/kg), and idarubicin (10 mg/m2) with
carboplatin (18.7 mg/kg) twice and etoposide (3.3
mg/kg) three times. Each course was given four times,
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for a total of eight courses of chemotherapy. Includ-
ing patients treated both before46 and after49 1994, the
researchers found an 84% 5-year event-free survival
for patients with orbital or orbital and preauricular
nodal involvement (no CNS or other metastatic in-
volvement). The number of patients was too small to
permit the evaluation of the relative merits of the two
treatment regimens.

Patients with hereditary, bilateral retinoblastoma
represent a special population (see Chapter 5). These
children have a constitutional absence—either a mu-
tation50 or deletion51–53—of one of the copies of the
Rb1 gene. This gene encodes for a tumor suppressor,
pRB, and loss of functioning pRB protein has been im-
plicated in growth of a number of tumor types54–57 in
addition to retinoblastoma. The incidence of multiple
primary malignancies in patients who survived child-
hood hereditary retinoblastoma has been measured to
be between about 4 and 25% at 10 to 30 years, re-
spectively, after retinoblastoma treatment.58–63 The
increase in second malignant neoplasms is greatest for
those with hereditary (bilateral) retinoblastoma who
have received radiation therapy.64,65

A reasonable concern might arise regarding the risk
of second malignant neoplasms in survivors of hered-
itary retinoblastoma who are treated with chemo-
therapy. Are they also at increased risk of second 
malignancies in the same way as those treated 
with radiation therapy? Children with intraocular
retinoblastoma who have been treated with chemo-
therapy as primary therapy have been followed for de-
velopment of second malignant neoplasms. Thus far,
their risk seems to be decreased compared with pa-
tients treated with primary enucleation and radiation
therapy.66 However, the final answer to this intriguing
question is not yet in.

In summary, the child with orbital extension of
retinoblastoma presents a challenge to the ophthal-
mologist, as well as to the pediatric oncologist. Mul-
timodality therapy seems to be the most promising
course, though further refinement is needed. While all
children who have had orbital retinoblastoma require
careful ocular and oncologic follow-up, this is espe-
cially true for the child with bilateral, hereditary
retinoblastoma.

Optic Nerve Glioma

Optic nerve glioma is commonly associated with neu-
rofibromatosis type 1 (see Chapters 7 and 17). This tu-
mor may grow very slowly over many years. Thus, in
the absence of visual compromise, observation with-
out therapy is the rule. Treatment is generally reserved
for children with evidence of progression of disease or
those for whom vision is felt to be threatened if the
tumor enlarges at all. In the absence of vision, the tu-
mor and affected optic nerve may be resected, rather

than attempting either radiation or chemotherapy.
Older children may be treated with definitive radia-
tion therapy, but since radiation is so detrimental to
the developing central nervous system, chemotherapy
is typically the initial treatment modality in small
children with progressing optic nerve glioma. The goal
is to slow growth of the tumor, to preserve vision, and
to delay radiation therapy as long as possible—ideally
until the child is older than 5 years.

In 1991 Petronio et al. reported a small study of 18
patients with progressive optic nerve glioma who were
treated with a five-drug regimen consisting of vin-
cristine, CCNU, [N-(2-chloroethyl)-N�-cyclohexyl-N-
nitrosourea], 6-thioguanine, procarbazine, and dibro-
modulcitol. Vision stabilized or improved in 16 of 18
patients.67 Packer et al. subsequently showed that the
combination of carboplatin and vincristine could ef-
fectively stabilize disease in young children with pro-
gressive optic nerve glioma.68 The POG treated chil-
dren younger than 5 years of age who had progressive
optic nerve glioma with repeated courses of carbo-
platin. Thirty-nine of 50 children (78%) had stabiliza-
tion or improvement in their disease.69

Esthesioneuroblastoma

Esthesioneuroblastoma is an exceedingly rare malig-
nant tumor of the nasal sinuses and olfactory tract.70

This entity is also known as olfactory neuroblastoma
or olfactory neuroepithelioma. The tumor may extend
locally to invade the orbit. There have been no ran-
domized controlled studies to evaluate the relative
merits of various chemotherapy regimens in the treat-
ment of esthesioneuroblastoma, and at least one au-
thor believes that this sort of trial may never take
place owing to the rarity of this disease.71 Several
groups have combined surgery and radiation therapy
with cisplatin plus etoposide with some success.72,73

In a retrospective review of the Mayo Clinic expe-
rience, 10 patients with advanced esthesioneuroblas-
toma were treated with various chemotherapy regi-
mens over a 25-year period. The authors noted that
patients with high-grade tumors were more likely to
respond to chemotherapy than those with low-grade
tumors. However, survival was better for those with
low-grade tumors.74

In patients with relapsed metastatic esthesioneu-
roblastoma, Chamberlain noted a modest response to
treatment with combination radiation therapy and
vincristine, carboplatin, and lomustine. Four of 6 pa-
tients had partial responses lasting a median of 9
months.75

In a study of 34 patients with esthesioneuroblas-
toma treated at the University of Virginia over an 18-
year period, 16 patients received neoadjuvant chemo-
therapy consisting mostly of cyclophosphamide and
vincristine. The authors noted an apparent improved
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survival for patients with disease that was chemo-
therapy sensitive, compared with those who had no
decrease in tumor size with chemotherapy.76

The usefulness of chemotherapy in the overall
management of esthesioneuroblastoma, however, has
not clearly been established.77 Perhaps the best use of
chemotherapy will be within the context of appropri-
ate radiation therapy and surgery. It seems likely that
the only way to answer these questions appropriately
will be within the context of a large cooperative group
study.

NONMALIGNANT TUMORS

Hemangioma

Hemangiomas are a very common neoplasm in child-
hood, occurring in about 12% of children by the age
of one year.78 Typically, the tumors are small (or even
absent) at birth, enlarge for the first 1 to 2 years, and
then regress over the next 5 to 8 years.79 Hemangi-
omas are especially common in the head and neck,
and orbital involvement may lead to nerve impinge-
ment, ocular displacement, or visual obstruction and
amblyopia.

Steroids have long been the mainstay of treatment.
The steroids may be given systemically, injected in-
tralesionally, or applied topically. Systemic steroids
have been used at various doses. Sadan and Wolach
treated 60 infants with either 3 or 5 mg/kg/day of pred-
nisone. They noted that there were significantly more
“excellent” responses in the high-dose group than in
the lower dose group.80 Both lower and higher doses
of various corticosteroids have been reported.81,82

Intralesional corticosteroid injections have been
used with significant success83,84 and may be com-
bined with systemic steroid administration.85 Even
topical steroid therapy has been used, though the re-
sponse may not be rapid enough to eliminate visual
sequellae.86,87

Many anecdotal reports of the use of interferon
alfa-2a were followed by a series of 20 children with
threatening hemangiomas, including three that were
in the periorbital region.88 Overall, 18 of 20 patients
did well, including 2 of 3 patients with periorbital le-
sions. The dose of interferon was 1 million to 3 mil-
lion U/m2/day given subcutaneously.

Fifteen children with head and neck hemangiomas
were treated with recombinant interferon alfa-2b at
the University of Minnesota.89 Six of the children had
involvement of the orbit or eyelid. Patients were eli-
gible for study if they had hemangiomas leading to
deleterious physiologic effects, functional compro-
mise, or severe cosmetic disfigurement. Patients re-
ceived 3 million U/m2/day of interferon alfa-2b (dos-
ing was twice a day if the patient had severe
thrombocytopenia or bleeding disorder). After 6

months, the dose was decreased to 3 times a week,
and after another 6 months the drug was stopped un-
less there were ongoing symptoms. Major or partial
responses were seen in 12 of 15 patients, and 10 pa-
tients were able to come off treatment without re-
currence. Side effects were mild and self-limiting.

Hastings et al. studied 40 children with orbit or
eyelid hemangiomas that were unresponsive to sys-
temic steroid therapy.90 These children received 3 mil-
lion U/m2 of interferon alfa-2b daily for 3 months and
then tapered as tolerated. All lesions demonstrated sig-
nificant reduction in size. Five of 15 patients had mod-
erate amblyopia, though those patients were treated
at a relatively later age than patients with no visual
sequelae.

Chemotherapy82,91,92 and radiation82 therapy have
been used for life-threatening hemangiomas with
some success but cannot be recommended as front-
line therapy.

Histiocytosis

Langerhans cell histiocytosis (LCH) may present ei-
ther focally or diffusely or with multiple organ in-
volvement. The orbit may be involved as a single site
or as one of several sites (see Chapter 15). If the lesion
is not causing any loss in function, observation may
be warranted, and spontaneous regression may occur.
In the event of orbital involvement, however, there is
concern that vision may be compromised. While there
are numerous case reports93–95 and some small series,
there are no formal studies of treatment for orbital 
histiocytosis.

Moore et al. noted 18 of 76 (24%) children with
histiocytosis X had orbital involvement.96 Several of
the patients had spontaneous regression of their dis-
ease, though most were treated with some form of 
chemotherapy.

In a larger series of patients reported by Kilpatrick
et al.,97 18 of 172 pediatric patients with LCH of bone
had proptosis. Interestingly, within the entire group
of 172 pediatric patients, 14 died of disease, and 6 of
these had proptosis, suggesting that orbital involve-
ment may be indicative of relatively aggressive dis-
ease. It is not clear how many of these patients also
had more disseminated disease, since the entity
known as Hand–Schuller–Christian disease (osteolytic
lesions, diabetes insipidis, and exophthalmos) is only
rarely fatal.

There is no single standard medical therapy for the
treatment of Langerhans cell histiocytosis. A number
of agents have been used with varying degrees of 
success, including systemic steroids, intralesional
steroids,98 vinblastine,99 etoposide,99,100 local irradia-
tion,101,102 2-chlorodeoxyadenosine (cladribine, 2-
CdA), other chemotherapies,103 or various combina-
tions of these agents.
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Maarten Egeler et al.104 reported 18 patients with
either recurrent multifocal or extensive/systemic LCH
that required treatment. They treated their patients
with cytosine arabinoside, prednisolone, and vin-
cristine. Of the 18 patients, two died of their disease
despite aggressive therapy; both patients who died had
systemic involvement with organ involvement.

Ceci et al. reported the results of a large, multi-
center cooperative trial for the treatment of children
with LCH.105 This trial utilized a sequential approach:
good-prognosis patients were successively treated
with immunotherapy (“thymic extract”) followed by
vinblastine, doxorubicin, then etoposide. Each new
agent was begun only if the patient did not respond
to the previous agent. Poor-prognosis patients were
treated with combination chemotherapy (prednisone,
vincristine, cyclophosphamide, and doxorubicin) up
front. Of the good-prognosis patients, only 10% of
those treated with immunotherapy had a complete re-
sponse, whereas 63% of those treated with vinblas-
tine and 88% of those treated with etoposide had a
complete response. Results with doxorubicin were in-
termediate. Only 18% of patients with poor progno-
sis responded to the multiagent regimen. This group
concluded that etoposide resulted in the best response
rate, but that the best therapy for LCH was not known.

More recently, the Histiocyte Society directly com-
pared etoposide with vinblastine for the treatment of
LCH.106 One hundred forty-three children were
treated with high-dose methylprednisolone, along
with either etoposide (150 mg/m2 for 3 days every 3
weeks) or vinblastine (6 mg/m2 weekly). Both groups
were treated for 24 weeks. Overall, 62% of the chil-
dren had a response to therapy with no significant dif-
ferences between the groups. This outcome was felt
to be remarkably good, considering that many of these
children had multisystem disease with organ dys-
function and were believed likely to have a poor prog-
nosis without multiagent therapy. Also of note, pa-
tients with a rapid early response had a better outcome
than did those with poor early response. The follow-
up study, LCH-II, is comparing initial treatment with
two versus three agents.

In summary, the manifestations of Langerhans cell
histiocytosis remain protean, with orbital involve-
ment seen in a significant percentage of patients. The
correct therapy remains elusive, and a number of
agents have been used with some success. Progress has
been made; however, real improvement will come
only with time and a concerted effort to enter chil-
dren with this rare disease in cooperative trials.

CONCLUSIONS

Orbital tumors are rare events in children. The
treatments for many, if not all of these tumors are

works in progress, and conclusions that are true to-
day may not hold up, even in the near future. The
standard of care for children with cancer is to be
treated as part of a clinical study whenever possible.
Therefore, when a child presents to the ophthal-
mologist with a potential malignancy, it is crucial
that the pediatric oncologist be notified as soon as
possible. Coordination of sample collection, patho-
logic evaluation, staging, and treatment is a team ef-
fort. This team approach has produced fantastic
progress in both ocular outcome and overall survival
in merely the past 40 years. As we continue to work
together, the outlook for children with orbital tu-
mors can only improve.
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eyelid surgery may follow once the disease has become
quiescent.7

Indications for immunosuppression vary, and it
should be noted that owing to differences between the
acute and the chronic phases of inflammation, not all
patients with GD show a significant response. Patients
with an acute lymphocytic infiltrate will respond to
immunosuppression, whereas those with chronic fi-
brotic changes will not.7 Thus, an accurate assessment
of disease activity is needed.

Systemic corticosteroids are the most common im-
munosuppressants used in the treatment of GD. The
exact mechanism by which these drugs decrease the
orbital inflammation remains unclear; however, it
most likely involves inhibiting the activity of T- and
B-cell lymphocytes through a reduction in the re-
cruitment of neutrophils, monocytes, and macro-
phages and subsequent reduction in the release of 
inflammatory mediators such as cytokines. This se-
quence ultimately would decrease the deposition of
glycoaminoglycans by orbital fibroblasts.8,9

Patients who present with severe orbital inflam-
mation and congestion with or without compressive
optic neuropathy should be considered for corticoste-
roids. Oral prednisone (1.0–1.5 mg/kg) should be
started for 7 to 10 days and subsequently tapered. In
cases of severe visual loss, intravenous pulse methyl-
prednisolone can be administered. Rapid improve-
ment of signs and symptoms should occur; however,
complete resolution is uncommon. Rebound of symp-
toms should be expected as the steroids are tapered
and the dosage adjusted accordingly. Definitive ther-
apy may ultimately be needed with orbital radiation
and/or surgical decompression.10,11

Numerous side effects have been associated with
prolonged use of corticosteroids. Most notably these
include avascular necrosis of the hip, cataracts, cushin-
goid features, diabetes, glaucoma, hypertension, in-
creased appetite, mood disturbances, osteoporosis, and
gastric ulcers. Corticosteroid use should be limited to
a few months. Agents that protect against osteoporo-
sis and gastric irritation should be considered.

In addition to corticosteroids, cyclosporine, cy-
clophosphamide, and azathioprine have been used in
patients who are resistant to or intolerant of steroids.8

Of these, cyclosporine has been the most extensively

The orbit contains a variety of tissues, in-
cluding bone, striated and smooth muscles,
peripheral and cranial nerves, fibrovascular

adipose tissue and cartilage. The walls of the orbit
are composed of seven bones, which lie adjacent to
the paranasal sinuses and cranial cavity. Given its
unique composition and location, the orbit may
manifest a wide spectrum of disease that may be of
primary origin, secondarily invasive, or a part of 
a more extensive systemic and inflammatory disor-
der. Comprehensive reviews of orbital diseases 
have been published.1–6 Primary neoplasms and sys-
temic and inflammatory disorders each account for
roughly 30% of all orbital diseases, while secondary
neoplasms and metastases account for roughly 10
and 4%, respectively.1 This vast range of possible
tumors lends itself to multimodality therapy. Radi-
ation and surgery, where possible, are the mainstays
of treatment; however, some diseases, such as those
that are systemic and inflammatory, are best man-
aged with chemotherapy. This chapter reviews the
chemotherapeutic agents and their indications for
usage in the treatment of orbital tumors as well as
other diseases. The side effects and toxicities of each
agent are reviewed at the end of the chapter. Because
the literature contains numerous isolated case re-
ports citing individual patients’ responses to novel
regimens, the focus is on representative established
chemotherapeutic protocols.

INFLAMMATORY AND 
LYMPHOPROLIFERATIVE DISORDERS

Thyroid Eye Disease (Graves Disease)

Graves disease (GD) is an autoimmune disorder most
commonly associated with hyperthyroidism but has
been associated with both euthyroid and hypothyroid
states. Lymphocytes infiltrate the orbit leading to dep-
osition of mucopolysaccharides, glycosaminoglycans,
and collagen. The resultant signs and symptoms of lid
lag, exophthalmos, strabismus, and visual loss are well
recognized. Management may include systemic im-
munosuppression, external beam radiation, and/or
surgical decompression of the orbit. Strabismus and
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studied. Cyclosporine inhibits both the activation of
cytotoxic T cells and the antigen presentation by
monocytes and macrophages and activates T-suppres-
sor cells.12 Cyclosporine has been studied as a single
agent and in combination with prednisone. As a sin-
gle agent, cyclosporine is less effective than steroids;
however, the combination of cyclosporine and pred-
nisone proved more effective than single agent ther-
apy.12–16 Side effects of cyclosporine are significant
and include nephrotoxicity, hypertension, gastric irri-
tation, hepatic toxicity, and paresthesias. The dosage
should not exceed 7.5 mg/kg/day.15,16

Cyclophosphamide is a polyfunctional alkylating
agent that selectively depletes activated B cells and in-
hibits lymphocyte proliferation. No clinical trials com-
paring its efficacy to corticosteroids have been pub-
lished. Cyclophosphamide has been administered as
700 mg intravenously monthly or 85 to 100 mg/day
orally to decrease orbital congestion. Careful consid-
eration should be given to its use, since side effects in-
clude sterility, leukopenia, alopecia, and hematuria.17

Azathioprine has had limited use in the treatment
of thyroid eye disease. Control studies using 2 mg/
kg/day failed to demonstrate efficacy as either an al-
ternative or adjunct to corticosteroids.17,18

Idiopathic Orbital Inflammation

Idiopathic orbital inflammation, or orbital pseudotu-
mor, represents a spectrum of disease, most often pre-
senting as acute inflammatory proptosis. The swelling
associated with inflammation, occurring in the ab-
sence of either underlying stimulus or an associated
systemic disease, mimics an underlying orbital neo-
plasm, hence the description as pseudotumor. In-
flammation may be generalized throughout the orbit
or limited to an individual structure and as such is
better classified as a myositis or dacryoadenitis. One
or both orbits may be involved, with swelling and ery-
thema of the eyelids; visual acuity and extraocular
motility may be impaired, and the conjunctiva and
underlying tendons may be edematous. Computed to-
mography (CT) and/or magnetic resonance (MR) im-
aging is useful in diagnosis and may differentiate
pseudotumor from thyroid eye disease by revealing in-
flammation spreading along the tendinous insertions
of the rectus muscles. Biopsy samples are character-
ized by a mixed inflammatory infiltrate composed of
lymphocytes, plasma cells, degranulated eosinophils,
and polymorphonuclear leukocytes. As the disease
progresses, fibrosis may become more prominent.

The acute phase of the disease is very responsive
to corticosteroids. Either oral prednisone (1–1.5 mg/
kg/day) or intravenous methylprednisilone (125 mg
every 6 hours) should provide rapid relief of symptoms.
An extended taper of the corticosteroids is advised to
prevent rebound inflammation. Recurrence of disease

is not uncommon and should also respond to cortico-
steroids.19–22

Protracted disease may necessitate additional ther-
apeutic measures. Both external beam radiotherapy
and immunosuppressive agents have been reported to
be effective.23–24 Paris and colleagues reported on their
success in treating 5 patients with refractory orbital
pseudotumor using prednisone (100 mg/day) and ei-
ther cyclophosphamide (100 mg/day) or chlorambucil
(10 mg/day) in 5-day pulses.25 All patients responded
clinically without serious side effects. Additional re-
ports in the literature have substantiated these find-
ings.26,27 Low-dose cyclosporine (2–5 mg/kg/day) and
methotrexate (12.5 mg/week) have also been used to
treat patients with steroid-resistant orbital pseudotu-
mor with few serious side effects.28–30 Both drugs re-
quired 6 to 24 months of usage to suppress all in-
flammation. Recent work with the tumor necrosis
factor inhibitor infliximab has shown promise in the
treatment of ocular inflammatory syndromes; how-
ever, reports specific to the treatment of orbital
pseudotumor are not yet available.31,32

Lymphoma

Lymphoproliferative diseases are the most common
space-occupying lesions in the orbit and incorporate a
spectrum of benign, borderline, and malignant pro-
cesses: benign reactive lymphoid hyperplasia, atypical
lymphoid hyperplasia, and malignant lymphoma (see
Chapter 13).33,34 Most malignancies are non-Hodgkin’s
lymphomas, expressing B-cell phenotype; either diffuse
intermediate cell lymphomas (mucosa-associated lym-
phoid tissue lymphomas, mantle cell lymphomas) or
diffuse, low-grade, small-cell lymphocytic or lympho-
plasmacytic lymphomas.33,34 High-grade lymphomas
have been reported in patients with acquired immuno-
deficiency syndrome (AIDS).33,34 Patients present with
slow, gradually increasing proptosis, usually lasting sev-
eral weeks to months. Inflammatory signs are minimal.

Radiotherapy is the mainstay of treatment for lo-
calized, low-grade B-cell lymphomas of the orbit in
adults. For high-grade lymphomas, systemic chemo-
therapy may be added to the treatment regimen.35–37

This is particularly true in patients with AIDS who
have large-cell immunoblastic lymphomas. Protocols
using cyclophosphamide, etoposide, Adriamycin, vin-
cristine, prednisone, bleomycin, and cisplatin have
been tried in combination with radiation.38,39 Leff et
al. described a case of ocular and adnexal lymphoma
treated successfully with systemic cyclophosphamide,
actinomycin, vincristine, and prednisolone.40

Recently rituximab, an anti-CD20 monoclonal an-
tibody, has been shown to be effective in the treat-
ment of orbital lymphomas. Esmaeli et al. adminis-
tered 375 mg/week intravenously for 4 weeks to
achieve control of the disease in 4 patients.41 Cohen
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et al. used similar doses to treat a high-grade Burkitt’s
lymphoma in an elderly patient.42

Rosai–Dorfman Disease

Nonneoplastic sinus histiocytosis with massive lymph-
adenopathy, or Rosai–Dorfman disease (RDD), is a rare
disorder. RDD typically presents with painless mas-
sive cervical lymphadenopathy, caused when the
lymph node sinuses are distended by an accumulation
of lymphocytes and histiocytes. RDD can be distin-
guished by the preserved architecture of the lymph
node and by the individual histiocytes containing in-
tact lymphocytes or in some cases, other cells in the
cytoplasm, a phenomenon known as emperipolesis.43

Although people of any age can be affected, this 
disease occurs most often in young adults and ado-
lescents.43 Although RDD is usually indolent, the al-
ternating episodes of worsening and resolving of symp-
toms make the disease unpredictable.43 The only
treatment is surgery in select patients when nodal or
extranodal lesions compromise vital organs. Anecdo-
tal responses to chemotherapy have been documented,
including the combination of alkylating agents with
vincristine and steroids,44 and the combination of
methotrexate and vinblastine.44,45 Radiation therapy
with doses greater than 20 to 30 Gy appears to induce
responses according to anecdotal reports.46 Unfortu-
nately, meaningful conclusions cannot be drawn from
these anecdotal responses. In fact most patients have
persistent stable disease even though between 70 to
80% of the patients have spontaneous responses and
resolution of the symptoms.43,44

Nodal disease is present in most but not all cases
of RDD: more than 40% of patients experience ex-
tranodal involvement, and almost any system can
be affected.43 RDD has a predilection for the tissues
of the head and neck, including involvement of the
upper aerodigestive tract, including the nasal and
oral cavities, and the paranasal sinuses in about
20% of the cases.43,47 Involvement of the orbits or
the central nervous system occurs in only 5 to 10%
of cases.

PRIMARY ORBITAL MALIGNANCY

Carcinomas

The lacrimal gland is the only orbital structure with
epithelium and thus is the site of origin of all primary
orbital carcinomas, which account for approximately
3% of all orbital tumors. The most common carcino-
mas of the lacrimal gland are adenoid cystic carci-
noma, malignant mixed tumors, and adenocarci-
noma.1–6 Excision and external beam radiotherapy are
recommended.

Adenoid Cystic Carcinoma

Adenoid cystic carcinoma of the lacrimal gland has a
mean age of presentation of 40 years. Patients are usu-
ally symptomatic for less than 1 year prior to diagno-
sis. Presenting symptoms may include ptosis, numb-
ness, pain, and diplopia. Computed tomography shows
a rounded, nonencapuslated lesion with adjacent de-
structive bony changes.47 Although exenteration with
removal of involved bone has yielded a survival of only
20 to 60% at 10 years, adjunctive radiotherapy has
been thought to improve survival.48–50 Conservative
therapy for lesions confined to the lacrimal gland,
namely, en bloc excision of the lacrimal gland fol-
lowed by proton beam radiotherapy, has been pro-
moted recently.51

Adenoid cystic carcinoma is a highly malignant tu-
mor with a predisposition for the head and neck. Re-
ports regarding the use of chemotherapy for treatment
of adenoid cystic carcinoma of the orbit are limited
and build on data from the otolaryngology literature.
Meldrum and colleagues treated two patients with ex-
tensive adenoid cystic carcinoma of the orbit with in-
tracarotid cisplatin and intravenous doxorubicin prior
to orbital exenteration.52 Postoperatively, the patients
received 55 to 60 Gy of orbital irradiation, augmented
by additional intravenous cisplatin and doxorubicin.
Limited morbidity was experienced, and both patients
achieved long-term survival.

Adenoid cystic carcinomas of the head and neck
have been treated effectively with cisplatin-based che-
motherapy.53,54 Cisplatin alone or in combination
with doxorubicin and bleomycin provided a median
progression-free survival of 36 months. Additional in-
vestigators report the use of mitomycin C, 5-flu-
orouracil, cyclophosphamide, vincristine, and Adri-
amycin in varying combination in attempted salvage
therapy.55–57

Adenocarcinomas and malignant mixed tumors are
so rare that no meaningful recommendations can be
drawn from the medical literature regarding the use
of chemotherapy. Surgery and radiotherapy remain the
recommended treatment.

Sarcomas

The most common sarcomas of the orbit in adults 
are malignant fibrous histiocytoma, hemangioperi-
cytoma, fibrosarcoma, malignant peripheral nerve
sheath, chondrosarcoma, and liposarcoma, each ac-
counting for less than 1% of all orbital tumors.1–6,58

Although excision and radiotherapy are the standard
treatment, the relatively infrequent occurrence of
these tumors plus their diverse histology and presen-
tation have made it difficult for any one institution to
have enough patients to directly compare, in a ran-
domized prospective fashion, one treatment with an-
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other for purposes of determining the optimal primary
therapy. Combination chemotherapy with cyclophos-
phamide, vincristine, doxorubicin, and dacarbazine
has been proven effective in treating soft tissue sar-
comas located both inside and outside the orbit.59,60

Regimens using doxorubicin and ifosfamide and cis-
platin, etoposide, and ifosfamide have also proven ef-
fective in treating sarcoma.61 Discretion in the use of
chemotherapy to treat these rare orbital tumors
should be left to the ophthalmologist and the medical
oncologist.

Osteosarcoma

Osteosarcoma is the most common malignant bone tu-
mor in the pediatric age group,62 ranking tenth among
all newly reported pediatric cancer patients in the
United States. Accounting for 2.6% of all neoplasms
in children, osteosarcoma is a malignant neoplasm de-
rived from primitive mesenchymal cells and charac-
terized by the presence of osteoid-producing spindle
cell stroma.63 Most osteosarcomas occur in males
more often than females, during the first two decades
of life when rapid skeletal growth occurs. Preexisting
pathologic osseous conditions such as Paget’s disease,
fibrous dysplasia, or previously irradiated areas account
for more than 25% of osteosarcomas in adults.62 Less
than 5% of the osteosarcoma cases occur in the head
and neck area; of those, the disease is more common
in the maxilla or mandible, but a small number of tu-
mors develop in the orbit.64 A study of 91 patients with
second malignant bone sarcomas confirmed that sec-
ondary osteosarcoma frequently occurs from irradia-
tion. Of the 72 cases that were osteosarcoma, 52 (72%)
occurred within previously irradiated fields.65 The me-
dian time for the development of the secondary tumor
was 9.6 years. Accounting for up to 44% of cases, osteo-
sarcoma is the most common second neoplasm seen
in children with retinoblastoma; in fact, the estimated
50-year cumulative incidence for secondary neoplasms
in these children is 51% in hereditary cases and 5% in
nonhereditary cases.66 Further, osteosarcoma of the ir-
radiated orbital bones may not develop until the pa-
tient has reached adolescence or early adulthood. An-
other risk factor for the development of secondary
nonocular tumors is hereditary retinoblastoma, re-
gardless of whether the patient has previously under-
gone irradiation to the primary site.66,67

Death from metastatic disease occurred in more
than 80% of patients diagnosed with osteosarcoma
prior to the use of adjuvant chemotherapy.68 In the
1960s and early 1970s, the use of chemotherapy in the
treatment of osteosarcoma was established by non-
randomized clinical trials Twenty to 40% of patients
with metastatic disease responded to high-dose
methotrexate or doxorubicin.68,69 Today, 50 to 75% of
patients with nonmetastatic disease are cured through

the use of standard chemotherapy regimens incorpo-
rating various combinations of platinum compounds,
doxorubicin, and high-dose methotrexate.70,71

SECONDARY ORBITAL MALIGNANCY

Secondary orbital malignancies are those that invade
the orbit from adjacent structures: eyelids, conjunc-
tiva, eye, and paranasal sinuses. Squamous cell and
basal cell carcinomas are by far the most common can-
cers to invade the adult orbit. Other less common or-
bital tumors include sebaceous cell carcinoma and
uveal melanoma.

Basal Cell Carcinoma

Basal cell carcinoma is the most common malignant
tumor of the eyelid. Methods of treatment include sur-
gical excision, cryotherapy, and radiation. Large and
deeply invasive lesions are often unresectable and pose
difficult management problems. Systemic chemo-
therapy with cisplatin alone or in combination with
doxorubicin has been used to reduce tumor volume,
allowing for less extensive surgical resection.72–74 Lo-
cal administration of cisplatin delivered via ion-
tophoresis has also produced modest results.75 In-
tralesional injections of human interferon alfa have
been reported to produce complete regression of basal
cell carcinomas of the eyelid.76

Squamous Cell Carcinoma

Squamous cell carcinomas that secondarily invade the
orbit may arise from the eyelid, paranasal sinuses, or
the conjunctiva. In the past, these tumors of the eye-
lid have been treated similarly to basal cell carcino-
mas.72–75 Advances in the treatment of head and neck
squamous cell carcinomas lend themselves to the
treatment of aggressive squamous cell carcinoma aris-
ing in any of the periorbital structures. As with the
treatment of basal carcinoma, most chemotherapy reg-
imens have been cisplatin-based.77 Intra-arterial de-
livery of cisplatin, in conjunction with external beam
radiotherapy, represents one of the multiple uses of
this chemotherapy agent.78–80 Other protocols that
have proven to be effective include docetaxel, cisplatin
and 5-fluorouracil, paclitaxel, cisplatin, and 5-fluor-
ouracil, cisplatin, and tegafur. Most patients required
radiation treatment as well.81–86 Recent attention has
been paid to cetuximab, an antiepidermal growth fac-
tor receptor antibody. Cetuximab enhances the anti-
tumor effects of chemotherapy by inhibiting cell 
proliferation, angiogenesis, and metastasis and by pro-
moting apoptosis.87–89

Squamous cell carcinoma of the conjunctiva and/or
cornea is best treated primarily with excision and
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cryotherapy. For recurrent disease and for tumors that
encompass a significant proportion (�50% of the lim-
bus) of the ocular surface, topical mitomycin C has
been shown to be an effective treatment. Concentra-
tions varying from 0.01% to 0.04% have been pre-
scribed, each demonstrating minimal toxicity when
applied to an intact epithelium.90,92 Topical 5-fluor-
ouracil has also proven successful in the treatment of
these lesions, once again displaying minimal tox-
icity.93,94 Human interferon alfa has also been used to
treat squamous carcinoma of the conjunctiva and/or
cornea with reports of complete regression with lim-
ited toxicity. Other topical agents that have been in-
vestigated include urea, thiotepa, and dinitro-
chlorobenzene.95,96 Although each was shown to be
effective, none is currently accepted as standard
treatment.

Malignant Melanoma

Melanomas may invade the orbit from eyelids, con-
junctiva, or eyes. Best treated with wide local excision,
melanomas of the eyelids may arise de novo, from pre-
existing nevi, or from lentigo maligna.96 Concurrently,
a sentinel node biopsy may be performed to evaluate
for possible micrometastatic disease and the need for
systemic chemotherapy.98,99 At present, no good treat-
ment for metastatic melanoma has been developed.
Most recent studies have investigated biochemo-
therapy; using interleukin 2 and interferon alfa in 
conjunction with a nitrosurea such as carmustine
(BCNU).100–103 Based on the depth of invasion by the
melanoma into the subcutaneous tissues, adjuvant
therapy may be warranted to bolster the immune sys-
tem, even if there is no detectable metastatic disease.
Interferon alfa and granulocyte–macrophage colony-
stimulating factor have been investigated as immune
boosters, and shown to prolong disease-free sur-
vival.104–106 Immunotherapy with vaccines is also an
area of current research that shows some success.105–107

Conjunctival melanomas more closely mimic cu-
taneous melanomas in their behavior, with prognosis
relating to the thickness of the lesion at the time of
excision. Melanomas of the conjunctiva may arise de
novo, from preexisting nevi, or from primary acquired
melanosis with atypia. Complete excision with
cryotherapy is the recommended treatment.108 Mela-
nomas of the conjunctiva will metastasize to the
preauricular or submandibular lymph nodes. As with
melanomas of the eyelid, a sentinel node biopsy may
be performed at the time of excision to detect mi-
crometastic disease.98,99 Finger and colleagues showed
that topical mitomycin C can reduce tumors, mini-
mizing the amount of surgery needed.109 Premalignant
lesions such as primary acquired melanosis with
atypia respond to topical mitomycin C, decreasing the
likelihood of a subsequent malignancy.109,110 The

treatment of metastases is the same as for cutaneous
lesions described earlier.100–107

Uveal melanomas may invade the orbit along an
emissary canal. Small foci of disease may be included
in the field of radiation if the patient elects to be
treated with 125I episcleral plaque brachytherapy.111 In
cases of enucleation, a partial tenonectomy may be
performed with or without subsequent radiation. Mas-
sive orbital involvement requires an exenteration.
Metastatic disease is now most often treated with
biochemotherapy.100–103 For isolated liver metas-
tases, isolated hepatic perfusion with melphalan has 
been performed and found to prolong relapse-free 
survival.112–114

METASTASES

In adults, breast, prostate, lung, and gastrointestinal
carcinomas are the most frequent to metastasize to
the orbit. In the absence of known metastatic disease,
a biopsy should be performed to confirm the diagno-
sis. For newly diagnosed metastatic disease, the pa-
tient should be restaged by the oncologist. Isolated or-
bital metastases may be treated with radiation alone;
however, in the setting of systemic metastases, it is
necessary to decide whether to proceed with radiation
or wait to determine the efficacy of chemotherapy. 
Vision-threatening metastases require urgent treat-
ment, and radiation should be initiated as soon as pos-
sible. The prescribed chemotherapy will be based on
the primary tumor, prior treatment, and extent of 
disease.

SIDE EFFECTS OF CHEMOTHERAPY

Chemotherapeutic agents are able to preserve life and
spare vision but should be used judiciously owing to
the potential serious side effects. The drugs are best ad-
ministered under the direction of a medical oncologist.
The incidence and location of side effects relate to the
route of administration, the dose, and tissues exposed
to treatment. Table 35.1 summarizes the chemothera-
peutic agents discussed in this chapter and their sys-
temic toxicities. For a more complete discussion, con-
sult Hardman and Limbard’s text, The Pharmacological
Basis of Therapeutics (9th edition).115

In summary, the akylating agents include nitrogen
mustards, ethylenimines, nitrosureas, and the tri-
azenes. The primary clinical toxicity of each of these
agents is myelosuppression. Nausea and vomiting are
also common side effects of alkylating agents. More
specifically, ifosfamide has caused central nervous
system and renal toxicity in some patients. BCNU can
cause both nephrotoxicity as well as pulmonary tox-
icity. The antimetabolites include methotrexate, 5-
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fluorouracil, and tegafur. The predominant side effects
of these drugs include myelosuppression, nausea,
vomiting, and mucositis.

Vincristine is a Vinca alkaloid and has associated
neurological side effects, such as paresthesias, neuritic
pain, muscle weakness, ptosis, and diplopia. Etoposide
is an epipodophyllotoxin. Its most common side ef-
fects are myelosuppression, alopecia, and gastroin-
testinal disturbances. Secondary acute myelogenous
leukemia has been reported following chemotherapy
with etoposide. Dactinomycin, doxorubicin, bleo-
mycin, and mitomycin C are antibiotics. In toxicity
profile, they are similar to the alkylating agents al-
ready discussed. Doxorubicin may cause a cardiomy-
opathy. Ventricular ejection may be monitored during
treatment to detect early cardiotoxicity. A reversible
alopecia also occurs with doxorubicin. Bleomycin has
been reported to cause pulmonary toxicity. Mito-
mycin C induces a severe myelosuppression and thus
has limited utility for systemic administration. Topi-
cal mitomycin C is well tolerated when delivered onto
an intact conjunctival and corneal epithelium. Re-
ported side effects have been transient and resolved
upon discontinuation of the drug. These include con-
junctival injection, chemosis, epiphora, and punctate
keratitis.90–92,109,110 This is in contrast to earlier stud-
ies in which topical mitomycin C was applied to bare
sclera, with a resultant scleral necrosis.16,117 The tax-
oids docetaxel and paclitaxel are derivatives of the yew
tree. Their principal toxicity is myelosuppression and
a severe allergic reaction. The first dose of should be
administered under close observation. Interferon-alfa,
interleukin 2, and granulocyte colony-stimulating fac-
tor cause flulike symptoms that may be accompanied
by a rash or metabolic abnormalities.

The platinum-coordinated complexes include 
cisplatin and carboplatin. Their most significant side 
effect is myelosuppression. Cisplatin, unlike car-
boplatin, is more likely to be associated with nephro-
toxicity and ototocixity. Cyclosporine and azathio-
prine are immunosuppressive agents. Cyclosporine
can cause nephrotocixity, neurotoxicity, and hepa-
toxicity, while azathioprine’s most significant side ef-
fects are leukopenia and gastrointestinal distress.

Numerous side effects have been associated with
prolonged use of corticosteroids. Most notably these
include avascular necrosis of the hip, cataracts, cushin-
goid features, diabetes, glaucoma, hypertension, in-
creased appetite, mood disturbances, osteoporosis, and
gastric ulcers. Corticosteroid use should be limited to
a few months. Agents that protect against osteoporo-
sis and gastric irritation should be considered.

The monoclonal antibodies represent a new ap-
proach to chemotherapy, targeting specific cell surface
markers in an attempt to maximize therapeutics and
minimize toxicity. Infliximab, an inhibitor of tumor
necrosis factor-�, has been associated with severe 

septicemia and reactivation of latent tuberculo-
sis.32,33,118,119 Rare cases of optic neuritis and exacer-
bation of demyelinating diseases have been reported
in patients receiving infliximab.120,121 Rituximab, an
anti-CD20 monoclonal antibody, has been associated
with hypersensitivity reactions resulting in intersti-
tial pneumonitis and Stevens–Johnson syndrome.122,123

Rapid cell death following administration may result
in tumor lysis syndrome and acute renal failure.124

Phase I to III trials with cetuximab, an antiepidermal
growth factor receptor antibody, have reported fever,
asthenia, transaminase elevation, nausea, and skin
toxicities as the most adverse reactions.87–89
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radiologic features of, 157

B
Basal cell carcinoma (BCC), 233–237

clinical features of, 233–234

differential diagnosis of, 235
exenteration of

potential complications of, 237
prognosis and follow-up of, 237

histopathology of, 236
investigation of, 235–236
management of, 236
orbital invasion by, 234–235, 236
orbital malignancy, secondary and,

425
BCC. See Basal cell carcinoma
Bone-forming lesions, 174–177

osteoblastoma, 174
osteogenic sarcoma, 174–176

clinical manifestations of, 175
incidence of, 175–176
parosteal, 176–177
radiologic studies of, 175

osteoma, 174, 175
Breast carcinoma, 280, 283–284

C
Cancer

age-associated, 17–18
MSI and, 18

antigens in
tumor-associated, 14
tumor-specific, 14

cells of, oncogene activation in, 7
chemicals and, 22–24
chemokines and, 16–17
chromosomal alterations and, 3
development of

molecular models of, 3–12
two-hit hypothesis of, 6

DNA mutations and, 7
etiology of, 24
genes in, 3

expression and downregulation
of, 36

genetic disease and, 24
genomic instability in, 23
immune response in, 14–17

cell-mediated, 15, 16
humoral, 14–15, 16

immune surveillance mechanisms
in, 14–24

immunosuppression and, 27–29

incidence of, age-related increase
in, 17–18

infections mimicking, 323–325
presentation of, 323
rhino-orbital mucormycosis as,

324
sino-orbital mucormycosis as,

323–324
invasion and, metastasis, 34, 39
ionizing radiation and, 22–24
mutations in, 11–12

DNA and, 11–12
somatic, 11

phenotypes of, 3
progression of, metastatic event in

temporal, 34
skin, immunosuppression and,

28–29
telomerase activity in, 19
treatment of, viruses and, 21–22
viruses and, 20–22

Cancer research
DNA and, 3
immunology and, 17

Carcinomas, 82, 198. See also
Adenocarcinoma

acinic cell, 217
adenoid cystic, 212–216, 424

clinical features of, 212–213, 214,
215

management and prognosis of,
214–216

pathology of, 213–214
radiologic features of, 213, 214,

215
breast, 280, 283–284
mucoepidermoid, 216
squamous, 225–226

Cartilage-forming lesions, 177–178
chondroma as, 177
chondrosarcoma as, 177, 178
mesenchymal chondrosarcoma as,

177
multiple enchondromatoses as,

177–178, 179
Maffucci syndrome, 178, 179
Ollier disease, 178

Chemokines, 16–17
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Chemotherapy
GD, 422–423
lymphoproliferative disease,

422–423
orbital inflammation and, 422–424
orbital lymphoma, 137
orbital tumor, 422–429

pediatric, 410–418
side effects of, 426–429

SMN, 44
Cholesteatoma, 339–342, 341
Chondrosarcoma, 177, 178

mesenchymal, 177
Computed tomography (CT)

advantages and disadvantages of, 88
artifacts of, 85, 88
bone window imaging with, 86
computer image guidance with,

391–392
image interpretation with, 84
imaging with, fibrohistiocytic

tumor, 164–165
indications for, 87
optic nerve lesions detected by,

87–89
orbital tumor imaging with, 84–85,

86, 102, 105, 166
parameters of, 85
risk of, 85

Computer image guidance
biopsy and, 397
craniotomy, extended and, 393,

395–396
CT, 391–392
MRI, 391–392
noninvasive approaches to, 397
orbital tumors and, 392–393

image fusion for, 392–395
radiosurgery and, 396
skull-based strategies and, 391–397
techniques and set-up for, 392, 393

Conjunctival tumors, 245–255, 246
melanoma as, 249–255
SCC as, 245–249

Craniopharyngioma, 275
Crohn’s disease, 345
CT. See Computed tomography
Cystic lesions, 182–184

bone cyst as
aneurysmal, 182–184
simple, 182

D
Dacryocystectomy, 227, 228
Dacryops, 205–206, 208
Dermolipoma, 296–297, 298
DNA

damaged, 23
gene expression of, histone

acetylation and, 12
genome instability and, 8
methylation of, 9–12

mismatched repair genes of, 7–8
MSI and, 8

mutations of
cancer and, 7, 11–12
new perspectives on, 7–8

replication of, 18
telomere length and, 18–19

RNA synthesis from, cancer
research and, 3

sequencing of, tissue diagnosis
with, 124–126, 127, 128

strand breaks in, 22

E
EBRT. See External beam

radiotherapy
EBV. See Epstein-Barr Virus
Ecchymosis, 58
Enchondromatoses, multiple,

177–178, 179
Endothelial hyperplasia, intravascular

papillary, 142, 155–156
clinical features of, 155
management and prognosis of, 156
morphologic features of, 155–156
radiologic features of, 155

Eosinophilia, 159–160
clinical features of, 159
management and prognosis of, 160
morphologic features of, 159–160
radiologic features of, 159

Epithelial tumors
adenocarcinoma as, 269–270
esthesioneuroblastoma as, 270
lacrimal gland, 204, 205
orbital tumors originating from

sinonasal tract and, 266–270
SCC, 266–269

Epstein-Barr Virus (EBV), 30–31
Erdheim-Chester disease, 168, 169–170
Esthesioneuroblastoma, 270, 416–417
Ewing tumors, 414
Exophthalmos, 54
External beam radiotherapy (EBRT)

Rb, 42
SMN, 44–45

Extraocular palsy, 330
Eyelid tumors, 233–243

BCC, 233–237
melanoma as, 241–243
radiation treatment for, 399,

403–404
SCC, 237–239
SGC as, 239–241

F
Fibroblastic tumors, 163–164, 165
Fibrohistiocytic tumors, 163–172. See

also Fibroblastic tumors
fibromatoses, 163–166

aggressive, 163
reactive, 163

fibrous histiocytoma as, 164–166
dermatofibrosarcoma

protuberans, 165–166
giant cell fibroblastoma, 166, 167

histiocytoses and, 166–172
Langerhans cell, 166–168
non-Langerhans cell, 166–172
xanthogranuloma, 166, 167, 168,

169–170
imaging of

CT, 164–165
MRI, 164–165

pseudosarcoma, 163
xanthogranuloma, 166, 171

bilateral, 172
cutaneous, 170–172
Erdheim-Chester disease, 168,

169–170
juvenile, 168, 170
necrobiotic, 170
orbital, 168
treatments for, 171–172

Fibro-osseous lesions, 178–180
fibrous dysplasia as, 178–179, 180,

181
diagnosis of, 179
imaging method of, 179

ossifying fibroma as, 180, 181

G
GD. See Graves disease
Giant cell-rich lesions, 180–182

giant cell reparative granuloma as,
180–181

giant cell tumor, 182, 183
osteitis fibrosa cystica as, 181–182

hyperparathyroidism and, 181
Granular cell tumor, 188t, 194–195

clinical features of, 194
management and prognosis of, 195
morphologic features of, 194–195
radiologic features of, 194

Granulocytic sarcoma, 413
Granulomatosis, Wegner’s, 66,

345–347
Graves disease (GD), 328–333

chemotherapy and, 422–423
clinical features of

orbital, 329–331
systemic, 328–329

differential diagnosis of, 332–333
echography of, differentiation with,

331–332
extraocular palsy, restrictive in,

330
histopathology, orbital of, 329
inflammatory stage of, 329
management and prognosis of, 333
nerve dysfunction, optic in, 330
orbital content volume stage of, 329
orbital inflammation and, 328
pathogenesis of, 328
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radiation treatment of, 399
radiologic features of, 331–332
sign(s) of, 329–330

proptosis, bilateral as, 330
tests of, orbital change, 331
unilateral, lymphoma and, 332

H
Hemangioma, 219, 417

capillary, 142, 144–148
clinical features of, 145
management and prognosis of,

146–148
morphologic features of, 144, 146
radiologic features of, 145, 146

cavernous, 141–144, 142
clinical features of, 141–142
management and prognosis of,

144
morphologic features of, 143–144
ophthalmoscopic findings in, 143
radiologic features of, 143

Hemangiopericytoma, 142, 152–154
clinical features of, 152–153
management and prognosis of, 154
morphologic features of, 153–154
radiologic features of, 153

Hematic cyst, 339–342
Histiocytoses, 166–172

Langerhans cell, 166–168
non-Langerhans cell, 166–172
xanthogranuloma, 166, 167, 168,

169–170
Histone acetylation, 9–11

acetylase and
deacetylase, 10–11
histone, 10–11

gene expression and, 12
TSG and, 10

Hypothalamus dysfunction, 405

I
Idiopathic orbital inflammation (IOI),

312–321
myositis, orbital as, 318–321

biopsy of, 320–321
diagnosis of, 318
treatment of, 320

Immune system. See also
Immunosuppression

antigen discrimination of, self/non-
self, 15

cancer and response of, 14–17
APCs and, 15–16
major histocompatibility

complex and, 15
orbital tumors and response of, 24

Immunosuppression
cancer and, 27–29

skin, 28–29
infection and, 29–30

invasive aspergillosis, 29

mucormycosis, 29–30
orbital tumors and, 29

viruses and, 27–28
orbital tumors and, 28t

IOI. See Idiopathic orbital
inflammation

K
Kimura disease, 159–160

clinical features of, 159
management and prognosis of, 160
morphologic features of, 159–160
radiologic features of, 159

L
Lacrimal drainage system tumors,

221–229. See also Lacrimal
gland tumors

biopsy and, 223
dacryocystectomy, 227, 228
investigation of, 222–226
lacrimal sac fossa region,

differential diagnosis of masses
in, 221

lacrimal sac tumor presentation in,
221–222

suspected, 221–222
unsuspected, 221

management of, 226–227
papillomas of, 223–225
pathology of, 223
SCC as, 237–239, 245–247
squamous carcinomas as, 225–226
suspected sac tumor of, 221–222,

226–227
management of, 226

unsuspected sac tumor of, 221, 226
management of, 226

Lacrimal gland tumors, 204–219
acinic cell carcinoma as, 217
adenocarcinoma as, 216, 217

management and prognosis of,
216

adenoid cystic carcinoma as,
212–216

clinical features of, 212–213, 214,
215

management and prognosis of,
214–216

pathology of, 213–214
radiologic features of, 213, 214,

215
dacryops as, 205–206, 208
epithelial, 204, 205t
hemangioma as, 219
malignant mixed tumors as,

211–212
clinical features of, 211, 212
management and prognosis of,

211–212
pathology of, 211
radiologic features of, 211

malignant rhabdoid tumor as, 219
mucoepidermoid carcinoma as, 216

management and prognosis of,
216

nonepithelial, 204
oncocytoma as, 219
orbital, 81–82

carcinoma as, 82
dacryoadenitis as, 82
lymphoid tumors of, 81
pleomorphic adenoma as, 81

pleomorphic adenoma as, 206–211
clinical features of, 206, 208, 209
management and prognosis of,

208, 209, 211
pathology of, 209–211
radiologic features of, 207–209

radiation treatment of, 401
SCC as, 219
solitary fibrous tumor as, 218, 219
spindle cell myoepithelioma as,

219
staging of, 355–356
Warthin tumor as, 219

Leiomyoma, 142, 159
clinical features of, 159
management and prognosis of, 159
morphologic features of, 159
radiologic features of, 159

Loss of heterozygosity (LOH), tumor
cells and, 5, 6

Lymphangioma, 99, 100, 142,
148–152

clinical features of, 148–149
hemorrhage, spontaneous of, 146,

148
location of, 148, 149, 150
management and prognosis of,

150–151
morphologic features of, 150
proptosis of, 148
radiologic features of, 150

Lymphoma, 31
unilateral, 332

Lymphoproliferative disease, 77–78,
422–423

M
Maffucci syndrome, 178, 179
Magnetic resonance imaging (MRI),

89
advantages and disadvantages of, 88
artifacts of, 90, 91
computer image guidance with,

391–392
image interpretation with, 84
imaging with, fibrohistiocytic

tumor, 164–165
indications for, 87
nanoparticle, 110–111
optic nerve lesions detected by,

87–89
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Magnetic resonance imaging
(continued)

orbital tumor imaging with, 84,
86–91, 102, 105, 166

signal types in, 89
parameters of, 89
risk of, 90–91
techniques for, 106–108

diffusion-weighted magnetic
resonance images as, 106

magnetic resonance dynamic
color mapping, 107–108, 109,
110

magnetic resonance
spectroscopy, 106–107

tissue characterization by, 89
Malignant peripheral nerve sheath

tumor, 188, 192–193
clinical features of, 192–193
management and prognosis of, 193
morphologic features of, 193
radiologic features of, 193

Melanoma, 241–243
choroidal, 260–264
clinical features of, 241–242
conjunctival, 249–255

clinical features of, 249–250
histopathology variations of,

250–255
differential diagnosis of, 242
histopathology of, 242–243
investigation of, 242
management of, 243
orbital invasion by, 242
prognosis and follow-up of, 243

Melanotic neuroectodermal tumor,
197

clinical features of, 197
management and prognosis of, 197
morphologic features of, 197
radiologic features of, 197

Meningioma, 69
ectopic, 274–275
optic nerve sheath, 69–70
radiation treatment of, 399–400
sphenoid ridge, 272–274

Metastasis
cancer progression and, 34
cascade of, carcinogenic steps

during, 35
disease of

orbital tumor, 39
orbit and, 38–39

dissemination and, 34
distant, 36
gene expression, 37
invasion and, 34, 39
orbital, 36–39, 426

local orbital environment and,
36–38

origins of, 283–287
orbital tumor, 34–39, 78, 79

Metastatic tumors, 279–287
clinical findings of, 279–281
diagnostic procedures for, 281–282

orbital imaging as, 281–282
tissue diagnosis as, 282

epidemiology of, 279
incidence of, 279
management and prognosis of,

282–283
orbital, origins of, 283–287

breast carcinoma as, 280,
283–284

paraneoplastc orbital syndrome
as, 286–287

sites, miscellaneous primary as,
283–286

sites, unknown primary as, 281,
286

pediatric, 311–312
Microsatellite instability (MSI), 8

cancer, age-associated and, 18
DNA mismatched repair genes 

and, 8
orbital tumors and, 8–9

Mohs microsurgical technique,
120–121

MRI. See Magnetic resonance
imaging

MSI. See Microsatellite instability
(MSI)

Mucocele
orbital, 342–343

presentation of, 342–343
primary, 342
secondary, 342

orbital inflammation and, 342–343
orbital tumors and, 79

pediatric, 301
Mucormycosis

rhino-orbital, 324
sino-orbital, 323–324

Myoepithelioma, spindle cell, 219

N
Neoplasia. See also Tumors

inflammation and infection of the
orbit v., 317–326

inflammation mimicked by,
321–323

biopsy of, 322–323
diagnosis of, 322
rhabdomyosarcoma as, 322,

324–325
inflammation mimicking, 317–321

allergic fungal disease of the
nose and paranasal sinuses as,
325, 326

imaging of, 317–318, 319
IOI as, 317–321

Neuroblastoma, 197–198, 311–312,
413–414

Neurofibroma, 188, 189–192

clinical features of, 190–191
management and prognosis of, 192
morphologic features of, 191, 192
radiologic features of, 191, 192

Neurofibromatosis, 198–201
ophthalmic manifestations of type

1, 198–201
ophthalmic manifestations of type

2, 201
diagnosis of, 199

NHL. See Non-Hodgkin’s lymphoma
(NHL)

Non-Hodgkin’s lymphoma (NHL), 27,
28, 135b, 137–139

O
Ocular tumors, 257–264

melanoma as, choroidal, 260–264
retinoblastoma as, 257–260

Ollier disease, 178
Oncocytoma, 219
Oncogenes, 4

activation of
cancer cell, 7
TSGs and, 5

tumor development and, 4
Oncogenesis

aging and, 17–20
current concepts of, 1–46
viruses and, 20–22

Ophthalmoscopy, 64
Optic nerve glioma, 307–310, 416

diagnosis of, 308–309
imaging of, 309–310
incidence of, 307–308
prognosis of, 308
treatment of, 310

Orbit. See also Orbital lymphoma;
Orbital tumors; Paraneoplastc
orbital syndrome

biopsy of, 113–128
core, 114–115, 116
excisional, 113, 114, 119
fine-needle aspiration, 115–118
incisional, 113
intraoperative, 118–121
sentinel node, 121–122
techniques for, 114
tissue diagnosis for, 122–128

bony, 102
clinical evaluation of, 51–59

history and, 51
ocular examination and, 51–53

dissemination in, 37, 38
ecchymosis in, 58
enucleation of, 376–377

implants and, 377
indication of, 376
surgical techniques for, 376–377

examination of, 53–59
exophthalmos and, 54
globe displacement and, 56, 57
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levator function and, 53–54
neuro-ophthalmologic, 61–70
proptosis and, 54–55

exenteration of, 378–384
bone resection and, 379
eyelid removal and, 380, 381
granulation process of, 380–381
healing process after, 381–382,

383
implants and, 381, 382, 383
objective of, 378–379
orbitocraniofascial approach to,

383
procedure approaches to, 380
reconstruction after, 383–384
subtotal, 378
total, 378, 379–380

exploration of, surgical, 375
extraocular muscle thickening in

assessment of, 79–80
metastatic tumors and, 79–80
orbital inflammatory disease and,

79
slow-draining carotid cavernous

fistula and, 80
thyroid eye disease and, 79, 80

globe displacement in, 56, 57
cavernous hemangioma, 142

Graves disease in, 79, 80
hemorrhage of, 339–340
hyperemia in, 57–58
imaging of, 65–66, 67

basics of, 84–92
CT, 84–85, 86
developments in, 105–110, 107
MRI, 84
new concepts in, 104–111
purposes of, 104

infections of, 335–338
cancer mimicked by, 323–325
fungal, 335–336, 338
parasitic, 336–338, 339
tuberculosis as, 335

inflammation of
amyloid deposits as, 346, 347
bone destruction and, 341–342
chemotherapy and, 422–424
cholesteatoma as, 339–342
Crohn’s disease as, 345
GD as, 328–333
hematic cyst as, 339–342
idiopathic, 423
mucocele, 342–343
neoplasia mimicked by, 317–321
neoplasia mimicking of, 321–323
neoplasia v. infection and,

317–326
nonspecific, 338–343
pseudotumor, orbital as, 338–339
sarcoidosis as, 343–345
signs of, 322
Sjögren’s syndrome as, 340, 345

specific, 343–347
tissue destruction and, 342
tumor development and, 335–347
Wegner’s granulomatosis as,

345–347
intracranial disease extension into,

66–70
adult malignant glioma as, 69
meningiomas as, 69
optic nerve sheath meningiomas

as, 69–70
optic pathway glioma as, 66–69

malignancy of
adenoid cystic carcinoma as, 424
BCC as, 425
carcinomas as, 424
melanoma, malignant as, 426
osteosarcoma as, 425
primary, 424
sarcomas as, 424–425
SCC as, 425–426
secondary, 425–426

metastasis in, 38, 426
local orbital environment and,

36–38
radiation treatment of, 400

mucocele in, 342–343
presentation of, 342–343
primary, 342
secondary, 342

nerve assessment of, 80–81
normal, 74
optic disk atrophy and, 54
optic nerve lesions in, 80–81
optic neuritis in, 80
proptosis in, 54–55

asymmetrical, 56
diagnosis of, 56
examination of, 56
exophthalmometers and

measurement of, 55–56
pseudotumor cerebri in, 80
sarcoidosis in, 66, 343–347

diagnosis of, 344
treatment of, 343, 344–345

systemic disorders and affect on,
66

giant cell arteritis as, 66
Polyarteritis nodosa as, 66
sarcoidosis as, 66
Wegner’s granulomatosis as, 66

tumorlike conditions in, 315–347
xanthelasmas in, 58

Orbital lymphoma, 133–139. See also
Orbital tumors

chemotherapy for, 137
classification of, 134, 135–136
clinical features of, 133, 134
diagnosis of, 135, 137
non-Hodgkin’s, 135b

management of, 137–139
immunotherapy for, 137–139

investigation of, 134–136, 137
management of, 136–139
modality therapy for, 137
morphological features of, 133–134
primary versus secondary, 135t
radioimmunotherapy for, 137–139

rituximab in, 138–139
Zevalin in, 138–139

radiotherapy for, 136–137
staging workup for, 135, 136
studies of, 134

Orbital myeloid sarcoma, 312
Orbital tumors. See also Bone-

forming lesions; Cartilage-
forming lesions; Conjunctival
tumors; Cystic lesions; Eyelid
tumors; Fibrohistiocytic
tumors; Fibro-osseous lesions;
Giant cell-rich lesions; Graves
disease; Lacrimal drainage
system tumors; Lacrimal gland
tumors; Metastatic tumors;
Ocular tumors; Orbital
lymphoma; Pediatric orbital
tumors; Periocular tumors;
Periorbital tumors; Peripheral
nerve tumors; Pseudotumors;
Vascular orbital tumors

anatomic site
autopsy classification of, 353,

354
clinical classification of, 353–354
pathologic classification of, 353,

354
retreatment classification of, 353,

354
anterior-inferior, 57
anteriorly located, palpation of, 58
assessment of, 73–79
biopsy of, 113–128, 364

incisional, 369
bone changes induced by, 95–96

hyperostosis and, 96
bony orbit and, 102
calcification detection in, 96
cancer etiology and, 24
changing nature and behavior of,

27–31
chemosis in, 51, 52
chemotherapy for, 422–429

side effects of, 426–429
chorioretinal folds in, 51–52
computer image guidance and,

392–393
conjunctiva congestion and, 52
craniotomy, extended approaches

and, 393, 395–396
cystic features of, imaging

technique detection of, 100
debulking procedure of, 369
diagnosis of, 49–128

imaging in differential, 94–102
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Orbital tumors (continued)
metastasis and, 38–39
radiological differential, 96–102
ultrasonography in, 73–82

disease, metastatic from, 39
enlarged lacrimal gland in, 101
enlarged optic nerve in, 100–101

differential diagnosis of, 100
evaluation of, 61–62

age and, 61
medical history and, 61
symptoms and, 61
time course and, 61–62

examination of, 62–66
external, 62
physical, 62
slit lamp, 62

fibrohistiocytic tumor,
xanthogranulomas, 168

fibro-osseous and cartilaginous,
174–184

fibrous lesions as, 180
fine-needle aspiration biopsy of,

115–118
complications of, 118
interpretation of, 117–118
smear preparation for, 117
technique for, 116

funduscopic changes and, 52
glioma, optic as, radiation

treatment for, 400
ill-defined solid, 97–99
image fusion for, 393–395
imaging of, 84–92, 104–105

angiography, 91–92
bone evaluation and, 95–96
contrast enhancement in, 94–95
CT, 84–85, 86, 87, 105
localization and, 94
MRI, 86–91, 105, 106–108
radionuclide, 109–110
ultrasonography and, 104–105

immunological response to, 24
immunosuppression and

infections of, 29
viruses of, 28

incidence of, 27
inferior and inferior wall

orbitotomy of, 370–373
approaches to, 370
medial and medial wall

orbitotomy as, 361, 365, 366,
370–373, 372

inflammation of the orbit and,
335–347

intraocular
extrascleral extension of

choroidal melanoma as,
402–403

radiation therapy for, 402–403
uveal metastasis as, 402

intraocular pressure and, 63

intraoperative biopsy of, 118–121
frozen section interpretation for,

121
frozen section technique for, 118,

120
indications for, 118
labeling of margins for, 119–120
Mohs microsurgical technique

for, 120–121
technique for, 118–119

lateral and lateral wall orbitotomy
of, 364, 365–370

bone excision, 366, 367
bone incision, 367, 368
complications of, 387
periorbita incision and, 368
skin incision, 361, 366–367, 368

lesion appearance in, 94, 95
lymphoid, radiation treatment of,

398–399
lymphoproliferative disease as,

77–78, 270–271, 272
chemotherapy for, 422–423
lymphoma as, 423–424
Rosai-Dorfman disease as, 424

malignant, biological behavior of,
353, 354

management of, 351–429
radiation therapy and, 406

medial space-occupying, 373, 374
meningiomas as, radiation

treatment of, 399–400
metastasis mechanisms in, 34–39
metastatic, 38–39, 78
MSI and, 8–9
NHL as, 27, 28
ocular motility measurements and,

64
ophthalmoscopy and, 64
optic disk changes in, 53
preoperative imaging of, 365
primary, 73–77, 131–228

bone, 174–184
cystic lesions as, 73, 74
peripheral nerve lesions as, 76
pseudotumor as, 76–77
rhabdomyosarcoma as, 77, 78
vascular lesions as, 73–76

pupil testing and, 64
radiation treatment for, 398–406

brachytherapy boost technique
and, 405–406

choroidretinal changes and,
404–405

conjunctiva and, 404
cornea and, 404
hypothalamus and pituitary

dysfunction and, 405
iris and, 404
lacrimal apparatus and, 404
lens and, 404
sclera and, 404

side effects of, 403–405
stereotactic radiosurgery and, 405
techniques for, 398

Rb as, 9, 24
retinal findings and, 64–65
rhabdomyosarcoma as, 24, 43, 77,

78, 304–307
embryonal, 8, 9
radiation treatment of, 400–401,

402
sarcoma as, staging of, 357–358
secondary, 77–79

adult, 231–287
craniopharyngioma as, 275
cranium originated, 272–276
ectopic meningioma as, 274–275
epithelial tumors as, 266–270
lymphoproliferative disease as,

77–78, 270–271, 272
mesenchymal tumors as, 270, 271
metastatic tumors as, 78, 79
mucocele as, 79
pituitary adenoma as, 275–276
sinonasal tract, 266–272
sphenoid ridge meningioma as,

272–274
tumors and tumorlike conditions

of, 271
sentinel node biopsy of, 121–122
staging of, 353–358

management plan and, 353
surgical procedures for, 365–384

complications, intraoperative of,
385

complications, postoperative of,
386–388

computer image guidance and,
391–397

emphysema, postoperative and,
387

enucleation as, 376–377
exenteration as, 378–384
infection and, 387
inferior and inferior wall

orbitotomy as, 370–373
lateral and lateral wall

orbitotomy as, 365–370
medial-lateral orbitotomy as, 373
orbital apex as, 367, 374–375
postoperative care and, 384–385
radiosurgery as, 396
scar formation and, 387
skull-base strategies of, 391–397
superior wall and superior

orbitotomy, 373–374, 375
wound closure and, 384–385

surgical treatment of, 353, 359–388
anatomy correlation with,

364–365, 366
concepts of, 360–361
exposure for exploration and,

362–363
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hemostasis and, 363
incisions, bone and, 361
incisions, conjunctival and, 361
incisions, skin and, 361
light and magnification for,

361–362
planning for, 360
preoperative evaluation and,

359–360
preparation for, 360
reasons for, 365

symptoms of, 62
tissue diagnosis methods, 122–128

DNA sequencing as, 124–126,
127, 128

flow cytometry as, 122, 123–124,
127

immunohistochemical stains as,
122–123, 124, 125, 126

molecular studies as, 126–128
tissue homing in, 37
tissue removal of, 364
vascular bed in, 36–37
vascular, radiation treatment of,

398, 399
viruses associated with, 30–31

EBV as, 30–31
human papilloma virus as, 31
human T-cell leukemia virus as,

31
mucosa-associated lymphoid

tissue lymphoma as, 31
visual field testing and, 63
visual function and, 63
well-circumscribed cystic, 99–100

dermoid as, 99
lymphangioma as, 99, 100

well-circumscribed solid, 96–97, 98
Osteoblastoma, 174
Osteogenic sarcoma, 174–176

clinical manifestations of, 175
incidence of, 175–176
parosteal, 176–177
radiologic studies of, 175

Osteoma, 174, 175
Osteosarcoma, 425

P
Papillomas, 223–225
Papilloma virus, 31. See also

Papillomas
Paraganglioma, 196, 199

clinical features of, 196
management and prognosis of, 196
morphologic features of, 196
radiologic features of, 196

Paraneoplastc orbital syndrome,
286–287

Pediatric orbital tumors, 291–312.
See also Metastatic tumors

benign, 293–301
congenital cysts as, 300–301

dermoid as, 293–296
dermolipoma as, 296–297, 298
lesions secondary to orbitocranial

maldevelopments as, 298–300
teratoma as, 297–298

chemotherapy for, 410–418
cysts as

arachnoidal, 301
congenital, 300–301
mucocele, 301

malignant, 304–312
esthesioneuroblastoma as,

416–417
Ewing tumors as, 414
granulocytic sarcoma as, 413
incidence of, 304
lymphoma as, 411–413
metastatic, 311–312
neuroblastoma as, 311–312,

413–414
optic nerve glioma as, 307–310,

416
orbital invasion and, 415–417
orbital metastases and, 413–415
orbital myeloid sarcoma as, 312
primary, 304–310, 410–413
Rb as, 415–416
rhabdomyosarcoma as, 304–307,

410–411
secondary, 304, 311–312
Wilms tumors as, 414–415

nonmalignant, 417–418
hemangioma as, 417
histiocytosis as, 417–418

optic nerve glioma as, 307–310
diagnosis of, 308–309
imaging of, 309–310
incidence of, 307–308
prognosis of, 308
treatment of, 310

rhabdomyosarcoma as, 304–307
diagnosis of, 304–305
imaging of, 305–306, 307
management of, 307, 308, 309
staging of, 307

treatment of, 410
Periocular tumors, 233–243

BCC, 233–237
melanoma as, 241–243
SCC, 237–239
SGC as, 239–241

Periorbital tumors, 27–31
Peripheral nerve tumors, 187–201

alveolar soft part sarcoma as, 195
clinical features of, 195
management and prognosis of,

195
morphologic features of, 195
radiologic features of, 195

amputation neuroma as, 188,
196–197

clinical features of, 197

management and prognosis of,
197

morphologic features of, 197
radiologic features of, 197

granular cell tumor as, 188t,
194–195

clinical features of, 194
management and prognosis of,

195
morphologic features of, 194–195
radiologic features of, 194

malignant peripheral nerve sheath
tumor as, 188, 192–193

clinical features of, 192–193
management and prognosis of,

193
morphologic features of, 192, 193
radiologic features of, 193

melanotic neuroectodermal tumor
of infancy as, 197

clinical features of, 197
management and prognosis of,

197
radiologic features of, 197

neurofibroma as, 189–192
clinical features of, 190–191, 192
management and prognosis of,

192
morphologic features of, 191, 192
radiologic features of, 191, 192

neurofibromatosis as, 198–201
ophthalmic manifestations of

type 1, 198–201
ophthalmic manifestations of

type 2, 201
diagnosis of, 199

paraganglioma as, 196, 199t
clinical features of, 196
management and prognosis of,

196
morphologic features of, 196
radiologic features of, 196

primary orbital carcinoid tumor as,
198

primary orbital neuroblastoma as,
197–198

schwannoma as, 187–189
clinical features of, 187, 188
management and prognosis of,

188
morphologic features of, 188–189
radiologic features of, 187–188

Pituitary dysfunction, 405
Pleomorphic adenoma, 81, 206–211

clinical features of, 206, 208, 209
management and prognosis of, 208,

209, 211
pathology of, 209–211
radiologic features of, 207–209

Proptosis
asymmetrical, 56
bilateral, 168
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Proptosis (continued)
GD and, 330
Maffucci syndrome, 179

chemosis and, 91
diagnosis of, 56
examination of, 56
fibrous histiocytoma, 166
lymphangioma, 148
neurofibroma, 190
orbital varix, 151

Pseudotumors, 291–312
cerebri, orbital, 80
diffuse, 338
histopathology of, 338–339
lacrimal fossa, 339
localized nonspecific, 338
orbital tumor inflammation and,

338–339
orbital tumors, primary and, 76–77
presentations of, 339
radiation treatment of, 401–402

R
Radionuclide imaging

orbital tumor, 108–110
positron emission tomography as,

109–110
single photon emission computed

tomography, 110
Rb. See Retinoblastoma
Retinoblastoma (Rb)

bilateral, 42
EBRT for, 42
gene for, 41–42
hereditary, 41
malignancies, multiple in, 41–46
mortality due to, 43–44
orbital tumor, 9, 24
orbital tumors and, 9, 24
pediatric orbital tumor, orbital

invasion of, 415–416
radiation treatment of, 403
SMN development and, 41

radiation treatment and, 44
TSG to be isolated from, 41

Rhabdomyosarcoma
embryonal, 8, 9
inflammation mimicked by

neoplasia and, 322, 324–325
orbital tumors and, 24, 43, 77, 78,

304–307
primary, 77, 78

pediatric orbital tumors and,
304–307, 308, 309

radiation treatment of, 400–401, 402
Rituximab, 138–139
Rosai-Dorfman disease, 424

S
Sarcoidosis, 66, 343–345, 343–347

diagnosis of, 344
treatment of, 343, 344–345

Sarcomas. See Specific sarcomas
SCC. See Squamous cell carcinoma
Schwannoma, 187–189

clinical features of, 187, 188
management and prognosis of, 188
morphologic features of, 188–189
radiologic features of, 187–188

Sclera, 404
Sebaceous gland carcinoma (SGC),

239–241
clinical features of, 240
complications, potential of, 241
differential diagnosis of, 239, 240
histopathology of, 240
infiltrative features of, 241
intraepithelial carcinoma of, 241
investigation of, 240
management of, 241
orbital invasion by, 240, 241
prognosis and follow-up of, 241

Second malignant neoplasm (SMN)
chemotherapy and, 44
EBRT in, 44–45
incidence of, 42
management of, 45
mortality due to, 43–44
Rb and, 41

radiation therapy and, 44
type(s) of, 42–44

osteogenic sarcoma as, 42–43
SGC. See Sebaceous gland carcinoma
Sjögren’s syndrome, 340, 345
SMN. See Second malignant

neoplasm
Squamous cell carcinoma (SCC)

conjunctival tumor, 245–249
clinical features of, 245–249
histology variations of, 247–248
management and prognosis of,

248–249
enucleation and, 376
epithelial tumor, 266–269
lacrimal drainage system, 237–239,

245–247
clinical features of, 237–238
differential diagnosis of, 238
histopathology of, 238
investigation of, 238
management of, 239
orbital invasion by, 237, 238
perineural spread of, 238–239
potential complications of, 239
prognosis and follow-up of, 239

orbital malignancy, secondary,
425–426

T
T-cell leukemia virus, 31
Telomeres

cancer, age-associated and, 18
DNA replication and, 18–19

Teratoma, 297–298

Thyroid eye disease. See Graves
disease

TSG. See Tumor suppressor genes
Tumors. See also Specific tumors

conjunctival and sinus, radiation
treatment of, 399

genotypes of, 5
LOH in, 5, 6
mesenchymal, 270, 271
oncogenes and, 4
progression of, 35
radiation induced, 44
stromal interactions and, 35–36

angiogenesis as, 35, 36
cellular factors as, 35–36

Tumor suppressor genes (TSG), 4–7
functions of, 6–7

caretakers and, 6–7
gatekeepers and, 6–7

genomic instability in, 22–23
histone acetylation and, 10
inactivation of

mechanisms of, 7
oncogenes and, 5

Rb isolated, 41

U
Ultrasonography, 73–82, 104–105

V
Varix, 142, 151–152

clinical features of, 151–152
management and prognosis of, 152
morphologic features of, 151, 152
proptosis of, 151
radiologic features of, 151, 152

Vascular orbital tumors, 141–160
angiolymphoid hyperplasia with

eosinophilia and kimura
disease as, 159–160

clinical features of, 159
management and prognosis of,

160
morphologic features of, 159–160
radiologic features of, 159

angiosarcoma as, 142t, 154–155
clinical features of, 155
management and prognosis of,

155
morphologic features of, 155
radiologic features of, 155

arteriovenous fistulas and
malformations as, 142,
156–159

clinical features of, 156–157, 158
management and prognosis of,

157, 158–159
morphologic features of, 157
radiologic features of, 157

capillary hemangioma as, 142,
144–148

clinical features of, 145
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management and prognosis of,
146–148

morphologic features of, 144, 146
radiologic features of, 145, 146

cavernous hemangioma as, 141–144
clinical features of, 141–142
management and prognosis of,

144
morphologic features of, 143–144
ophthalmoscopic findings in, 143
radiologic features of, 143

frequency of, 142
hemangiopericytoma as, 142,

152–154
clinical features of, 152–153
management and prognosis of,

154
morphologic features of, 153–154
radiologic features of, 153

intravascular papillary endothelial
hyperplasia as, 142, 155–156

clinical features of, 155
management and prognosis of, 156
morphologic features of, 155–156
radiologic features of, 155

leiomyoma as, 142t, 159
clinical features of, 159
management and prognosis of, 159

morphologic features of, 159
radiologic features of, 159

lymphangioma as, 142t, 148–152
clinical features of, 148–149
hemorrhage, spontaneous of, 146,

148
location of, 148, 149, 150
management and prognosis of,

150–151
morphologic features of, 150
proptosis of, 148
radiologic features of, 150

varix as, 142t, 151–152
clinical features of, 151–152
management and prognosis of,

152
morphologic features of, 151, 

152
proptosis of, 151
radiologic features of, 151, 152

Viruses. See also Epstein-Barr Virus;
Papilloma virus; T-cell
leukemia virus

cancer and, 20–21, 22t
cancer treatment with, 21–22
cell transformation by, 21
immunodeficiency, 27–28
oncogenesis and, 20–22

orbital tumor associated, 30–31
EBV as, 30–31
human papilloma virus as, 31
human T-cell leukemia virus as,

31
mucosa-associated lymphoid

tissue lymphoma as, 31
tumor development and, 20

W
Warthin tumor, 219
Wegner’s granulomatosis, 66,

345–347
Wilms tumors, 414–415

X
Xanthogranuloma, 166, 171

bilateral, 172
cutaneous, 170–172
Erdheim-Chester disease, 168,

169–170
juvenile, 168, 170
necrobiotic, 170
orbital, 168
treatments for, 171–172

Z
Zevalin, 138–139
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