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Abstract

Ocular inflammation resulting from a lens pathology is rare in the absence of a cataract or lens trauma because of the lens’
immune privilege. The lens can be a source of ocular inflammation when the capsule is broken or when lens proteins leak out
through an intact capsule. These uveitides are termed lens-induced uveitis (LIU) and are often associated with advanced cataracts.
Cataracts are part of the normal aging process, and in today’s world, cataract surgery is a safe and affordable means of vision
restoration in the developed world. In patients with neglected cataracts and in the developing world where cataract surgery rates
are lower, LIU rates are higher together with the associated complications. In this literature review, we intend to equip the
armamentarium of the practicing ophthalmologist with an updated knowledge on the demographic features, clinical character-
istics, treatment options, and outcomes of LIU. This is to highlight the need for timely management of cataracts before the

development of advanced cataracts and LIU.
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Introduction

Patients with uveitis can present with some of the most diffi-
cult diagnostic dilemmas in all of ophthalmology. In the pa-
tient with associated lens pathology, etiologic diagnosis is
even more challenging. Besides several confusing names that
have been used over the years, there is a problem of cause and
effect involved in the diagnostic process of these conditions.
Treatment and prognosis of uveitic entities varies greatly;
therefore, accurate diagnosis is imperative.

Epidemiology

Not much has been reported on the incidence and prevalence
of lens-induced uveitis (LIU). Most reports on the subject are
from the developing countries with low resource settings
where because of low economic levels and poor access to
ophthalmic centers that offer surgical treatment of cataracts,
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patients present late with advanced cataracts [1]. Kothari et al.
reported that 22% of patients with senile cataracts had lens-
induced glaucoma (LIG) at the time of presentation to a ter-
tiary care center in rural India [2]. Though advanced cataracts
occur similarly in both sexes, LIU shows a slight female pre-
ponderance [1-3]. The reason for this is unknown.

lllustrative case report

We present the case of a 76-year-old female who presented to
our clinic because of acute onset of left eye (LE) pain of 1-
week duration. She mentioned that she suffered from episodes
of LE redness and blurry vision that had worsened over the
last 3 months prior to her visit. The patient was a known
hypertensive, which was controlled. She had undergone a
right radical mastectomy for breast carcinoma and was cur-
rently on tamoxifen and anastrozole. In the past, she had also
suffered from herpes zoster infection involving the derma-
tomes of the right chest.

She was pseudophakic in the right eye (RE) with Snellen’s
visual acuity (VA) of 0.8 and had known low vision in the LE
for over 6 years due to cataract. On evaluation, RE anterior
and posterior segments were unremarkable with intraocular
pressure (IOP) of 9 mmHg and a posterior chamber intraocu-
lar lens (IOL). In the LE, VA was hand movements and IOP
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was 9 mmHg. She had LE conjunctival injection, whitish
precipitates on the corneal endothelium settled inferiorly,
anterior chamber cellsl+ and flare 1+, a dense cataract
with whitish precipitates on the anterior capsule, and no
fundus view. B-scan ultrasonography of LE did not reveal
abnormal posterior segment findings. The patient was di-
agnosed as a case of phacolytic uveitis and was proposed
cataract surgery which she declined. She received treat-
ment with topical prednisolone acetate 1% every hour
and topical atropine 1% drops bid. Two days later, she
returned with intense LE pain and an IOP of 42 mmHg.
Cataract extraction by phacoemulsification was done after
medically controlling IOP with posterior chamber IOL im-
plantation. One week later, the patient felt much better; VA
was 0.7 with IOP of 14 mmHg and a quiet eye.

Background

Lens-induced uveitis (LIU) is defined as an immune reac-
tion to lens material [4]. The pathogenesis is not fully un-
derstood but is postulated to involve breakdown of T-cell
tolerance to lens protein. In 1903, Uhlenhut discovered an
important characteristic of lens proteins when he injected
rabbits with bovine lens proteins. Antibodies were pro-
duced and they strongly reacted with rabbit lens extracts
in vitro. He concluded that lens protein was not specific to
a species or individual but specific to the organ. Also, he
concluded that lens protein can have the effect of an anti-
gen in the individual where it belongs [5, 6]. Verhoeff and
Lemoine in 1922 coined the term endophthalmitis
anaphylactica. They described 11 patients in whom
extracapsular cataract extraction (ECCE) was followed by
apparently sterile endophthalmitis, and most of them
reacted to intracutaneous injection of lens proteins. [5—7]
Following this novel description, researchers got interested
in this subject, and many publications and reports followed
with diverse terms used to describe and classify these con-
ditions. The most common classification that was used in
the past classified LIU into phacoanaphylactic endophthal-
mitis, phacotoxic uveitis, and phacolytic glaucoma [6-9].
Today, the terms phacoanaphylactic endophthalmitis and
phacotoxic uveitis have been discarded since the immune
reaction in LIU does not involve immunoglobulin E (IgE)
sensitization or histamine release, neither has it been prov-
en that lens protein is toxic to the eye. In experimental
studies, a cell-mediated mechanism is postulated [6,
10-12]. LIU is now classified based on the integrity of
the lens capsule. When the lens capsule is ruptured, the
terms phacogenic or phacoantigenic uveitis are used, and
when the lens capsule is intact, the terms phacolytic uveitis
or phacolytic glaucoma are employed [13].
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Phacogenic uveitis

The concept of immune privilege may apply to the lens be-
cause it is isolated from fetal circulation early in embryonic
life, it lacks innervations, and the adult lens is avascular. Lens
proteins can possibly be autoantigenic when present outside
their position of immunological isolation in the lens capsule
[8, 14]. Each of the crystallin protein groups of lens cortical
fibers contains several subtypes with distinct antigenic char-
acteristics. The conversion process from soluble crystallins to
insoluble proteins during aging of the lens can result in an
increased antigenic effect of proteins of a mature or
hypermature cataract [8, 15]. The immunopathogenesis of
lens-induced uveitis is believed to be the result of
autosensitization to lens proteins. After a break in the lens
capsule and sensitization to lens proteins, an immune
complex-mediated phenomenon develops which can be trans-
ferred by hyperimmune serum [14, 16]. This reaction can
either be granulomatous or non-granulomatous and can in-
volve a type 11, type III, or type IV hypersensitivity type reac-
tion. In a major review in 1992, Marak [17] reported that
phacogenic endophthalmitis is caused by an altered tolerance
of the body to lens protein and not from a rejection of seques-
tered lens protein. He argued that if lens proteins were treated
as foreign, then phacogenic uveitis will occur more frequently
after disruption of the lens capsule, but that was not the case.
Many individuals have circulating lens proteins in their aque-
ous and do not develop an inflammatory reaction, and in rab-
bits, lens trauma does not always lead to ocular inflammation
in aseptic conditions suggesting that the body recognizes lens
proteins as self in a non-sensitized individual [16—18]. Today,
LIU is recognized as a perplexing autoimmune disease
resulting from an abnormal recognition of lens proteins as self
[10].

Recently, the concept that tissues have immune privilege
has been challenged, with studies suggesting that the brain and
the eye may in fact be subject to immune surveillance and
lymphatic drainage, and instead of immune privilege possess
mechanisms promoting immunoquiescence [19-22].

Logan et al. showed that lens degeneration induced an im-
mune response resulting in immune cells populating the lens
that contributed to the development of fibrosis. [23] This was
demonstrated in an experimental mouse model using an N-
cadherin lens-specific conditional knockout mouse, N-
cad®™™ in which loss of this cell-cell junctional protein
caused lens degeneration, necrosis, and fibrotic change, post-
natally. Also, the authors demonstrated that the lens was con-
nected to the lymphatic system along the suspensory liga-
ments that connect the lens to the ciliary body, providing a
potential mechanism for the immune circulation.

Another important finding was that lens degeneration acti-
vated an immune response throughout the eye, including cor-
nea, vitreous humor, and retina, suggesting a coordinated
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protective response in the visual system to defects of a com-
ponent tissue. These studies unveiled that, contrary to prior
beliefs, the lens is subject to immune surveillance [23].

Very little is known about the prevalence of phacogenic
uveitis. Chung et al. reported a prevalence of 0.4% in their
study in a Korean population [24]. Phacogenic uveitis
tends to occur in the elderly with a peak at 60—70 years
of age; however, traumatic cataracts have been described
more in the young [17, 25]. The average time of onset of
symptoms is within 2 weeks of lens trauma or intraocular
surgery with a range from 2 days to 59 years, and the
course can be mild and indolent or severe and fulminant
[25, 26]. Kang et al. described a unique case of an anterior
uveitis in a patient with a retained lens fragment presenting
15 years after phacoemulsification [27]. Patients present
with a sudden or insidious onset of ocular pain, decreased
vision, redness, and photophobia. Signs on clinical evalu-
ation correlate with an anterior uveitis that can be granulo-
matous or non-granulomatous [17]. In the early 1990s, on-
ly 5% of histologically confirmed cases were diagnosed
clinically posing a dilemma for the ophthalmic clinician
[17, 26]. Visual acuity is variable as well as IOP. Patients
can have normal IOP, ocular hypertension, or hypotension.
Findings on slit-lamp examination include conjunctival
congestion, corneal edema, keratic precipitates (KPs) of
varying sizes mostly of the “mutton-fat” type, posterior
synechiae, hypopyon, retained lens fragment in the anterior
chamber, debris or lens fragments in the anterior chamber
angle, pupillary membrane, vitritis, and even a panophthal-
mitis [7, 26, 28]. Rathinam et al. first reported the occur-
rence of spontaneous hyphema and acute ocular hyperten-
sion in patients with severe LIU in the absence of trauma or
ocular neovascularization. [29] The authors speculated that
the severe inflammation in LIU resulted in severe vascular
compromise that led to extravasation of both white and red
blood cells causing hypopyon and spontaneous hyphema
formation.

Though classically an anterior uveitis, up to 76% of pa-
tients have an associated nonspecific choroiditis [26].
Histopathology demonstrates a zonal granulomatous inflam-
mation centered around the site of lens capsule rupture with
the presence of neutrophils and the lens material surrounded
by lymphocytes, plasma cells, histiocytes, epithelioid cells,
and macrophages [17, 25, 26].

Phacolytic glaucoma

Flocks et al. in 1955 coined the term phacolytic glaucoma,
describing glaucoma resulting from leakage of lens material
into the anterior chamber from hypermature cataracts [28]. In
1967 Goldberg demonstrated the presence of large rounded
macrophages in the aqueous humor of these patients, and

2 years later, Duke-Elder reported the presence of phagocytes
around the lens capsule and macrophages stuck in trabecular
meshwork [30]. As the lens ages, lens proteins become altered
and denatured resulting in an increase in high molecular
weight proteins. These proteins are soluble and leak through
an intact permeable lens capsule into the anterior chamber
where an inflammatory reaction takes place. Lens proteins,
cells, and debris can move into the anterior chamber angle
where they subsequently block the trabecular meshwork and
cause an increase in IOP and hence a secondary glaucoma
with an open angle. Phacolytic glaucoma has been described
more in the elderly population due to the high prevalence of
hypermature cataracts in this age group. The typical patient
has a history of poor vision from the long-standing cataract
and presents with an acute onset of ocular pain, redness, and
worsening vision [7, 31]. Ocular tension in these patients can
range from normal to values as high as 90 mmHg. Clinical
signs include conjunctival hyperemia, corneal edema, promi-
nent anterior chamber cells and flare, an open anterior cham-
ber angle, a pseudohypopyon, and a hypermature or
morgagnian cataract. The presence of protein clumps and cell
debris is often confused for KPs, and the examiner should pay
special examination on slit-lamp examination and gonioscopy
to differentiate between them. Crystals in the anterior and
posterior chamber have been described as well as spontaneous
hyphema with no other associated causes of rubeosis iridis
and no previous history of trauma [29, 32].

Diagnosis

LIU is often a clinical diagnosis though challenging. Only
six of a hundred and forty cases were diagnosed clinically
in one review [26]. Confirmatory assessments include nee-
dle biopsy and histopathology to detect a zonal granulo-
matous reaction surrounding disorganized lens material.
Tanito et al. used western blot for lens- specific protein in
the aqueous to confirm the diagnosis of post-traumatic
LIU. The authors found higher titers of alpha and beta
crystallin in their patient compared to a control group of
cataract patients without lens trauma. Aqueous humor cy-
tology is also helpful in elucidating the correct diagnosis in
patients with an anterior uveitis of unknown etiology [33,
34]. Clinicians should assist the patient in recalling a pos-
sible remote incident of ocular trauma which may have
been forgotten. Determining the status of the lens capsule
whether integral or disrupted is crucial in the diagnostic
process. Where available, scanning electron microscopy
can be used to detect disruptions of the anterior lens cap-
sule [35]. Optical coherence tomography (OCT) can be
used to detect the integrity of the lens capsule and subcap-
sular fluid pockets in morgagnian cataracts [36, 37].
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Differential diagnosis of LIU

Given that several forms of uveitis can present with variable
severity including an anterior chamber reaction with or with-
out hypopyon, one should consider other causes of uveitis
given the circumstances of onset and presentation of every
individual patient. The wide spectrum of differential diagno-
ses includes post-traumatic endophthalmitis, postoperative en-
dophthalmitis, sterile endophthalmitis, traumatic iritis, herpet-
ic uveitis, anterior uveitis, intermediate uveitis, and Posner-
Schlossman syndrome [7, 17]. Sympathetic ophthalmia can
be confused with LIU, but in the latter, the fellow eye always
remains quiet, a situation not seen in sympathetic ophthalmia

[7].

Treatment

There has been an evolution in the management of LIU over
the years; however, removal of the inciting lens material is the
mainstay of treatment of all forms of LIU [5, 17, 38].
Treatment is tailored to the clinical presentation of every case.
Cataract surgery, anterior chamber washout, or pars plana vit-
rectomy are used to extract the lens or retained lens particles
[7, 17, 39]. Conservative management of lens particles in the
vitreous with topical steroids is recommended if these parti-
cles are small and resolving without destructive inflammation
[17]. Early lens removal leads to better visual outcomes [1,
25].

Enucleation

In some reports, enucleation was described as a method of
managing LIU especially when the visual prognosis was low
or absent [7, 25, 40, 41]. Johnson et al. reported a case of a
male in his 60s who presented with LIU in addition to harbor-
ing a large intraocular inflammatory mass with features of
both myofibroblastic tumor and fibrous histiocytoma [41].
Enucleation was performed as the eye was blind and painful
with vision of no light perception and led to an excessive
removal of eyes with visual potential. In a pathologic study
of eyes enucleated because of glaucoma associated to a
hypermature cataract, Flocks et al. reported that 21 out of
138 eyes enucleated had a correct clinical diagnosis of LIG,
and none of them had been offered cataract extraction which
could have been vision-saving. [28]

Lens extraction
Verhoeff’s aphorism was that it is better to remove the
offending lens or residual lens material than to remove the

eye [7]. LIU with the associated thinning of the lens capsule,
the weak zonules and elevated IOP, makes cataract extraction
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challenging. Initially, intracapsular cataract extraction (ICCE)
with copious anterior chamber irrigation was the mainstay of
treatment as it was believed that a complete removal of the
lens including the capsule was necessary for inflammation
control [28, 42]. With the advancement in cataract surgery
techniques, there was a gradual move to extracapsular cataract
extraction (ECCE) with some authors advocating for posterior
chamber IOL insertion in the same surgery. Although IOP was
raised in some cases in the early postoperative period, all cases
resulted in improvement in visual acuity (at least 20/50), nor-
malized IOP, and inflammation control [43-46].
Phacoemulsification is technically difficult to perform in pa-
tients with LIU as the thin and friable capsule in these patients
makes a continuous curvilinear capsulorhexis difficult to per-
form, and the mature cataracts are hard to emulsify thus in-
creasing the risk for complications like posterior capsule rup-
ture, zonule dialysis, and endothelial cell damage [47].
Manual small-incision cataract surgery (MSICS) is a safe
and efficient treatment method for LIU. Its postoperative com-
plications are comparable to that of ECCE/IOL and
phacoemulsification [48]. Compared to ECCE, MSICS offers
better visual results. Venkatesh et al. reported that 78.8% of
their patients had a BCVA of 20/40 or better by the 40th
postoperative day [49]. MSICS results in less astigmatism
and risk for expulsive hemorrhage with a smaller incision
compared to ECCE and offers less cost and an easier tech-
nique in experienced hands compared to phacoemulsification
[48, 49]. In developing countries where the burden of ad-
vanced cataracts and associated complications like LIU lies,
MSICS is a cost-effective option for the management of LIU.

Intraocular pressure control

Adjuvant treatments include mydriatics and IOP lowering
agents. Elevated IOP in LIU is not only a risk for more surgi-
cal complications, but sometimes persists after surgery and
because of damage to the optic nerve affects postoperative
visual outcomes. Before surgery, osmotics, carbonic
anhydrase inhibitors, and timolol eye drops can be used to
control IOP [3, 50].

Combined trabeculectomy and cataract surgery leads to sig-
nificant reduction in IOP and reduces the need for systemic
hypotensives. When compared to cataract surgery alone, VA
and IOP were similar at 6 months postoperatively in both groups
[51]. Peripheral iridotomy, iridectomy, and cyclodiathermy have
also been used to relieve ocular hypertension [7].

Anti-inflammatory treatment
Steroids

Corticosteroids are potent inhibitors of the products of the
cyclooxygenase and lipo-oxygenase pathways. Their control
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of LIU is achieved through their anti-inflammatory effects or
through the inhibition of antibody synthesis [4, 40]. In exper-
imental studies, systemic methylprednisolone, hydrocorti-
sone, and prednisone have been used successfully to control
the inflammation in LIU [7, 52, 53]. Topical corticosteroids
reduce intraocular inflammation by inhibiting the infiltration
of monocytes and macrophages that are recruited by the che-
motactic effects of leaking lens proteins. Also, they act at
inhibiting the formation of pro-inflammatory cytokines from
arachidonic acid [7, 30]. Though small retained lens particles
can be managed with steroids only, they are often used to
quieten the eye pending lens extraction [7, 25].

Others

Intravenous typhoid therapy has been historically used to con-
trol inflammation in LIU eyes [7]. Allopurinol controlled the
ocular inflammation in LIU in mice [52-54]. Alpha-
Chymotrypsin was used in association to sectoral iridectomy
to control the intense inflammation that sometimes resulted
after lens extraction. [50]

Associations

There are several reports of LIU occurring with other ocular
conditions contributing to the degree of ocular inflammation
seen in specific cases.

Wang et al. reported a rare case of LIU in a patient with
choroidal melanoma. The authors hypothesized that the
prolonged intraocular inflammation induced by the tumor
led to the formation of a pupillary membrane and subsequent
disruption of the lens capsule, resulting in leakage of lens
protein and sterile panuveitis [55]. Johnson et al. described
an inflammatory tumor with characteristics of both
myofibroblastic tumor and fibrous histiocytoma [41]. In 3%
to 23% of cases of LIU, there is an associated sympathetic
ophthalmia [7, 17, 38]. A case of metastatic bacterial endoph-
thalmitis after infectious pneumonia occurred with LIU. The
authors theorized that chronic ocular inflammation can lead to
a contracture and breakage of the lens capsule and subsequent
LIU. This mechanism has also been described in patients with
Behget’s disease [56]. In a review of 29 cases with LIU in
patients less than 55 years of age and no history of trauma,
29% were reported to have microphthalmia in the involved
eye. The authors theorized about the existence of an associated
persistent hyperplastic primary vitreous (PHPV) that resulted
in early capsule rupture and cataract. LIU has also been re-
ported in patients with lens dislocation into the vitreous with
no compromise of the lens capsule [7].

Phacolytic uveitis in children can be associated with con-
genital cataracts. Vandienbroucke et al. reported the case of a
9-day-old baby with bilateral congenital cataracts and severe

granulomatous anterior uveitis resolving only after bilateral
lens extraction. Extensive infectious and metabolic workup
was negative [39].

Outcomes

Timely intervention leads to good visual recovery as delays in
intervention lead to further ocular damage and risks for com-
plications during surgery [7, 25]. Patients who have longer
delays between the onset of symptoms and time of cataract
extraction (usually more than 2 weeks) have poorer visual
outcomes and higher rates of surgical complications [2]. Up
to 60% of patients with late presentation retain a vision of < 6/
60 after cataract surgery. [2] This highlights the need for time-
ly cataract surgery and prompt cataract extraction when the
diagnosis of a LIU is made. Reasons for poor visual outcomes
on late presentation are associated optic disc atrophy, anterior
uveitis, and corneal edema [1].

Regarding the type of method used for cataract extraction,
phacoemulsification is known to be technically more difficult
in advanced and mature cataracts with associated higher com-
plication rates except in the hands of experienced surgeons
[46]. There are currently no reports on the visual outcomes
of phacoemulsification in LIU. Several authors report on the
use of ECCE and MSICS for cataract extraction in phacolytic
glaucoma [3, 47, 49]. MSICS however offers better visual
results and less complication rates with up to 78.8% of pa-
tients achieving a postoperative best-corrected visual acuity of
at least 6/12 or better [47].

Conclusion

LIU is a group of entities that cause intraocular inflammation
resulting from an inciting lens. Over the years several confus-
ing terms have been used in its description and today a sim-
plified nomenclature system based on the integrity of the lens
capsule is used to define etiology, which can either be
phacogenic or phacolytic. The aging cataractous lens is impli-
cated in the development of LIU; thus, prevalence is higher in
populations with an unmet need for cataract surgery like in the
developing world. Besides temporizing measures like IOP
reduction, and anti-inflammatory treatment, lens extraction is
the definitive means of uveitis control in these patients.
MSICS with IOL insertion is a safe and efficient method in
the management of LIU offering better visual outcomes com-
pared to ICCE and ECCE that were used historically.
Although phacoemulsification and IOL insertion is the stan-
dard of care in the management of cataracts today, there are no
reports on its use and outcomes in the management of LIU.
This review aims at raising awareness on the devastating com-
plications linked to neglected cataracts, and the need for
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prompt and adequate management of LIU before the onset of
visual compromises due to longstanding ocular inflammation.

Method of literature search

The authors conducted a search of Medline (from 1960 to
2016) and ISI (from 1986 to 2016) databases using the fol-
lowing keywords: cataract, lens-induced glaucoma, lens-
induced uveitis, phacogenic uveitis, phacoanaphylactic en-
dophthalmitis, and phacotoxic uveitis. In addition, references
quoted in the articles found through these databases were also
included, if found appropriate. All articles judged to be of
clinical relevance to the topic were included. For articles in
languages other than English, abstracts were evaluated and,
when appropriate, also included.

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of
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