Anna Marmalidou and Chukwuemeka Nwanze

Introduction

In 1813 the 3-year-old son of a harness maker
stabbed himself in the right eye while playing
with one of his father’s awls resulting in loss of
vision in the traumatized eye. Shortly thereafter,
the boy’s left eye became inflamed, and 2 years
later he had lost vision in the non-traumatized
eye leaving him completely blind. Approxi-
mately 10 years later, this boy, Louis Braille,
invented the most commonly used tactile writing
system for the blind [1]. This alphabet was
named braille after the inventor.

The clinical scenario depicted above is the
typical presentation of patients afflicted with
sympathetic ophthalmia (SO). SO is a rare,
bilateral, and diffuse granulomatous intraocular
inflammation that occurs in most cases within
days or months after either surgery or penetrating
trauma to one eye. The clinical features of SO
have been known since antiquity. The earliest

A. Marmalidou (D<)

Department of Ophthalmology, Massachusetts Eye
and Ear Infirmary, Harvard Medical School, 243
Charles Street, Boston, MA 02114, USA

e-mail: anna_marmalidou@meei.harvard.edu

C. Nwanze

Department of Ophthalmology, Boston Medical
Center, 85 East Concord St., Boston, MA 02118,
USA

© Springer International Publishing AG 2017
G.N. Papaliodis (ed.), Uveitis,
DOI 10.1007/978-3-319-09126-6_37

known description of SO in literature is a paper
by Agathias in an anthology compiled from
Constantius Cephalis dating from 1000 AD [2].
SO was initially named sympathetic ophthalmitis
in 1840 by Sir William Mackenzie, a Scottish
ophthalmologist, who presented a series of six
cases in which a penetrating injury to one eye led
to bilateral blindness [3].

Epidemiology

Most of the literature about the incidence of SO
dates from the 1960s to 1980s [4-8]. These
studies suggest an incidence with a range of 0.2—
0.5 % following penetrating ocular injuries and
0.01 % after intraocular surgery. There are two
more recent studies from the United Kingdom
(2000) [9] and China (2009) [10]. The UK study
estimated the minimum rate of SO to be 0.03 per
100,000. The Chinese study estimated that SO
occurred at a rate of 0.37 % after open globe
injury. The results of both of these studies are
within the range of previously published articles.
There are approximately 3.1 penetrating eye in-
juries per 100,000 person/year in the United
States [11]. This implies approximately 9,800
penetrating eye injuries in the United States
during 2013 [12]. These estimates suggest that
during 2013 there were approximately 98 new
cases of SO in the US.
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Males are at increased risk for eye trauma
compared to females [13—15], thus SO resulting
from ocular trauma tends to affect males more
commonly [2, 5, 8, 16]. Similarly, given the
higher rates of ocular trauma in younger patients,
the age distribution of trauma-related SO cases is
skewed lower [8, 17]. However, contemporary
trends such as increased child safety monitoring
and prophylactic medical/surgical measures may
be reversing these trends in SO [16].
Surgery-induced SO does not show any gender
predilection. Since older patients undergo more
ocular surgery, surgical-induced SO tends to
affect older patients [9, 17].

Clinical Presentation

SO has been reported to occur as early as 10 days
[18] or as late as 66 years [19] after the pene-
trating trauma/surgical procedure. The peak
incidence of SO occurs between 1 and 2 months
after the inciting injury [20]. Most cases of SO
(70-80 %) occur between 2 weeks and 3 months
of the causative event [21]. 90 % of SO occurs
within 1 year of the injury [20].

Patients who have SO typically present with
ocular injection, pain, photophobia, epiphora,
and insidious loss of vision in the non-injured
eye [8, 22, 23]. These patients may also present
with diminished near vision, a result of changes
in accommodative amplitude [23, 24]. These
symptoms are often accompanied by worsened
inflammation in the injured eye [25]. Non-ocular
symptoms are rare and include hearing distur-
bances, high-frequency deafness, vitiligo, polio-
sis, alopecia, and meningismus [23, 26, 27].
Clinical symptoms and signs are variable and can
range from mild to severe [25, 28].

The slit lamp exam of patients with SO can
reveal conjunctival injection and ciliary flush
(limbal injection) [8, 22, 23]. The cornea may
have granulomatous (mutton fat) precipitates or
small white keratic precipitates [23, 28]. The
anterior chamber has cell and flare in approxi-
mately 67 % of cases [8]. The iris may be
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thickened from lymphocytic infiltration and
posterior synechiae may form. Intraocular pres-
sure may be elevated as a result of synechiae and
clogging of the trabecular meshwork with
inflammatory debris. Alternatively, the eye
pressure may be low secondary to ciliary body
shutdown from the inflammation [22].

The posterior segment exam reveals
moderate-to-severe  vitritis  (see  Fig. 37.2).
Papillitis, choroiditis, macular edema, migration
of pigment into inner retinal layers, retinal vas-
culitis, and serous retinal detachments may also
occur [21, 24]. Yellow-white choroidal lesions
occur in the posterior pole and mid-equatorial
region. These lesions may become confluent over
time. These lesions correspond pathologically to
Dalen-Fuchs nodules (see Fig. 37.1) [22, 25].
Dalen-Fuchs nodules appear in approximately
one-third of eyes enucleated for SO [21, 29]. The
Dalen-Fuchs nodules are not pathognomonic of
sympathetic ophthalmia as they may be seen in
other granulomatous inflammatory diseases such
as Vogt—Koyanagi—Harada syndrome and sar-
coidosis [25, 30]. Dalen-Fuchs nodules may
represent the more severe spectrum of SO [25,
31].

Findings in chronic SO include -cataract,
glaucoma, choroidal neovascularization, subreti-
nal fibrosis, atrophy of the optic nerve/retina/
choroid, and finally phthisis bulbi [22, 24].

Fig. 37.1 Peripheral Dalen-Fuchs nodules in a patient
with sympathetic ophthalmia
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Fig. 37.2 Retinal vasculitis, vitritis, and inferior serous
retinal detachment in a patient with sympathetic
ophthalmia

Testing

There are no blood studies to confirm the diag-
nosis of sympathetic ophthalmia. Clinical inves-
tigations in SO include fluorescein angiography
(FA), indocyanine green angiography (ICG),
B-scan ultrasonography (US), optical coherence
tomography (OCT), and pathological sections of
enucleated eyes.

FA in the early venous phase demonstrates
multiple hyperfluorescent areas that then
demonstrate late leakage at the level of the RPE
[22, 29]. Leakage occurs in Dalen-Fuchs nodules
and areas of retinal vasculitis [24]. Early block-
ing is seen in areas occupied by Dalen-Fuchs
nodules. The optic nerve head often stains in SO
even in cases without optic nerve head edema
[24]. Late pooling can be seen in the posterior
pole representing multiple, lobular, serous retinal
detachments [32].

ICG shows multiple hypofluorescent spots
without a hyperfluorescent collar in the inter-
mediate phase. Some of these areas become
isofluorescent in the late stage [33-35]. These
hypofluorescent areas are thought to correspond
to choroidal edema and choroidal inflammatory
infiltration [24]. Large areas of hypofluorescence
can be detected in the late phase of ICG [35].

US in SO is used to detect gross anatomic
changes in the retina and choroid. US can
demonstrate diffuse thickening of the choroid as
well as serous retinal detachments [36-38].
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OCT in SO can be wused to detect
micro-anatomic changes within the retina.

Observable OCT findings in SO include serous
retinal detachments, intra-retinal edema, disinte-
gration of RPE, tears in the RPE, elongation of
photoreceptors, and disorganization of the retinal
layers [29, 38—40]. Dalen-Fuchs nodules on OCT
appear as hyper-reflective lesions at the level of
the RPE with disruption of the inner
segment/outer segment (IS/OS) junction [38, 41].

Pathological sections of eyes with SO (both
the injured and the secondarily involved eye)
demonstrate marked swelling of the choroid that
corresponds to lymphocytic infiltration of the
choroid. The inflammatory response is charac-
terized as a diffuse, non-necrotizing, granulo-
matous inflammation of the entire uvea [22, 29,
42, 43]. Major cell types include epithelioid cells
and some giant cells [2]. However, the cellular
response is variable from case to case which may
explain the wide spectrum of clinical presenta-
tions [44]. In severe cases, eosinophils and
plasma cells can be observed, especially around
the inner choroid [45]. Severe cases are also
associated with the presence of pigment in the
epithelioid cells [46]. The inflammation, typi-
cally but not always, spares the choriocapillaris
[21, 45, 47].

Dalen-Fuchs nodules appear in approximately
one-third of SO cases [21, 22]. Dalen-Fuchs
nodules on pathological sections appear as
yellow-white lesions of the mid-periphery, loca-
ted in the choroid, typically between the RPE and
Bruch’s membrane [22, 25]. The RPE overlying
the nodules is usually intact, but can vary from
atrophic to hypertrophic [42, 44]. Histologically,
the Dalen-Fuchs nodules are composed of lym-
phocytes, histiocytes, and epithelioid cells cov-
ered by an intact dome of RPE [22, 42, 44].

Pathogenesis

SO has been reported after trauma to the eye
including non-penetrating trauma with hyphema,
perforated corneal ulcers, penetrating foreign
bodies, perforating foreign bodies, and malignant
melanoma [21, 48-50]. SO has similarly been
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described as a sequelae from surgical procedures
such as trans-scleral cyclo-destructive laser, cat-
aract surgery, paracentesis incisions, iridectomy,
irradiation of choroidal melanomas, evisceration,
retinal surgeries such as pars plana vitrectomy,
and scleral buckling. SO has also resulted from
accidental surgical perforation of the eye and
from post-surgical endophthalmitis [29, 51-60].
Regardless of the nature of the instigating injury,
the ultimate initiating factor is the disruption of
the immune privilege of the eye. The immune
privilege of the eye is a result of blood—ocular
barriers in the retinal vascular endothelium,
epithelium of the RPE, retinal and ciliary blood
vessels; the absence of lymphatics in the eye,
except for the conjunctiva; and a host of tightly
regulated molecular expression profiles and
atypical immunologic cascades [25, 61-68].
Once these barriers are breached, intraocular
proteins are exposed to the immune system and
an immunologic reaction against these antigens
is initiated. Animal studies have shown that an
SO-like syndrome can be induced in mammals
with the peripheral (non-ocular) injection of
proteins such as rhodopsin, interphotoreceptor
retinoid-binding protein, recoverin, and soluble
retinal antigen (S antigen) [69-73].

The initial presentation of the intraocular
antigens to immune cells is via major histocom-
patibility molecules (MHC) and the process is
regulated via several cytokines. It is hypothe-
sized that certain MHC molecules, as a result of
differential inter-molecular interactions, present
intraocular proteins more successfully to immune
cells. Similarly, certain cytokine variants are
more or less able to induce a successful immune
reaction. Thus, individuals with certain MHC
and/or cytokine types are more likely to develop
SO. It follows that the severity of the manifes-
tations of SO might also be affected by the
specific types of cytokines or MHC molecules
that the individual possesses. Several variants of
cytokines and their associated proteins, for
example tumor necrosis factor (TNF)-o, TNF-j,
TNF receptor 2, and cytotoxic T-lymphocyte-
associated protein (CTLA) 4 and interleukin 10
(IL-10), have been shown to be either promote or
protect against SO. Patients with these cytokine
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variants differ both in the severity of their clinical
presentation and the amount of steroids they
required to control their disease [74, 75]. Simi-
larly, patients with certain MHC variants, such as
HLA-DR4, HLA-DRw54, HLA-Bw54,
HLA-DRB1*#04, and HLA-DQA1*03, are more
susceptible to SO and develop more severe
variants of SO [76, 77].

Treatment

There are essentially two broad approaches to the
management of SO: preventative by removal of
the inciting ocular tissues and/or therapeutic with
immunosuppressive/anti-inflammatory treatment.
Enucleation of the injured eye as a treatment
for SO was first advocated for by Pritchard in
1851 who suggested that enucleation be per-
formed once the uninjured eye showed signs of
serious inflammation [78]. This recommendation
was controversial because in some cases enu-
cleation did not impact the course of the disease
[2]. A study by Reynard et al. [79] demonstrated
that early enucleation, which was defined as
enucleation within 2 weeks of the inciting injury,
resulted in better visual acuity in the uninjured
eye, irrespective of treatment with corticos-
teroids. A subsequent multivariate logistic
regression analysis of these data reaffirmed the
conclusion that enucleation prior to 2 weeks after
the injury resulted in reduced rates of SO.
However, it was noted that eyes with good visual
potential should not be enucleated [80]. Gener-
ally, enucleation of injured eyes with poor visual
potential within 2 weeks of injury reduces but
does not eliminate the risk of SO. Evisceration of
the eye has also been used as a method to prevent
SO [81]. There is a healthy ongoing controversy
about the relative benefits of evisceration (im-
proved cosmesis, surgical ease, and surgical risk)
vs. enucleation (reduced risk of SO) [82-88].
Immunosuppression is used to treat sympa-
thetic ophthalmia after it becomes manifest. Prior
to the use of corticosteroids, approximately
50-60 % of eyes affected by SO became per-
manently blind [7, 23, 47]. By the last 1970 (well
after the introduction of corticosteroids), as many
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as 64 % of patients who had been treated with
corticosteroids had vision 20/60 or better. The
cost of visual preservation in these patients was
the steroid-associated side effects, with most
patients developing Cushing’s syndrome [7].
More modern corticosteroid treatment involves
high-dose oral corticosteroids (e.g., 1.0-
2.0 mg/kg/day prednisone) continued for a per-
iod of 3 months. This is administered with
adjunctive topical steroids and cycloplegics as
dictated by anterior chamber inflammation.
Steroids are subsequently tapered off and the
response to treatment is evaluated. Pulsed intra-
venous steroids (methylprednisolone 1 g/day for
3 days), followed by oral steroids, may be ben-
eficial in severe cases [22, 89].

In an effort to reduce the systemic side effects
of corticosteroids, the use of intravitreal steroids
may enable reduction of the quantity of systemic
steroids that may be required [22].

Some cases of SO are refractory to steroids or
require high doses of steroids for prolonged
duration that can cause systemic side effects.
These cases have been managed with steroid
sparing immunomodulatory therapy including
cyclosporine, tacrolimus, chlorambucil,
cyclophosphamide, methotrexate, mycopheno-
late mofetil, and azathioprine [22, 25, 90-95].
The preceding drugs can be toxic and can have
severe long-term sequelae including infertility
and secondary malignancies [28]. Moreover,
these agents require the physician to have com-
petence in prescribing these agents and managing
complications that may ensue. Current therapy
has shifted toward less toxic and more directed
immunomodulatory molecules. There have been
several reports of SO patients that have respon-
ded to treatment with anti-TNF-a monoclonal
antibodies including adalimumab and infliximab
[96-98].

In the future, with the advent of “personalized
medicine,” patients may be genotyped to risk
stratify those who are more likely to develop
severe variants of SO and treated more aggres-
sively to prevent ocular damage.
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Conclusion

Sympathetic ophthalmia is a relatively rare,
bilateral granulomatous panuveitis that occurs
more commonly after penetrating trauma but also
described after intraocular surgical procedures.
The initiating event compromises the immune
privilege of the eye and induces intraocular
inflammation. Systemic corticosteroids are the
initial treatment implemented, but these patients
often require steroid sparing immunomodulatory
therapy to control the uveitis and avoid
steroid-associated toxicity.
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