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Preface

Recent advances in genetics and molecular biology have significantly
increased the understanding of inflammatory disorders, which allows for
more accurate diagnosis and provide better care for orbital inflammatory dis-
orders. Orbital inflammatory disorders are common, but relatively less-
known. There are few books that provide in-depth and up-to-date information
about orbital inflammatory disorders. This book summarizes the recent devel-
opments on the spectrum of orbital inflammatory disorders in a concise and
thorough manner. Newly introduced IgG4-related orbital inflammation,
developments in pathogenesis, management of thyroid eye disease, and
orbital xanthogranulomatous disorders are recent advancements that are
reviewed in this book. This reference book will be useful for ophthalmology
residents, general ophthalmologists, oculoplastics and orbital surgeons, ocu-
lar oncologists, otolaryngologists, and neurosurgeons during their daily prac-
tice for patient care. Additionally, its easy-to-read style makes this book a
valuable source for examination review and updating knowledge of orbital
inflammatory disorders.

I would like to sincerely thank all of the contributing authors, Victor
M. Elner, Raymond S. Douglas, Adam S. Hassan, Gangadhara Sundar,
Santosh Honavar, Shivani Gupta, Zachary D. Pearce, Sima Das, and Shannon
S. Joseph, for their thorough review of topics. Also, I thank Dr. Arun Singh
and Tracy Marton for their help with editing. Finally, I would like to thank my
family for their continuous support in my endeavors over the years.

Ann Arbor, MI, USA Hakan Demirci, MD
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Orbital Infections

Sima Das and Santosh G. Honavar

1.1 Introduction

Infections of the orbit are caused by a wide vari-
ety of microorganisms. The anatomic position
of the orbit in the face makes it susceptible to
involvement by contiguous spread of the infec-
tion from the surrounding structures [1]. Orbital
infections usually present as an acute orbital
inflammation; however, a chronic indolent pre-
sentation, mimicking neoplastic orbital pro-
cesses, can be seen in cases of the fungal
infections. Bacterial aetiology is the most com-
mon case of orbital infection. Fungal and para-
sitic infections can also involve the orbit. This
chapter discusses the clinical manifestations,
microbiological profile, management outline
and complications of bacterial, fungal and para-
sitic infections of the orbit.
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1.2  Bacterial Orbital Infections
Bacterial infection of the orbit is primarily a dis-
ease of the children and young adults with peak
incidence reported in 0—15 years age group [2, 3].
It usually presents as an acute orbit and is consid-
ered one of the medical emergencies. Paranasal
sinus disease is the most common predisposing
factor both in children and adults. Ethmoid sinus
infection most commonly involves the orbit by
contiguous spread as the thin bony medial wall of
the orbit and the presence of numerous foramina
and valveless venous connections allow for ready
spread of the infection to the orbit [4-6].
Contiguous infections of the eyelids and orbit
like stye, dacryocystitis, dacryoadenitis, canalic-
ulitis, panophthalmitis and infections of the face
like furuncle can spread to the orbit and cause
orbital cellulitis. Other sources of orbital infec-
tion are post trauma, orbital foreign body, dental
abscess, postorbital surgery and upper respira-
tory tract infection [2, 5, 7, 8].

Microbiological profile of bacterial orbital infec-
tion depends on the age of the patient and the aeti-
ology of the infection [2, 5]. In children, the most
common organisms isolated are Staphylococcus
aureus, Streptococcus pneumoniae and other strep-
tococcus species [5, 9, 10]. Haemophilus influ-
enzae was the most common organism in the era
before the universal Haemophilus influenzae type b
vaccination [9-11]. Widespread use of the vaccine
has led to a considerable decline in the infection
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Fig. 1.1

caused by this organism [12, 13]. The incidence
of orbital infection caused by methicillin-resistant
Staphylococcus aureus (MRSA) has seen an
increased trend recently, and hence empirical anti-
biotic therapy should be directed towards these
organisms especially if it is prevalent in the com-
munity [5, 14]. Polymicrobial infections are seen
more commonly in adults [2]. Organisms can be
isolated from culture of the exudates obtained
by surgical intervention from affected sinus or
abscess cavity or from conjunctival swab culture.
Blood cultures are rarely positive. Orbital infection
caused by Pseudomonas aeruginosa and Proteus
mirabilis has been reported in association with
systemic bacteraemia in patients with diabetes
mellitus, acute leukaemia and cholecystitis and in
association with endophthalmitis following cata-
ract surgery [15, 16]. Other rare organisms reported
to cause orbital infection are Bacillus thuringien-
sis, Arcanobacterium haemolyticum and Kingella
kingae in paediatric patients and Yersinia entero-
colitica in case of post-traumatic orbital cellulitis
[17-20].

Paranasal sinus disease remains the most com-
mon predisposing cause for orbital infection, and
the orbital complications of sinusitis have been
described by Smith and Spencer and modified by
Chandler [21, 22]. This classification system
defines the severity and location of the disease
process, although disease progression does not
always occur according to the described stages.

Preseptal cellulitis in young adult secondary to hordeolum externum (a) and acute dacryocystitis (b)

1.2.1 Preseptal Cellulitis

In preseptal cellulitis, the infection is limited to
the skin and subcutaneous tissues anterior to the
orbital septum. Clinically, it presents as a rapidly
progressive eyelid oedema and erythema with or
without conjunctival congestion and chemosis,
commonly in children (Fig. 1.1). There is absence
of proptosis and pupillary dysfunction, and ocu-
lar movements are unaffected which differenti-
ates this disease process from orbital cellulitis.
Skin infection and upper respiratory tract infec-
tion are common predisposing factors for the
development of preseptal cellulitis in children.
Trauma, hordeolum externum, acute dacryocysti-
tis, conjunctivitis and sinusitis are other predis-
posing factors both in children and adults.

The common organisms causing preseptal
cellulitis in children include Streptococcus pneu-
moniae, Staphylococcus species and Haemophilus
influenzae [3, 5]. The causative organism can be
isolated by culturing the abscess material. Blood
culture is indicated in acutely ill children with
high fever, and suspected septicaemia though
a positive yield is rare. Recently, MRSA has
emerged as the most common causative organ-
ism in preseptal and orbital cellulitis [2, 14, 23].
Preseptal cellulitis needs to be differentiated from
other causes of periocular swelling like aller-
gic periocular oedema, angioneurotic oedema,
thyroid eye disease, etc.
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Fig. 1.2 Orbital cellulitis in children manifesting as tense eyelid edema and proptosis (a) and severe proptosis and cor-
neal exposure (b). CT scan showing large subperiosteal (¢) and intraorbital abscess (d) requiring immediate drainage

Bacteremic preseptal cellulitis is commonly
treated with parenteral antibiotics. The initial
choice of antibiotic can be decided by the Gram
stain and microscopy results and modified based
on the culture sensitivity reports. Non-vaccine
strains of Streptococcus pneumoniae are the com-
mon cause of the infection in children; hence,
empirical antibiotic therapy should include a
third-generation cephalosporin. Hospitalisation
and inpatient treatment and monitoring for the
development of a life-threatening complication
like meningitis are preferred in infants and neo-
nates as their immune systems are less effective
against encapsulated bacterial infection [24].
Older children and adults can be treated with oral
antibiotics on an outpatient basis. Orbital spread
of preseptal infection is associated with worsening
of symptoms, onset of proptosis and restriction of
ocular movements. Orbital imaging is indicated in
patients with suspected orbital cellulitis or patients
with worsening of symptoms despite continued

systemic antibiotic treatment. Computed tomog-
raphy (CT) scan of orbits is done to rule out
orbital abscess or any occult foreign body in the
setting of trauma. Non-response to treatment also
calls for revaluation of the antibiotic sensitivity in
patients with positive culture material. Surgical
management is indicated for abscess drainage and
removal of foreign body in post-trauma cases.
Abscess cavity is irrigated with antibiotic solution
and the wound left open for exudates to drain.

1.2.2 Orbital Cellulitis

The clinical features of orbital cellulitis include
pain, eyelid oedema and erythema, conjunctival
congestion and chemosis and signs of involve-
ment of postseptal orbit like presence of proptosis
and ocular motility restriction which differenti-
ated this from preseptal cellulitis (Fig. 1.2).
Afferent pupillary defect and other signs of optic
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nerve compression may be present in cases with
orbital or subperiosteal abscess. Sinusitis is the
most common predisposing factor for the devel-
opment of orbital cellulitis both in children and
adults [2, 5]. Other predisposing causes are trauma
with orbital foreign body inoculation, dental
abscess, dacryocystitis and systemic conditions
like diabetes mellitus [25, 26]. Sinus infection,
especially ethmoid sinusitis, can spread to the
orbit readily due to the thin wall of the lamina
papyracea and presence of several foramina and
natural dehiscences which provide a ready com-
munication between the orbit and sinus.

In patients with  positive  culture,
Staphylococcus aureus has been identified as the
most common aetiologic agent in adult patients
with orbital cellulitis. In children, various spe-
cies of Streptococcus have been reported as the
most common pathogen. Other reported caus-
ative organisms include Haemophilus influenzae,
Corynebacterium, Clostridium, Enterococcus,
Pseudomonas and anaerobes.

The clinical features of the orbital cellulitis
associated with sinusitis have been described
by Smith and Spencer and modified later by
Chandler [21, 22]. This classification is based
on the severity of the disease process. Class I is
inflammatory preseptal eyelid swelling associ-
ated with sinusitis, possibly due to congestion
of the orbital venous drainage system. There are
no other signs of orbital involvement like pro-
ptosis and ophthalmoplegia at this stage. In class
II, there is involvement of the orbit as suggested
clinically by the presence of proptosis, ophthal-
moplegia and signs of optic nerve compression.
Radiologically, orbital involvement can be seen
as streaking of the orbital fat and diffuse soft
tissue thickening on CT scan. Localised collec-
tion of the purulent material from the sinus can
occur in the subperiosteal space (class III) or into
the orbit (class IV). Orbital abscess is diagnosed
on imaging and appears as a hypodense collec-
tion along the orbital walls or into the extra- and
intraconal spaces. Presence of orbital abscess is
suspected in patients with non-respose to treat-
ment or worsening of signs and symptoms with
increase in pain, tenderness and tense orbit with
motility restriction and possible decreased vision

with signs of optic nerve compression. Cavernous
sinus involvement can occur due to the poste-
rior spread of the infection through the venous
system and is the most serious complication of
orbital cellulitis (class V). Onset of cavernous
sinus thrombosis is associated with high fever
with or without signs of CNS involvement like
altered sensorium, onset of contralateral eyelid
oedema and skin discoloration, contralateral oph-
thalmoplegia and extraocular muscle paresis and
proptosis. MRI is indicated to confirm the diag-
nosis of cavernous sinus thrombosis. Absence of
flow or luminal narrowing on T2-weighted and
gadolinium-enhanced images will confirm the
diagnosis.

Orbital cellulitis is an ophthalmic emergency,
and management needs hospitalisation and treat-
ment with intravenous antibiotics with close
monitoring to identify and treat any complication
at the earliest. Initial empirical antibiotic chosen
should cover a broad spectrum of bacteria includ-
ing Staphylococcus, Streptococcus and anaerobes.
Third-generation cephalosporins or ampicillin-
sulbactam combinations are initial antibiotics of
choice. If anaerobic infection is suspected, met-
ronidazole or clindamycin can be added. The
antibiotic can be changed based on the sensitiv-
ity report if a specific positive culture is available
and a specific organism is isolated. The optimal
duration of antibiotic treatment is variable with
14-21 days being the minimal suggested duration
as with other severe infections like meningitis
[5]. Imaging modality like CT scan is indicated
to rule out orbital abscess, sinusitis or orbital for-
eign body in the setting of trauma. The patient is
sent for the imaging after giving the initial dose
of antibiotic. Subperiosteal orbital abscess asso-
ciated with sinusitis needs surgical drainage if
signs of compressive optic neuropathy are pres-
ent or no improvement in signs and symptoms
is noted after 2448 hours of antibiotic therapy.
Young patients with small medial subperiosteal
abscess without any signs of complication can
be managed medically, while large abscess needs
drainage [27]. Abscess along the medial orbital
wall can be drained either by endonasal or orbital
route. Endonasal route is preferred if associated
ethmoid sinus collection also needs drainage [28].
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Orbital route is preferred for drainage along the
other orbital walls. Though the decision to drain
subperiosteal abscess is ultimately guided by the
clinical course, the volume of the abscess mate-
rial as determined on CT scan has been found
to correlate with the need for drainage with sub-
periosteal abscess more than 1,250 mm requiring
drainage in a study by Todman and Enzer [29].
Orbital abscess with collection of pus within
intra- or extraconal space needs immediate drain-
age as the inflammatory and infectious collections
release mediators which are toxic to orbital tis-
sues. Orbital cellulitis associated with retained
wooden or vegetative foreign body in post-trauma
cases requires orbital surgery for foreign body
removal.

1.3  Fungal Orbital Infection

Fungal infections of the orbit are relatively rare
and can mimic other infectious, inflammatory and
neoplastic conditions of the orbit, thereby delay-
ing the diagnosis in some cases. Though a variety
of fungus can invade the orbit, the main aetiologic
organisms causing invasive orbital infection
include Rhizopus, Mucor, Absidia and Aspergillus
species [30]. Because of the proximity of the orbit
to the paranasal sinuses, fungal orbital infections
are usually acquired by extension of paranasal
sinus disease [31]. Direct implantation of the
organism to the orbit can occur following trauma.
Infection can also spread to the orbit from a dis-
tant site by haematogenous route.

1.3.1 Mucormycosis

Mucormycosis or zygomycosis is an acute fulmi-
nant fungal infection caused by the Rhizopus,
Mucor and Absidia species. It is usually found in
immunocompromised patients with diabetic
ketoacidosis being the most important risk factor
[32]. Other risk factors include immunosuppres-
sion in cases of bone marrow transplantation
intravenous drug use, long-term corticosteroid
therapy, desferrioxamine therapy and neutrope-
nia [30, 33]. Mucormycosis is rarely reported in

immunocompetent patients. The infection is usu-
ally acquired by colonisation of the nasal and oral
mucosa by the fungal spores which spread to the
paranasal sinus and orbit.

The clinical presentation is usually acute with
fever, periorbital pain and inflammation, epi-
staxis, ptosis, ophthalmoplegia, proptosis, loss of
corneal sensation and decreased vision (Fig. 1.3).
The extent of cranial nerve paresis is usually out
of proportion to the amount of inflammation
which provides a clue to the diagnosis. The organ-
ism has the propensity for angioinvasion which
can cause vascular occlusion and ischemic tissue
necrosis which adds to the area of the septic
necrosis caused by the fungus. Tissue infarction
and necrosis also cause the typical black-coloured
eschar over the palate, nasal septum and facial
skin which are usually the late manifestations of
the infection. Invasion and occlusion of the cen-
tral retinal artery or choroidal vasculature is
responsible for the early and severe visual loss.

Extension of the disease can occur from the
sinus to the orbit and to the brain through orbital
apex, cribriform plate or via blood vessels [34].
Rhino-orbital-cerebral mucormycosis can be
a fatal disease if not treated, and early diagno-
sis and prompt management are imperative to
reduce the mortality and morbidity associated
with the disease. Imaging the orbit and paranasal
sinuses with CT or MRI is indicated in uncon-
trolled diabetic or immunocompromised patients
with acute onset of ophthalmoplegia, proptosis
and decreased vision to rule out mucormycosis.
CT scan reveals opacification of the sinus by the
mass, bone erosion and extension to the orbit.
Early CT findings are thickening of the extra-
ocular muscles adjacent to the involved sinus
[35]. Diagnosis is confirmed by KOH mount,
Gomori’s methenamine silver stain and culture
of the biopsy material obtained from the eschar
material or paranasal sinus or orbital mass. The
fungus is seen as large, right angle branching,
nonseptate hyphae on smear.

The management approach for orbital mucor-
mycosis includes an early diagnosis and prompt
institution of systemic antifungal therapy.
Polyene antifungal amphotericin B administered
intravenously is the drug of choice. The drug is
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Fig. 1.3 Orbital mucormycosis presenting as total oph-
thalmoplegia with orbital inflammation (a) and with asso-
ciated eyelid skin fistulae (b) in patients with uncontrolled

potentially nephrotoxic and hence needs dose
titration and monitoring of the renal functions.
Liposomal amphotericin B has less nephrotoxic-
ity with good tissue penetration and is an alterna-
tive to amphotericin B [30, 35]. However, the
preparation is more expensive compared to
amphotericin B. A newer antifungal like posacon-
azole is better tolerated than amphotericin B and
can be an alternative in patients not tolerating or
responding to amphotericin B [36]. Extensive
surgical debridement is needed in most patients
to remove the necrosed tissue and allow for the
penetration of antifungal medications. Surgical
procedure can range from drainage and aeration
of the involved sinuses to radical orbital exenter-
ation. Local irrigation with amphotericin B fol-
lowing surgical debridement is also advocated in

diabetes. CT scan showing opacification near the orbital
apex and associated extraocular muscle thickening (c¢) and
diffuse orbital and ethmoid sinus involvement (d)

few studies [37]. Urgent neurosurgical consulta-
tion is needed in patients with CNS involvement.
Hyperbaric oxygen therapy is also shown to be
effective in the treatment of mucormycosis as it
decreases the local acidosis which promotes fun-
gal growth [38].Control of the underlying condi-
tion like diabetic ketoacidosis or systemic
immunosuppression is of utmost importance for
controlling the infection.

1.3.2 Orbital Aspergillosis

Aspergillus infection of the orbit can occur
in two different clinical forms, invasive and
non-invasive orbital infection [39]. Invasive
orbital aspergillosis usually occurs in immu-
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Fig. 1.4 Pre- (a) and postoperative (b) photographs of a
young adult with recurrent invasive sino-orbital aspergil-
losis status post debridement managed by orbital exenteration,

nocompromised patients, and the predispos-
ing factors are similar to that of mucormycosis
infection. The presentation can be acute with
clinical picture resembling orbital cellulitis
with proptosis, ptosis, ophthalmoplegia and
visual loss (Fig. 1.4). Vascular invasion can
cause tissue ischemia, and the black eschar
characteristic of mucormycosis can also be
seen in the late stages of Aspergillus infection
[39]. Aspergillus have propensity to involve
the sphenoid sinus more commonly probably
due to the hypoxic environment, and this can
present as optic neuropathy without other signs
of orbital involvement [30]. A non-invasive
form of orbital aspergillosis occurs usually
in immunocompetent patients as an extension
from the sinus disease, commonly maxillary
sinus disease. The disease is commonly caused

partial maxillectomy and systemic voriconazole. CT scan
shows extensive sino-orbital mass filling the maxillary
sinus and orbit and extending to the orbital apex (c, d)

by Aspergillus fumigatus and starts with col-
onisation and expansion of the sinus cavity.
Breakdown of the anatomical barrier causes
orbital extension of the disease. The symptoms
are primarily due to pressure effect by orbital
mass and present as slowly progressive propto-
sis with globe displacement.

CT scan is the diagnostic investigation of
choice if sino-orbital aspergillosis is suspected.
The infection appears as heterogeneous opacifi-
cation of the sinus with the presence of calcifica-
tion which is highly suggestive of Aspergillus
infection. Focal areas of bone destruction can be
seen on CT. In early stages of the disease, severe
unilateral thickening of the nasal mucosa on CT
scan is found to be a consistent finding and should
raise suspicion of invasive fungal infection [40].
Diagnosis is confirmed by endoscopic biopsy and



S. Das and S.G. Honavar

Fig. 1.5 Sino-orbital aspergillosis in immunocompetent
patients. Proptosis with superior globe displacement (a)
caused by maxillary sinus aspergillosis causing orbital
floor destruction and extending to the orbit (b). Ethmoid

microscopy and culture of the involved sinus tis-
sue or orbital mass. Microscopy of the KOH-
mounted tissue can provide a rapid diagnosis
about the type of fungus but cannot provide
information about tissue invasion. It is important
to take superficial and deep biopsies and send the
material for histopathology and special staining
with Gomori’s methenamine silver and periodic
acid-Schiff to avoid false negative results and to
detect invasive disease which will help in decid-
ing about the management option [41].
Non-invasive sino-orbital aspergillosis is usu-
ally treated by surgical debridement of the orbital
mass and the involved sinuses. Antifungal ther-
apy is usually not indicated, and prognosis
remains good in these cases. Invasive sino-orbital
aspergillosis is a potentially fatal disease, and
urgent treatment is indicated with a combination

sinus aspergillosis extending to medial orbit causing lat-
eral globe displacement (c). In addition to the ethmoid
sinus mass, note thickening of the ipsilateral nasal mucosa
on CT scan (d)

of surgical debridement and systemic antifungal
therapy (Fig. 1.5). The involved sinus and orbital
tissues are debrided and aerated. Orbital exenter-
ation might be needed in cases with extensive
orbital involvement; especially with involvement
of the orbital apex to prevent intracerebral spread
of the infection [41]. Intravenous amphotericin B
is the mainstay medical treatment. Liposomal
amphotericin B is better tolerated and more effec-
tive and with lower renal toxicity compared to
amphotericin B. Irrigation of the sinus and orbital
cavity can be done with amphotericin B during
the time of debridement. Recently, a new azole
group of drug, voriconazole, has been approved
by FDA as the first-line treatment for invasive
sino-orbital aspergillosis. This drug is well toler-
ated with minimal side effects like visual distur-
bance and skin rash [42]. In immunocompromised
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patients, particular attention should be paid to
reverse the predisposing factor. Complication
includes involvement of the cavernous sinus and
cerebrum involvement which is the cause of
mortality in these patients.

1.4  Parasitic Orbital Infections
Parasitic infection of the orbit is uncommon com-
pared to the bacterial and fungal infections. The
common parasites causing orbital infection are
cysticercosis and echinococcosis. Orbital diclofil-
ariasis and myasis have also been reported rarely.

1.4.1 Orbital Cysticercosis

Orbital cysticercosis is caused by the Cysticercus
cellulosae, the larval form of Taenia solium. In
cysticercosis, the human being acts as the inter-
mediate host, and the disease is acquired in
humans by ingestion of the eggs through con-
taminated food, water or through autoinfection.
Neurocysticercosis is the most common form
of infection, and ocular involvement has been
reported in 12.8-40 % cases [43, 44]. Intraocular
cysticercosis has been thought to be the most com-
mon form of ocular involvement. However, recent
studies have reported an increased incidence of
adnexal and orbital disease, probably attributed to
the increased awareness about the various clinical
manifestations and availability of various imag-
ing modalities like ultrasound B scan and CT scan
which can detect the parasitic involvement of the
various ocular structures [45]. Orbital cysticerco-
sis is a disease of young adults and children with
the median age reported as 13 years [46]. Males
and females are affected equally.

Ocular motility restriction and proptosis are
the most common clinical manifestations of the
disease. Diplopia due to ocular movement restric-
tion, pain and redness is the common presenting
complaint. Other presentations include ptosis and
eyelid and subconjunctival nodules. The clinical
presentation can mimic orbital inflammatory dis-
ease or oculomotor nerve paresis [47, 48]. The
anterior orbit is involved more commonly than

the posterior orbit, and the cyst is found in rela-
tion to the extraocular muscle in 80 % cases. The
medial rectus muscle is involved most commonly
[49]. The toxin released by the dying parasite can
induce an inflammatory response and can mani-
fest as eyelid oedema and orbital cellulitis.
Rarely, the bony orbit or subperiosteal space can
be the primary site of involvement [50, 51]. Optic
nerve involvement can present as primary optic
neuritis or disc oedema causing diminished
vision. The lacrimal gland can be involved rarely
manifesting as dacryoadenitis [52].

Diagnosis of orbital cysticercosis is made
based on the clinical features and imaging find-
ings. History of recurrent orbital inflammation
with remissions or acquired ptosis and proptosis
with extraocular motility restriction in a young
adult, especially in endemic areas, should raise a
suspicion of orbital cysticercosis (Figs. 1.6 and
1.7). Blood investigations can reveal eosinophilia
and serological test like ELISA for cysticercosis
have a reported sensitivity of 65-98 % and speci-
ficity of 70-100 % [53]. Hence results of sero-
logical tests should be interpreted in the context
of the clinical picture. Orbital imaging with ultra-
sound or CT scan is the most definitive diagnos-
tic modality. On B scan ultrasound, a live cyst
appears as sonolucent cavity with well-defined
margins. The scolex within the cyst appears as a
highly reflective spot within the cyst [54]. The
response to the therapy and various stages of deg-
radation of the cyst can be detected on ultrasound
as regression in the size of the cyst, loss of the
scolex, collapse of the walls and decrease in the
muscle thickness [45]. On CT scan, the cyst
appears isodense with the vitreous. Inflammatory
response in case of a dying cyst can appear as
contrast enhancement of the tissues around the
cyst. B scan ultrasound is comparable to CT scan
in detecting the cyst [45]. B scan has been
reported to have a better ability to detect the sco-
lex within the cyst as compared to CT scan.
B scan can be the imaging modality of choice for
serial imaging during the course of treatment as it
is less expansive and avoids radiation exposure to
the patient. However, during initial diagnosis, CT
scan might be indicated to rule out any concurrent
neurocysticercosis.
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Fig. 1.6 Orbital cysticercosis presenting as sudden onset
proptosis, strabismus and ocular motility restriction in a
child (a, b). Resolution of proptosis and strabismus and
improvement of ocular motility (¢, d) following 4-week

Medical therapy with oral antihelminthic
and steroid remains the effective first line of
management modality for orbital cysticercosis.
Albendazole, administered at a dose of 15 mg/kg
body weight, is the drug of choice [55]. Systemic
prednisolone at a dose of 1 mg/kg body weight
is administered concurrently to suppress the
inflammation caused by the dying cyst. The treat-
ment with oral antihelminthics is continued for

course of albendazole and oral steroid. Anterior extension
of the cysticercus cyst is visible subconjunctivally (e) and
responded well to medical management (f)

4-6 weeks. The response to therapy is judged by
the resolution of symptoms like proptosis, ptosis
and control of inflammation. The therapy can also
be tailor-made based on the ultrasound findings,
and antihelminthics can be discontinued once
the scolex disappears on serial ultrasound [45].
Praziquantel is an alternative antihelminthic but
is reported to be less effective than albendazole.
Surgical excision of orbital cyst is rarely indi-
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Fig. 1.7 Clinical presentation of orbital cysticercosis.
Sudden onset ptosis in a 25-year-old male (a). Ultrasound
B scan and CT scan showing well-defined cystic lesion in
relation to superior rectus levator complex with hyper-
dense scolex within (b, ¢). Cysticercosis of lateral rectus
presenting as painful acquired sixth nerve paresis (d, e).

cated as the extensive dissection needed might
induce further inflammation and fibrosis of the
extraocular muscles and other orbital tissues. It is
reserved for symptomatic patients with orbital or
subconjunctival cysticercosis not responding to
medical therapy.

1.4.2 Orbital Echinococcosis

Echinococcosis is a zoonotic disease and human
involvement is caused by the larval stage of the
genus Echinococcus. The four species which
have been reported to cause human infestation
are Echinococcus granulosus which causes cys-
tic echinococcosis, Echinococcus multilocu-
laris which causes alveolar echinococcosis and
Echinococcus oligarthrus and Echinococcus
vogeli which cause polycystic echinococcosis

CT scan demonstrating lateral rectus thickening with
hypodense area within suggestive of dying cyst with sur-
rounding inflammation (f). Right acute dacryoadenitis in a
young female patient (g) caused by lacrimal gland cysti-
cercosis (h) detected by ultrasound B scan (i)

[56, 57]. Dogs and wild animals are the definitive
host, and the human acts as the intermediate host.
The disease is endemic in those parts of the world
where cattle and dogs are bred simultaneously
and is acquired by ingestion of food contaminated
with canine faeces containing the larvae of the
organism. Orbital involvement is seen in 1-2 %
cases, and in endemic areas orbital echinococco-
sis has been reported to be responsible for 5-20 %
cases of all orbital mass lesion [58-61].

Painless progressive proptosis is the most
common clinical presentation. Mass effect of the
enlarging cyst on the orbital structures can cause
optic nerve compression and globe displacement
and luxation resulting in phthisis bulbi in late
stages (Fig. 1.8). Rupture of the cyst can cause
pain, increased proptosis and orbital inflamma-
tion [62, 63]. On CT scan, the lesion appears as
hypodense well-defined single or multiple orbital
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Fig. 1.8 Orbital hydatid cyst in a middle-aged male
patient presenting as slowly progressive proptosis and
globe displacement (a). CT scan shows well-defined,

cyst. Orbital expansion due to pressure effect can
be noted on CT scan. Localised condensation in the
cyst wall can be noted in some cases which corre-
spond to the area of collection of the scolices [63].
Haematological investigations can reveal eosino-
philia and increased ESR. This coupled with the
clinical findings, and CT appearance, especially in
patients coming from endemic areas, will establish
the diagnosis in most cases. Serological tests have
high false negative values and are not very helpful
for establishing the diagnosis [64].

Surgical cyst excision remains the treatment
of choice though medical management with oral
albendazole has been reported to cause reduction
of the orbital cyst and resolution of non-ocular
hydatid cyst [65, 66]. Preoperatively, albendazole
is given in a dose of 15-30 mg/Kg body weight
for 4-8 weeks, with 2-week interval in between.
Oral antihelminthic treatment has also been rec-
ommended postoperatively following cyst exci-
sion. Transcutaneous injection of cysticidal
agents like 30 % hypertonic saline and ethanol
without any open surgery can be successful in
some cases [67]. Surgical excision is associated
with a high possibility of cyst rupture, and it is
recommended to do an endocystectomy first and
take out the cyst capsule later to prevent leakage
of the cyst content into the orbit. The orbit is irri-
gated with hypertonic saline at the end of the pro-
cedure. Intraoperative cyst rupture can cause
dissemination of the cyst and increased incidence
of recurrence. The diagnosis is confirmed by his-
topathological evaluation of the excised cyst
which shows a PAS-positive outer laminated

multilobed, cystic lesion in medial orbit suggestive of
hydatid cyst (b). Intraoperative appearance of the white
ectocyst capsule (c)

membrane and inner membrane with brood cap-
sules and protoscolices attached to it.

1.5  Orbital Tuberculosis

Orbital tuberculosis is a rare form of extrapulmo-
nary tuberculosis and involves the orbit either by
haematogenous dissemination of the systemic
infection or by contiguous spread from the sur-
rounding structures. The orbital soft tissues or
bone or both can be involved primarily. The inci-
dence of extrapulmonary tuberculosis has
increased in the recent years with the advent of
HIV infection. Based on the clinical presentation,
the orbital tuberculosis can be divided into the
following five categories: (1) periostitis, (2)
orbital tuberculoma or cold abscess with no bone
involvement, (3) orbital tuberculosis with bone
involvement, (4) orbital spread from paranasal
sinus tuberculosis and (5) dacryoadenitis [68].

Involvement of the orbital periosteum by
tuberculosis usually presents as chronic discharg-
ing sinus or ulceration in the periorbital region
(Fig. 1.9). The skin surrounding the sinus is often
thickened, oedematous and adherent to the under-
lying bone and can have cicatricial ectropion.
The orbital rim is most frequently involved, and
CT scan shows variable degree of bone erosion,
thickening and lysis.

Soft tissue involvement of the orbit can pres-
ent as a tuberculoma or cold abscess and manifest
as proptosis, orbital mass and extraocular motility
disturbance. Compression effect on the globe and
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Fig. 1.9 Clinical manifestations of orbital tuberculosis.
Progressive proptosis with lateral orbital mass in an
elderly patient with history of fever and recent weight loss
(a). Imaging showed a mixed density mass in lacrimal
gland region with associated bone destruction (b). FNAB
from orbital mass revealed numerous acid-fast bacilli

optic nerve can cause vision loss. Enophthalmos
can also be a presentation of orbital tuberculosis
due to the sclerosing effect of the mass lesion.
Contiguous involvement of the brain parenchyma
through superior orbital fissure can cause vision
loss and other complications.

Tubercular involvement of orbital soft tissue
can occur with or without orbital bone involve-
ment. Periostitis and bony tuberculosis are the
most common manifestations of orbital tubercu-
losis and is seen more commonly in children and
young adults with average age of presentation
being 8—14 years. The superior and lateral orbital
walls are most commonly involved, and common
clinical presentations include discharging sinus,
proptosis, ophthalmoplegia and palpable orbital
mass. Imaging reveals areas of bone lysis or scle-
rosis with or without associated soft tissue mass.

Paranasal sinus infection can involve the orbit
by contiguous spread and presents as proptosis
with orbital mass and globe displacement. The
maxillary sinus is the most commonly involved,
and history of nasal symptoms like epistaxis can be
present in these patients. Tubercular dacryoadenitis
is more common in adults and presents as lacrimal
gland enlargement with or without associated pain.

suggestive of orbital tuberculosis (c). Tuberculosis of the
orbital bone presenting as cicatricial lagophthalmos and
eyelid retraction with fistulae formation in a young male
(d, e). CT orbit shows bone lysis of superior orbital rim
with associated soft tissue mass (f)

Tubercular orbital infection is suspected based
on the clinical and imaging findings and is
confirmed by biopsy. According to Sen criteria,
diagnosis is established by one or more of the fol-
lowing findings, (1) clinical, radiological or histo-
pathological evidence of tuberculosis with a
tubercular lesion elsewhere in the body, (2) posi-
tive culture and (3) AFB positivity [69]. Although
open biopsy is required in most cases, FNAB from
orbital mass can establish the diagnosis at times.
Demonstration of the acid-fast bacilli on smear or
culture of the Mycobacterium tuberculosis remains
the gold standard for diagnosis. However, in cases
where the bacillary load is low, like in extrapulmo-
nary paucibacillary tuberculosis, culture and
smear might give a false negative result. PCR for
M tuberculosis has high specificity and can be
used in some cases for confirmation of the diagno-
sis [70, 71]. However it has a low sensitivity.
Ancillary investigations like chest X-ray and
tuberculin skin test can be used along with the
clinical evidence to confirm the diagnosis. The
newer interferon-based immunological tests
reduce the false positivity which is seen due to
BCG vaccination and are highly specific unlike the
tuberculin skin test [72, 73].
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Antitubercular therapy remains the mainstay
of treatment for orbital tuberculosis. DOTS
(directly observed therapy, short course) regimen
recommended by WHO uses four drugs for a
duration of 6 months. The treatment regimen
consists of initial four-drug therapy for 2 months
(isoniazid, rifampicin, ethambutol, pyrazin-
amide) followed by 4 months of continuation
phase with rifampicin and isoniazid. Ethambutol
can cause optic neuropathy and is usually avoided
in children where reliable visual assessment
might not be possible. For extrapulmonary tuber-
culosis like orbital bone tuberculosis, an extended
therapy might be needed. Surgery for orbital
tuberculosis is indicated for diagnostic or thera-
peutic purposes as in cases of bone involvement
with fistulae formation. Prognosis of orbital
tuberculosis is usually favourable. Visual impair-
ment due to optic atrophy has been reported in
few cases; however, mortality due to orbital
tuberculosis is rare.

Conclusion

Orbital infections are a common cause of pro-
ptosis. A thorough history to determine the
aetiology and predisposing factors, systemic
evaluation, imaging where appropriate, confir-
mation of the microbiological profile and
determination of drug sensitivity, initiation of
appropriate treatment along with supportive
care and surgery where required can help
resolve the condition with minimal morbidity
and functional impairment.

Compliance with Ethical Requirements Sima Das and
Santosh G. Honavar declare that they have no conflict of
interest. No human studies were carried out by the authors
for this article.
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Idiopathic Orbital Inflammation

Hakan Demirci

2.1 Background
Idiopathic orbital inflammation is a noninfec-
tious, inflammatory process of the extraocular
orbit and adnexa without underlying local or sys-
temic etiology. It is a diagnosis of exclusion after
neoplasm, infection, and systemic inflammatory
disorders have been ruled out. It was first
described by Gleason in 1903 and characterized
as a distinct entity with the name of orbital pseu-
dotumor by Birch-Hirschfeld in 1905 [1, 2]. Over
the years, besides orbital pseudotumor other
names such as nonspecific orbital inflammation,
orbital inflammatory pseudotumor, and orbital
inflammatory syndrome have also been used.
Depending on the origin of the study, idio-
pathic orbital inflammation constitutes 5-18 %
of all orbital space-occupying lesions [3-5].
A review of 1,795 consecutive orbital tumors
from Mayo Clinic showed that 8 % of all orbital
tumors were inflammatory [6]. It was the third
common orbital tumor followed by carcinoma
and lymphoid tumors [6]. Similarly, in a review
of 1,264 orbital tumors and simulating lesions
that presented to Wills Eye Hospital over a
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30-year period, 11 % of tumors were inflamma-
tory lesions [3]. It was the second most common
orbital lesion followed by lymphoid tumor.

2.2  (Clinical Features

Idiopathic orbital inflammation mostly involves
middle-aged people although it can affect any
race, age, and sex. The only exception is that
myositis and trochleitis, subtypes of idiopathic
orbital inflammation, were found to be more com-
mon in females [7-10]. Pediatric cases make up
6-17 % of all cases of idiopathic orbital inflam-
mation [4, 5]. Idiopathic orbital inflammation is
usually a unilateral disease with almost equal
involvement of the right and left orbits [11]. About
a quarter of patients have bilateral disease [11].
A review of 209 patients from China showed that
the mean age of the patients was 44 years (range
4-80 years). The right orbit was involved in 43 %
of patients and the left orbit in 39 %, and both
orbits were involved in 19 % of patients [12].
Clinical presentation of idiopathic orbital inflam-
mation differs between children and adults. In
children, bilateral involvement and associated
systemic symptoms such as fever, malaise, lymph-
adenopathy, optic disk edema, uveitis, and tissue
and peripheral blood eosinophilia are more com-
mon [13, 14]. Lacrimal gland enlargement or dac-
ryoadenitis is the most common form of orbital
inflammation in children [15].
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Idiopathic orbital inflammation can have
acute, subacute, or chronic presentation based on
the onset and duration of symptoms [16].
Although presenting signs may change depend-
ing on the involved orbital structure(s), patients
often present with periocular pain, periorbital
edema and erythema, conjunctival injection, che-
mosis, proptosis, ptosis, diplopia, and pain with
eye movements [16—19]. Pain is the most com-
mon symptom seen in 58-69 % of patients, fol-
lowed by diplopia in 31-38 % of patients [4, 20].
Periorbital swelling is the most common sign
seen in 75-79 % of patients, followed by propto-
sis in 32-63 %, restriction in extraocular motility
in 54 %, conjunctival hyperemia in 48 %, chemo-
sis in 29 %, decreased vision in 21 %, and ptosis
in 17 % of patients [4, 20]. So, the patients with
idiopathic orbital inflammation should evaluate a
detailed eye examination, including visual acuity,
orbital and external eye examinations, slit lamp
examination, and detailed eye examination.

Patients with acute presentation have pre-
dominantly inflammatory signs such as pain,
periorbital edema, and erythema. Patients with
subacute and chronic presentation have predomi-
nantly mass effect such as proptosis, limitation in
extraocular motility, and vertical globe displace-
ment. The amount of proptosis might change
according to the degree of inflammation, fibrosis,
and mass effect. Idiopathic orbital inflammation
can affect the orbit, as local, encapsulated mass
or diffuse inflammation, or any tissue in the orbit
including the lacrimal gland, extraocular muscle,
sclera, or trochlea or around the optic nerve. In
Tolosa-Hunt syndrome or orbital apex syndrome
when the inflammation involves the orbital apex
as well as cavernous sinus and superior orbital fis-
sure, patients present with severe, unilateral head-
ache with extraocular palsies, involving the third,
fourth, fifth, and sixth cranial nerves. A review of
132 patients with idiopathic orbital inflammation
showed that diffuse inflammatory process was the
most frequent presentation in 40 patients (30 %)
followed by myositis in 21 patients (16 %), dac-
ryoadenitis in 14 patients (11 %), focal encapsu-
lated inflammatory process in 5 patients (4 %),
Tolosa-Hunt syndrome in 2 patients (2 %), peri-
neuritis in 1 patient (1 %), and scleritis in 1 patient

(1 %) [21]. Extraorbital extension of inflamma-
tion is rare but has been reported to occur into
the intracranial cavity, paranasal sinuses, and
pterygopalatine fossa and is best evaluated with
an imaging study like computed tomography or
magnetic resonance imaging [21-29].

2.3  Classification

Several classifications have been used for idio-
pathic orbital inflammation based on the onset
of inflammation, involved orbital structures,
and pathologic features [30]. Idiopathic orbital
inflammation is classified into acute, subacute,
and chronic forms based on the onset of the
inflammation [30]. If the onset of symptoms is
less than 2 weeks, it is classified as acute idio-
pathic orbital inflammation. If it is between 2
and 4 weeks, it is subacute idiopathic orbital
inflammation, and if it is more than 4 weeks,
then it is chronic idiopathic orbital inflamma-
tion. Idiopathic orbital inflammation is classified
as dacryoadenitis when it involved the lacrimal
gland, myositis when it involved the extraocular
muscle or muscles, scleritis when it involved the
sclera, optic neuritis when it involved the optic
nerve, Tolosa-Hunt syndrome when it involved
the superior orbital fissure, and cavernous sinus
or diffuse orbital inflammation when it diffusely
involved the orbital tissue [30]. Depending on the
pathologic features, it is classified as predomi-
nantly lymphoid, granulomatous, sclerosing,
eosinophilic, and vasculitic inflammation [30].
Bijlsma et al. [31] evaluated the classification
systems of IOl in 84 patients and concluded that
classification systems based on histopathology
and localization showed good reliability, were
easy to apply, and described the biologic process.

2.4 Pathophysiology

The etiology and pathogenesis of idiopathic
orbital inflammation is unknown. Orbital myosi-
tis and dacryoadenitis have been reported to start
simultaneously or within several weeks of strep-
tococcal pharyngitis, Lyme disease, and herpes
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zoster ophthalmicus in several case reports [32—
35]. Mollicutes are cell wall-deficient bacteria
and found in cases with chronic uveitis. Wirostko
et al. [36] proposed that parasitizing followed by
destruction of orbital leukocytes by mollicute-
like organisms led to vasculitis, tissue lysis, lym-
phoid infiltrates, and granuloma formation.
Orbital inflammation has been observed in
rheumatologic conditions like Crohn’s disease,
systemic lupus erythematous, rheumatoid arthri-
tis, myasthenia gravis, and ankylosing spondyli-
tis. In a series of idiopathic orbital inflammation
and refractory ocular inflammation, coinciding
rheumatologic or autoimmune disease has been
present between 10 and 78 % of cases [37, 38].
Similarly, circulating autoantibodies against eye
muscle membrane proteins of 55 and 64 kilodal-
tons were seen in 63 % of orbital myositis patients
compared to 16-20 % of healthy people [39].
However, unilateral presentation and limited
muscle involvement argue against the role of cir-
culating autoantibodies in idiopathic orbital
inflammation. Mottow-Lippe et al. [14] sug-
gested that the release of circulating antigens
caused by local vascular permeability triggered
an inflammatory response in the orbit. They pro-
posed that the network of connective tissue and
capillaries in the orbit played a role in delivering
antigenic agents to different orbital structures
and hence different clinical presentations.
Studies evaluating molecular biologic envi-
ronment of idiopathic orbital inflammation
showed that interleukin-2, interleukin-8, inter-
leukin-10, interleukin-12, gamma interferon,
and tumor necrosis factor alpha were signifi-
cantly elevated in the orbital tissue of idiopathic
orbital inflammation patients compared to nor-
mal orbital tissue [40]. Among these, gamma
interferon and interleukin-12 were expressed ten
times higher concentrations than normal controls.
Interleukin-12, produced by antigen-producing
cells, promotes the production of Thl cells and
induces the production of interferon gamma,
the chief product of Thl cells. TNF-alpha is a
critical mediator of induction of Thl response.
These suggest that Th1 pathway plays an impor-
tant role in the pathogenesis of idiopathic orbital
inflammation. Later, same authors reported that

Toll-like receptors (TLR) especially TLR2 were
markedly expressed in idiopathic orbital inflam-
mation [41]. TLRs are receptors that are usually
expressed in macrophages and dendritic cells,
which are part of the innate immune system.

2.5 Diagnosis
By definition, idiopathic orbital inflammation is a
diagnosis of exclusion. The patients with idio-
pathic orbital inflammation need systemic evalu-
ation to exclude the other local and systemic
causes of orbital inflammation. In the history, the
presence of similar previous episodes, trauma,
infection, systemic or immunocompromised con-
ditions, and duration of symptoms need to be
evaluated. As a part of systemic work-up, imag-
ing of the orbit with computed tomography or
magnetic resonance imaging, chest X-ray,
complete blood count, angiotensin-converting
enzyme and lysozyme levels, cytoplasmic and
perinuclear antineutrophil cytoplasmic antibody,
rapid plasma regain test, and thyroid function
studies — T3, T4, thyroid-stimulating hormone,
thyroid-stimulating immunoglobulin, and thyro-
tropin receptor antibody — should be ordered [4].
Computed imaging (CT) is the first choice of
orbital imaging. On CT, idiopathic orbital
inflammation shows diffuse homogenous
involvement of the orbital soft tissue or homoge-
nous enlargement of the involved orbital tissue
such as the extraocular muscles, lacrimal gland,
sclera, optic nerve sheath, or trochlea. The
involved tissue demonstrates enhancement with
contrast in computed tomography and has irregu-
lar borders. CT features might change from sub-
tle infiltrative changes affecting specific orbital
structures to almost complete orbit involvement
[42]. There is usually no bony erosion, and if any
bony erosion is seen, alternative etiologies should
be in the differential diagnosis. Magnetic reso-
nance imaging (MRI) and orbital ultrasonogra-
phy may also be used as adjunct diagnostic
imaging tools. On MRI, orbital inflammation
appears as homogenous orbital mass that is isoin-
tense to extraocular muscles on TI1- and
T2-weighted images, while orbital cellulitis
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appears hyperintense to extraocular muscles [18].
There is homogenous enhancement of the
involved tissue with gadolinium. Diffusion-
weighted imaging of MRI showed significant dif-
ference in image intensity and apparent diffusion
coefficients between orbital lymphoid lesions,
orbital cellulitis, and idiopathic orbital inflamma-
tion [43]. Orbital lymphoid lesions were the
brightest followed by idiopathic orbital inflam-
mation and orbital cellulitis. Traditionally,
homogenous enlargement of the extraocular
muscle with tendon involvement on imaging
studies has been used to differentiate idiopathic
orbital inflammation from Graves’ eye disease
because the tendon is typically spared in Graves’
eye disease [44]. However, occasional tendon
involvement was reported in Graves’ eye disease,
especially in the patients with primary gaze dip-
lopia [44]. Ultrasonography is helpful in the eval-
uation of swelling around the sclera and optic
nerve that appears as a “T sign” in scleritis or at
the tendon of extraocular muscles [18].

The diagnosis of idiopathic orbital inflamma-
tion is usually based on clinical and radiologic find-
ings; however, biopsy is required to confirm the
diagnosis histopathologically and to exclude other
possible diseases. In the past, some authors pro-
posed that biopsy was not required for the diagno-
sis of idiopathic orbital inflammation [45, 46]. The
relief of signs and symptoms by systemic cortico-
steroids was used to confirm the initial clinical
diagnosis. However, the clinical and radiologic fea-
tures of idiopathic orbital inflammation are not spe-
cific. Orbital tumors such as lymphoma or orbital
involvement in systemic inflammatory disorders
may have similar clinical and radiologic features,
and they can regress in response to systemic corti-
costeroid. The biopsy should be performed before
any therapy, because any form of immunosuppres-
sive treatment might change the histopathologic
features, making the diagnosis difficult.

2.6 Histopathology

On histopathologic examination, idiopathic
orbital inflammation shows an infiltrate of inflam-
matory cells mainly of small, well-differentiated

mature lymphocytes, admixed with plasma cells,
neutrophils, eosinophils, and occasionally mac-
rophages and histiocytes [30, 47]. When infil-
trated lymphocytes are assessed, T lymphocytes
outnumber the B lymphocytes, and T-helper cells
are predominant over T-suppressor cells [30, 48].
B and T lymphocytes are immunophenotypically
polyclonal. On immunohistochemistry, orbital
inflammation tissue showed strong expression of
B-cell marker CD20 in 5-25 % of lymphocytes,
moderate expression of another B-cell marker
CD22 in 2-70 % of lymphocytes, strong expres-
sion of a B-cell and dendritic cell marker CD23 in
5 % of dendritic cells, strong expression of an
interleukin-2 receptor marker CD25 found on the
activated T and B cells in 10-60 % of lympho-
cytes, and moderate expression of T-cell marker
CD3 in 60 % of lymphocytes [49].
Histopathologic features vary depending on
the stages of inflammation. In acute stages of
inflammation, lymphocytes, plasma cells, and
eosinophils are more numerous, while with
chronic disease, lymphocytes, plasma cells, and
occasionally macrophages predominate with
increasing fibrosis among cells and along the
septa, radiating into the orbital fat [50]. There
are always associated stromal changes, including
edema in acute inflammation and proliferative
fibrosis, sclerosis, and hyalinization in chronic
inflammation.  Previously, fibrosis/sclerosis
was thought to be the result of severe and long-
standing inflammation; however, the sclerosing
form of idiopathic orbital inflammation showed
that fibrosis is an immune-mediated process with
fibrosis in early stages of inflammation [51]. The
presence of eosinophils and its cytotoxic con-
tents in the fibrosis areas suggest that they play
a role in the formation of fibrosis [52]. Orbital
fat is infiltrated by lymphocytes and plasma cells,
appearing as a mixed inflammatory infiltrate with
increased fibrous tissue, and the orbital septa
are thickened because of the increased fibro-
blastic tissue. Lymphoid follicles with reactive
germinal center can be seen in varying amounts.
Perivasculitis or angiocentric lymphocytic cuff-
ing is the most common vascular change due
to concentration of lymphocytes, occasionally
plasma cells and eosinophils in the immediate
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adventitial area of the capillaries and postcapil-
lary venules [30, 50].

Histopathologically, subtypes of idiopathic
orbital inflammation include lymphocytic,
granulomatous, sclerosing, and vasculitic or
eosinophilic. Granulomatous idiopathic orbital
inflammation is rare and presents in a spectrum
of histopathologic spectrum, including non-
necrotizing foreign body type granulomas,
lipogranulomatous inflammation and variable
sclerosis [53, 54]. In idiopathic sclerosing orbital
inflammation, sclerosis and hyalinization predom-
inate with paucity of inflammatory cells consisting
of predominantly T lymphocytes, few eosinophils,
histiocytes, and plasma cells [51, 55]. It is a dis-
tinct clinical entity and represents about 8 % of all
inflammatory lesions of the orbit [S1]. Idiopathic
sclerosing orbital inflammation might be associ-
ated with other fibrosclerosing disorders such as
retroperitoneal fibrosis, Riedel’s thyroiditis, mes-
enteritis, sclerosing cholangitis, and mediastinal
fibrosis [48, 56-59]. It has a slow progression
and may result in worse visual outcome due to
response to conventional treatment [16, 60, 61].
It usually requires more aggressive and prolonged
treatment [16, 55]. In these patients, an immuno-
suppressive agent might be needed in addition to
the systemic corticosteroid. A review of the liter-
ature showed that 67 % of cases with idiopathic
sclerosing orbital pseudotumor involved the ante-
rior orbital and lacrimal gland, 56 % midorbit, and
51 % posterior orbit and extraocular muscles [55].
The most commonly involved quadrant was lateral
and/or superior in 54 % of cases. Corticosteroid
alone or in combination with other modalities was
the most common choice of treatment. Treatment
outcome for steroid alone was good in 43 % of
cases, partial in 24 %, and poor in 33 % of cases.
The overall response, regardless of treatment regi-
men, was good in 31 %, partial in 39 %, and poor
in 21 % of cases.

When the lacrimal gland is involved, focal
aggregates and follicles of lymphocytes and
plasma cells are observed. Periductal and periaci-
nar fibrosis, ductal dilatation, acinar atrophy, and
thickened interlobular tissue septa separating the
lobules are the features of lacrimal gland involve-
ment. In myositis, the muscle fibers are swollen

and infiltrated with lymphocytes and plasma cells
in a diffuse or multifocal pattern and separated by
edema and fibrosis.

2.7 Differential Diagnosis

The differential diagnosis of idiopathic orbital
inflammation includes orbital cellulitis, Graves’
eye disease, lymphoproliferative disorders, arte-
riovenous malformation and lymphangioma,
metastatic carcinoma, retained foreign body, and
ruptured dermoid cyst. Orbital cellulitis is usu-
ally associated with sinusitis, facial or eyelid
infection, and trauma. Patients with orbital cellu-
litis present with fever, elevated white blood cell
count, proptosis, chemosis, ptosis, and restric-
tion of motility [62, 63]. Orbital imaging might
show decreased orbital fat signal, concurrent
sinus disease, bony erosion, and subperiosteal
abscess. Graves’ eye disease is an autoimmune
inflammatory disorder that is commonly associ-
ated with hyperthyroidism but may occur in the
euthyroid setting [64, 65]. It presents with eye-
lid retraction, eyelid lag, proptosis, restriction in
motility, and compressive optic neuropathy. In
contrast to the abrupt onset of pain and inflam-
matory signs in idiopathic orbital inflammation,
Graves’ eye disease usually has a slower, more
insidious course. Graves’ eye disease usually
involves both orbits but can be asymmetric. The
distinction between lymphoproliferative disor-
ders and idiopathic orbital inflammation is based
on clinical and mostly histopathologic findings.
Clinically, lymphoproliferative disorders are seen
in elder patients, have an insidious onset, and
show slow progression. They are associated with
symptoms and signs related to mass effect rather
than inflammation [66]. Histopathologically,
lymphoproliferative disorders demonstrate a
homogenous monoclonal lymphocyte cell popu-
lation with high lambda-kappa ratio. Other dis-
orders that may be accompanied by a significant
inflammatory reaction and present similar clini-
cal picture include orbital arteriovenous malfor-
mation, lymphangioma, and ruptured dermoid
cysts. Orbital imaging might be helpful in differ-
entiation of these problems. A history of orbital
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trauma and potential retained intraorbital foreign
body causing inflammation should also be inves-
tigated. Metastatic orbital tumors, primary ocular
tumors with extrascleral extension such as uveal
melanoma, or necrotic retinoblastoma might
present with similar clinical pictures and should
be excluded.

2.8 Treatment of Idiopathic

Orbital Inflammation

Management of idiopathic orbital inflammation
includes  observation, nonsteroidal  anti-
inflammatory agents, corticosteroids, immuno-
suppressive agents, immunotherapy, and external
beam radiotherapy. Asymptomatic cases with
mild inflammation and in whom vision was not
threatened might be observed. In their review of
24 cases with idiopathic orbital inflammation,
Swamy et al. [47] reported that 21 % of them
were observed without any therapy and did not
have any recurrence after a median of 23 months
of follow-up. Nonsteroidal anti-inflammatory
therapy has been used in the management of idio-
pathic orbital inflammation, especially for orbital
myositis. Manor et al. [67] suggested to treat
orbital myositis initially with a nonsteroidal anti-
inflammatory therapy and observed that 65 % of
their cases responded to this therapy without any
recurrence. They used systemic corticosteroid
therapy for cases refractory to this therapy.
Systemic corticosteroids are the main ther-
apy for idiopathic orbital inflammation. They
usually produce rapid and dramatic improve-
ment of signs and symptoms. In an earlier study,
Mombaerts et al. [68] reported that 78 % of
patients with idiopathic orbital inflammation
had a positive initial response to systemic corti-
costeroids, but only 37 % of them were cured and
52 % showed recurrence. While 95 % of patients
with optic neuropathy recovered following sys-
temic corticosteroids, patients with sclerosing
and vasculitis subtype had a poor response. Yuen
and Rubin [4] reported that 47 % of patients
with idiopathic orbital inflammation showed
treatment success with systemic corticosteroids,

33 % developed steroid dependence, and 13 %
had steroid intolerance. Systemic steroids can
be administered orally or pulsed intravenously.
In non-vision threatening cases and those with-
out optic nerve compression, oral steroids are
initiated. The typical starting dose is between
1-1.5 mg/kg and 60—100 mg of oral prednisone,
and a slow taper is recommended over weeks to
months to prevent recurrence [69]. Intravenous
treatment can be used in atypical cases, those
with associated vision loss, or in cases refrac-
tory to oral administration [70]. Recurrent dis-
ease during or after steroid taper is common in
adults, though rarely reported in the pediatric
population [14]. When intravenous methylpred-
nisolone plus oral prednisone with oral predni-
sone alone was compared in the treatment of
idiopathic orbital inflammation, no difference in
duration of therapy, symptom-free outcome, or
recurrence rate was noted [71]. The only differ-
ence was the faster symptom relief and recovery
from optic nerve symptoms. Localized intraor-
bital injection of corticosteroids has been used
in the management of idiopathic orbital inflam-
mation [70]. Localized intraorbital injection has
been reported to have efficacy in patients with
anterior idiopathic orbital inflammation and in a
case of biopsy-proven idiopathic orbital inflam-
mation unresponsive to systemic steroid admin-
istration [72, 73]. In addition, it may be used in
children or diabetics to reduce the systemic side
effects of corticosteroid use.

External beam radiotherapy has been used for
patients who are resistant or intolerant to sys-
temic corticosteroid therapy. Radiation dose
varying from 1,000 to 3,000 cGy over 10-15 days
has been used in the treatment of idiopathic
orbital inflammation [74-76]. A review of 24
patients showed improvement in 87 % of patients
with soft tissue swelling, in 82 % of patients with
proptosis, in 78 % of patients with restriction of
extraocular motility, and in 75 % of patients with
pain [77]. Response to external beam radiother-
apy varies depending on the subtype of idiopathic
orbital inflammation. The patients with myositis
variant respond well to external beam radiother-
apy, while patients with sclerosing or granuloma-
tous variant have a poor response, and patients
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with the vasculitis variant show variable response
[51, 68,78, 79].

The use of steroid-sparing agents including
antimetabolites, T-cell inhibitors, and alkylat-
ing agents has been reported in patients who
are not responsive to steroid treatment, have a
chronic progressive course, and require long-
term immunosuppression or in combination
with steroids as first-line treatment in patients
with idiopathic sclerosing inflammation [22,
80-82]. Medications that have been used in
idiopathic orbital inflammation patients include
methotrexate, azathioprine, —mycophenolate
mofetil, cyclophosphamide, tacrolimus, and
cyclosporine [80, 82—-85]. Among these agents,
methotrexate is a commonly used one. It has
been used 15-25 mg/week for the duration of
ranging from 4 to 34 weeks. It has been reported
that 57-73 % of patients showed reduction of
inflammatory activity. In a review of 22 patients
who used low dose of 12.5 mg/week systemic
corticosteroid therapy, Shah et al. [85] observed
that 64 % of patients were able to taper or dis-
continue corticosteroid therapy and 23 % of
patients showed complete remission. Biologic
agents like monoclonal antibody against tumor
necrosis factor alpha and CD20 receptors have
been used in the treatment of idiopathic orbital
inflammation. There are case reports that show
response to adalimumab, daclizumab, and ritux-
imab therapy. Garrity et al. [38] reported favor-
able response in all seven patients with chronic
and refractory orbital myositis after a dosing
schedule of 3-5 mg/kg given at weeks 0, 2, and
6 with treatments every 4-8 weeks afterward.

Surgical debulking is rarely performed, but
may have a role in the treatment of sclerosing
forms of idiopathic orbital inflammation with
significant mass effect, fibrosis, and scarring.
Orbital exenteration may be indicated in select
cases where diffuse orbital involvement results in
vision loss and pain unresponsive to other medi-
cal or radiation therapy [4].
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3.1 Introduction

IgG4-related inflammations are recently recog-
nized fibro-inflammatory conditions, character-
ized by tumefactive lesions containing dense
lymphoplasmacytic infiltrates rich in IgG4+
plasma cells, storiform fibrosis, and obliterative
phlebitis that are associated with elevated serum
IgG4 [1, 2]. First described by Hamano et al. [3]
in 2001, its incidence in Japan is estimated to be
0.28-1.08 cases per 100,000 people [2]. Hamano
et al. [3] reported elevated serum IgG4 levels and
infiltration of numerous IgG4+ plasma cells in
ureteral and pancreatic lesions associated with
retroperitoneal fibrosis in patients with autoim-
mune pancreatitis. In 2003, Kamisawa et al. [4]
observed severe or moderate infiltration of IgG4+
plasma cells associated with CD4+ and CD8+ T
lymphocytes in autoimmune pancreatitis lesions
and in lesions of the liver, stomach, colon, sali-
vary glands, and bone marrow. They proposed a
new clinicopathological entity, [gG4-related sys-
temic disease, in which IgG4+ plasma cells exten-
sively infiltrate organs. Since its original
observation, [gG4-related inflammation has been
reported in almost every tissue with the pancreas,
hepatobiliary tract, salivary glands, lymph nodes,
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retroperitoneum, and orbit most commonly
involved [5, 6]. For each of these tissues, the diag-
nosis of IgG4-related disease has replaced estab-
lished clinicopathological diagnoses that were
otherwise used for patients meeting the criteria
for IgG4-related disease. Meanwhile other
patients not meeting the criteria retain the previ-
ous clinicopathological diagnoses. Therefore,
there are clinicopathological entities with patients
divided into those with IgG4-related disease and
those that retain the previous established diagno-
sis for each of the entities. Because this phenom-
enon affects so many clinicopathological entities,
it is likely that the findings used to diagnose IgG4-
related disease are really the result of a particular
host response rather than a newly recognized dis-
ease, a notion that is supported by the strong racial
predisposition reported for IgG4-related disease.
We therefore prefer to refer the term IgG4-related
inflammation to IgG4-related disease.

Orbital and adnexal tissues are the fifth most
commonly affected extrapancreatic site and occur
in 4-13 % of patients with IgG4-related inflam-
mation [3, 7]. While IgG4-related pancreatitis has
a strong male predilection of 2.8-7.5:1, men and
women are equally affected with M:F ratio of
1.3:1 in IgG4-related orbital inflammation [5, 7—
9]. IgG4-related inflammation has a mean age of
onset of 56 years in orbital cases and 58—69 years
in pancreatitis cases [8—11]. The frequency of
IgG4-related inflammation appears to show racial
variations in incidence. For pancreatitis, a review
of literature showed that 76 % of cases were from

H. Demirci (ed.), Orbital Inflammatory Diseases and Their Differential Diagnosis, 27
Essentials in Ophthalmology, DOI 10.1007/978-3-662-46528-8_3,

© Springer-Verlag Berlin Heidelberg 2015


mailto:velner@med.umich.edu
mailto:hdemirci@med.umich.edu

28

V.M. Elner and H. Demirci

Japan, South Korea, Hong Kong, and Taiwan and
only 16 % of cases were Caucasian [10].
Compared to IgG4-related pancreatitis which is
more severe in men, orbital involvement shows
that the proportion of cases resistant to one or
more treatment modalities is evenly distributed
between men and women [8, 9].

Similarly, a review of histopathology slides
from 1,014 patients with orbital lymphoprolifera-
tive disease in Japan resulted in reclassification of
22 % of cases as IgG4-related disease [12, 13].
The same evaluation was performed in 164
patients with ocular adnexal lymphoproliferative
disease in the United States, and only 5 % of them
were reclassified as [gG4-related disease [14].

3.2  Clinical Presentation

IgG4-related inflammation can affect any tissue in
the orbit including the lacrimal gland, extraocular
muscle, sclera, optic nerve, nasolacrimal sac and
duct, sensory nerves, eyelid, and rarely conjunc-
tiva [9, 12, 15-21]. A recent review of 65 patients
with IgG4-related orbital inflammation showed
that lacrimal gland enlargement (88 %) was the
most common, followed by trigeminal nerve
branch enlargement (39 %), extraocular muscle
enlargement (25 %), diffuse infiltration of orbital
fat (23 %), orbital mass lesions (17 %), eyelid
mass lesions (12 %), and nasolacrimal duct
obstructive lesions (2 %) [22]. In up to 52 % of
patients, more than one orbital tissue were
involved. Patients usually present with a mass or
mass-related symptoms including painless eyelid
swelling, proptosis with or without diplopia, and
mild or no signs of inflammation [9, 15, 16].
A review of literature showed bilateral involve-
ment in 62 % of patients [23]. Visual acuity is
usually unaffected, and some patients are asymp-
tomatic with lesions found incidentally on physi-
cal examination or imaging studies [9, 15, 16]. On
magnetic resonance imaging, orbital lesions are
hyperintense on T1-weighted images and hypoin-
tense on T2-weighted images. They usually show
homogenous enhancement with gadolinium and
no destructive bony involvement [17]. Reported is
a single case of IgG4-related inflammation with

osteo-destructive lesions that affected the orbital
bones and involved the orbital apex, cavernous
sinus, palate, nasal septum, turbinates, and para-
nasal sinuses [15]. A recent study showed that
infraorbital nerve involvement associated with
enlargement of bony canal strongly suggests
IgG4-related inflammation [24].

Orbital cases may be associated with extra-
orbital inflammatory lesions, most commonly
involving salivary glands and lymph nodes [9,
16, 18-20]. FDG-PET is a useful imaging modal-
ity for systemic evaluation of IgG4-related
inflammation and shows distant and silent sites of
involvement [25]. There is a current trend to
reclassify the majority of cases of Mikulicz’s dis-
ease as [gG4-related disease. These individuals
demonstrate simultaneous bilateral involvement
of the lacrimal glands, submandibular glands, or
parotid glands and are considered to be affected
by a clinical subtype of IgG4-related disease.
Matsui et al. [26] reviewed 25 cases of 1gG4-
related Mikulicz’s disease and found that 44 % of
them had asthma and allergic rhinitis, in com-
parison to allergic rhinitis prevalence of 8-25 %
in general Japanese population.

3.3 Diagnosis

Based on two IgG4-related disease study groups
organized by the Ministry of Health, Labor and
Welfare of Japan, comprehensive clinical diag-
nostic criteria for IgG4-related disease include (1)
clinical examination showing characteristic dif-
fuse/localized swelling or masses in single or
multiple organs, (2) hematological evaluation
showing elevated serum IgG4 concentrations
(=135 mg/dL), and (3) histopathological exami-
nation showing marked lymphocyte and plasma
cell infiltration and fibrosis, with IgG4+ plasma
cells comprising more than 40 % of the total
plasma cell population and with at least 10 IgG4+
plasma cells per high-power microscopic field
[2]. However, in some tissues, greater numbers of
IgG4+ plasma cells are required for the diagnosis. In
lacrimal gland lesions, more than 100 IgG4+ plasma
cells/hpf are required [27]. If all three criteria are
present, it is classified as definite IgG4-related
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disease. If the first and third criteria are present, it is
probable for IgG4-related disease, and if the first and
second criteria are present, it is possible for IgG4-
related disease [2]. The presence of IgG4+ plasma
cells alone in a biopsy specimen is not specific for
IgG4-related disease. Both increased absolute
number and proportion of IgG4+ plasma cells are
required for the diagnosis. When counting IgG4+
cells, maximum IgG4+ staining areas should be
selected and at least three high-power micro-
scopic fields should be averaged [5, 27]. It should
be kept in mind that the size of high-power field
may change from one microscope to another, but
it is generally performed with 40x objective and
10x ocular lenses [9].

Serum IgG4 level varies among the patients
who have orbital vs extra-orbital inflammation and
unilateral vs bilateral involvement. A review of
27 patients showed that serum IgG4 levels aver-
aged 809 mg/dL in patients with extra-orbital
inflammation compared to 235 mg/dL in patients
without extra-orbital inflammation and 636 mg/dL
in patients with bilateral inflammation compared to
111 mg/dL in patients with unilateral probable dis-
ease [15]. The patients with hilar lymphadenopathy
or lacrimal and salivary gland lesions were found
to have significantly higher IgG4 levels than those
without [28]. Elevated serum IgG4 level (>135 mg/
dL) is a useful diagnostic tool and has a sensitivity
of 97 % and specificity of 79.6 % in diagnosing
IgG4-related disease [29]. Serum IgG4 level can be
elevated in Churg-Strauss syndrome, multicentric
Castleman’s disease, eosinophilic disorders, and in
some patients with rheumatoid arthritis, systemic
sclerosis, chronic hepatitis, and liver cirrhosis [30].
Additionally, 30 % of patients diagnosed with
probable IgG4-related disease may have a normal
serum IgG4 level [31].

In the setting of proven IgG4-related inflam-
mation elsewhere in the body, ophthalmic inflam-
matory lesions may present another manifestation
of the condition and not require biopsy. Similarly,
in the patients with involvement of orbital struc-
tures that are difficult to biopsy, such as extraocu-
lar muscles, concurrent inflammatory lesions at
the non-ocular sites may represent opportunity
for biopsy with low morbidity.

3.4 Histopathological Features

The main histopathological features used to diag-
nose IgG4-related disease are lymphoplasma-
cytic infiltration, lymphoid follicle formation,
obliterative phlebitis, and storiform fibrosis
which are accompanied by atrophy and loss of
structures within involved tissue [27, 32]. These
features vary depending on the tissue and the age
of the lesion. The lymphoplasmacytic infiltrate is
more intense in early lesions and consists of
polyclonal T lymphocytes, IgG4+ plasma cells,
and scattered eosinophils. Fibrosis often devel-
ops as lesions mature and is accompanied by
atrophy. However, some lesions start as a primary
sclerosing inflammation [5, 16]. The lack of lym-
phoplasmacytic infiltrate and predominance of
sclerosis or fibrosis often create challenges in
histopathological diagnosis because of the pau-
city of infiltrating leukocytes, including IgG4+
plasma cells. Based on the relative predominance
of the lymphoplasmacytic and sclerotic compo-
nents, IgG4-related disease is subclassified in
three categories: pseudolymphomatous, mixed,
and sclerotic [33]. In patients with orbital involve-
ment, the mixed pattern is the most common, fol-
lowed by the sclerotic and pseudolymphomatous
which occur with almost equal frequency.
Histopathologically, IgG4-related inflammation
differs in the orbit and lacrimal gland compared
to other tissues with two exceptions. First, the
fibrosis within the orbit rarely forms storiform
patterns as it does in extra-orbital tissues [27].
Second, obliterative phlebitis is uncommon in the
orbit, while it is invariably seen in the pancreatic
lesions [1, 11, 12, 32].

3.5 Pathogenesis

The underlying immune mechanisms of IgG4-
related inflammation remain unknown. Several
studies have been performed to evaluate autoim-
munity as a possible cause [34]. Nonspecific anti-
nuclear antibodies have been identified in more
than half of patients with [gG4-related inflamma-
tion [34]. Antibodies specific for lactoferrin
and carbonic anhydrase (CA)-II are the most
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frequently detected autoantibodies in autoim-
mune pancreatitis, affecting 73 and 54 % of
patients, respectively [35], with a strong correla-
tion between increased serum IgG4 and anti-
CA-II antibody levels [35]. Pancreatic secretory
trypsin inhibitor is another potential autoantigen
which was detected in 3040 % of patients with
IgG4-related autoimmune pancreatitis [34].
Because of the difference in the clinical presenta-
tion of IgG4-related pancreatitis and orbital
inflammation, it is suggested that the orbital
inflammations might be caused by an antigen of
the upper respiratory or digestive tracts that
affects men and women equally, while the pan-
creatitis might be caused by an antigen of the
lower respiratory or digestive tracts that affects
mainly men [9]. Frulloni et al. [36] found that
Helicobacter pylori surface protein was present
in 95 % of patients with autoimmune pancreati-
tis, suggesting that this antigen might play a role
in the pathogenesis of IgG4-related pancreatitis.
In a proteomics study, Yamamoto et al. [37]
found a 13.1 kDa protein autoantigen in all
patients with IgG4-related inflammation, regard-
less of the organ(s) affected. Taken together,
these studies suggest that multiple antigens,
including a key autoantigen, may be an initiating
factor for IgG4-related inflammation.

Analysis of cytokines expressed in patients
with IgG4-related inflammation provided impor-
tant insights into the pathogenesis of the disor-
der. Real-time polymerase chain reaction
(RT-PCR) shows that significantly increased lev-
els of Th-2 cytokines, namely, IL-4, IL-5, IL-10,
and IL-13, as well as a secondary pro-fibrotic
cytokines, transforming growth factor (TGF)-
beta, and connective tissue growth factor (CTGF)
in IgG4-related inflammation of the pancreas
[38]. The expression of Foxp3 messenger RNA,
a transcription factor specific for naturally aris-
ing CD4(+)CD25(+) regulatory T lymphocytes,
is also significantly increased in IgG4-related
inflammation including orbital inflammatory
pseudotumor [20, 38, 39]. A similar study of
patients with IgG4-related dacryoadenitis
showed that IL-4, IL-5, IL-10, IL-13, and TGF-
B, but not Th-1 cytokines, as well as a master
upregulator of Th-2 responses, GATA3, were

significantly elevated in peripheral blood CD4+
T lymphocytes [40].

Th-2 cells play a role in antibody-mediated
immunity, parasitic infections, asthma, and
allergy. Treg cells are important in immune toler-
ance, lymphocyte homeostasis, and downregula-
tion of immune responses. In autoimmune
inflammation, Treg cells suppress inflammation
via cell-cell contact and secretion of immunosup-
pressive cytokines, IL-10 and TGF-p, while pro-
moting fibrosis [41, 42]. Th-2 cytokines IL-4,
IL-5, IL-6, and IL-13 transform B lymphocytes
into plasma cells which produce antibodies,
including autoantibodies. These cytokines in con-
junction with TGF-beta, CTGF, and IGF-2 stimu-
late fibroblast proliferation, differentiation, and
collagen production necessary for fibrosis. In par-
ticular, IL-13 induces TGF-P gene expression via
IL-13Ra2 in macrophages, enhancing fibrosis [9].
Th-2 cytokines also stimulate B lymphocytes to
produce IL-6 which promotes aforementioned
fibroblast activities and is a potent stimulator of
plasma cell differentiation and proliferation. Treg
cells secrete IL-10 and TGF-beta which promote
proliferation and differentiation of B lympho-
cytes into plasma cells to secrete IgG4 isotype
and switching plasma cell secretion from IgE,
promoted by Th-2 cytokines, IL-4 and IL-13, to
IgG4. Treg cells also regulate other activities of
Th-2 cells. Treg secretion of IL-10 and TGF-beta
suppresses Th-2 cytokines IL-3, IL-4, and IL-5
which are required for the differentiation, sur-
vival, and activity of mast cells, basophils, and
eosinophils as well as for homing of Th2 cells.
Thus, there is a delicate balance between Th-2
and Treg cells in the evolving inflammatory
responses in which eosinophilia, fibrosis, and
IgG4 secretion may dominate.

IgG4 constitutes less than 5 % of total IgG and
has unique anti-inflammatory properties that may
affect all of the various types of immune inflam-
matory responses [29]. Classically produced in
response to parasites and allergens, IgG4 is gen-
erated against protein targets but lacks the ability
to activate complement and participate in com-
plement mediated lysis and lacks the ability to
promote antibody-dependent cell-mediated tox-
icity or form immune complexes. It also has low
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affinity for type I (CD64) Fc receptors and no
affinity for type II (CD32) or III (CD16) Fc
receptors. Furthermore, it has the ability to dis-
place proinflammatory IgG1, IgG3, or IgE anti-
bodies from antigen-binding sites. IgG4 titers
increase with the development of antigenic toler-
ance [1, 43, 44, 45], an effect that is utilized ther-
apeutically as the basis of desensitization of
patients to external antigens including peanut,
egg, and milk protein antigens who exhibit
increase in serum [gG4 level with therapy [46].
These features suggest that IgG4 is a surrogate
marker of a particular type of pro-fibrotic inflam-
matory process in which it serves to mitigate
inflammatory responses [9].

In a study of IgG4-related Mikulicz’s disease,
Yamada et al. [47] demonstrated the effects of
Th-2 cytokines in human disease. They found an
admixture of polyclonal IgG4+ plasma cells infil-
trating lacrimal glands, which they attributed to
antigenic responses in which IgE+ and IgG4+
plasma cells undergo Th-2 cytokine-induced
class switching thereby retaining overlap of anti-
gen specificity of the generated IgE and IgG4
antibodies. Yamada et al. [47] thought that this
was the reason for high incidence of asthma and
allergic rhinitis in patients with IgG4-related
inflammation. Because they also found geneti-
cally related B cells and plasma cells in the lacri-
mal glands and peripheral blood, Yamada et al.
[47] suggested that memory B cells or long-lived
plasma cells migrate from lacrimal or salivary
glands to the bone marrow or directly to other
target organs, causing multiorgan involvement in
IgG4-related inflammation.

Therefore, multiple lines of evidence suggest
that IgG4-related inflammation may be present
in certain susceptible individuals affected by
various disease entities of virtually any organ
system, while other individuals with the same
disease do not demonstrate the features of 1gG4-
related inflammation. Basis for the tendency
toward IgG4-related inflammation is a particu-
lar Th-2-mediated inflammatory response that
may be initiated by particular autoantigens that
become recognized during the inflammatory
process. The pathogenesis of IgG4-related
inflammation also clarifies the molecular basis

of clinical and histopathological findings that
have been reported to characterize the disease,
namely, inflammatory masses, elevated serum
IgG4, lymphoplasmacytic infiltration, lymphoid
follicle formation, predominance of IgG4+
plasma cells, and fibrosis. It is not surprising
that these findings vary from patient to patient
depending on organ systems involved and stage
of the diseases in which they are present.

3.6 Differential Diagnosis

The differential diagnosis of IgG4-related dis-
ease has been reported to include most other
orbital inflammatory conditions, including idio-
pathic orbital inflammation, Wegener’s granulo-
matosis, sarcoidosis, Sjogren syndrome, and
systemic lupus erythematosus, in which some of
the criteria for IgG4-related disease have been
reported. There are several reports of IgG4-
related inflammation in patients with idiopathic
inflammatory pseudotumor, indicating that a
minority of these patients fulfill the criteria that
required for IgG4-related disease [19]. For
Wegener’s granulomatosis, >30 IgG4+ plasma
cells per high-power field and >40 % IgG4+/
IgG+ were reported in 31 % of patients [48].
Sarcoidosis which can have similar clinical find-
ings of orbital, lung, and lymph node involve-
ment was reported to have elevated serum IgG4
levels in 8 % of patients [49]. Similarly, about
8 % of patients with Sjogren syndrome were
found to have increased IgG4 serum levels
accompanied by bilateral salivary and lacrimal
gland involvement [50]. About 14 % of patients
with systemic lupus erythematosus have
increased I[gG4 serum levels.

Review of the literature suggests that patients
with IgG4-related orbital inflammation have a
higher risk of developing orbital lymphoma [9,
12, 14, 20, 51]. In two series of IgG4-related
orbital disease, 14 and 11 % of patients devel-
oped orbital lymphoma [12, 20]. This is higher
than that observed in other organs affected by
IgG4-related disease [52]. In the literature, 21
cases of ocular adnexal lymphoma have been
reported to have abundant IgG4+ plasma cells
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and IgG4/1gG ratios >40 % [9, 12, 14, 20, 51]. In
IgG4-related orbital inflammation, the most com-
monly associated ocular adnexal lymphoma is
extranodal marginal zone B-cell lymphoma. The
histopathological differences between IgG4-
related MALT lymphoma of the ocular adnexa
and other lymphomas include the rarity of lym-
phoepithelial lesions, the presence of fibrosis,
and the coexistence of IgG4+ plasma cells in
IgG4-related MALT lymphomas [9, 12, 51]. The
mechanism of lymphomagenesis in IgG4-related
inflammation is suggested to be related to chronic
antigenic stimulation-driven lymphoid prolifera-
tion [9, 12, 51, 53], the lymphoma originating
from preserved lymphoid follicles within the tis-
sue undergoing progressive fibrosis.

3.7 Treatment

Treatment options include corticosteroids and
other immunosuppressive drugs, radiotherapy,
and rituximab [9, 15]. Outcomes of different
treatment approaches are usually based on retro-
spective, observational studies, rather than pro-
spective, randomized clinical trials [9]. Sato et al
[12] observed three patients with IgG4-related
orbital disease without systemic involvement and
found that the disease remained stable in two
patients and spontaneously regressed in the other
after a mean follow-up of 38 months. IgG4-related
disease almost always shows a good initial
response to corticosteroids, especially in the early
phase of the disease; in fact, the diagnosis of
IgG4-related disease is suspect in those who do
not initially respond to corticosteroids. However,
the effectiveness of corticosteroids is often tran-
sient. As the disease evolves into more sclerotic
phase, disease becomes more recalcitrant to corti-
costeroid therapy. The dose and length of cortico-
steroid treatment may vary depend on the patient’s
response and treatment protocol. The consensus
protocol for IgG4-related pancreatitis is an initial
induction oral dosage of 0.6 mg/kg/day for
2-4 weeks, followed by tapering 5 mg/day every
1-2 weeks based on clinical manifestations, blood
tests (liver enzymes and IgG4 levels), and imag-
ing [54]. A review of the literature showed that

half of the cases of IgG4-related orbital disease
who are initially treated with corticosteroids had
recurrence of symptoms during the follow-up
period [9], leading to the conclusion that there is
insufficient data to detect a correlation between
the degree of fibrosis and corticosteroid resistance
in IgG4-related orbital disease. A recent study
showed that patients with orbital disease and posi-
tive serologic tests for rheumatoid factor showed
a significantly higher risk of relapse after cortico-
steroid therapy [55]. In IgG4-related pancreatitis,
a remission maintenance therapy of 2.5-5 mg/day
is recommended for over 2-3 months. This is
shown to decrease the recurrence rate of IgG4-
related pancreatitis from 92 to 23 % at 3 years [56,
57]. Immunosuppressants have been used in the
cases that are resistant to oral corticosteroid ther-
apy. A review of the literature reported that corti-
costeroid-sparing immunosuppressive therapy
used in seven cases of orbital disease resulted in
complete response in only two patients [9]. Thus,
azathioprine, methotrexate, and mycophenolate
mofetil have limited success in the treatment of
IgG4-related disease [58]. Khosroshahi et al. [59]
reviewed their experiences with rituximab ther-
apy (2 infusions of 1,000 mg, 15 days apart) in ten
patients who were refractory to corticosteroids
and immunosuppressive therapy. Nine of ten
patients showed clinical improvement and signifi-
cant decrease in IgG4 levels within 1 month of
rituximab therapy, and all ten patients were able
to discontinue corticosteroid and other immuno-
suppressive therapy. Two of the patients had flares
associated with normalization of circulating B
cells and concomitant elevations of IgG4 serum
levels; both responded to repeat courses of ritux-
imab infusion. A review of the literature showed
that 8 cases treated with external beam radiother-
apy had variable results [12]. Of 8 cases, 5 cases
showed complete response, 2 cases had partial
response, and 1 case relapsed after external beam
radiotherapy.

Compliance with Ethical Requirements Victor M. Elner
and Hakan Demirci declare that they have no conflict of
interest.

No human or animal studies were carried out for this
article.



3

IgG,-Related Orbital Inflammation

33

References

11.

12.

13.

14.

15.

. Umehara H, Okazaki

. Stone JH, Zen V, Deshpande V. IgG4-related disease.

N Engl J Med. 2012;386:539-51.

K, Masaki Y, et al
Comprehensive diagnostic criteria for IgG4-related
disease. Mod Rheumatol. 2011;22:21-30.

. Hamano H, Kawa S, Horiuchi A, Unno H, Furuya N,

Akamatsu T, et al. High serum IgG4 concentrations in
patients with sclerosing pancreatitis. N Engl J Med.
2001;344:732-8.

. Kamisawa T, Funata N, Hayashi Y, Eishi Y, Koike M,

Tsuruta K, et al. A new clinicopathological entity of
IgG4-related autoimmune disease. J Gastroenterol.
2003;38:982—4.

. Divatia M, Kim SA, Ro Y. IgG4-related sclerosing

disease, an emerging entity: a review of a multi-
system disease. Yonsei Med J. 2012;53:15-34.

. Carruthers MN, Stone JH, Khosroshahi A. The latest

on IgG4-related disease: a rapidly emerging disease.
Curr Opin Rheumatol. 2012;24:60-9.

. Takuma K, Kamisawa T, Anjiki H, Egawa N, Igarashi Y.

Metachronous extrapancreatic lesions in autoimmune
pancreatitis. Intern Med. 2010;49:529-33.

. Nishimori I, Tamakoshi A, Otsuki M. Prevalence of

autoimmune pancreatitis in Japan from a nationwide
survey in 2002. J Gastroenterol. 2007;42:6-8.

. Andrew N, Kearney D, Selva D. IgG4-related orbital

disease: a meta-analysis and review. Acta Ophalmol.
2013;91:694-700.

. Masaki Y, Dong L, Kurose N, et al. Proposal for a

new clinical entity, IgG4-positive multiorgan lympho-
proliferative syndrome: analysis of 64 cases of 1gG4-
related disorders. Ann Rheum Dis. 2009;68:1310-5.
Khosrashahi A, Stone JH. A clinical overview of
IgG4-related systemic disease. Curr Opin Rheumatol.
2011;23:57-66.

Sato Y, Ohshima K, Ichimura K, et al. Ocular adnexal
IgG4-related disease has uniform clinicopathology.
Pathol Int. 2008;58:465-70.

Japanese study group of IgG4-related ophthalmic dis-
ease. A prevalence study of IgG4-related ophthalmic
disease in Japan. Jpn J Ophthalmol. 2013;57:573-9.
Karamchandani JR, Younes SF, Warnke RA,
Natkunam Y. IgG4-related systemic sclerosing dis-
ease of the ocular adnexa: a potential mimic of ocular
lymphoma. Am J Clin Pathol. 2012;137:699-711.
Wallace ZS, Deshpande V, Stone JH. Ophthalmic
manifestations of IgG4-related disease: single-cen-
ter experience and literature review. Semin Arthritis
Rheum. 2014;43:806-17.

. Cheuk W, Yuen HK, Chan JK. Chronic sclerosing

dacryoadenitis: part of the spectrum of IgG4-related
sclerosing disease? Am J Surg Pathol. 2007;31:643-5.

. Toyoda K, Oba H, Kutomi K, et al. MR imaging of

IgG4-related disease in the head and neck and brain.
AJNR Am J Neuroradiol. 2012;33:2136-9.

. Matsuo T, Ichimura K, Sato Y, Tanimoto Y, Kiura K,

Kanazawa S, Okada T, Yoshino T. Immunoglobulin

19

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

G4 (IgG4-)-positive or —negative ocular adnexal
benign lymphoid lesions in relation to systemic
involvement. J Clin Exp Hematop. 2010;50:129-42.

. Plaza JA, Garrity JA, Dogan A, Ananthamurthy

A, Witzig TE, Salomao DR. Orbital inflammation
with IgG4-positive plasma cells: manifestation of
IgG4 systemic disease. Arch Ophthalmol. 2011;129:
421-8.

Go H, Kim JE, Kim YA, Chung HK, Khwarg SI, Kim
CW, Jeon YK. Ocular adnexal IgG4-related disease:
comparative analysis with mucosa-associated lym-
phoid tissue lymphoma and other chronic inflamma-
tory conditions. Histopathology. 2012;60:296-312.
Paulus YM, Cockerham KP, Cockerham GC,
Gratzinger D. IgG4-positive sclerosing orbital inflam-
mation involving the conjunctiva: a case report. Ocul
Immunol Inflamm. 2012;20:375-7.

Sogabe Y, Ohshima K, Azumi A, Takahira M, Kase S,
Tsuji H, Yashikawa H, Nakamura T. Location and fre-
quency of lesions in patients with IgG4-related oph-
thalmic disease. Graefes Arch Clin Exp Ophthalmol.
2014;252:531-8.

Mulay K, Aggarwal E, Jariwala M, Honavar S. Orbital
immunoglobulin —G4-related disease: case series
and literature review. Clin Experiment Ophthalmol.
2014;42:682-7. Doi 10.111.

Hardy TG, McNabb AA, Rose GE. Enlargement
of the infraorbital nerve: an important sign associ-
ated with orbital reactive lymphoid hyperplasia or
immunoglobulin G4-related disease. Ophthalmology.
2014;121:1297-303.

Himi T, Takano K, Yamamoto M, et al. A novel con-
cept of Mikulicz’s disease as IgG4-related disease.
Auris Nasus Larynx. 2012;39:9-17.

Matsui S, Taki H, Shinoda K, et al. Respiratory
involvement in IgG4-related Mikulicz’s disease. Mod
Rheumatol. 2012;22:31-9.

Deshpande V, Zen Y, Chan JK, et al. Consensus state-
ment on the pathology of IgG4-related disease. Mod
Pathol. 2012;25:1181-92.

Hamano H, Arakura N, Muraki T, Ozaki Y, Kiyosawa
K, Kawa S. Prevalence and distribution of extrapan-
creatic lesions complicating autoimmune pancreatitis.
J Gastroenterol. 2006;41:1197-205.

Masaki Y, Kurose N, Yamamoto M, Takahashi H,
Saeki T, Azumi A, et al. Cutoff values of serum IgG4
and histopathological IgG4+ plasma cells for diag-
nosis of patients with IgG4-related disease. Int J
Rheumatol. 2012;2012:580814.

Yamamoto M, Tabeya T, Naishiro Y, Yajima H,
Ishigami K, Shimizu Y, et al. Value of serum IgG4 in
the diagnosis of IgG4-related disease and in differ-
entiation from rheumatic disease and other diseases.
Mod Rheumatol. 2012;22:419.

Ebbo M, Daniel L, Pavic M, Seve P, Hamidou M,
Andres E, et al. IgG4-related systemic disease: fea-
tures and treatment response in a French cohort:
results of a multicenter registry. Medicine (Baltimore).
2012;91:49-56.



34

V.M. Elner and H. Demirci

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

Smyrk TC. Pathological features of IgG4-related
sclerosing disease. Curr Opin Rheumatol. 2011;23:
74-9.

Cheuk W, Chan J. IgG4-related sclerosing disease:
a critical appraisal of an evolving clinicopathologic
entity. Adv Anat Pathol. 2010;17:303-32.

Zen Y, Nakanuma Y. Pathogenesis of IgG4-related
disease. Curr Opin Rheumatol. 2011;23:114-8.
Okazaki K, Uchida K, Ohana M, et al. Autoimmune
pancreatitis is associated with autoantibodies and a Th1/
Th2-type cellular immune response. Gastroenterology.
2000;118:573-81.

Frulloni L, Lunardi C, Simone R, et al. Identification
of a novel antibody associated with autoimmune pan-
creatitis. N Engl J Med. 2009;381:2135-42.
Yamamoto M, Naishiro Y, Suzuki C, et al. Proteomics
analysis in 28 patients with systemic I[gG4-related plas-
macytic syndrome. Rheumatol Int. 2010;30:565-8.
Zen Y, Fujii T, Harada K, et al. Th2 and regulatory
immune reactions are increased in immunoglobulin
G4-related sclerosing pancreatitis and cholangitis.
Hepatology. 2007;45:1538-46.

Koyabu M, Uchida K, Miyoshi H, et al. Analysis of
regulatory T cells and IgG4-positive plasma cells
among patient of IgG4-related sclerosing cholangi-
tis and autoimmune live diseases. J Gastroenterol.
2010;45:732-41.

Kanari H, Kagami S, Kashiwakuma D, et al. Role of
Th2 cells in IgG4-related lacrimal gland enlargement.
Int Arch Allergy Immunol. 2010;152:47-53.

Cools N, Ponsaerts P, van Tendeloo VF, et al.
Regulatory T cells and human disease. Clin Dev
Immunol. 2007;2007:89195.

Sakaguchi S. Naturally arising CD4* regulatory T
cells for immunologic self-tolerance and negative
control of immune responses. Annu Rev Immunol.
2004;22:531-62.

Lock RJ, Unsworth DJ. Immunoglobulins and
immunoglobulin subclasses in the elderly. Ann Clin
Biochem. 2003;40:143-8.

Nirula A, Glaser SM, Kalled SL, Taylor FR. What
is IgG4? A review of the biology of a unique
immunoglobulin subtype. Curr Opin Rheumatol.
2011;23:119-24.

Lighaam LC, Aalberse RC, Rispens T. IgG4-related
fibrotic diseases from an immunological perspec-
tive: regulators out of control? Int J Rheumatol.
2012;2012:789164.

Mousallem T, Burks AW. Immunology in the clinic
review series; focus on allergies: immunotherapy for
food allergy. Clin Exp Immunol. 2012;167:26-31.
Yamada K, Kawano M, Inoue R, et al. Clonal rela-
tionship between infiltrating immunoglobulin G4

48

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

(IgG4)-positive plasma cells in lacrimal glands and
circulating IgG4-positive lymphocytes in Mikulicz’s
disease. Clin Exp Immunol. 2008;152:432-9.

. Chang SY, Keogh K, Lewis J, Ryu J, Yi E. Increased

IgG4-positive plasma cells in granulomatosis with
polyangiitis: a diagnostic pitfall of IgG4-related dis-
ease. Int J Rheumatol. 2012;2012:121702.

Tsushima K, Yokoyama T, Kawa S, Hamano H,
Tanabe T, Koizumi T, Honda T, Kawakami S, Kubo K.
Elevated IgG4 levels in patients demonstrat-
ing sarcoidosis-like radiologic findings. Medicine
(Baltimore). 2011;90:194-200.

Mavragani CP, Fragoulis GE, Rontogianni D,
Kanariou M, Moutsopoulos HM. Elevated IgG4
serum levels among primary sjogren’s syndrome
patients: do they unmask underlying IgG4-related
disease? Arthritis Care Res. 2014;66:773-7.

Cheuk W, Yuen HK, Chan AC, et al. Ocular adnexal
lymphoma associated with IgG4+ chronic sclerosing
dacryoadenitis: a previously undescribed complica-
tion of IgG4-related sclerosing disease. Am J Surg
Pathol. 2008;32:1159-67.

Takahashi N, Ghazale AH, Smyrk TC, Mandrekar JN,
Chari ST. Possible association between IgG4-
associated systemic disease with or without auto-
immune pancreatitis and non-Hodgkin lymphoma.
Pancreas. 2009;38:523-6.

Kanda G, Ryu T, Shirai T, Ijichi M, Hishima T,
Kitamura S, Bandai Y. Peripheral T-cell lymphoma
that developed during the follow-up of IgG4-related
disease. Intern Med. 2011;50:155-60.

Kamisawa T, Okazaki K, Kawa S, et al. Amendment
of the Japanese consensus guidelines for autoim-
mune pancreatitis, 2013 III. Treatment and prog-
nosis of autoimmune pancreatitis. J Gastroenterol.
2014;49:961-70.

Kubota T, Katayama M, Moritani S, Yoshino T.
Serologic factors in early relapse of IgG4-related
orbital inflammation after steroid treatment. Am J
Ophthalmol. 2013;155:373-6.

Kim HM, Chung MJ, Chunk JB. Remission and
relapse of autoimmune pancreatitis: focusing on cor-
ticosteroid treatment. Pancreas. 2010;39:555-60.
Kamisawa T, Shimosegawa T, Okazaki K, et al.
Standard steroid treatment for autoimmune pancreati-
tis. Gut. 2009;58:1504-7.

Khosroshahi A, Stone JH. Treatment approaches to
IgG4-related systemic disease. Curr Opin Rheumatol.
2011;23:67-71.

Khosroshahi A, Carruthers MN, Deshpande V,
Unizony S, Bloch DB, Stone JH. Rituximab for the
treatment of IgG4-related disease: lessons from 10
consecutive patients. Medicine. 2012;91:57-66.



Orbital and Adnexal Sarcoidosis

Hakan Demirci

4.1 Introduction

Sarcoidosis is an idiopathic, autoimmune granulo-
matous disorder that is characterized by noncase-
ating granulomata on histopathologic examination
[1]. Although it can affect any race, gender, and
age, most studies report a peak incidence in adults
between the ages of 20 and 39 years for both gen-
ders and second peak incidence at age 65-69 in
women [2]. Age-adjusted annual incidence rate is
estimated to be 3—-10 per 100,000 for Caucasians
and 35-80 per 100,000 for African-Americans
in the USA, 15-20 per 100,000 in the Northern
Europe, 1-5 per 100,000 in Southern Europe, and
1-2 per 100,000 in Japan [2]. Although sarcoidosis
can affect any organ, intrathoracic presentation
such as hilar and mediastinal lymphadenopathy
or lung involvement is seen in more than 90 % of
patients. Skin and eye involvements are the next
common extrathoracic presentations in 20-30 %
and 20-25 % of patients, respectively [3]. In the
ACCESS (A Case Control Etiologic Study of
Sarcoidosis) study in which 706 newly diagnosed
patients and an equal number of age-, race-, and
sex-matched control subjects are recruited in ten
centers, ocular involvement was more frequent in
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African-American patients than in Caucasians, and
eye involvement was more common in females
than males at 13.9 and 8.2 %, respectively [4].
Organ involvement is typically defined at presen-
tation. In the ACCESS study, only 23 % of patients
developed one or more new organ involvement
during a 2-year follow-up evaluation [5].

4.2 Pathogenesis
In recent years, the pathogenesis of sarcoidosis
has been better understood. Sarcoid granulomas
are composed of epithelioid cells, mononuclear
cells, and CD4 T cells with a few CD8 T cells
around the periphery. Bronchoalveolar lavage of
sarcoidosis patients showed CD4/CDS8 T-cell
ratio more than 3-5:1 compared with a ratio of
2:1 in healthy people [6]. Similarly, CD4/CD8
ratios of vitreal and peripheral T lymphocytes
were significantly higher in patients with ocular
sarcoidosis than in patients without sarcoidosis
[7]. In sarcoidosis, the granulomatous inflamma-
tion is associated with upregulation of cytokines
such as interferon (IFN)-y, interleukin (IL)-12,
IL-18, and IL-27 produced by TH1 cells, consis-
tent with TH1 cell polarization [8—11]. On the
other hand, cytokines such as IL-4 and IL-5 pro-
duced by TH2 cells are downregulated [9-12].
Environmental factors are associated with
increased risk of sarcoidosis. In the ACCESS
study, occupational exposure to insecticides,
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pesticides, or mold and/or mildew and agricul-
tural employment were associated with a 1.5-fold
increase in sarcoidosis risk [13]. On the other
hand, tobacco use was associated with decreased
risk. The authors concluded that there was no
single cause of sarcoidosis; rather, the disease is
triggered by multiple factors. Genetic and host
factors are important in the pathogenesis. Among
siblings, all first-degree and second-degree rela-
tives of sarcoidosis patients, the risk of developing
sarcoidosis increased fivefold [13]. The genetic
basis of sarcoidosis involves the class 2 human
leukocyte antigens (HLAs) genes within the
MHC locus on chromosome 6 [13, 14]. HLAs are
cell surface proteins that are essential for immune
recognition and function. In the ACCESS study,
the HLA-DRB1*1101, RB1*0402, DRBI1*1201,
DRB1*1501, DRB3*0101, DPBI-V76, and
DRB1%*1401 were identified as risk factors for
sarcoidosis [15, 16]. Among these HLA alleles,
HLA-DRB1%0401 was associated with increased
risk for ocular involvement. Genome-wide asso-
ciation studies identified polymorphisms in the
BTNL?2 gene within the MHC locus that are asso-
ciated with increased risk of sarcoidosis. It is
thought that these polymorphisms may influence
T-lymphocyte activation and regulation [14].

The clinical and histopathological similarities
to tuberculosis have raised questions about the
role of mycobacterial organisms in the pathogen-
esis of sarcoidosis. Although histopathologic
studies failed to reveal any microbial organisms,
PCR studies showed a 10-fold to 20-fold greater
likelihood of detecting mycobacterial DNA in tis-
sues from patients with sarcoidosis than normal
controls [17]. Mass spectrometry and protein
immunoblotting experiments identified the myco-
bacterial catalase-peroxidase (mKatG) protein in
almost half of patients with sarcoidosis [18]. The
mKatG is a virulence factor for Mycobacterium
tuberculosis and an enzyme that converts the pro-
drug isoniazid, an antituberculosis agent, to its
active microbicidal form. The mKatG is an
immunodominant T-cell antigen that causes
increased lung and blood CD4 and CDS8 T-cell
responses in sarcoidosis patients [18-20].

Serum amyloid A (SAA), an amyloid precur-
sor and acute-phase reactant, is both a component

and innate regulator of granulomatous inflamma-
tion in sarcoidosis through Toll-like receptor-2
[21]. It is expressed at higher levels in sarcoid-
osis granulomas than in other granulomatous
disorders [21]. Additionally, SAA induced gran-
ulomatous lung inflammation in animal models
and stimulated the expression of cytokines such
as IFN-y, tumor necrosis factor (TNF), and IL-10
[21]. Based on these findings, Chen and Moller
[22] proposed that the pathobiology of sarcoid-
osis is determined by aberrant innate response
that results in the induction, misfolding, and
aggregation of SAA. According to their hypo-
thetical model [21, 22], in genetically susceptible
patients, both etiologic triggers and environmen-
tal factors induce innate immune response that
leads to expression of systemic and intracellular
misfolded and/or aggregated SAA and hyper-
polarized THI1 response. The misfolded and/or
aggregation of SAA provides a nidus and tem-
plate for further SAA aggregation in sarcoid-
osis granuloma. Additionally, SAA and SAA
peptides released from granulomas stimulate
macrophages and T cells, which results in fur-
ther secretion of cytokines such as IFN-y, TNF,
IL-12, IL-18, and IL-27 by TH1 cells. Clearance
of aggregated SAA and local pathogenic antigen
and downregulation of TH1 cell response lead to
remission, while inability to clear SAA and local
pathogenic antigens leads to chronic inflamma-
tion and fibrosis.

4.3  Clinical Features
The percentage of sarcoidosis patients with eye
involvement varies widely, depending on racial
origin, geographical location, and the diagnostic
criteria used for ocular involvement. In a com-
parative analysis of 571 Finnish and 686 Japanese
patients, Pientinalho et al. [23] reported that at
presentation, 5 % of Finish patients had eye
symptoms, while 41 % of Japanese patients had
eye symptoms. In the ACCESS study, African-
Americans and females experienced a higher per-
centage of ocular involvement [13].

Sarcoidosis can involve any part of the eye,
including the eyelid, orbit, lacrimal gland,
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conjunctiva, intraocular structures, and optic
nerve. The most common ocular finding is granu-
lomatous uveitis, affecting 20-70 % of patients
[24]. Smith and Foster [25] reviewed their expe-
rience with 43 ocular sarcoidosis patients and
found that anterior uveitis was the most com-
mon ocular finding (73 %), followed by vitritis
(62 %), retinal and choroidal lesions (34 %), and
ocular adnexal and orbital lesions (10 %). In a
review of 379 patients with systemic sarcoidosis,
Demirci and Christianson [26] reported that 8 %
had orbital and adnexal involvement. Orbital
manifestations of sarcoidosis are palpable peri-
ocular mass (89 %), proptosis (42 %), discomfort
(31 %), ptosis (27 %), restricted ocular motil-
ity (23 %), dry eye (19 %), diplopia (15 %),
and decreased vision (12 %) [27]. Patients with
orbital sarcoidosis usually don’t develop intra-
ocular inflammation. In a review of 20 patients
with orbital sarcoid, Marvrikakis and Rootman
[28] reported that anterior uveitis was present in
10 % of the patients. In the literature, the intra-
ocular involvement ranged from O to 23 % of the
patients with orbital sarcoidosis [26, 27]. In the
orbit and adnexa, sarcoidosis most commonly
affects the lacrimal gland (42 %), followed by
the orbital tissue (39 %), eyelid (12 %), and lac-
rimal sac (8 %) [27]. In some studies, up to 60 %
of patients develop lacrimal gland involvement
[29]. The lacrimal gland involvement can present
as enlargement of the gland or dry eyes. When
sarcoidosis affects the extralacrimal orbital tis-
sue, it presents as diffuse involvement or discrete
mass. The discrete mass mostly affects the infe-
rior quadrant [27]. Rarely, sarcoidosis can affect
extraocular muscles, which could be symptom-
atic or asymptomatic [28]. When symptomatic,
sarcoidosis presents with painful, external oph-
thalmoplegia, painless diplopia, or ptosis [28,
30-33]. The other rare orbital presentation is the
dural involvement of the optic nerve sheath [28,
34]. Orbital and adnexal sarcoidosis can be the
initial sign of the systemic disease, develop in
patients with known systemic disease, or affect
only orbital and adnexal tissue without develop-
ing systemic disease. The term “sarcoidal reac-
tion” or “orbital sarcoid” is used for patients
with orbital involvement alone and no systemic

sarcoidosis [28]. In a review of 18 patents with
orbital sarcoid, Mavrikakis and Rootman [28]
reported that systemic sarcoidosis was discov-
ered in half of the patients, while the other half
showed no evidence of systemic disease during
the mean follow-up of 5 years. In a review of
30 patients with orbital and adnexal sarcoidosis,
Demirci and Christianson [26] found that 37 % of
patients had known systemic disease, orbital and
adnexal involvement was the initial manifestation
of systemic disease in 34 % of the patients, and
29 % of patients had disease limited to the region.
Using Kaplan-Meier estimates, systemic sarcoid-
osis was expected in 8 % of the patients who
presented with only orbital and adnexal disease
by 5 years [26]. No clinical feature was found to
be significantly predictive of systemic disease in
univariate or multivariate analyses [26].

4.4 Diagnostic Evaluation

Imaging of orbital sarcoidosis demonstrates
homogenous or lobular enlargement of the lacri-
mal gland which molds to the eye or diffuse
homogeneous involvement of orbital soft tissue.
The involved tissue shows enhancement with con-
trast in computed tomography or gadolinium in
magnetic resonance imaging. On histopathologi-
cal examination, noncaseating granulomatous
inflammation is the hallmark pathologic feature.
The granulomata are predominantly composed of
epithelioid histiocytes with scattered giant cells
and foci of necrosis. Granulomata are usually sur-
rounded by a paucity of lymphoid cells and fibro-
sis, the so-called naked granulomata.

The diagnosis of orbital sarcoidosis is usually
based on clinical and radiologic findings; how-
ever, biopsy is required to confirm the diagnosis
histopathologically and to exclude other possible
diseases. However, even in cases with typical his-
topathologic findings, other causes of granulo-
matous inflammation should be ruled out. An
international workshop in 2006 provided consen-
sus and established criteria for the clinical diag-
nosis of ocular sarcoidosis [8]. However, there
are no established criteria for clinical diagnosis
of orbital sarcoidosis. A complete medical evaluation



38

H. Demirci

should be part of the work-up; the orbital special-
ist should have a high level of suspicion and low
threshold for referral to an internist or pulmon-
ologist in the context of findings suspicious for
the disease. Skin lesions including erythema
nodosum, lupus pernio, lesions along scars, tat-
toos and prior trauma sites, parotid enlargement,
lymphadenopathy, hepatosplenomegaly, neuro-
logical signs especially for cranial nerve VII
palsy, and normal lung examination are usual
clinical findings in suspected cases [35]. Basic
laboratory tests ordered in suspected sarcoidosis
cases include chest-ray, complete blood count,
renal function, serum calcium, liver function
tests, tuberculin skin test, 24-h urine test for cal-
cium levels, pulmonary function test, total immu-
noglobulins, and electrocardiogram. Elevated
serum angiotensin-converting enzyme (ACE)
level is associated with active sarcoidosis and has
60-73 % sensitivity in diagnosing sarcoidosis
[36-38]. However, some recent studies showed
no association between elevated ACE levels on
ocular presentation [39]. Conjunctival biopsy has
been reported to be helpful for the diagnosis of
systemic sarcoidosis [40-42], but biopsy of clini-
cally or radiologically involved tissue has a much
higher diagnostic yield for sarcoidosis or dis-
eases in the differential diagnosis.

4.5 Management

Management of orbital sarcoidosis usually
depends on the symptoms and clinical findings
of the patient and involved organs. Spontaneous
resolution is observed in up to 60 % of patients
with systemic sarcoidosis; however, there is
no data regarding the natural history of orbital
sarcoidosis [43]. Immunosuppression is the
mainstay of treatment for orbital sarcoidosis.
Corticosteroids have been the traditional stan-
dard of care for severe systemic sarcoidosis,
and corticosteroid-sparing agents, such as aza-
thioprine and methotrexate, or antimalarials
(chloroquine or hydroxychloroquine) have been
used successfully in many cases. In orbital cases
without active systemic disease, a course of
oral prednisone starting at 1 mg per kilogram of

body weight and tapered over 3 months may be
considered as initial therapy. In those who fail
to respond or are corticosteroid intolerant, cyto-
toxic corticosteroid-sparing agents may be used.
Despite the widespread use of corticosteroids,
there is little evidence of long-term benefits.
Resolution of symptoms was reported in 10-20 %
of patients who used systemic corticosteroid
therapy [43]. In localized orbital disease, perioc-
ular corticosteroids (1-ml injection of triamcino-
lone acetonide 40 mg/mL) may be considered.
In a multicentric study of 26 patients with orbital
and adnexal sarcoidosis, Prabhakaran et al. [27]
reported that 73 % of patients were treated with
systemic corticosteroids and 15 % required addi-
tional systemic methotrexate therapy. Overall,
85 % of these patients showed a good response to
therapy. Demirci and Christianson [26] observed
that 93 % of orbital and adnexal sarcoidosis
patients regressed or remained stable follow-
ing systemic corticosteroid therapy after a mean
follow-up of 44 months. The long-term effects
of immunosuppression on the natural history
of the disease are unclear. In a review of seven
ocular sarcoidosis patients who had persistent
inflammation despite systemic immunosuppres-
sive therapy, Baughman et al. [44] reported sig-
nificant improvement in all seven patients with
antitumor necrosis factor alpha agent infliximab.
On the other hand, the antitumor necrosis factor
alpha agent etanercept failed to control ocular
sarcoidosis [45]. Either infliximab or etanercept
has not been used in the management of orbital
sarcoidosis.
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Orbital and Adnexal Sjégren

Syndrome

Shivani Gupta and Hakan Demirci

Sjogren syndrome (SS) is a chronic, systemic
autoimmune disorder in which inflammation of
the exocrine glands results in secretory gland
dysfunction. This, in turn, leads to dryness of
mucosal surfaces with subsequent dry mouth
(xerostomia), dry eyes (keratoconjunctivitis
sicca), and other extraglandular symptoms [1-3].
When Sjogren syndrome is not present in the
context of connective tissue disorders such as
scleroderma, rheumatoid arthritis, or systemic
lupus erythematosus, it is designated as primary
Sjogren syndrome (pSS). When an association
exists, it is categorized as secondary Sjogren
syndrome (sSS). Varying prevalence rates of
SS have been reported, with a range between
0.1 and 4.8 % [4]. The lack of consistent diag-
nostic criteria used and the varied populations
studied likely contribute to this wide range [4].
Although the disease may affect all individuals,
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middle-aged women are overwhelmingly more
commonly affected, with female-male ratio of
approximately 9:1 [4, 5].

5.1 Systemic Features

While multiple-organ systems may be involved,
the salivary glands and lacrimal glands are more
commonly affected, leading to reduced excre-
tory function and the characteristic symptoms of
dry mouth and dry eyes. In one series of dry eye
patients, 10.9 % of patients had underlying pSS,
suggesting that this potential underlying etiology
should not be overlooked among dry eye patients
[6]. Approximately one third of patients may
present with extraglandular symptoms, including
involvement of the skin, joints, liver, pancreas,
thyroid gland, and hematologic, neurologic, and
cardiovascular systems [1, 7]. Musculature may
also be affected, leading to fibromyalgia-like
symptoms and chronic fatigue [8, 9]. In addition,
SS may lead to significant functional disability and
reduced health-related quality of life, with affected
patients suffering from increased depression,
fatigue, and pain [5, 9]. In one study, functional
disability in SS patients was seen to be as high
as patients with systemic lupus erythematosus,
despite comparatively reduced end-organ damage
[10]. Furthermore, health care costs for patients
with SS may double that of the average primary
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care patient, compounding the physical and psy-
chosocial effects of this chronic disease [1].

Primary Sjogren syndrome has been associ-
ated with cancer, most commonly non-Hodgkin’s
lymphoma (NHL) [11]. Patients with pSS have a
16-20-fold increased risk of lymphoma, and in
one series of 723 consecutive patients with pSS,
1 in 5 deaths was attributable to lymphoma [12—
14]. Identified risk factors for development of
lymphoma in pSS patients include permanent
swelling of major salivary glands, lymphadenop-
athy, cryoglobulinemia, splenomegaly, low com-
plement levels of C4 and C3, lymphopenia, skin
vasculitis or palpable purpura, M-component in
serum or urine, peripheral neuropathy, glomeru-
lonephritis, and elevated beta2 microglobulin
[14]. Recent studies have also identified associa-
tions with genetic factors, CD4 lymphocytope-
nia, and ectopic germinal center-like structures in
minor salivary gland biopsies [14—16]. In a recent
Taiwanese population-based study, the incidence
of cancer among 7,852 patients with pSS was
2.9 %, with greater incidence among men [11]. In
this cohort, only patients aged 25-44 years had
an increased risk for cancer compared to same
sex-age groups [11]. The study confirmed previ-
ously published data regarding the increased risk
of NHL but also noted increased risk of multiple
myeloma and thyroid cancer among female pSS
patients [11].

5.2  Diagnostic Evaluation

The classification of pSS based on the revised
American-European Consensus Group criteria
(AECG 2002, Table 5.1) combines clinical signs
and symptoms with histopathologic and labora-
tory testing. Four or more of the detailed criteria
are required, and these include ocular symptoms,
ocular signs, oral symptoms, salivary gland
involvement, histopathologic findings, and pres-
ence of autoantibodies against the Ro/SSA and
La/SSB ribonucleoprotein  complexes [7].
Though not a part of the AECG criteria, the pres-
ence of positive ANA and RF antibodies may aid
in the evaluation of SSA-/SSB-negative patients,
as pSS has been shown to occur more commonly
in ANA- and RF-positive individuals [17]. More

recently, the American College of Rheumatology
proposed a new classification for pSS, requiring
two of the following three criteria to be present:
(D)positive serum anti-SSA and/or anti-SSB or
positive rheumatoid factor and antinuclear anti-
body titer >1:320, (2) ocular staining score >3, or
(3) presence of focal lymphocytic sialoadenitis
with a focus score >1 focus/4 mm? in labial sali-
vary gland biopsy samples [18]. Although this
classification is simpler and based on purely
objective parameters, in certain populations it
may demonstrate less sensitivity and specificity
compared to the AECG and other classification
criteria [19]. Given the presence of multiple clas-
sification systems as well as heterogeneity in dis-
ease manifestations, challenges exist in the
standardization of pSS evaluation. Advances in
genomics and proteomics may allow for the iden-
tification of biomarkers that aid in diagnosis at
early stages of disease, before pathologic destruc-
tion of exocrine glands occurs, or to identify sus-
ceptible individuals prior to disease onset [8]. For
example, in one recent study, proteomic evalua-
tion of the tear film was evaluated and proposed
as a noninvasive diagnostic test for SS [20].
Others have suggested the use of ultrasonography
as a noninvasive tool for the diagnosis of pSS as
well as to monitor disease progression and in lieu
of more invasive salivary gland testing such as
sialography or sialoscintigraphy [21-23].

5.3  Pathogenesis

The underlying etiology of Sjogren syndrome
is not clearly elucidated; however, genetic, hor-
monal, and environmental factors are thought to
be involved. As with other autoimmune disorders,
extrinsic or intrinsic stimuli in genetically predis-
posed individuals are thought to be responsible
for disease manifestation [4]. Perimenopausal
women are more commonly affected by SS,
suggesting an immunoregulatory effect of sex
hormones on the development of disease, likely
related to an imbalance of the estrogen-androgen
ratio [3, 24]. Animal models have demonstrated
acceleration of pathologic changes including lym-
phocyte infiltration and apoptosis in genetically



5 Orbital and Adnexal Sjogren Syndrome

43

Table 5.1 Revised international classification criteria for Sjogren syndrome [7]

1. Ocular symptoms—a positive response to at least one of the following questions:

(a) Have you had daily, persistent, troublesome dry eyes for more than 3 months? (b) Do you have a recurrent
sensation of sand or gravel in the eyes? (c) Do you use tear substitutes more than three times a day?

1I. Oral symptoms—a positive response to at least one of the following questions:

(a) Have you had a daily feeling of dry mouth for more than 3 months? (b) Have you had recurrently or
persistently swollen salivary glands as an adult? (c) Do you frequently drink liquids to aid in swallowing dry

food?

1I1. Ocular signs—objective evidence of ocular involvement defined as a positive result for at least one of the

following tests:

(a) Schirmer test for tear function, performed without anesthesia (positive result <5 mm in 5 min). (b) Rose
Bengal score or other ocular dye score (positive result score >4 on the van Bijsterveld scoring system)

1V. Histopathology—in minor salivary gland (obtained through normal-appearing mucosa) focal lymphocytic
sialoadenitis, evaluated by an expert histopathologist, with a focus score of 1 (defined as the number of
lymphocytic foci which are adjacent to normal-appearing mucous acini and contain >50 lymphocytes) per 4 mm?

of glandular tissue)

V. Salivary gland involvement—objective evidence of salivary gland involvement defined by a positive result for at

least one of the following tests:

(a) Unstimulated whole salivary flow (<1.5 mL in 15 min). (b) Parotid sialography showing presence of diffuse
sialectasis (punctate, cavitary, or destructive pattern) without evidence of obstruction in the major ducts. (c)
Salivary scintigraphy showing delayed uptake, reduced concentration, or delayed excretion of tracer

VI. Autoantibodies to Ro/SSA or La/SSB antigens or both

For primary SS

In patients without any potentially associated disease, primary SS may be defined as follows:

(a) The presence of any 4 of the 6 items is indicative of primary SS, as long as either item IV (histopathology) or

VI (serology) is positive

(b) The presence of any 3 of the 4 objective criteria items (i.e., items III, IV, V, VI)

(c) The classification tree procedure represents a valid alternative method for classification, although it should be

more properly used in clinical-epidemiological survey

For secondary SS

In patients with a potentially associated disease (for instance, another well-defined connective tissue disease), the
presence of item I or item II plus any 2 from among items III, IV, and V may be considered as indicative of

secondary SS:

Exclusion criteria:

Past head and neck radiation treatment
Hepatitis C infection

Acquired immunodeficiency disease (AIDS)
Preexisting lymphoma

Sarcoidosis

Graft-versus-host disease

Use of anticholinergic drugs (since a time shorter than fourfold the half-life of the drug)

predisposed animals following removal of ovar-
ian sex hormones and conversely prevention
following sex hormone replacement [25]. Viral
triggers have also been proposed, with activa-
tion of immune mechanisms through the type I
IFN system, which has been widely implicated
in autoimmune disorders [4]. MHC class II genes
are associated with pSS, in particular HLA-DR
and DQ alleles [3]. Polymorphisms of the IRF-5

and STAT4 genes, as well as the increase in
copy of immunoregulatory genes FCGRB and
CCL3L1, may increase disease susceptibility
[4, 26-30]. Autoantibody production including
anti-SSA/Ro and anti-La/SSB La is associated
with early onset and longer duration of disease,
as well as more intense immune cell infiltration,
higher frequency of extraglandular manifesta-
tion, and parotid gland enlargement [3].
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5.4 Histopathologic Features

The underlying histopathology of SS includes
periductal lymphocytic infiltration of salivary
and lacrimal glands and destruction of tissues
[31]. Infiltrates generally consist of CD4+ T
cells, CD8+ T cells, B cells, and macrophages
[8]. While the majority of the infiltrating cell
population is comprised of T cells, B cell autore-
activity is thought to play an important role in
both preclinical and clinical disease [8, 25].
Apoptosis of acinar cells is also a prominent fea-
ture, leading to hypofunction and hyposecretion
of fluids, and in animal studies has been shown to
occur after immune cell infiltration following
oophorectomy [25]. There continues to remain
some debate as to whether apoptosis follows the
inflammatory phase, and some authors suggest
that apoptosis may have a role in initiating the
disease process in genetically susceptible indi-
viduals [24]. Non-apoptotic mechanisms may
also play a role, leading to hypofunction of secre-
tory mechanisms. These include neural dysregu-
lation via inhibition of neurotransmitter release
by cytokines, increased levels of cholinesterase
leading to reduced Ach, and M3R antimuscarinic
antibody blockade [8, 24]. Changes in the expres-
sion and distribution of aquaporin5 in the acini of
salivary glands are thought to contribute to
reduced fluid secretion, both in the inflammatory
and noninflammatory phases [24].

Ocular Manifestations
and Management of Primary
Sjogren Syndrome

5.5

Tears are crucial for the maintenance of a healthy
ocular surface. Not only do they provide lubrica-
tion but contain a host of growth factors, vita-
mins, and neuropeptides that promote a healthy
environment for the ocular surface epithelium
[32]. Ocular signs and symptoms related to pSS
are a result of immune cell infiltration and
destruction of the lacrimal gland, leading to
aqueous tear deficiency and the secondary effects
of this, sicca syndrome. Patients may complain of
dryness, foreign body sensation, redness, fatigue,

itching, reduction in vision, and reflex tearing.
Deficiency of tears also leads to a proinflamma-
tory response, immune cell infiltration, loss of
surface epithelial integrity, and eventually kerati-
nization of the ocular surface [33]. This latter
process is known as squamous metaplasia. In
addition, meibomian gland dropout may occur
and lead to increased tear evaporation, com-
pounding the effect of reduced tear production
and leading to increased fluorescein and rose
Bengal staining that is seen in SS-related ATD
(aqueous tear deficiency) vs. non-SS ATD [34,
35]. In severe cases, persistent corneal epithelial
defects or ulceration may also occur, putting
patients at risk for corneal infection.

Evaluation for ocular involvement in SS
begins with a patient history focused on symp-
toms of dry eye mentioned previously, as well as
use of artificial tear substitutes and their effect on
alleviating symptoms. Formal scales such as
Ocular Surface Disease Index (OSDI) and OCI
patient symptom questionnaires may be used.
Ophthalmic testing includes Schirmer basal tear
secretion testing, evaluation of tear film height,
rose Bengal staining and score, fluorescein stain-
ing, lissamine green staining, tear breakup time
evaluation, assessment of meibomian gland dys-
function, and careful conjunctival and corneal
examination to assess for punctate epithelial ero-
sions, corneal filaments, epithelial defects, cor-
neal thinning, ulceration, or squamous metaplasia.
Lacrimal scintigraphy is another tool that has
been evaluated in SS patients and been shown to
correlate closely with rose Bengal staining,
Schirmer testing, tear breakup time, and the ocu-
lar surface disease index [36]. Other specialized
tests may include tear osmolarity testing, tear lac-
toferrin and lysozyme measurement, and impres-
sion cytology for evaluation of goblet cells. More
recently, in vivo confocal microscopy of the lac-
rimal gland has been shown to demonstrate aci-
nar unit dilatation, interstitial fibrosis, and
inflammatory cells in SS patients and may aid in
the noninvasive evaluation of SS patients [37].

A wide array of treatments have been studied
for the management of dry eyes in SS patients
including topical lubricants, autologous serum,
topical corticosteroids, topical anti-inflammatory
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therapy, secretagogues, and systemic immuno-
suppressive agents, as well as interventions such
as punctual occlusion with plugs or cautery [38].

Initial treatment strategies for aqueous defi-
ciency in SS begin with aqueous supplementa-
tion, generally using artificial tear substitutes,
which show consistent improvement in symp-
toms over baseline [38]. These vary from drops
to more viscous gels and ointments. Studies sug-
gest that the use of more viscous lubricants
affords greater comfort with reduced frequency
of use and increased duration of effect [39]. The
use of serum tears has been advocated in the
treatment of dye eyes and ocular surface disease
due to the presence of growth factors and bacteri-
cidal agents, which provide additional benefits to
aqueous supplementation in maintaining a
healthy ocular surface epithelium [32]. It has
been shown, when diluted with saline, to improve
both subjective and objective dry eye parameters
among SS patients [40].

When aqueous supplementation is insufficient
to control sicca symptoms, reduction in tear drain-
age may be addressed. This can be done via place-
ment of punctual plugs to mechanically occlude
one or both puncta on each side or thermal punc-
tual cautery. Placement of Smartplugs in the infe-
rior canaliculi only has been shown to improve
Schirmer I testing as well as reduce tear breakup
time [41]. Additionally, partial cauterization of
the puncta to achieve a punctual opening of
0.5 mm improves clinical signs such as fluores-
cein staining, rose Bengal staining, tear breakup
time, and Schirmer I testing, an effect that is sus-
tained for up to 2 years following treatment [42].
The use of topical anti-inflammatory agents has
also been prospectively studied, including corti-
costeroids and nonsteroidal anti-inflammatory
drugs [38]. While varying improvement in subjec-
tive and objective parameters has been shown,
side effects such as increased intraocular pressure,
cataract formation, and corneal epithelial staining
may limit their use long term. Topical cyclospo-
rine, in varying concentrations, has been shown in
several prospective, randomized controlled trials
to improve ocular signs such as surface staining,
Schirmer testing, and tear breakup time as well
[38]. In one study, a reduction of activated

lymphocytes was noted in conjunctival biopsies
of SS patients treated with 6 months of topical
0.05 % cyclosporine [43]. Given its relative clini-
cal safety with long-term use, it use should be
considered in patients with SS [38].

As described in a recent review of 66 previ-
ously published reports regarding the treatment
of SS-associated dry eyes, several oral agents
have been studied including secretagogues such
as pilocarpine and cevimeline [38]. The use of
oral pilocarpine has been shown to improve sicca
symptoms in SS patients, and in one study of
5 mg twice daily, it showed significantly better
subjective outcomes and improved rose Bengal
staining compared with artificial tear use or
punctual occlusion [44]. In another study, tear
meniscus height as measured by Visante OCT
was shown to improve following oral administra-
tion of pilocarpine, 5 mg twice daily, as were
signs and symptoms of dry eye [45]. Cevimeline
has also shown promising results in double-
blinded, randomized controlled trials, with rec-
ommended dosage of 30 mg three times per day
[38]. A number of other systemic agents have
been studied, including corticosteroids, cyclo-
sporine, hydroxychloroquine, rituximab, inflix-
imab, etanercept, mycophenolic acid, and
interferon alpha-2. Although these agents may be
beneficial in the treatment of systemic manifesta-
tions of SS and for the treatment of SS-associated
dry eyes, there is insufficient data to suggest sig-
nificant improvement with their use [38].
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Antineutrophil Cytoplasmic
Antibody (ANCA)-Associated
Vasculitic Orbital Syndromes

Gangadhara Sundar

6.1 Introduction
Orbital inflammatory disorders are the most com-
mon type of orbital disease and may be either of
infectious or noninfectious etiology. Noninfectious
orbital inflammatory disorders may be further
classified into those of specific and nonspecific
etiology. As a general rule, all noninfectious
inflammatory disorders are specific until proven
otherwise (Fig. 6.1). Almost all noninfectious
specific orbital inflammatory disorders are pro-
posed to be of autoimmune etiology with variable
combination of both cell-mediated and immune
complex-mediated mechanisms contributing to
the various manifestations of the disease.
Autoimmune vasculitides comprise a major
proportion of autoimmune specific orbital inflam-
matory disorders. This diverse group of orbital
and systemic disorders is characterized by an
angiocentric inflammation resulting in perivascu-
lar and vascular infiltration of either the small,
intermediate, or large vessels with resultant con-
sequences of significant morbidity or even mor-
tality, if untreated. An antigenic stimulus may
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result in an abnormal immune response with
immune complex formation, triggering an immu-
nological cascade with resultant inflammation,
vascular infiltration, and tissue destruction.

The three major categories of systemic vascu-
litides are large vessel vasculitis (chronic granulo-
matous arteritis) e.g., giant cell arteritis,
medium-sized vessel vasculitis (necrotizing arte-
ritis) e.g., polyarteritis nodosa, and small vessel
vasculitis (necrotizing polyangiitis), e.g., GPA
(Wegener’s) (Fig. 6.2) [1]. Clinical manifestations
in these patients are similar to nonspecific orbital
inflammatory syndrome. Thus a high degree of
clinical suspicion, with appropriate laboratory
workup, and, in specific cases, a tissue diagnosis
are what help make a definitive diagnosis. This in
turn helps direct specific management before sig-
nificant morbidity and even mortality may ensue.

Eighty to ninety percent of small vessel vascu-
litides are associated with the presence of antineu-
trophil cytoplasmic antibody (ANCA), termed
ANCA-associated vasculitis (AAV) or ANCA
disease [2]. These include granulomatosis with
polyangiitis (GPA), formerly known as Wegener’s
granulomatosis, microscopic polyangiitis (MPA),
and the allergic granulomatosis with polyangiitis
(AGPA) formerly known as Churg-Strauss syn-
drome [3]. These new terminologies were recom-
mended by the boards of the American Society of
Nephrology, the American College of
Rheumatology and the EULAR which urged a
shift from eponyms to disease-descriptive or
cause-based nomenclature. The AAVs are distin-
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Fig. 6.1 Practical classification of orbital inflammatory diseases
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Fig. 6.2 Classification of vasculitic disorders

guished from other systemic small vessel vasculi-
tides by the absence of immune deposits. Of
interest to the ophthalmologist are the granuloma-
tosis with polyangiitis (GPA) and allergic granu-
lomatosis with polyangiitis (AGPA), both of
which shall be addressed in this chapter. Although
grouped together, AGPA has a different presenta-
tion and prognosis compared with the other
ANCA-associated vasculitides.

T
SLE or
rheumatoid
arthritis

Rheumatoid
vasculitis

1
Eosinophilia,
asthma and
granulomas

Vasculitis without
asthma or
granulomas

L Microscopic
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with polyangiis

(AGPA, Churg-
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(GPA, Wegener's

granulomatosis)

Antineutrophil cytoplasmic antibodies were
described in 1982 [4] and associated with
Wegener’s granulomatosis in 1985 [5]. Two types
of assays in common use are immunofluorescence
(IF) and enzyme immunoassay (EIA). By immu-
nofluorescence, 3 distinct types of ANCA
have been described: cytoplasmic (c-ANCA),
perinuclear (p-ANCA), and atypical (x- or
a-ANCA). In patients with vasculitis, the c-:ANCA
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Fig. 6.3 Giant cell and
granuloma formation in
vasculitic disorders

pattern is associated with the presence of protein-
ase-3 antibodies known as PR-3 ANCA.

In the early phases, polymorphonuclear cellu-
lar infiltration occurs, followed by lymphocytic,
plasma cellular, and monocytic infiltration as the
disease progresses. Subsequent fibrinoid deposi-
tion, necrosis, and endothelial damage result in
stenosis and thrombosis with clinical manifesta-
tions of ischemia and tissue necrosis. In specific
conditions like GPA and giant cell arteritis, giant
cell and granuloma formation also occurs
(Fig. 6.3).

GPA has necrotizing granulomatous inflam-
mation superimposed on the vasculitis. AGPA
has adult-onset asthma, allergic rhinitis, eosino-
philia, and granulomatous inflammation in addi-
tion to vasculitis. MPA has only the vasculitis,
without granulomatous inflammation, asthma, or
eosinophilia. The clinical manifestations of the
above conditions are protean and can affect many
different organs individually (limited form of dis-
ease) or in combination (disseminated disease).

Granulomatosis
with Polyangiitis (GPA,
Wegener’s Granulomatosis)

6.2

Granulomatosis with polyangiitis (Wegener’s) is a
multiorgan system disease of unknown etiology
characterized by granulomatous inflammation, tis-
sue necrosis, and variable degrees of vasculitis in

small- and medium-sized blood vessels. Although
initially described by Klinger in 1931 [6], it was
recognized as a definitive entity after Friedrich
Wegener reported three patients in 1939 [7].

GPA is a disease of unknown etiology primar-
ily involving the upper and lower respiratory
tracts and the kidneys, which, if untreated, has
major organ- and life-threatening consequences.
The incidence is estimated to be four to eight per
million population [8] with prevalence estimated
to be 30 per million population in the United
States [9]. Typically seen in Caucasian men in the
fourth to fifth decade, without any specific gender
predilection, it may present as a classic dissemi-
nated or rarely in the limited form. The limited
form of the disease is more commonly seen in
women [10] and in Asians. Less than 15 % of the
disease is seen in children. It may present either to
the general physician or to the ophthalmologist
with acute to subacute symptoms either partially
or completely unresponsive to conventional and
symptomatic management. In most cases, anti-
neutrophil cytoplasmic antibodies (ANCAs)
against proteinase-3 (PR-3) [11] are thought to
result in neutrophilic and eosinophilic vascular
and perivascular infiltration with resultant nar-
rowing, ischemia, and damage of the organs
affected [12]. The clinical spectrum of organ sys-
tems involved in GPA is summarized in Fig. 6.4.
Classic disseminated GPA, characterized by a
triad of upper and lower respiratory tract involve-
ment and glomerulonephritis, may present either
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Fig. 6.4 Clinical spectrum of organ systems involved
in GPA

as an acute rapidly progressive disease or rarely a
chronic disease. Upper respiratory tract involve-
ment is manifested by sinusitis, epistaxis, and
nasal bone destruction with adjacent orbital
involvement. Lower respiratory tract involvement
is manifested by respiratory tract ulceration and
pneumonitis. Renal failure from rapidly progres-
sive glomerulonephritis is not uncommon in
untreated cases. Extrapulmonary lesions may
affect the skin, joint, heart, and the eyes.

A limited form is commonly seen in females
with a less severe clinical course associated with
upper and lower respiratory system involved,
thus resulting in delayed or missed diagnosis
[13]. Significant differences between the acute,
systemic form and an insidious limited form of
the disease are shown in Table 6.1.

Ophthalmic involvement is seen in about 50 %
of all cases. Ocular manifestations are frequently
bilateral and may be protean, thus making diagno-

Table 6.1 Granulomatosis with polyangiitis (GPA,
Wegener’s granulomatosis) presentation

Disseminated disease = Limited disease

Insidious or subacute disease,

difficult or late diagnosis,
more common in women

Acute disease, easier,
earlier diagnosis

Lab tests positive,
histopathology — typical

Lab tests may be negative
Histopathology — atypical

Fig. 6.5 Necrotizing scleritis presentation in GPA
(Wegener’s)

sis difficult with delayed and resultant morbidity,
especially when clinical suspicion is low. Left
untreated, potential blinding complications
include severe necrotizing scleritis (Fig. 6.5),
peripheral ulcerative keratitis with corneal per-
foration [14], retinal vasculitis resulting in reti-
nal arterial occlusion, and orbital inflammatory
mass with optic nerve ischemia. Orbital involve-
ment may be either primary [15-21] or more
commonly as a result of disease spread from the
adjacent paranasal sinuses (Fig. 6.6a,b) or naso-
pharynx. Rarely fibrotic changes as a result of
chronic inflammation may result in socket con-
tracture and enophthalmos (Fig. 6.7) [22]. In fact,
owing to the involvement of the nasolacrimal duct
drainage pathway secondary to nasal obstruc-
tion, it is one of the very few orbital inflammatory
diseases that may present as a wet, rather than
a dry eye. Common ocular and ocular adnexal
manifestations are summarized in Table 6.2 (see
also Fig. 6.8). Owing to the severe nature of the
disease, the clinical morbidity, and potential mor-
tality, every ophthalmologist should be aware
of both the typical and atypical presentations of
the disease. Given the protean manifestations,
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Fig. 6.6 Coronal CT scan showing (a) left sided orbital infiltration, (b) extensive paranasal sinus involvement with
bone destruction and remodeling

Fig. 6.7 Severe contracted socket in burnt-out disease

Table 6.2 Ophthalmic manifestations of granulomatosis
with polyangiitis [23-25]
Ocular manifestations Ocular adnexal manifestations

Conjunctivitis Orbital inflammatory
syndrome

Peripheral ulcerative ~ Orbital apex syndrome
keratitis (PUK) (Tolosa-Hunt syndrome) Fig. 6.8 Yellow eyelid sign in limited granulomatosis
Episcleritis necrotizing Dacryoadenitis with polyangiitis (Wegener’s)
scleritis
Uveitis Myositis
Retinal vasculitis with NLD obstruction/chronic
vascular occlusion dacryocystitis
Eyelid granulomas
Florid xanthelasmas — yellow
eyelid sign (Fig. 6.8)
Optic neuropathy
Contracted socket with
enophthalmos

a high degree of suspicion should be maintained
in all patients with any of the clinical presenta-
tions shown above especially when bilateral and
in the right age group. These include prior or
concomitant history of nose/sinus/ENT disorder,
upper or lower respiratory ailment (Fig. 6.9), par-
tial response to conventional management, and  Fig. 6.9 Pulmonary infiltrates characteristic of lower
rapidly progressive and debilitating disease [26].  respiratory tract involvement
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Appropriate laboratory testing (Table 6.3)
should be ordered when the clinical suspicion is
present, and when possible, a definitive tissue
biopsy should be performed. The presence of two
or more of the following criteria is associated
with a sensitivity of 88.2 % and a specificity of
92 % [27]:

e Abnormal urinary sediment (red cell casts or
>5 RBCs per high-power field)

e Abnormal findings on chest radiograph (nod-
ules, cavities, fixed infiltrates)

¢ Oral ulcers or nasal discharge

¢ Granulomatous inflammation on biopsy

(Fig. 6.10)

Differential diagnosis depends upon whether
the clinical presentation is either acute, typical and
disseminated, insidious or a limited form of the dis-
ease. Systemic clinical features that help differenti-
ate GPA from AGPA are shown in Table 6.4. In
general, the differential diagnosis of vasculitic con-

Table 6.3 Laboratory findings

Nonspecific Specific

Anemia c-ANCA

Leukocytosis Proteinase-3 antibody
(Anti PR-3, PR-3 ANCA)

Thrombocytosis Histopathological diagnosis

Raised ESR, CRP
Hematuria — microscopic

Rheumatoid factor
(30 % of pts)

Fig.6.10 Granulomatous
inflammation on biopsy

ditions associated with granulomatous inflamma-
tion includes giant cell arteritis, Takayasu’s arteritis,
Cogan’s syndrome, primary angiitis of the CNS,
Buerger’s disease, and rheumatoid vasculitis.
Management of GPA is challenging, yet
rewarding, if a proper assessment of the patient is
made followed by a basic understanding of the
underlying immunopathogenetic process, which
is then used to tailor the treatment to the individ-
ual patient. The treatment plan should be based
primarily on the stage of the disease and the activ-
ity of the disease. The three stages of the disease
are an acute, generalized systemic disease which
is often severe, a subacute localized form of dis-
ease, and finally a chronic indolent or refractory
disease. Historically GPA in general had a fatal
outcome prior to the advent of immunosuppres-
sive therapy [28], but with the advent of glucocor-
ticoids alone, the median survival increased to
5 months. The introduction of the Fauci and
Wolf’s NIH standard regimen in the 1970s, com-
bination of glucocorticoids with cyclophospha-
mide (CYC), further increased the median
survival to more than 20 years [29]. However, the
substantial long-term toxicity from the above reg-
imen has led to the introduction of less toxic drugs
such as methotrexate, azathioprine, or lefluno-
mide, which have better tolerated and manageable
side effects. In recent years, newer treatment
modalities with biologics such as B-cell blockade
and TNF alpha antagonists have also been used.
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Table 6.4 Distinguishing diagnostic features of ANCA-associated vasculitis

Feature GPA AGPA Comments
Glomerulonephritis +++ + Progressive renal failure
uncommon in AGPA
Pulmonary nodules/infiltrates +++ +++ Asthma and eosinophilia
(AGPA)
Upper airway disease +++ ++ ENT disease (GPA)
Skin, purpura + ++
Peripheral nerve involvement ++ +++ Prominent feature in GPA
CNS involvement + +
Active AAV
Consi@cystic
jiroveci prophylaxis
Bone prophylaxis
Gl protection
Sperm banking/ovarian
e
Systemic disease,
Active AGPA organ threatening
without poor Non-organ GPA/AGPA
pro y threatening
gnosis Py 1
actors GPA CYC + If CYC intolerant:
steroids Life threatening: thtuxm_\dab +
CYC + steroids, steroids
Steroids MTX-+ plasma exchange
steroid Remission -
I I Remission
Remission Remisssion Remission

~

Continue MTX +
low dose steroid

O/

[

Continue low-dose
steroid

May require steorid

W

Switch CYC to AZA
or MTX

Continue AZA/MTX
+ low dose steroid

/)

Continue low dose
steroid. May requie
retreatment with
Rituximab if relapse

occurs

[)

Switch CYC to AZA
or MTX

Continue AZA/MTX
+ low dose sterpid

Fig.6.11 Treatment algorithm for ANCA-associated vasculitis

As a general principle, the first step of the
treatment is to induce remission of the active dis-
ease, followed by a less aggressive therapy to
maintain remission. The final challenge is in the
management of the refractory disease state. A
treatment algorithm for ANCA-associated vascu-
litis is depicted in Fig. 6.11. The treatment of
choice for severe generalized disease is a combi-
nation of glucocorticoids (oral prednisone 1 mg/
kg/day or IV methyl prednisolone 500-1,000 mg/

day for 3 days for life-threatening disease) and
cyclophosphamide (2 mg/kg/day PO or 15-20 mg/
kg IV every 3rd week). Given the high cumulative
toxicity of cyclophosphamide, treatment may be
switched to less toxic agents such as methotrexate
(MTX), azathioprine (AZA), or mycophenolate
mofetil (MMF) as soon as remission is accom-
plished. Trimethoprim/sulfamethoxazole may be
considered as an alternative for localized disease.
Commonly used medications, their indications,
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Table 6.5 Dosages and drugs for various stages of GPA (Wegener’s)

For induction of remission Indication Route/dosage
Cyclophosphamide Generalized, severe disease Oral: 2 mg/kg/day

IV: 15-20 mg/kg q 3 weeks
Methotrexate Early systemic disease 0.3 mg/kg/week

IV/SC/PO
Trimethoprim/sulfamethoxazole Localized disease 2x960 mg/day PO

Plasmapheresis

and dosages are highlighted in Table 6.5. In the
10 % of cases where there is no response to stan-
dard treatment, additional therapy with biologic
agents, plasmapheresis, or alternative treatments
such as deoxyspergualin may be considered.

6.3  Allergic Granulomatosis
with Polyangiitis (AGPA,

Churg-Strauss Syndrome)

First described by Churg and Strauss in 1951
[30], it is a rare disorder characterized by three
salient histopathological features: necrotizing
vasculitis, eosinophilic infiltration of tissues, and
extravascular granulomata. Other features to sup-
plement a clinical diagnosis include asthma or
allergic rhinosinusitis, peak eosinophil count
greater than 1,500 cells/ml, and systemic vasculi-
tis involving one or more organs [31]. The mean
age of presentation is approximately 50 years
with a slight male preponderance.

The etiopathogenesis of AGPA is quite unclear,
but a strong association with allergy and atopic dis-
orders including allergic rhinitis, nasal polyposis,
and asthma has been noted. Approximately 70 % of
patients have elevated IgE levels along with periph-
eral and tissue eosinophilia. While ANCA may be
negative in 60 % of patients, some patients demon-
strate ANCA positivity, especially to myeloperoxi-
dase (MPO). When ANCA is present, it is associated
with a higher incidence of pulmonary hemorrhage,
mononeuritis multiplex, and renal disease [32].
AGPA may be characterized by three distinctive
clinical phases. A prodromal allergic phase may
begin in late childhood or adulthood which may be
present for months to years. This is followed by an
eosinophilic infiltration phase with granulomatous
inflammation when systemic and orbital features
are present. The final third phase is a vasculitic

Severe life-threatening refractory disease

40-60 ml/kg (4-7 cycles)

Fig. 6.12 Middle-aged male with bilateral proptosis,
asthma, rhinosinusitis, and midline nasal destruction

phase with involvement of the small vessels of the
eyes and other organ systems [31].

Ophthalmic manifestations are varied and result
from granulomatous inflammation, vasculitis, or
both. Anterior segment involvement can present as
chronic conjunctivitis, conjunctival granulomas,
episcleritis, scleritis, or keratouveitis. Orbital infil-
tration commonly presents as proptosis, although
not vision threatening (Fig. 6.12). Neuro-
ophthalmic manifestations include cranial neurop-
athies, amaurotic episodes, and arteritic ischemic
optic neuropathy [33]. Vascular involvement may
present as a central or branch retinal artery occlu-
sion. Systemic features include pulmonary infil-
trate and effusions, alveolar hemorrhage, peripheral
neuropathy (mononeuritis multiplex), and involve-
ment of the CNS, lower urinary tract, heart, and
gastrointestinal tract. The presence of four or more
of the following criteria has a sensitivity of 85 %
and a specificity of 99.7 % [34]:

e Asthma

» Peripheral eosinophilia greater than 10 %

e Mononeuropathy or polyneuropathy

* Nonfixed pulmonary infiltrates on chest x-ray
* Paranasal sinus abnormality (Fig. 6.13a,b)

* Biopsy containing a blood vessel with extra-

vascular eosinophils (Fig. 6.14)
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Fig. 6.13 MRI axial (a) and coronal (b) demonstrating involvement of the extraocular muscles, lacrimal gland, and

paranasal sinuses

Fig.6.14 Biopsy
containing a blood vessel
with extravascular
eosinophils

Features associated with a poorer prognosis
include creatinemia (>140 mmol/L (1.58 mg/
dL)), proteinuria (>1 g/day), or CNS, gastrointes-
tinal, or myocardial involvement [35].

An overview of differences in clinical and
laboratory features between AGPA and GPA is
shown in Table 6.4.

Most patients may benefit from short course of
oral or intravenous corticosteroids to achieve dis-
ease remission, especially if not life-threatening.
Chronic disease may require long-term low-dose
steroids or the use of other steroid-sparing agents.
Severe life-threatening disease, although uncom-
mon, may require aggressive management similar
to GPA. A conceptual approach to the manage-
ment of AGPA is shown in Fig. 6.11.

6.4 Summary

The natural history of untreated AAV is rapidly
progressive and usually fatal, with a 2-year
mortality rate of 85 %. The introduction of
cyclophosphamide-based regimens to treat
AAV in the 1970s has dramatically reversed
patient survival, now at 80 % at 5 years [36].
The aim of treatment is to induce and then
maintain disease remission and prevent relapse,
using agents with the least adverse event
profile. Treatment is tailored according to the
disease severity at presentation with more
aggressive immunosuppression in the pres-
ence of organ-threatening and life-threatening
disease [37].
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Great advances have occurred in the under-
standing or the causes and pathogenetic mecha-
nisms underlying AAV over the past 20 years.
Mortality rates have been substantially reduced
and in fact reversed since the introduction of
cyclophosphamide and other alternative immu-
nosuppressant medications in combination with
glucocorticoid therapy. However, while mortality
has been reduced, chronic relapsing disease,
without the offer of cure, poses a great challenge.
While rituximab and other biologics hold prom-
ise, their cost, toxicity, and lack of long-term evi-
dence make the management of this group of
disease challenging.
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Orbital Xanthogranulomatous

Diseases

Zachary D. Pearce and Adam S. Hassan

7.1 Introduction

Xanthogranulomatous diseases of the eyelids and
orbit represent a rare group of histiocytic, granulo-
matous disorders similar in their predominant cell
types but diverse in their prognosis — from benign
and self-limited to systemically malignant and ulti-
mately fatal. Distinct clinical syndromes involving
xanthogranulomatous inflammation have been
described, but clinical overlap exists, suggesting
that they are part of a continuum. As the name
implies, juvenile xanthogranuloma (JXG) affects
children. In adults, the four syndromes of xantho-
granulomatous inflammation in the eye and adnexa
are adult orbital xanthogranuloma (AOX), adult-
onset asthma and periocular xanthogranuloma
(AAPOX), necrobiotic xanthogranuloma (NXG),
and Erdheim-Chester disease (ECD).

7.2  Pathogenesis

Xanthogranulomatous diseases are abnormal
proliferations of histiocytes, which are bone
marrow-derived stem cells that either develop
into dendritic cells or enter the mononuclear
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phagocytic system [1, 2]. Dendritic cells become
antigen-presenting cells of the skin, known as
Langerhans cells. The mononuclear phagocytic
system produces phagocytic monocytes, as well
as macrophages, both free and fixed tissues [2].
Xanthogranulomatous diseases are abnormal
reactive proliferations of non-Langerhans histio-
cytes, particularly free-tissue macrophages [2]. It
is hypothesized that a granulomatous reaction in
the skin develops as an immune response to an
antigen [3]. Circulating immunoglobulins may
form immune complexes that are deposited into
periorbital tissues and stimulate the giant cell
reaction [3, 4]. No consensus has been made
regarding an external stimulus, but limited reports
suggest infectious etiologies, such as Borrelia
and Cytomegalovirus may be at play [2, 3]. In
addition, JXG patients may show chromosomal
instability within circulating immune cells and at
the site of inflammation, but no genetic pattern
has been identified to date [2, 5].

7.3  Clinical Features

Clinically, xanthogranulomatous diseases pres-
ent with periocular skin lesions that exist in about
72 % of cases [6]. Typically, these lesions appear
as bilateral yellow-orange nodules or plaques
and, unlike xanthelasma, tend to be deeper, indu-
rated, and locally invasive and may have a ten-
dency to ulcerate [7]. Infiltration into the lacrimal

H. Demirci (ed.), Orbital Inflammatory Diseases and Their Differential Diagnosis, 61
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gland may cause globe displacement and aque-
ous tear deficiency [5]. Orbital masses may pres-
ent with proptosis, diplopia, restricted ocular
motility, and optic neuropathy.

7.4 Diagnostic Evaluation
Diagnostically, xanthogranulomatous diseases
are utterly reliant upon histopathology and immu-
nohistochemistry. The microscopic hallmark is
dense infiltrates of foamy histiocytes (xanthoma
cells), Touton (and sometimes foreign body)
giant cells, plasma cells, and lymphocytes with
variable fibrosis [5, 6, 8, 9]. Oil Red O staining
confirms the lipid content of the xanthoma cells
on frozen specimens [5]. Touton giant cells char-
acteristically have an eosinophilic core, sur-
rounded by a ring of numerous nuclei, with a
peripheral rim of translucent, foamy cytoplasm
near the cell membrane [10]. Necrosis is most
marked in NXG but may be seen in other syn-
dromes [6]. As a rule, immunohistochemistry
reveals cells that are CD68 and factor XIIIa posi-
tive [2, 5, 6]. Langerhans cell histiocytoses are
excluded by the absence of staining for CD1a and
S-100 [5, 8, 11]. Absence of Birbeck granules on
electron microscopy also confirms the diagnosis
by excluding a Langerhans cell lineage [2, 11].
Although few case reports of AOX and ECD have
been S-100 positive and shown the presence of
Birbeck granules in ECD, most cases display a
similar pattern [5, 12]. Table 7.1 summarizes the
differentiation of xanthogranulomatous diseases
from Langerhans cell histiocytoses.

In two series, neuroimaging revealed poorly
defined, infiltrative soft tissue masses with
increased fat (66 %), extraocular muscle enlarge-
ment (suggesting infiltration) (100 %), optic
nerve encasement (38 %), and lacrimal gland
enlargement (56—63 %) [2, 5, 7]. Orbital lesions
typically mold to the globe and do not usually
cause destruction of the bony walls of the orbit
[2, 7]. In JXG, radiographic evidence of optic
nerve encasement, bony destruction, and intra-
cranial extension has been described [7].

Table 7.1 Differentiating xanthogranulomatous diseases
from Langerhans cell histiocytoses

Langerhans cell
Xanthogranulomatous diseases histiocytoses

Positive for
CDla
S-100

Birbeck granules on
electron microscopy

Positive for
CD68
Factor XIIla

Negative for

CDla

S-100

Birbeck granules on electron
microscopy

Negative for
CD68
Factor XIlla

Juvenile
Xanthogranuloma (JXG)

7.5

Juvenile xanthogranuloma classically presents as
multiple yellow-red papules on the face, neck,
axillae, and extensor surfaces of the extremities,
which range in size from 0.5 cm to several centi-
meters in diameter [5, 9, 13, 14]. The average age
of onset is 2 years, with no sex predilection.
Cutaneous manifestations are usually self-limited
and resolve spontaneously within 2 years.
Extracutaneous involvement has been described,
including the heart, lungs, liver, testes, and hema-
topoietic system [5, 9]. The eye, however, is the
most common site to be affected after the skin.
The most common ocular manifestation of JXG
is iris infiltration leading to spontaneous hyphema
and treatment-resistant secondary glaucoma [5,
13]. Also described is involvement of the eyelid,
conjunctiva, cornea, episclera, uveal tract, optic
nerve, and orbit [9]. Orbital involvement is
extremely rare, with 80 % of orbital JXG lacking
the typical skin findings [10, 13].

Systemic evaluation for potential malignancies
should be considered because other organ systems
may be affected [14]. Specifically in the setting of
neurofibromatosis type 1 (NF-1), JXG has been
associated with an increased rate of myelomono-
cytic leukemia [14]. Biopsy of any orbital mass is
necessary to rule out malignancy, such as rhabdo-
myosarcoma, and secure a diagnosis.

Observation is usually recommended because
most lesions resolve spontaneously [5, 9, 14, 15].
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Topical, oral, and intralesional corticosteroids
have been used with success in the setting of an
associated systemic disease or if an amblyogenic
mass is present [9, 13, 14]. Surgical excision has
been successful in solitary masses with only a
rare risk of recurrence [14]. External radiother-
apy has also been used sparingly for refractory
cases, but the risk of secondary head and neck
malignancies limits its use [13, 14].

7.6 Adult Orbital

Xanthogranuloma (AOX)

An isolated xanthogranulomatous lesion without
significant systemic involvement is classified as
adult orbital xanthogranuloma. This is the least
common of these syndromes and is really a diag-
nosis of exclusion. The diffuse, yellow-orange,
elevated, indurated eyelid plaque is virtually
diagnostic of AOX and tends to affect the eyelids
and anterior orbital tissues, producing mild pro-
ptosis [6, 10, 16]. It is a disease of middle-aged to
elderly adults without sex predilection and often
involves both sides. Biopsy is necessary to rule
out necrosis. Systemic evaluation is necessary to
rule out immunologic disease, asthma, Erdheim-
Chester disease, and hyperlipidemia. It is often
self-limited and does not require aggressive treat-
ment [5]. Intralesional corticosteroid injection
has been successfully used in controlling adult-
onset xanthogranuloma [16, 17].

Figure 7.1 is an external photograph of
a patient with biopsy-proven adult orbital
xanthogranulomatosis.

Adult-Onset Asthma
and Periocular
Xanthogranuloma (AAPOX)

7.7

Adult-onset asthma and periocular xanthogranu-
loma is a rare condition, first reported by Jakobiec
in 1993 [18]. The range of reported cases is
22-74 years of age, with a 2:1 male to female
preponderance [5]. Typically, bilateral, elevated,
non-ulcerated, yellow-orange xanthomatous

Fig.7.1 External photograph of a patient with biopsy-proven
adult orbital xanthogranulomatosis. Note the erythematous,
indurated, periorbital mass with focal ulceration

lesions affect the eyelids and may extend into the
anterior orbital fat, as well as infiltrate the extra-
ocular muscles and lacrimal gland [5, 18]. The
yellow skin plaques may be preceded by diffuse
periorbital swelling by as much as 5 years [10].
Biopsy shows the classic xanthogranulomatous
infiltrate and Touton giant cells but lacks necrosis
[18]. It often contains germinal centers and scat-
tered eosinophils.

As the name implies, systemic association can
include adult-onset asthma that may present
within a few months to a few years of the eyelid
lesions [5, 19]. Asthma is just one of the many
types of immune dysfunction frequently seen in
adult patients with orbital xanthogranulomatous
diseases. Others include autoimmune thyrotoxi-
cosis, paraproteinemia, lymphadenopathy, and
other lymphoproliferative disorders (multiple
myeloma, chronic lymphocytic leukemia, benign
lymphoproliferation, non-Hodgkin’s lymphoma,
Hodgkin’s lymphoma, and Burkitt lymphoma)
[5, 6]. In fact, Sivak et al. found evidence of
immune dysfunction in all pooled cases of
AAPOX and NXG [6]. Therefore, thorough eval-
uation and close follow-up by a hematologist/
oncologist is recommended [5, 18].

Treatments for AAPOX have been broad,
with varying results. Systemic corticosteroids
may cause temporary improvement, but their
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long-term efficacy is questionable [5]. Cytotoxic
and chemotherapy agents have been tried in lim-
ited series with significant improvement in some
but were limited by side effects [5, 20]. Surgical
debulking helps but may cause significant inflam-
matory reaction and scarring, as well as recur-
rence after 612 months [5, 18]. In another series
by Elner et al., multiple (1-22) intralesional corti-
costeroid injections either stabilized or improved
all six patients with AOX and NXG [16]. It might
be possible to extrapolate this data to AAPOX
patients, with little adverse risk. Despite no con-
sensus to the best treatment, overall prognosis is
still good [6].

Necrobiotic
Xanthogranuloma (NXG)

7.8

Necrobiotic xanthogranuloma was initially
described in 1980 by Kossard and in 1984 by
Robertson and Winkelmann [21, 22, 23]. NXG
manifests in 20-95-year-olds, but typically the
sixth decade, with no sex predilection [5, 23].
Skin lesions are described as yellow, indurated
nodules or plaques that are slowly progressive
and relentlessly destructive [4, 19]. Ulceration is
a predominant feature and is present in 42 % of
cases [3, 4, 10, 23]. Skin lesions on the trunk and
extremities are the initial presenting sign in 65 %
of cases [4]. It affects the ocular adnexa, perior-
bital skin, trunk, and flexure surfaces of the
extremities [4]. Cutaneous involvement is pres-
ent in nearly all cases, with a clear predilection
for periorbital tissues, but the classic periorbital
lesions may be absent in 15 % of cases [4, 23].
Ocular manifestations are present in about 81 %
of NXG and are usually limited to the eyelids
and anterior orbit but may include cellulitis, pro-
ptosis, episcleritis, keratitis, uveitis, and dacryo-
adenitis [4, 6, 16, 19]. Periorbital skin changes
may lead to exposure keratopathy, corneal ulcer-
ation, and, ultimately, perforation as in reports
by Reddy and Oestreicher [4, 23]. Histologically,
typical Touton and foreign body giant cells are
present, but NXG is distinct from the other xan-
thogranulomatoses by the presence of necrosis
and cholesterol clefts [4, 19]. NXG shows

necrobiosis of collagen surrounded by palisad-
ing epithelioid histiocytes.

There is a clear association with paraprotein-
emias, which exists in 80-90 % of NXG cases [4,
19, 23]. IgG monoclonal gammopathy is the most
common disorder, specifically kappa light chain in
65 % [3, 10]. Approximately 50 % of these para-
proteinemias and blood disorders progress to
hematologic malignancies, such as multiple
myeloma, non-Hodgkin’s lymphoma, and chronic
lymphocytic leukemia [3, 4, 10, 17, 19]. An ele-
vated erythrocyte sedimentation rate, low serum
complement, and occasional mild hyperlipidemia
are accompanying hematologic abnormalities [10].
Eleven percent of NXG patients also had evidence
of internal organ disease (heart, lung, kidney, liver,
intestine, spleen, ovary, and pharynx) [3].

Many treatment modalities have been
employed with varying degrees of success, and
unfortunately, the lifelong risk of hematologic
malignancies does not seem to be affected by
treatments [3]. Systemic corticosteroids may
help temporarily [5]. As noted previously, in a
small series of AOX and NXG patients, intrale-
sional corticosteroid injections were effective at
stabilizing or improving all cases after multiple
injections [16]. Ugurlu et al. noted improvement
in 22 % of NXG patients treated with local corti-
costeroid injection, but the number of injections
was not specified [24]. Adjunctive chemotherapy
with chlorambucil, methotrexate, azathioprine,
melphalan, and interferon has shown some
benefit [4, 5]. Radiation has been used success-
fully in some small case series, but the reports
are equivocal [5]. In a retrospective review of
four cases (2 ECD, 1 NXG, 1 AOX) by Ebrahimi
et al., none of the patients improved with radio-
therapy, with 3 of 4 patients experiencing an
acute exacerbation of their disease [25]. Surgical
excision is generally not recommended because
of the mechanical trauma and resultant inflam-
mation that occurs. Lesion recurrences have
occurred in 42 % of cases 6—12 months after
excision [4, 24]. The recurrences were often
larger than the original lesions. Necrobiotic xan-
thogranulomatous reaction has also been noted
to occur at surgical sites that were previously
unaffected, such as after an appendectomy and
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saphenous vein graft [4, 26]. NXG remains a
challenging entity to treat due to its systemic
involvement and persistent course.

Erdheim-Chester
Disease (ECD)

7.9

Of the adult xanthogranulomatous conditions,
Erdheim-Chester disease is the most worrisome.
While the ocular presentations of these diseases
are quite similar, ECD has systemic associations
that make the condition fatal. First described in
1930, ECD is a systemic xanthogranulomatous
process that is associated with radiographic alter-
ations in the bone [27]. It affects adults with a
mean age of 54, and like AAPOX, men are
affected twice as often as women [5, 12]. As in
the other xanthogranulomatoses, large, markedly
xanthomatous histiocytes, Touton giant cells,
lymphocytes, plasma cells, and variable degree
of fibrosis are found in the lesion. A pattern of
CD68+, factor XIlla+, Cdla-, and S-100- pre-
dominates immunohistochemistry [19, 27].
Birbeck granules are not present on electron
microscopy [19].

Although rare, when ECD affects the orbit, it is
usually bilateral, diffuse, and intraconal and pre-
fers the posterior portion of the orbit [8, 16, 28].
The orbital masses may precede eyelid xanthelas-
mic lesions by several years [11]. The orbital
masses may cause compression of the optic nerve
with subsequent optic disc edema, visual field
constriction, and progressive vision loss [8, 11].
Two patterns of ocular involvement of ECD have
been suggested by Hoffmann. The first has mild
visual impairment, but the second has progressive
loss of vision despite treatment [8].

Systemic involvement of ECD includes a
nearly pathognomonic symmetrical pattern of
histiocytic infiltration of long tubular bones, as
seen on plain x-rays and technetium-99m bone
scan [19]. Bony involvement typically spares the
axial skeleton and shows sclerosis of the metaph-
ysis and diaphysis of long tubular bones [11, 12].
This is vital to the diagnosis and present in 100 %
of cases of ECD [27]. The infiltrative nature of
this systemic disease can be widespread, and

death is usually due to vital organ compromise.
Classic findings include pericardial or pleural
effusion, retroperitoneal involvement (in approx-
imately 50 %), perinephric or mediastinal infil-
trates, diabetes insipidus (due to pituitary
infiltration), brain/dural masses, and hepato-
splenomegaly [6, 16, 27]. In a series by Sivak, all
22 cases of ECD had internal organ disease [6].
Biopsy of any systemic lesion will show the same
histiocytic infiltrate as the orbital mass [2].

Treatment recommendations include observa-
tion, systemic steroids, radiotherapy, chemotherapy
(methotrexate, cyclophosphamide, doxorubicin,
vincristine), and interferon-o [5, 11]. In the setting
of progressive visual loss, orbital decompression
may be indicated [11]. ECD is often aggressive
despite treatment and the prognosis is related to
the extent of visceral involvement. Most patients
die within the first year from congestive heart fail-
ure, cardiomyopathy, lung fibrosis, or renal insuf-
ficiency [5, 11].

7.10 Summary

Orbital xanthogranulomatous diseases are a spec-
trum of disorders that can provide clues to seri-
ous systemic illnesses. Clinical suspicion with, or
without, the presence of indurated, yellow eyelid
plaques or orbital masses should prompt biopsy.
Histologically, the typical foamy histiocytic
infiltration with giant cells and fibrosis suggest
this group of conditions. Immunohistochemistry
revealing CD68 positive, factor XIIla positive,
CDla negative, and S-100 negative will confirm
the diagnosis. Hematologic workup should be
initiated promptly and followed long term, espe-
cially in the setting of children with NF-1, necro-
sis on histology, ulceration of the skin lesions, or
symmetric involvement of the long tubular bones.
Long bone involvement on x-ray or technetium-
99m bone scan should also prompt a systemic
evaluation for vital organ infiltration. This should
include an echocardiogram and imaging of the
chest and abdomen. Treatment recommendations
include observation, intralesional corticosteroids,
systemic corticosteroids, chemotherapy agents,
and radiotherapy. Some sources imply that
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surgical excision may worsen local xanthogranu-
lomatous disease and should be used cautiously,
especially in adult cases. Despite aggressive
treatments, clinical response may vary, and the
treatment regimen should be dictated by the clini-
cal course and associated systemic involvement.
Unquestionably, early recognition of these enti-
ties provides the best potential prognosis for
these potentially devastating disorders.

Compliance with Ethical Standards Zachary D. Pearce
and Adam S. Hassan declare that they have no conflict of
interest. No human studies were carried out by the authors
for this article. No animal studies were carried out by the
authors for this article.

References

1. Cruz AA, de Alencar VM, Falcao MF, Elias Jr J,
Chahud F. Association between Erdheim-Chester dis-
ease, Hashimoto thyroiditis, and familial thrombocyto-
penia. Ophthal Plast Reconstr Surg. 2006;22(1):60-2.

2. Karcioglu ZA, Sharara N, Boles TL, Nasr AM. Orbital
xanthogranuloma: clinical and morphologic features
in eight patients. Ophthal Plast Reconstr Surg. 2003;
19(5):372-81.

3. Hawryluk EB, Izikson L, English 3rd JC. Non-
infectious granulomatous diseases of the skin and
their associated systemic diseases: an evidence-based
update to important clinical questions. Am J Clin
Dermatol. 2010;11(3):171-81.

4. Oestreicher J, Dookeran R, Nijhawan N, Kolin
A. Necrobiotic xanthogranuloma with predominant
periorbital involvement. Ophthal Plast Reconstr Surg.
2010;26(6):473-5.

5. Guo J, Wang J. Adult orbital xanthogranulomatous
disease: review of the literature. Arch Pathol Lab
Med. 2009;133(12):1994-7.

6. Sivak-Callcott JA, Rootman J, Rasmussen SL, Nugent
RA, White VA, Paridaens D, Currie Z, Rose G, Clark
B, McNab AA, Buffam FV, Neigel M, Kazim M. Adult
xanthogranulomatous disease of the orbit and ocular
adnexa: new immunohistochemical findings and clini-
cal review. Br J Ophthalmol. 2006;90(5):602-8.

7. Miszkiel KA, Sohaib SA, Rose GE, Cree IA, Moseley
IF. Radiological and clinicopathological features of
orbital xanthogranuloma. Br J Ophthalmol. 2000;
84(3):251-8.

8. Hoffmann EM, Miiller-Forell W, Pitz S, Radner
H. Erdheim-Chester disease: a case report. Graefes
Arch Clin Exp Ophthalmol. 2004;242(9):803-7.

9. Mruthyunjaya P, Meyer DR. Juvenile xanthogranu-
loma of the lacrimal sac fossa. Am J Ophthalmol.
1997;123(3):400-2.

10. Rose GE, Patel BC, Garner A, Wright JE. Orbital xan-
thogranuloma in adults. Br J Ophthalmol. 1991;
75(11):680-4.

11.

12.

13.

14.

15.

16.

17

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

Valmaggia C, Neuweiler J, Fretz C, Gottlob I. A case
of Erdheim-Chester disease with orbital involvement.
Arch Ophthalmol. 1997;115(11):1467-8.

Kenn W, Staebler A, Zachoval R, et al. Erdheim-
Chester disease: a case report and literature overview.
Eur Radiol. 1999;9:153-8.

Shields CL, Shields JA, Buchanon HW. Solitary
orbital involvement with juvenile xanthogranuloma.
Arch Ophthalmol. 1990;108(11):1587-9.

Kuruvilla R, Escaravage Jr GK, Finn AJ, Dutton
JJ. Infiltrative subcutaneous juvenile xanthogranu-
loma of the eyelid in a neonate. Ophthal Plast Reconstr
Surg. 2009;25(4):330-2.

Johnson TE, Alabiad C, Wei L, Davis JA. Extensive
juvenile xanthogranuloma involving the orbit, sinuses,
brain, and subtemporal fossa in a newborn. Ophthal
Plast Reconstr Surg. 2010;26(2):133-4.

Elner VM, Mintz R, Demirci H, Hassan AS. Local cor-
ticosteroid treatment of eyelid and orbital xanthogranu-
loma. Trans Am Ophthalmol Soc. 2005;103:69-73.

. Elner VM, Mintz R, Demirci H, Hassan AS. Local

corticosteroid treatment of eyelid and orbital xantho-
granuloma. Ophthal Plast Reconstr Surg. 2006;22(1):
36-40.

Tokuhara KG, Agarwal MR, Rao NA. Adult-onset
asthma and severe periocular xanthogranuloma: a
case report. Ophthal Plast Reconstr Surg. 2011;27(3):
e63-4.

Hammond MD, Niemi EW, Ward TP, Eiseman
AS. Adult orbital xanthogranuloma with associated
adult-onset asthma. Ophthal Plast Reconstr Surg.
2004;20(4):329-32.

Hayden A, Wilson DJ, Rosenbaum JT. Management
of orbital xanthogranuloma with methotrexate. Br
J Ophthalmol. 2007;91(4):434—6.

Kossard S, Winkelmann RK. Necrobiotic xantho-
granuloma with proteinemia. J Am Acad Dermatol.
1980;3(3):257-70.

Robertson DM, Winkelmann RK. Ophthalmic fea-
tures of necrobiotic xanthogranuloma with parapro-
teinemia. Am J Ophthalmol. 1984;97(2):173-83.
Reddy VC, Salomdo DR, Garrity JA, Baratz KH,
Patel SV. Periorbital and ocular necrobiotic xantho-
granuloma leading to perforation. Arch Ophthalmol.
2010;128(11):1493-4.

Ugurlu S, Bartley GB, Gibson LE. Necrobiotic xan-
thogranuloma: long-term outcome of ocular and sys-
temic involvement. Am J Ophthalmol. 2000;129:
651-7.

Ebrahimi KB, Miller NR, Sassani JW, Iliff NT, Green
WR. Failure of radiation therapy in orbital xantho-
granuloma. Ophthal Plast Reconstr Surg. 2010;26(4):
259-64.

Rayner SA, Duncombe AS, Keefe M, Theaker J,
Manners RM. Necrobiotic xanthogranuloma occur-
ring in an eyelid scar. Orbit. 2008;27(3):191-4.

de Palma P, Ravalli L, Grisanti F, Rossi A, Marzola A,
Nielsen I. Bilateral orbital involvement in Erdheim-
Chester disease. Orbit. 1998;17(2):97-105.

Malhotra R, Porter RG, Selva D. Adult orbital
xanthogranuloma with periosteal infiltration. Br J
Ophthalmol. 2003;87(1):120-1.



Langerhans Cell Histiocytosis

Zachary D. Pearce, Hakan Demirci,

and Adam S. Hassan

8.1 Introduction

Langerhans cell histiocytosis (LCH) represents a
spectrum of disorders with consistent histopatho-
logic characteristics, but marked phenotypic and
prognostic variability. Although much knowl-
edge has been gained regarding this disease pro-
cess, clinical patterns continue to inspire debate
among physicians. A thorough understanding of
the historical perspectives of the disease, current
classification systems, as well as the perspectives
among different medical specialties is important
in caring for these patients.

8.2  Historical Perspective

Langerhans cells were originally described by
Paul Langerhans, while a medical student, who
mistakenly thought these cells of the skin were
nerve cells due to their dendritic configuration.
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These cells are now known to originate from a
myeloid progenitor precursor in the bone marrow
and, by cytokine stimulation, mature to become
an antigen-presenting cell of the epidermis,
mucous membranes, lymph nodes, and spleen [1].
Constituting an early barrier to pathogens, they
are an important part of the immune system.
Normally in the bone marrow, Langerhans
cells are formed from pluripotent precursors and,
by means of cytokine influence such as
granulocyte-macrophage colony-stimulating fac-
tor (GM-CSF), tumor necrosis factor alpha
(TNF-a), and interleukin-1 (IL-1), may become
activated to process antigens and present to T
lymphocytes [1]. It is thought that several differ-
ent events may trigger an alteration of cytokine
production, such as localized trauma, infection,
or some pathologic genetic abnormality. This
“cytokine storm” allows for maturational arrest
and unregulated proliferation of pathologic
Langerhans cells, forming a soft tissue mass with
adjacent bony destruction. It is usually a mono-
clonal proliferation of histiocytes with granu-
loma formation and an infiltrate of eosinophilic
and neutrophilic inflammatory cells [1, 2].
Immunohistochemistry of Langerhans cells is
historically positive for CD1a, S100, and, more
recently, langerin (CD207) [1, 3]. Transmission
electron microscopy shows Birbeck granules,
which are racquet-shaped intracytoplasmic
organelles and are pathognomonic, but not neces-
sary for diagnosis [1]. Older lesions may show
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varying degrees of necrosis, fibrosis, or even
mitotic figures, which have no correlation with
disease severity [1].

Adjacent to the soft tissue mass in LCH, bony
destruction is often present and thought to be
related to interleukin-1 (IL-1) and prostaglandin
E2 (PGE2), as part of the “cytokine storm” [4].
IL-1 inhibits bone formation by disrupting colla-
gen formation and osteoclast activity, whereas
PGE?2 induces bone resorption [3, 4]. These two
cytokines represent potential targeted therapies,
such as corticosteroids, which inhibit IL-1 bone
resorption and PGE2 production [4]. TNF-a may
also contribute to inflammatory bone destruction
and nonspecific systemic complications [3].

8.3  Etiologies

The pathogenesis of LCH is related to an aberrant
immune system, but the exact etiology is often a
topic of debate. Possible causes include infections
(Epstein-Barr virus, cytomegalovirus, human her-
pes virus 6), genetic disorders (BRAF mutation),
malignancies (leukemia, Hodgkin’s disease,
medulloblastoma, retinoblastoma, medullary
astrocytoma, glioma), and seasonal/environmen-
tal influences such as minor trauma [1]. In a case
series by Herwig et al., four of five cases of orbital
LCH had a preceding history of local trauma [1].
In another case series, the BRAF gene mutation
was found in more than half of their LCH patients
[3]. Despite the many theories, however, no single
factor has been uniformly implicated to date.

The variable biologic behavior sparks debate
over LCH being an inflammatory or neoplastic
process. The possibility of a traumatic etiology
and spontaneous resolution in milder forms sug-
gest an inflammatory course. The granulomatous
histologic pattern is also consistent with inflam-
mation. Most cases, however, show a monoclonal
proliferation which is suggestive of a malignant
process. Patients with BRAF mutation are more
likely to have reactivation of their disease, sug-
gesting a genetic predisposition [3]. The incon-
sistency of trigger events, presence of genetic
defects, and potentially unrelenting and grave
clinical course may also suggest neoplasia.

8.4 Epidemiology

LCH is a rare disease with an estimated incidence
of up to four to five cases per million per year in
children [4-6]. The involved age groups vary by
clinical presentation. Multisystem LCH usually
occurs before 3 years of age, and unifocal disease
is more common in later childhood [7]. Ocular
adnexal LCH often presents between 4 and
8 years old [8]. Less commonly, LCH may pres-
ent in adulthood, with a mean age of 35 years [1].
Males are more frequently affected than females,
reaching ratios of 2:1 in some studies [9]. Females,
however, may have more severe organ involve-
ment [1]. Caucasians are more commonly affected
[1]. Single-system disease represents approxi-
mately 70 % of cases [10]. It is usually sporadic,
but genetic influence may exist, as 1 % of LCH
patients have an affected relative [3].

8.5 Classification

Currently, LCH is divided according to the
guidelines of the Histiocytosis Society, as shown
in Table 8.1. The two major categories are single
system (SS) or multisystem (MS). SS LCH is
further subdivided into single site (unifocal
bone, skin, or lymph node) or multiple sites
(multifocal bone or multiple lymph nodes). MS
LCH is defined as involvement of two or more
organs at diagnosis, with or without organ dys-
function. MS LCH may be further subdivided
into low- and high-risk groups, by risk organ
involvement (risk organ positive and risk organ
negative). High-risk organ sites include liver,
lungs, spleen, and widespread bone marrow due
to their higher associated mortality (10-50 %),
despite intensive treatment [1, 10, 11]. Survival

Table 8.1 Classification scheme of Langerhans cell
histiocytosis

Single system (SS)  Multisystem (MS)

Unifocal (bone, Low risk
skin, lymph node)
Multifocal (bone or
lymph nodes)

High-risk organ involvement
(liver, spleen, lung,
hematopoietic)
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of SS or MS disease without risk organ involve-
ment approaches 100 % [10].

Children with SS LCH represent about 70 %
of cases and most commonly affect bone (unifo-
cal or multifocal) [10]. The most common pre-
senting clinical manifestations are a soft tissue
mass with adjacent bone involvement and pain,
skin rash, fever, and lymphadenopathy [10].

8.5.1 Bone

Overall, 80 % of LCH cases involve the bone
[10]. In children, the skull is most commonly
affected, followed by the spine, extremities, pel-
vis, and ribs [10]. In adults, the jaw is most often
affected [10]. When the bone is solely involved,
the clinical course is often benign, and spontane-
ous resolution may occur [10].

8.5.2 Skin

Dermatologic involvement is present in about half of
cases, frequently in infants [10]. Clinical description
is variable and includes erythema, papules, nodules,
petechiae, vesicles, crusted plaques, and seborrhea-
like eruptions [10]. Systemic evaluation is manda-
tory with cutaneous involvement because MS LCH
disease is the norm, and death may occur [10].

8.5.3 Lungs

Pulmonary involvement is usually MS LCH in
children, but SS LCH in adults [10]. It is impor-
tant to note that adult pulmonary LCH has been
associated with smoking and may regress with
smoking cessation [10]. However, adult pulmo-
nary LCH has also been reported to have a mor-
tality of up to 25 % [10].

8.5.4 Hematopoietic
When diffuse bone marrow involvement is pres-

ent, life-threatening anemia and thrombocytope-
nia may result [10].

8.5.5 Hypothalamic-Pituitary
Dysfunction

Twenty-five percent of all LCH and 50 % of mul-
tisystem LCH may have dysfunction or infiltra-
tion of the pituitary gland or hypothalamus [10].
Diabetes insipidus (DI) may occur at any time of
the disease course and is more frequently associ-
ated with craniofacial bone lesions, ear, eye, and/
or oral lesions [10]. Therefore, these systems are
referred to as “CNS risk lesions” [10]. Appropriate
chemotherapy may prevent DI, but rarely cures it.
Approximately 50 % of patients with DI develop
other pituitary hormone abnormalities [10].
Other central nervous system (CNS) lesions
include bilateral symmetric cerebellar and basal
ganglia lesions that result in progressive ataxia,
tremor, dysarthria, dysphasia, hyperreflexia, and
permanent disability [10]. This may occur in
approximately half of patients with DI and/or
other CNS risk lesions [10].

8.5.6 Ocular and Orbital
Manifestations

Solitary orbital lesions are by far the most com-
mon ocular manifestation and carry a favorable
prognosis [1]. A soft tissue mass with an associ-
ated osteolytic bony lesion with sclerotic margin
is often seen. The frontal bone is most commonly
affected, followed by the lateral and medial
orbital walls [2]. The mean age of onset is 4 years,
with a range of 18 months to 30 years [2].
Presenting signs and symptoms include ptosis,
proptosis, periorbital erythema, edema, amblyo-
pia, or diplopia/strabismus [1]. Lesions involving
the eyelid, conjunctiva, caruncle, choroid, orbital
apex, optic chiasm, and cavernous sinus have
been described [1]. Orbital LCH represents less
than 1 % of all orbital tumors and inflammatory
lesions [8]. Although LCH of the orbit is most
commonly isolated (single system), it may be
part of multisystem (MS) disease, so full sys-
temic workup is imperative.

The implications of orbital lesions, however,
are a topic of debate. In previous multicenter
trials by the Histiocyte Society, patients with
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diabetes insipidus were twice as likely to have
orbital lesions, leading the authors to conclude
that the orbital involvement is a risk factor for DI
[12, 13]. However, all of the cases developing DI
had multisystem LCH along with their orbital
lesions, and none had unifocal LCH of the orbit.
Harris rebutted the conclusion that orbital
involvement was a risk factor for DI, stating that
he was not aware of any reported case of unifocal
orbital LCH that later developed DI or CNS
disease [4]. A recent multivariate meta-analysis
by the Histiocyte Society appears to support
Harris’ concept by showing that only auditory
system and multisystem diseases are significant
risk factors for DI and CNS disease, particularly
the pituitary-hypothalamic region [14, 15].

8.6 Diagnosis/Workup

Because LCH may be part of a multisystem dis-
order, a complete history and physical examina-
tion is necessary. Localized imaging by CT or
MRI is required, as well as full body imaging
such as skull x-ray, complete bone survey/bone
scan/PET scan, chest x-ray, and abdomen/pelvis
imaging. Systemic workup includes complete
blood cell count with differential, erythrocyte
sedimentation rate, electrolytes, coagulation pro-
file, liver function testing, urinalysis with osmo-
larity, water deprivation test, and bone marrow
biopsy [1].

Recurrence or progression usually occurs in
the first 12—-18 months, but later complications
have been reported. At least 5 years of follow-up
has been recommended [1].

8.7 Treatments

Because the clinical course differs widely in
LCH, treatment recommendations may vary from
observation to systemic chemotherapy. Isolated
(single-system) LCH of the orbit is usually
responsive to local treatment, such as curettage,

with or without intralesional corticosteroid
injection [4]. Extensive resections are usually not
necessary because most of the bone lesions heal
spontaneously, even if residual tumor is left after
partial surgical debridement [5]. It is proposed
that interventions, such as biopsy and partial
curettage, may sufficiently alter the pathologic
cascade and “reset” the immune system to allow
for spontaneous resolution. Any recurrence or
sign of systemic disease requires 6—12 months of
systemic chemotherapy with vinblastine and cor-
ticosteroids [10].

Currently, systemic chemotherapy is recom-
mended for all MS LCH as well as SS LCH with
the following features: CNS risk lesions, multifo-
cal bone, and “special sites,” such as the odontoid
peg or vertebral column with intraspinal extension
[16]. Systemic chemotherapy is initiated for
6—12 months, with systemic cytotoxic agents, such
as vinblastine, as well as corticosteroids [10].
High-risk organ involvement necessitates more
aggressive treatment due to the high mortality.
However, as stated previously, it has been debated
that an isolated orbital lesion is not actually at
increased risk to the central nervous system.

Conclusion

To the ophthalmologist, LCH most frequently
represents a solitary bony mass that behaves
like an inflammatory lesion and responds very
well to surgical curettage and local corticoste-
roids. The oncologist, however, encounters a
potentially fatal systemic malignancy that can
be unrelenting despite aggressive treatment.
This paradox has long since accompanied the
clinical entities now known as Langerhans
cell histiocytosis. Understanding the spectrum
of the disease and classification schemes, as
well as maintaining collaboration between
medical specialties, is of the upmost impor-
tance in caring for these patients.

Compliance with Ethical Standards Zachary D. Pearce,
Adam S. Hassan, and Hakan Demirci declare that they
have no conflict of interest. No human studies were car-
ried out by the authors for this article. No animal studies
were carried out by the authors for this article.
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Thyroid Eye Disease:
A Comprehensive Review

Shannon S. Joseph and Raymond S. Douglas

Core Messages

Thyroid eye disease (TED) is an auto-
immune process closely associated with
Graves’ disease.

Orbital fibroblasts are the principal
effector cells responsible for orbital
soft tissue enlargement in TED through
hyaluronan synthesis, cytokine produc-
tion, and fibroblast differentiation.

The thyrotropin receptor and insulin-
like growth factor-1 receptor are autoan-
tigens that appear to play a central role
in the pathogenesis of TED.

The most common clinical findings of
TED include eyelid malposition, exoph-
thalmos, and restrictive strabismus.
Clinical history and exam form the basis
of diagnosis for TED, but abnormalities
in thyroid function and immunological
tests support the diagnosis.

Orbital computed tomography is the
imaging modality of choice for TED.
Smoking is the most important modifi-
able risk factor for TED.

S.S. Joseph, MD, MSc ¢ R.S. Douglas, MD, PhD (D<)

Department of Ophthalmology,

University of Michigan,

1000 Wall Street, Ann Arbor, MI 48105, USA
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Euthyroidism should be rapidly achieved
and maintained in all patients with TED.
Conservative measures are the mainstay
of treatment for mild TED.

The current first line of therapy for active
moderate-to-severe and sight-threatening
TED is intravenous (IV) glucocorticoids.
Orbital radiotherapy can be used as an
adjunctive treatment for select patients
with active TED.

The efficacy of novel disease-modify-
ing agents such as rituximab is under
investigation.

If sight-threatening TED is refractory to
IV glucocorticoids, then urgent surgical
management is indicated.

To treat compressive optic neuropathy,
surgical decompression needs to focus
on the posteromedial orbit, relieving
compression at the orbital apex.

Orbital decompression surgery to reduce
exophthalmos can involve orbital fat
resection and removal of the lateral wall,
medial wall, and, rarely, orbital floor.
TED must be stable and nonprogressive
for at least 6 months prior to surgical
rehabilitation.

TED rehabilitative surgery should be
performed in the following sequence:
orbital decompression, extraocular mus-
cle surgery, and eyelid surgery.
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9.1 Epidemiology

Thyroid eye disease (TED) is an autoimmune
phenomenon that can lead to permanent vision
loss. Nearly 90 % of cases occur within 18 months
of the onset of hyperthyroidism due to Graves’
disease (GD) [1-3]. The remaining 10 % are
associated with euthyroidism or hypothyroidism
[4]. The calculated prevalence of TED in the
United States is 0.25 % [2]. However, its preva-
lence among individuals with GD is much higher,
at 20-50 % [2, 5]. Indeed, up to 70 % of patients
with GD may have subclinical TED with extra-
ocular muscle enlargement on imaging [6]. The
prevalence and severity of TED may be declining
in recent decades, a trend putatively related to the
decline in smoking [2, 5]. The incidence of TED
is approximately 5.5 times higher in women
compared with men [7].

Summary for the Clinician

e There is a close temporal relationship
between the onset of TED and hyperthy-
roidism due to GD.

* The prevalence of TED in the United
States is 0.25 % in the general popula-
tion but 20-50 % among individuals
with GD.

9.2 Pathophysiology

Recent decades have witnessed significant prog-
ress in our understanding of the pathophysiology
of TED (Fig. 9.1). Enlargement of orbital soft tis-
sues is the fundamental process that underlies
most of the clinical manifestations of TED [8, 9].
Histopathological studies of the TED orbit reveal
an extensive deposition of hyaluronan (a hydro-
philic glycosaminoglycan) between muscle fibers
leading to the enlargement of extraocular mus-
cles, a widespread inflammatory infiltrate with
associated interstitial edema, and an overabun-
dance of cytokines [10, 11]. The principal cell
type implicated in these changes is the orbital
fibroblast (OF) [12-14]. These cells are aber-
rantly and robustly activated in TED. Once acti-

vated, they upregulate hyaluronan synthesis
[15-22] and can differentiate into myofibroblasts,
which play a role in wound healing and fibrosis,
or adipocytes, which contribute to orbital fat
expansion [13, 23-27]. Activated OFs also pro-
duce inflammatory cytokines, including potent
T-cell chemoattractants, perpetuating the vicious
cycle of inflammation [28-36]. Once T cells are
recruited to the orbit, they interact with OFs lead-
ing to mutual activation [32]. Activated T cells
then induce B-cell differentiation and activate
monocytes and macrophages, further propagat-
ing the autoimmune and inflammatory process in
TED [37]. Fibrocytes are bone-marrow-derived,
fibroblast-like, progenitor cells that normally cir-
culate in the peripheral blood but infiltrate the
orbital tissues in GD patients [38, 39]. Within the
orbit, fibrocytes behave like OFs and may play a
role in TED pathogenesis [40].

The aberrant activation of OFs in TED likely
involves at least two autoantigens, the thyrotro-
pin receptor (TSHR) and insulin-like growth
factor-1 receptor (IGF-1R). TSHR autoantibod-
ies, a key player in the pathogenesis of GD, are
detectable in up to 98 % of TED patients [41, 42].
Moreover, the titers of these autoantibodies posi-
tively correlate with TED activity and severity
[42-46]. Accumulating evidence suggests that
both TSHR and IGF-1R are upregulated in OFs
and fibrocytes in TED [20, 47]. Further, IGF-1R-
expressing T and B cells are more abundant in
GD patients compared with controls [48, 49].
Immunizing mice with fragments of TSHR leads
to the development of TSHR and IGF-1R autoan-
tibodies and orbital changes that clinically, radio-
graphically, and pathologically resemble those
observed in humans with TED [50]. In vitro stud-
ies implicate both the TSHR and IGF-1R signal-
ing pathways in the activation of OFs in TED,
leading to hyaluronan synthesis, cytokine pro-
duction, and fibroblast differentiation [20, 24, 25,
34, 43, 51-54]. These two receptors seem to
form a physical and functional complex as
immunofluorescence staining demonstrates co-
localization of these receptors and blocking the
IGF-1R pathway leads to attenuation of TSHR-
mediated signaling as well [54-56]. Hence, these
two autoantigens may work in a concerted fash-
ion in the pathogenesis of TED.
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Fig. 9.1 Pathophysiology of thyroid eye disease. Self-
tolerance to the autoantigens TSHR and IGF-1R is lost for
unclear reasons. Antigen-presenting cells (APC) internalize
TSHR and IGF-1R and present them to helper T cells,
which become activated and may either induce B cells to
produce autoantibodies (GD-IgGs) or become autoreactive
T cells themselves. GD-IgGs interact with TSHR on thy-
roid epithelial cells, leading to follicular hyperplasia and
hypertrophy. Autoreactive CD4 T cells travel to orbital tis-
sues in response to T-cell chemoattractants and interact
with orbital fibroblasts (OF), which leads to the mutual acti-

Summary for the Clinician

* OFs are the principal effector cells impli-
cated in orbital soft tissue enlargement in
TED, through hyaluronan synthesis,
cytokine production, and fibroblast
differentiation.

» Fibrocytes are bone-marrow-derived,
fibroblast-like, progenitor cells that may
play a role in TED pathogenesis.

* The aberrant activation of OFs and
fibrocytes in TED likely involves the
autoantigens TSHR and IGF-1R.

T-cell chemoatiractants:

,~~ CCL5 and IL-16 ‘\

Myofibroblasts

Hyaluronan

vation of both cell types. Various inflammatory cytokines
are secreted by T and B cells and OFs. Each of these cell
types also overexpresses IGF-1R, which can interact with
GD-IgGs, resulting in cellular activation. On the surface of
OFs, IGF-1R and TSHR form a physical and functional
complex that can interact with GD-IgGs. Some of the OFs
in TED patients may be derived from infiltrating fibrocytes
derived from the bone marrow. Activated OFs can differen-
tiate into either adipocytes or myofibroblasts and have
increased hyaluronan synthesis. Together, these processes
lead to the expansion of orbital soft tissue in TED

9.3 Clinical Presentation

and Diagnosis

The clinical manifestations of TED mostly arise
from the enlargement of the orbital soft tissues.
Confined within the rigid orbital walls, such tissue
enlargement leads to increased intraorbital pres-
sure, orbital congestion, mechanical tissue com-
pression, and further inflammation [9]. Common
clinical findings in TED include exophthalmos,
eyelid retraction and lateral flare, lid lag on down
gaze, lagophthalmos, and strabismus. The com-
bined effects of exophthalmos and eyelid retraction
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can lead to corneal exposure, with severity ranging
from epithelial erosions to impending perforation.
When mechanical tissue compression occurs at the
orbital apex and involves the optic nerve, a com-
pressive optic neuropathy (CON) occurs. The most
useful clinical signs in diagnosing CON are
decreased visual acuity, dyschromatopsia, relative
afferent papillary defect (unless the condition is
bilateral), and optic disc swelling or atrophy [57-
59]. Visual field defects have been reported in
approximately 71 % of patients with CON, but they
are not specific for CON [58, 60-64].

If the clinical history and exam suggest a
diagnosis of TED, thyroid status should be
assessed using thyroid function tests (thyroid
hormones T3 and free T4 and thyroid-stimulat-
ing hormone). Thyroid-stimulating immuno-
globulin titers should be obtained, as this
autoantibody is present in up to 98 % of TED
patients [4, 42]. Abnormalities in these studies
would support the clinical diagnosis, but false
negatives may occur, especially in long-stand-
ing TED. Orbital imaging is informative but not
necessary in establishing the diagnosis. Orbital
computed tomography (CT) is the imaging
modality of choice. The principle advantage of
CT is its precise visualization of the orbital
bony architecture including the orbital apex.
Orbital CT is also indispensable in surgical
planning for orbital decompression. Magnetic
resonance imaging may show soft tissue inflam-
matory changes in active TED, but does not pro-
vide sufficient details about the bony anatomy
[65]. Similarly, while ultrasonography can be
used to measure the caliber and internal reflec-
tivity of the extraocular muscles, it provides no
information about the bony structures and is
highly dependent on technician expertise [65].

TED can be classified into three categories
based on the severity of subjective symptoms and
objective signs (i.e., the European Group on
Graves’ Orbitopathy classification):  mild,
moderate-to-severe, and sight-threatening dis-
ease (Table 9.1) [66]. Most cases of TED are mild
and self-limited [5, 67]. Only 15-25 % of these
patients progress to more severe disease [4]. Up
to one third of TED patients have moderate-to-
severe disease on presentation [7, 68]. Sight-
threatening disease affects 4-8.6 % of TED

Table 9.1 European Group on Graves’ Orbitopathy
(EUGOGO) severity classification

Sight-
threatening

CON and/or corneal breakdown.
Immediate intervention is warranted.

No sight-threatening TED.

One or more of: lid retraction >2 mm,
moderate-or-severe soft tissue
involvement, exophthalmos >3 mm
above normal for race and gender,
inconstant or constant diplopia.
Disease has sufficient impact on daily
life to justify the risks of
immunosuppression (if active) or
surgical intervention (if inactive).

Moderate to
severe

Mild One or more of: minimal lid retraction

<2 mm, mild soft tissue involvement,
exophthalmos <3 mm above normal for
race and gender, transient or no diplopia,
and corneal exposure responsive to
lubricants.

Only minor impact on daily life,
insufficient to justify immunosuppressive
or surgical treatment.

patients [7, 57, 69]. Another severity classifica-
tion system for TED is the NO SPECS classifica-
tion, which generates a global score for disease
severity (Table 9.2) [70]. TED can also be classi-
fied based on disease activity. There are two
phases of TED: an active phase lasting from 6 to
24 months, followed by an inactive phase, where
the disease plateaus and remains quiescent [71].
Active TED presents with evidence of periorbital
soft tissue inflammation. The clinical activity
score (CAS) uses these features of inflammation
to estimate the activity of disease (Table 9.3)
[72]. The VISA classification system assesses for
both disease severity and activity [73].

Summary for the Clinician

e Common clinical findings of TED
include exophthalmos, eyelid malposi-
tion, and strabismus.

* Clinical history and exam form the basis
of diagnosis for TED, but abnormalities
in thyroid function and immunological
tests would support the diagnosis.

* Orbital CT is the imaging modality of
choice for TED.

* Various severity and activity grading
systems exist for TED.
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Table 9.2 NO SPECS classification

Class Grade

0 No physical signs or symptoms
I Only signs (eyelid retraction)
1T Soft tissue involvement

0, absent; a, minimal; b, moderate; ¢ marked
11 Proptosis
0, absent; a, minimal; b, moderate; ¢, marked
v Extraocular muscle signs
0, absent; a, limitation in extremes of gaze; b,
evident restriction; c, fixation of globe(s)
A% Corneal involvement
0, absent; a, stippling; b, ulceration; c,
clouding, necrosis, perforation
VI Sight loss
0, VA better than 20/25; a, VA 20/30 to 20/60;
b, VA 20/70 to 20/150; ¢, VA 20/200 or worse

Table 9.3 Clinical activity score

Pain Painful feeling behind globe within the
last 4 weeks
Pain on attempted gaze within the last

4 weeks

Redness Redness of eyelid(s)

Redness of conjunctiva

Chemosis

Swelling of eyelid(s)

Swelling of carbuncle

Increase of proptosis of >2 mm within
the last 1-3 months

Decrease in visual acuity of >1 line(s)
on the Snellen chart within the last
1-3 months

Decrease in eye movements of >5°
within the last 1-3 months

Swelling

Impaired
function

One point is given for each item using a binary scale. The
sum of points is the clinical activity score

9.4 Management

9.4.1 Risk Factor Modifications

Three main modifiable risk factors are associated
with the development of de novo or worsening
TED: smoking, diabetes mellitus, and dysthy-
roidism. Smoking is the most important modifi-
able risk factor for TED [74-76]. Patients with
Graves’ disease who smoke are more likely to
develop TED [5, 75, 76] than nonsmokers, and
patients with TED who smoke tend to have more
severe disease and are less responsive to therapy

[76-78]. Therefore, smoking cessation should be
discussed upon diagnosis and remain a critical
element of management for all patients with
TED. Diabetes mellitus is an important risk fac-
tor associated with the development of CON.
Patients with CON are more likely to be diabetic,
and TED patients with diabetes mellitus are more
likely to develop more severe CON with worse
visual prognosis [60, 69, 79]. Diabetic microvas-
culopathy in the optic nerve may sensitize it to
compressive pressure [79]. No studies have
established a dose-response relationship between
glycemic control and the development of CON.
Nevertheless, upon diagnosing TED in a diabetic
patient, it would be prudent to alert the primary
care provider of this diagnosis and emphasize to
the patient the importance of glycemic control.

Persistent dysthyroidism is another modifiable
risk factor for more severe TED [80]. The restora-
tion and maintenance of euthyroidism is associated
with improvement of TED and should be the goal
in every patient with TED [5]. Three treatment
modalities are used to normalize thyroid function:
radioablation using iodine—131 (RAI), antithyroid
medication, and total or partial thyroidectomy. RAI
therapy is associated with the development or
worsening of TED in 15-35 % of patients [8§1-83],
possibly related to the destruction of thyroid tissue,
release of thyroid autoantigens, and subsequent
exacerbation of the autoimmune reaction [84]. This
adverse effect of RAI may be prevented or reduced
by concomitant administration of low-dose
(0.2 mg/kg/day) systemic oral glucocorticoids
beginning 1 week prior to RAI and gradually
tapered over 6 weeks following RAI [75, 82]. For
patients with active TED and moderate-to-severe
or sight-threatening TED, other treatment modali-
ties such as antithyroid medication or thyroidec-
tomy should be considered, as neither has been
shown to affect the course of TED [85].

Summary for the Clinician

* Smoking cessation is of paramount
importance for all patients with GD and
TED.

» TED patients with diabetes mellitus are
at increased risk to develop CON.
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* Euthyroidism should be achieved and
maintained in all patients with TED.

* RAI should be given with concomitant
low-dose systemic glucocorticoids to
prevent new development or exacerba-
tion of TED.

* RAI should be avoided in patients with
active TED and moderate-to-severe or
sight-threatening TED.

9.4.2 Mild Disease

Most cases of TED are mild, and most mild
cases of TED improve spontaneously [5, 67,
86]. Nevertheless, even mild TED can have sig-
nificant impact on patients’ quality of life with
disturbing symptoms [87]. The mainstay of
treatment for mild TED is to use conservative
measures to alleviate these symptoms [88].
Ocular surface lubricating artificial tears and
ointment with or without moisture chamber at
night time is used to address symptoms of
exposure. Cold compresses, low sodium diet,
and head elevation during sleep may decrease
dependent orbital edema [1, 66, 75]. Prisms or
patching can be helpful for symptomatic
diplopia.

Recent evidence suggests that patients with
mild TED should be offered selenium supple-
mentation upon diagnosis [88]. Selenium is a
trace element incorporated into serum seleno-
protein P, which acts as an antioxidant and has
immunomodulatory effects [4, 75]. In a ran-
domized controlled trial, treatment of patients
with mild TED using sodium selenite (100 mg
twice daily by mouth) for 6 months was asso-
ciated with lower rate of progression to more
severe TED and improvement in ocular
involvement and quality of life compared to
placebo [89]. Most of the patients in this study
were from marginally selenium-deficient
areas, so whether selenium supplementation
would be as beneficial for those living in sele-
nium-sufficient areas remains to be
established.

Summary for the Clinician

» Conservative measures are the mainstay
of treatment for mild TED.

e Patients with mild TED could
be offered a course of selenium
supplementation.

9.4.3 Moderate-to-Severe or Sight-
Threatening Disease

The therapeutic approach for moderate-to-severe
or sight-threatening TED depends on the activity
of disease. If the disease is active, systemic glu-
cocorticoids should be the first line of therapy
with or without adjunctive low-dose external
beam radiotherapy. The goal of treatment is to
abort or shorten the acute inflammatory phase. If
the disease is sight-threatening and is refractory
to systemic glucocorticoids, then urgent orbital
decompression surgery should be performed. If
the disease is inactive, neither systemic glucocor-
ticoids nor orbital radiotherapy (ORT) tend to be
effective [90]. Instead, rehabilitative surgery may
be considered.

9.4.3.1 Active Disease

Systemic Glucocorticoids

The current first line of therapy for active
moderate-to-severe and sight-threatening TED
is systemic glucocorticoids [66, 90]. In addi-
tion to having anti-inflammatory and immuno-
suppressive properties [91], glucocorticoids
can also decrease hyaluronan synthesis by OFs
[92]. Over the past two decades, five random-
ized controlled trials have shown that gluco-
corticoids are more effective when given
intravenously than by mouth in treating moder-
ate-to-severe and sight-threatening TED
(response rates of approximately 80 and 60 %,
respectively) [91]. The intravenous route of
administration is also associated with fewer
side effects (side effect rates of 56 and 85 %,
respectively) [66, 93]. Therefore, intravenous
glucocorticoids are currently the first line of
therapy for active TED.
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The optimal regimen of IV glucocorticoids for
TED has not been established. The commonly used
regimen is 12 infusions of methylprednisolone,
500 mg weekly for 6 weeks, followed by 250 mg
weekly for 6 weeks [88, 94]. The cumulative dose
should not exceed 8 g in each 12-week treatment
course, and infusions should not be given on con-
secutive or alternate days. For patients with sight-
threatening  disease, especially CON, IV
methylprednisolone high-dose pulse therapy is typi-
cally given: 1 g daily for three consecutive days,
repeated in the second week if necessary [95]. If the
response is sufficient, an oral prednisone taper is
initiated upon completion of pulse therapy.
Immediate orbital decompression surgery appears
to have no advantage over initial pulse therapy for
CON [96]. Orbital decompression surgery should
be performed in cases of severe orbital congestion,
if the response to pulse therapy is insufficient or if
glucocorticoids are contraindicated [88, 97, 98].

Systemic glucocorticoids therapy has a multi-
tude of adverse effects. A meta-analysis of 1,461
patients with moderate-to-severe TED treated with
IV glucocorticoids reported a morbidity and mor-
tality rate of 6.5 and 0.6 %, respectively [91]. The
mortalities were due to acute liver failure and cere-
brovascular or cardiovascular events [88, 99—-103].
These serious systemic side effects appear to be
dose related, as nearly all of these patients received
a cumulative dose of 8 g or more when the fatal
adverse event occurred [88]. Systemic risk factors
such as uncontrolled hypertension, uncontrolled
diabetes mellitus, cardiac arrhythmias, hypokale-
mia, or liver dysfunction including a history of
viral or autoimmune hepatitis may constitute con-
traindications to systemic glucocorticoids therapy
[99, 100, 102, 104, 105]. During each course of [V
glucocorticoids therapy, patients should be care-
fully monitored for the development of side effects.

Summary for the Clinician

* The first line of therapy for moderate-to-
severe TED is 12 infusions of IV meth-
ylprednisolone, 500 mg weekly for
6 weeks, followed by 250 mg weekly
for 6 weeks.

e The first line of therapy for CON is IV
methylprednisolone pulse therapy, 1 g
daily for three consecutive days, and
repeated in the second week if neces-
sary, followed by oral prednisone taper.

* For CON, if the response to pulse ther-
apy is insufficient, emergent orbital
decompression surgery is indicated.

o Patients must be carefully assessed for
systemic risk factors prior to initiating
glucocorticoids therapy and followed
closely during treatment for the devel-
opment of side effects.

Orbital Radiotherapy

Low-dose external beam ORT is an adjunctive
treatment for TED but its efficacy remains uncer-
tain [106]. The effects may be mediated by inter-
fering with the nitric oxide pathway [90, 107].
ORT can also impair the function of lymphocytes
that infiltrate the orbit [106] and reduce the capa-
bility of OFs to synthesize hyaluronan [108].
Similar to glucocorticoids therapy, ORT appears
to offer most utility in active TED. Whereas the
effects of glucocorticoids therapy are immediate
in onset but short-lasting, the effects of ORT are
delayed, often taking weeks to months for the
maximal clinical effect. For this reason, ORT is
typically not used as the initial treatment, but
rather as an adjunctive therapy to maintain remis-
sion during glucocorticoids taper, or in patients
who cannot tolerate or have insufficient response
to glucocorticoids therapy [108]. Whether or not
the combination therapy of IV glucocorticoids
with ORT truly offers additional benefit com-
pared with IV glucocorticoids alone remains to
be established [4, 93, 97, 98, 109, 110].

ORT with modern standardized protocols is
well tolerated and relatively safe [111, 112]. The
conventional regimen is to deliver a total of
20 Gy, divided over ten fractions, aimed at the
retrobulbar tissue of each orbit [113]. Lower dos-
ing regimens may have similar response rates and
be better tolerated [111, 114, 115]. Randomized
controlled studies are needed to assess not only
the efficacy of ORT as adjuvant therapy but also
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its optimal regimen. Potential side effects of ORT
include skin erythema, temporary focal alopecia,
conjunctival injection, cataract, radiation retinop-
athy, and optic neuropathy [110-112, 114].
Uncontrolled hypertension and diabetes mellitus
are contraindications to ORT due to an increased
risk of de novo or deteriorating retinopathy [111].
Finally, there is a theoretical cumulative lifetime
risk of up to 1.2 % of developing secondary
malignancies in the radiated field after low-dose
ORT [111, 112, 116]. Therefore, even though no
such cases have yet been reported, ORT should
be restricted to TED patients older than 35 years
of age due to the long latency of these tumors.

Summary for the Clinician

* ORT can be used as an adjunctive ther-
apy for active TED with IV glucocorti-
coids as the first line of therapy.

* The clinical effects of ORT tend to be
more delayed than those of IV
glucocorticoids.

» The conventional protocol is to deliver a
total of 20 Gy external beam radiation
divided over ten fractions, but lower
doses may be effective.

* Uncontrolled hypertension and diabetes
mellitus are contraindications to ORT
due to an increased risk of retinopathy.

* ORT should be restricted to patients
older than 35 years of age due to a theo-
retical risk of secondary ORT-induced
malignancy.

Novel Therapeutic Agents

Lacking in our current therapeutic armamentar-
ium for TED are disease-modifying agents that
alter the underlying pathologic process. Various
novel biologic agents have been purported to be
beneficial in treating moderate-to-severe TED in
small, uncontrolled studies [117-122]. Yet, none
have shown definitive advantage over IV gluco-
corticoids with or without ORT in long-term dis-
ease outcome [117-122]. Several randomized
controlled trials are being conducted to assess

the efficacy of three of these agents: rituximab,
an IGF-1R monoclonal antibody, and zidovudine
[4, 119].

Rituximab is a CD20+ B-cell-depleting mono-
clonal antibody. It is one of the most promising
disease-modifying agents for TED [123].
Rituximab blocks B-cell proliferation and matu-
ration (Fig. 9.1) and has been shown in several
retrospective reports and open-label studies to be
effective in treating moderate-to-severe and
sight-threatening TED [124-132]. To date, 43
patients with TED have been treated with ritux-
imab; disease became inactive in 91 % of these
patients [123]. Importantly, the treatment effect
of rituximab may occur as rapidly as within
1-3 h, making it an attractive option for sight-
threatening TED [125]. Side effects have been
reported in one third of the patients, most of
which are infusion-related reactions [123].
Rituximab is currently reserved for patients who
do not tolerate IV glucocorticoids or have disease
that is refractory to conventional therapy. Three
randomized controlled trials are underway to
evaluate the efficacy of rituximab in
treating TED.

Summary for the Clinician

* Rituximab is a CD20+ B-cell-depleting
monoclonal antibody that can block
B-cell proliferation and maturation.

* Using rituximab to treat moderate-to-
severe and sight-threatening TED has
shown a 91 % response rate so far in
uncontrolled studies.

e Large-scale randomized controlled tri-
als to evaluate the efficacy of rituximab
in treating TED are underway.

Urgent Surgical Management

Surgical management of TED is typically reserved
for inactive disease. However, if sight-threatening
TED is refractory to medical therapy, or if IV glu-
cocorticoids are contraindicated or poorly toler-
ated, then urgent surgical management is
indicated, even if the disease is active [133].
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Orbital Decompression Surgery

The goal of orbital decompression surgery is to
remove parts of the bony orbital walls and/or
orbital fat, thereby allowing the enlarged and
congested orbital soft tissues to expand into new
effective orbital space, relieving intraorbital pres-
sure [133, 134]. For patients with CON, if there is
insufficient response after 3 days of IV methyl-
prednisolone pulse therapy, urgent surgical
decompression should be performed. The decom-
pression should focus on the posteromedial orbit
and the orbital apex and is shown to have a rapid
and beneficial effect on vision [135-139].
Specifically, the deep medial wall including the
middle and posterior ethmoidal air cells, the pos-
teromedial orbital floor, and the posterior infraor-
bital strut are removed [140]. The deep lateral
wall can also be decompressed to further relieve
compression of the posterior orbit [4].

For patients with significant exophthalmos lead-
ing to severe exposure keratopathy, various
approaches to orbital decompression can be used.
The desired extent of exophthalmos reduction dic-
tates the amount of orbital fat and the number of
orbital walls to be removed. Orbital fat resection
should be considered in all patients undergoing
decompression. Resection of orbital fat alone can
lead to an average reduction of 1.8 mm in exoph-
thalmos [113, 141], as well as intraorbital pressure
reduction [113, 135, 137, 141-145]. If CON is not
present, the lateral wall is often the first choice of
orbital walls to be removed, as this is associated
with a lower risk of postoperative diplopia com-
pared with medial wall or orbital floor decompres-
sion [146—148]. Traditionally, the zygoma from the
frontozygomatic suture to just above the zygomatic
arch is removed [140, 149, 150]. A modified tech-
nique, the deep lateral wall approach, removes the
lateral wall and the marrow of the sphenoid extend-
ing to the orbital fissures and anteriorly to the
orbital rim [135, 151]. This technique allows poste-
rior axial displacement of the globe rather than
horizontal or inferior displacement, thereby reduc-
ing the risk of postoperative diplopia [135, 146].

Decompression of the medial wall is most com-
monly performed endoscopically or externally
using the transcaruncular approach. The osteot-
omy extends superiorly to the level of the anterior

and posterior ethmoidal arteries, anteriorly to the
posterior lacrimal crest, and inferiorly to the bony
maxilloethmoidal strut [140]. Though rarely
necessary decompression of the orbital floor can
also be performed endoscopically or using a trans-
conjunctival approach through the inferior fornix
[136, 152-155]. The osteotomy extends anteriorly
to the orbital rim, posteriorly to the posterior wall
of the maxillary sinus, laterally to the inferior
orbital fissure, and medially to the medial orbital
wall. Care is taken to preserve the infraorbital
canal and neurovascular bundle. Depending on the
level of exophthalmos, a “balanced” decompres-
sion (medial and lateral walls) or a “three-wall
decompression” (medial and lateral walls and
orbital floor) may be performed [140, 151, 156].

The most common adverse effect of orbital
decompression surgery is de novo or worsening
diplopia [157, 158], which occurs in 10-30 % of
patients [159]. This is mostly caused by the dis-
placement of the rectus muscles away from the
orbital axis [160-162]. The risk of postoperative
diplopia is significantly higher with medial wall
and orbital floor decompression (up to two third of
patients) compared with lateral wall decompres-
sion (2-7 % of patients) [146—148]. Leaving the
maxilloethmoidal strut intact reduces the risk of
postoperative diplopia [163]. Medial wall decom-
pression may also lead to sinusitis and cerebrospi-
nal fluid leak. Orbital floor decompression carries a
risk of hypoesthesia of the cheek and lower eyelid
due to damage to the infraorbital nerve. Other
potential complications of orbital decompression
may be caused by intraoperative damage to impor-
tant anatomical structures such as the optic nerve or
rectus muscles. Stereotactic guidance during
decompression surgery may be helpful in allowing
precise localization and visualization of the extent
of bone removal in real time, which may decrease
the risk of iatrogenic injury to important anatomi-
cal structures [108, 164].

Temporizing Eyelid Procedures

Patients with severe exposure keratopathy due to
exophthalmos and eyelid retraction may need to
undergo emergent eyelid retractor recession with
or without temporary suture tarsorrhaphy in addi-
tion to orbital decompression to protect the ocular
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surface. The eyelid retractor recession proce-
dures will be discussed in detail in the next sec-
tion. These patients should also receive intensive
topical lubrication with moisture chamber. The
usage of botulinum toxin has been described for
upper eyelid retraction in active TED as a tem-
porizing measure [165-167]. However, its effect
is limited, delayed (by up to 48 h), and unpre-
dictable [4]. Further, there is a risk that the adja-
cent superior rectus could be inadvertently
affected by the toxin, leading to reduced Bell’s
phenomenon, thereby exacerbating corneal
exposure [4].

Summary for Clinicians

o If sight-threatening TED is insufficiently
responsive to IV glucocorticoids, then
urgent surgical management is indicated.

e To treat CON, surgical decompression
needs to focus on the posteromedial orbit,
relieving compression at the orbital apex.

e Orbital decompression surgery to reduce
exophthalmos can involve orbital fat
resection and removal of parts of the lat-
eral wall, medial wall, and, rarely, orbital
floor.

* The most common adverse effect of sur-
gical decompression is postoperative dip-
lopia, which is more common after
medial wall and orbital floor decompres-
sion than lateral wall decompression.

» Patients with severe exposure keratopa-
thy in the active phase may also require
eyelid retractor recession with or with-
out suture tarsorrhaphy.

9.4.3.2 Inactive Disease

Surgical rehabilitation may be indicated for inac-
tive TED with significant residual cosmetic and
functional changes. Prior to rehabilitative sur-
gery, TED must be nonprogressive for at least
6 months, and the patient should have been stably
maintained in euthyroidism. The first step of sur-
gical rehabilitation is orbital decompression for
significant exophthalmos. The second step is

extraocular muscle surgery for ocular misalign-
ment, performed at least 3 months after orbital
decompression to allow the globe to settle in its
new position, and after at least 6 months of stable
alignment measurements. The last step is eyelid
surgery for eyelid malposition, performed at least
2 months after extraocular muscle surgery. This
is because the vertical extraocular muscles can
impact upper and lower eyelid positioning.

Orbital Decompression Surgery

The principles of orbital decompression in inac-
tive TED are similar to those for active disease,
as discussed in the previous section.

Extraocular Muscle Surgery

The enlargement and fibrosis of extraocular mus-
cles in TED leads to their decreased elasticity
while preserving contractility. This results in
restrictive strabismus, which should be repaired
by extraocular muscle recession. The inferior
rectus is the most commonly affected muscle,
followed by the medial rectus. Inferior rectus
recession may lead to worsened lower eyelid
retraction. Recession in general can worsen
exophthalmos. Therefore, if both orbital decom-
pression and extraocular muscle recessions are
indicated, one should aim for overcorrection of
the former in anticipation for worsened exoph-
thalmos after the latter. Due to the complexity of
the ocular misalignment in TED, the overarching
goal of surgery is to restore binocular single
vision in the primary position at distance and
near [133]. Residual diplopia may persist in other
positions of gaze. Numerous operations may be
required to achieve satisfactory results.

Eyelid Surgery

Eyelid retraction repair is generally indicated for
eyelid retraction of more than 1 mm, lateral flare,
or asymmetry between the palpebral apertures
[133]. Upper eyelid retraction may be caused by
sympathetic stimulation or fibrosis of the levator
palpebrae superioris or Muller’s muscle [168].
Repair requires recession of one or both of these
muscles through an anterior (eyelid crease inci-
sion) or posterior (conjunctival) approach,
respectively. Disinsertion of the lateral horn of
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the levator aponeurosis from the tarsus can cor-
rect lateral flare. Upper eyelid retraction repair
has an average success rate of 70-80 % [133].

Lower eyelid retraction may occur due to fibro-
sis of the lower eyelid retractors or after inferior
rectus recession during extraocular muscle surgery.
Repair is typically performed through a posterior
(conjunctival) approach, but minimally invasive
techniques such as en glove lysis of the lower eye-
lid retractors have been described [169]. The lower
eyelid retractors are disinserted from the tarsus,
and a spacer is placed in between to lengthen the
lower eyelid. Various organic and synthetic spacer
materials have been used [170-178]. The amount
of desired lower eyelid elevation determines the
size of the spacer. The effect of lower eyelid length-
ening can be enhanced by a lateral tarsal strip pro-
cedure and/or a tarsorrhaphy [172].

Another indication for eyelid surgery in TED is
dermatochalasis and increased preaponeurotic and
subdermal fat leading to the appearance of bulging
eyelids. Blepharoplasty with fat excision can be
performed for both upper and lower eyelids. Skin
excision in the lower eyelid should be conservative
as excessive excision may lead to lower eyelid
retraction or ectropion [155]. In patients who have
prolapsing fat but without excess skin, fat excision
can also be performed through a transconjunctival
approach without blepharoplasty.

Summary for Clinicians

* TED must be stable and nonprogressive
for at least 6 months prior to surgical
rehabilitation.

* TED rehabilitative surgery should be
performed in the following sequence:
orbital decompression, extraocular mus-
cle surgery, and eyelid surgery.

* TED-associated restrictive strabismus
should be corrected by extraocular mus-
cle recession.

* Upper eyelid retraction involves reces-
sion of the upper eyelid retractors.
Lower eyelid retraction repair requires
both recession of the lower eyelid retrac-
tors and the insertion of a spacer graft.
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