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“Here’s a sigh to those who love me,
And a smile to those who hate;

And whatever sky’s above me,
Here’s a heart for every fate”

—*“To Thomas Moore”, Lord Byron

“Talent hits a target no one else can hit;
Genius hits a target no one else can see.”

—Arthur Schopenhauer



Foreword

Complication: Latin—to fold together. Complex combination or intricate
intermingling

Medicine—a secondary disease, accident or adverse reaction that aggravates an
already existing disease

The myriad complications associated with uveitis involve every anatomical part
of the eye and surrounding structures. It is a herculean task to not only document
and describe these associated complications, but perhaps more importantly to offer
concise management options for these often problematic and sometimes devastating
problems.

Dr. Pichi and Dr. Neri have put together a book that offers an excellent road map
to enable us to diagnose and treat the secondary complications of uveitis. They have
been able to “unfold” this complex intermingling of multiple problems providing
the practitioner a road map to forecast, to recognize and to appropriately treat these
sequelae. Dr. Pichi and Dr. Neri have assembled an excellent group of subspecialists
who tackle the complex and often frustrating problem of managing uveitic compli-
cations by subdividing these complications anatomically. It is thus easier to diag-
nose the occurrence of these complications and then be able to offer an appropriate
algorithm for treatment. Kudos to Dr. Pichi and Dr. Neri and their co-authors for
addressing these complex problems in a concise and organized manner.

Allen Z. Verne
Founding Member of the
American Society of Retina Specialists

vii



Contents

PartI Cornea Complications in Uveitis

1 Band Keratopathy. . ............ . ... ... . ... .. . .
Alfonso Iovieno, Tony Ng, and Sonia N. Yeung

2 Limbal Stem Cell Deficiency in Inflammatory Disorders. . ........
Paolo Rama

3 Herpetic Corneal Opacities . .................................
Luigi Fontana

Part IT Iris Complications in Uveitis

4  Iris Complicationsin Uveitis . .. .......... .. ... .. .. ... ....
Alexander Chen, Careen Y. Lowder, and Angela Bessette

Part III Lens Complications from Uveitis

5  Lens Complications in Uveitis . .. .............................
Jennifer Lee and Debra A. Goldstein

6  The Repair of Dislocated Intraocular Lenses and the Placement of
Secondary Intraocular Lenses in the Setting of Uveitis ...........
Jason A. Goldsmith, Albert T. Vitale, Nick Mamalis,

Arwa M. Alsamarae, and Alan S. Crandall

Part IV Ciliary Processes Complications from Uveitis

7  Ciliary Processes Complications from Uveitis . . .................
Ilir Arapi, Piergiorgio Neri, Vilma Mema,
Biljana Kuzmanovic Eljaber, Vittorio Pirani, and Alfonso Giovannini

ix



X Contents

PartV Glaucoma Complications in Uveitis

8 Hypertensive Uveitis. .. ............ ... ... ... ... .. ... .....
Francesco Pichi and Scott D. Smith

9  Medical and Surgical Management of Uveitic Glaucoma. .........
Rajesh Sasikumar and Piergiorgio Neri
Part VI Inflammatory Choroidal Neovascular Membranes
and Inflammatory Deposits Complicating Uveitis

10 Inflammatory Choroidal Vascular Membranes .................
Assaf Hilely, Adrian Au, and David Sarraf

11 Treatment of Inflammatory Choroidal Neovascular Membranes . . .
Piergiorgio Neri
Part VII Cystoid Macular Edema Complicating Uveitis

12 Pathophysiology of Uveitic Macular Edema ....................
Ilaria Testi, Andres Rousselot, Rupesh Agrawal, and Carlos Pavesio

13 Differential Diagnosis of Uveitic Macular Edema . . ..............
Ilaria Testi, Andres Rousselot, Rupesh Agrawal, and Carlos Pavesio

14 Multimodal Imaging of Uveitic Macular Edema.................
Ilaria Testi, Andres Rousselot, Rupesh Agrawal, and Carlos Pavesio

15 Treatment of Uveitic Macular Edema. . ........................
Ilaria Testi, Andres Rousselot, Rupesh Agrawal, and Carlos Pavesio

16 Epiretinal Membranes and Subretinal Fibrosis. . .. ..............
Blanca C. Flores-Sanchez and Lyndon da Cruz
Part VIII Retinal Detachment Secondary to Uveitis

17 Retinal Detachment in Uveitis. .. .............................
Arjun B. Sood and Sumit Sharma

18 Surgical Considerations in the Uveitic Patient. . . . . ..............
Parisa Emami and Sunil K. Srivastava
Part IX Invasive Technique for Diagnosis of Complications in Uveitis

19 The Role of Endoscopy in UveiticEyes. . .......................
Nicolas A. Yannuzzi, Yale Fisher, and Thomas Albini

20 Retinal and Choroidal Biopsies . . . ............................
Rehan M. Hussain, Thomas A. Albini, and Harry W. Flynn Jr.



Part I
Cornea Complications in Uveitis



®

Check for
updates

Chapter 1
Band Keratopathy

Alfonso Iovieno, Tony Ng, and Sonia N. Yeung

Introduction

The term band keratopathy refers to band-shaped superficial corneal degeneration
that usually involves the interpalpebral area. The degeneration can occur in calcific
and non-calcific forms. The disease most commonly intended as band keratopathy
implies calcium deposition in the superficial layers of the cornea. Non-calcific
superficial corneal depositions, such as those in climatic droplet keratopathy or in
the context of gout from urate depositions, are not going to be further discussed in
this chapter.

Pathogenesis

Ever since its first description by Dixon in 1948, the disease has remained some-
what mysterious in its pathogenesis [1, 2].

The initial histologic change observed in corneas with band keratopathy is baso-
philic staining of the epithelial basement membrane, reflecting early calcific change
(Fig. 1.1a). This is followed by overt calcium depositions at the level of Bowman
layer and the anterior most layers of the stroma. Later changes include Bowman
layer fragmentation, deposition of hyaline material within fragmented Bowman layer
and corneal fibrosis (Fig. 1.1b) [1, 3]. The calcium granules are commonly extracel-

A. Tovieno (><) - S. N. Yeung
Department of Ophthalmology and Visual Sciences, University of British Columbia,
Vancouver, BC, Canada

T. Ng
Department of Pathology, University of British Columbia, Vancouver, BC, Canada
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Fig. 1.1 (a) Early band keratopathy. There is increased basophilic staining of Bowman’s layer
(arrows) without overt calcium deposition. (b) Advanced band keratopathy. Bowman’s layer is
widely disrupted by multiple large deposits of calcium; calcified deposits are also present in the
anterior stroma (arrows)

lular, with intracellular (intracytoplasmatic and intranuclear) granules also observed
in band keratopathy associated with hypercalcemia [4].

In band keratopathy, calcium is found mostly in hydroxyapatite form.
Hydroxyapatite is a naturally occurring calcium and phosphate crystal which forms
most of the mineral content of dentine, enamel and bones. This compound is very
insoluble. The reaction equation of hydroxyapatite is reported below: [5].

10Ca(OH), +6H,PO, — Ca,, (PO, ), (OH), +18H,0

In conditions of increased pH or abundance of calcium and phosphate, the equi-
librium is skewed towards production and consequent deposition of hydroxyapatite.
Since the concentration of calcium and phosphate in tears is close to saturation,
relatively minor changes in concentration of those ions, tear film osmolarity and pH
could trigger the formation of hydroxyapatite and consequent development of band
keratopathy [6]. Endothelial damage may also play a role. In edematous corneas
there is a reduction in sulfated mucopolysaccharides, known to inhibit ionic binding
and calcification [7].

A combination of these factors is likely to be needed to induce development of
band keratopathy. In a study by Doughman et al., experimental uveitis in rabbits
resulted in band keratopathy only when injection of calciferol (with consequent
hypercalcemia) was added. Interestingly, surgical closure of the eyelid prevented
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Table 1.1 Ocular and systemic conditions causing band keratopathy divided by putative
pathogenetic mechanism

Putative mechanism Condition

Hypercalcemia Hyperparathyroidism, osteoporosis, vitamin D intoxication,
Paget disease of the bone, metastatic carcinoma to the bone,
sarcoidosis, multiple myeloma, milk alkali syndrome, tuberous
sclerosis, lupus discoid

Hyperphosphatemia Renal failure, phosphate containing-eye drops

Increased tear evaporation Dry eye

Endothelial damage/chronic Uveitis, keratitis, silicone oil tamponade, phthisis bulbi,

ocular inflammation glaucoma, exposure to mercurial vapors or preservatives
(thimerosal)

Congenital Congenital band keratopathy, Norrie’s disease

formation of band keratopathy [1, 8]. In another experiment by Odenberger et al.,
the administration of dihydrotachysterol to rabbits only caused band keratopathy
when endothelial damage was also induced [1].

The predilection for the superficial most layers and the interpalpebral area may
depend on several factors. Firstly, the structure of Bowman layer may provide a
preferential binding site for calcium. Secondly, the interpalpebral zone is more
prone to tear evaporation than the rest of the ocular surface, with secondary hyper-
osmolarity and increase in calcium and phosphate concentration [9]. Moreover,
there is an increased carbon dioxide concentration at the corneal surface, due to the
predominantly aerobic metabolism of the anterior cornea [1]. This could produce a
localized increase in pH compared to the posterior cornea, where anaerobic metabo-
lism and lactate production account for a decrease in pH.

Band keratopathy develops as a non-specific end-point manifestation of several
underlying degenerative and inflammatory processes involving the anterior seg-
ment, as well as systemic conditions. Most common etiologies include idiopathic,
secondary to uveitis and silicone oil tamponade with oil-endothelial touch [10-13].
Table 1.1 shows a list of diseases causing band keratopathy based on the putative
underlying mechanism.

Among patients with uveitis, band keratopathy develops in subjects with a
chronic course of the disease [14]. Patients affected by juvenile idiopathic arthritis
(JIA) associated-uveitis are among the ones at highest risk of band keratopathy,
given the long duration of the inflammatory disorder. In these patients, band kera-
topathy remains a significant cause of vision loss and consequent surgical interven-
tion even in adult age, occurring in as many as 42% of individuals with JIA [15].

Clinical Features

Band keratopathy usually develops over a long period of time, although acute onset
has been described following intracameral tissue plasminogen activator [16]. The
common initial presentation occurs at the extreme periphery of the cornea at 3 and 9
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o’clock in the interpalpebral region. The peripheral calcium plaques have sharply
demarcated outer edges and a billowed inner border. There is usually an intervening
clear space between the plaque and the sclerocorneal limbus, thought to be caused by
either the lack of Bowman layer in this area or the clearance of calcium provided by
the limbal vasculature (Fig. 1.2a). The plaques are initially grayish in color usually
progressing to chalky white over time. The development of the plaque is centripetal
and the central cornea usually remains clear until later stages. Cases of primary cen-
tral development of band keratopathy have also been described [17]. It is sometimes
possible to identify intervening pores within the context of the band, thought to be
secondary to penetrating corneal nerves through the Bowman layer (Fig. 1.2b). In
the fully developed form, the band can occupy the entirety of the interpalpebral
space and can maintain the aspect of a regular gray-white subepithelial haze or
become irregularly placoid with marked surface unevenness (Fig. 1.3a, b).

Visual symptoms associated with band keratopathy include photophobia, glare
and reduced visual acuity in eyes that retain visual potential. The corneal epithelium
is raised and scarcely adherent to the underlying band. Therefore, patients com-
monly develop foreign body sensation as well as symptoms of recurrent corneal
erosions. The occurrence of infectious keratitis secondary to superinfected chronic
epithelial defects is not uncommon.

Fig. 1.2 (a) clear intervening space between the band keratopathy plaque and the sclerocorneal
limbus. (b) Scattered round pores through the extension of the calcium plaque, thought to be
formed by trespassing corneal nerves
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Fig. 1.3 (a) Band keratopathy presenting as interpalpebral subepithelial haze. (b) Band keratopa-
thy as a chalky, placoid opacity with surface irregularity

Differential diagnosis of band keratopathy includes other corneal degenerations
with calcium deposition such as calcareous degeneration and reticular degeneration
of Koby, which can be considered rare variants of band keratopathy. In calcareous
degeneration, calcium deposits are not limited to the superficial layers of the cornea
but are present throughout the entire corneal tissue with potential solitary involve-
ment of the posterior stroma, full-thickness deposits and sparing of the Bowman
layer [18]. This rare keratopathy can be associated with bone formation elsewhere
in the eye. Similar to band keratopathy, calcareous degeneration affects diseased
eyes, especially when chronic epithelial defects are present [19]. It has also been
described in association with abundant use of phosphate-based artificial tears for
non-healing epithelial defects [20]. Calcareous degeneration can occur more rapidly
than band keratopathy.

Reticular degeneration of Koby is an even rarer corneal degeneration where cal-
cium deposits present in a reticular shape at the level of Bowman layer underlying
a brownish discoloration of the cornea epithelium secondary to iron deposition [21].

As mentioned above, non-calcified band keratopathy can also occur in climatic
droplet keratopathy (also known as spheroidal degeneration or Labrador keratopa-
thy) and urate keratopathy associated with gout.

Corneal dystrophies involving the Bowman layer and anterior stroma such as
Reis-Biicklers, Thiel-Behnke, granular and Schnyder’s dystrophy can sometimes
resemble band keratopathy. The feathery gray microcystic whorls of Lisch dystro-
phy could also be misinterpreted as calcific bands [22]. Bilateral involvement, pref-
erential central distribution and lack of associated ocular or systemic associations
can help differentiate these conditions.

Diagnosis of band keratopathy is essentially clinical and does not require addi-
tional testing. In large case series, one of the most common causes of band keratopa-
thy was found to be idiopathic, accounting for about 25-35% of cases [13, 23].
Serum electrolytes, renal function testing and urinalysis should be considered in all
idiopathic cases.
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Management

As affected patients are often asymptomatic, conservative management can be con-
sidered. The limited visual potential and ocular comorbidities often do not justify
surgical intervention. Artificial tears and a bandage contact lens with topical antibi-
otic coverage can sometimes be used as temporizing measures in symptomatic
patients. In addition, when associated with systemic disease causing hypercalcemia,
early band keratopathy can sometimes be reversed by treating the underlying
condition [24, 25].

The mainstay of treatment for band keratopathy is mechanical removal of the
calcium deposits. The standard technique consists of a superficial keratectomy with
utilization of ethylenediaminetetraacetic acid (EDTA), a calcium-chelating agent, at
a concentration of 0.5 mol/l (0.5-1.5%). Removal of the calcifications and superfi-
cial keratectomy without EDTA, although possible in eyes with limited visual
potential, is usually not advised as it is more likely to result in incomplete removal
and an uneven corneal surface with limited visual improvement [26].

The procedure is classically performed under topical anesthesia, although gen-
eral anesthesia may be required for pediatric patients. It is usually conducted in a
procedure room with the aid of a surgical microscope, although it could be under-
taken also at the slit lamp [27]. Total timing of the procedure is usually between 10
and 20 min. It can at times be quite time-consuming and tedious depending on the
extension and density of the plaque. Briefly, the cornea is de-epithelialized either
mechanically with a blade or spear swab (after soaking with balanced salt solution)
or using 20% ethanol. Then, EDTA is applied on the cornea either by using a pho-
torefractive keratectomy corneal well as a reservoir or just spear swabs repeatedly
soaked in EDTA solution. EDTA soaking time can be variable and depends on the
extension of the calcium deposits. Following EDTA treatment, calcifications can
either be mechanically removed using forceps, scraped off with surgical blades
(usually a no.15 or no.69 blade) or gently dissected using blunt dissection corneal
instruments. EDTA application is usually repeated several times to remove all the
calcium deposits. It is particularly useful, once superficial calcifications have been
removed, to use a truncated spear swab soaked in EDTA in a rubbing fashion onto
the cornea to slowly eliminate all residual calcium from the Bowman layer without
violating it. The end-point of the procedure is the identification of a clear corneal
plane with visualization of the anterior chamber. Copious irrigation with balanced
salt solution should be conducted throughout the surgery. At the end of the proce-
dure, a bandage contact lens is usually applied and topical antibiotics, corticosteroids
and unpreserved artificial tears are prescribed postoperatively. Oral analgesics are
often necessary to account for post-operative pain in the 1-2 days following the
procedure.

The procedure is usually straightforward with limited potential complications.
When performed with sharp instruments, removal of the calcifications and superfi-
cial keratectomy could result in an irregular corneal plane with potential stromal
scarring and suboptimal visual acuity. EDTA treatment would only eliminate the
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calcium deposits, leaving any underlying corneal scar untreated. The procedure
should be carefully considered in patients with potential delayed epithelial healing
(neurotrophic keratopathy, limbal stem cells deficiency, etc.), as post-operative non-
resolving epithelial defects and indolent ulcers could occur. If necessary, in these
cases, a temporary tarsorrhaphy or amniotic membrane grafting may be of benefit
to expedite the healing process.

Band keratopathy has the tendency to recur after surgical removal. Recurrence
rate ranges between 15% and 30%, on average within 1-2 years after treatment [13,
23]. Nonetheless, only about 5% of recurring cases would require a second surgical
intervention [13].

Phototherapeutic keratectomy (PTK) has also been investigated as a potential
primary treatment modality for band keratopathy. The two larger series published
on PTK produced similar results. In a study by O’Brart et al., 122 eyes were treated
with a single photoablation zone PTK [28]. Significant improvement in symptoms
and vision was reported, with a recurrence rate around 8% within mean follow-up
of 12 months. About a quarter of the patients reported a post-surgical average hyper-
opic shift of 1.4 diopters at 6 months. In another study by Stewart and Morrel, treat-
ment with PTK produced an improvement in vision in 55% of the treated eyes with
visual potential and an improvement in symptoms in 85% of the treated eyes with
no visual potential [29]. Interestingly, this study described a significant post-opera-
tive myopic shift.

PTK has the advantage of being less time consuming and more standardized
compared to mechanical removal with EDTA. Laser platforms though do not have
the ability to discriminate between corneal tissue and calcifications, possibly pro-
ducing an irregular residual corneal surface. The use of masking agents partially
counteracts for the uneven ablation profile. In addition, excimer laser is largely inef-
fective on large or irregular calcium deposits. In both the abovementioned series,
large and irregular band keratopathies required mechanical removal of the calcifica-
tions prior to PTK treatment [28, 29]. When considering PTK, the issue of refractive
change in eyes with visual potential should also be taken into account. Hyperopic
and myopic shift could both occur. Lastly, whilst post-surgical results do not seem
to differ, PTK has significantly higher costs compared to standard superficial kera-
tectomy with EDTA.

The use of amniotic membrane has been advocated by some authors in the surgi-
cal management of band keratopathy. The well-known epitheliotrophic and anti-
inflammatory properties of amniotic membrane account for the popular and versatile
use of this tissue in ocular surface surgery [30]. Amniotic membrane does not have
any effect on calcium depositions and should not be considered as a primary
treatment. In a study by Anderson et al., amniotic membrane grafting was performed
after superficial keratectomy for band keratopathy with or without the use of EDTA
[31]. Symptoms improved in all patients and 93% of patients re-epithelialized
within 15 days. Other authors have reported cases amniotic membrane grafting into
a lamellar bed with fibrin glue in cases of band keratopathy with stromal involve-
ment [32, 33]. Im and co-workers also described a series of band keratopathy
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patients treated with a combination of superficial keratectomy with EDTA, PTK and
amniotic membrane grafting [34].

The use of amniotic membrane did not seem to have a significant impact on the

post-operative course and is therefore not routinely recommended. In cases where
delayed epithelialization is expected due to ocular surface disorders, amniotic mem-
brane graft should be considered to prevent chronic epithelial defects and reduce
post-operative complications.
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Chapter 2
Limbal Stem Cell Deficiency
in Inflammatory Disorders

Paolo Rama

Introduction

The corneal epithelium undergoes regular turn-over throughout the migration of
cells from the limbus, where the corneal epithelial stem cells (LSCs) reside in the
basal layer [ 1-4]. Disorders that damage the limbal area may cause limbal stem-cell
deficiency (LSCD) (Fig. 2.1).

Impairment of the limbal stem-cell compartment causes corneal epithelial turn-
over breakdown, resulting in damage to the corneal epithelium, which will ulti-
mately repair itself due to conjunctiva migration onto the cornea [5-7].

Conjunctival migration, or “conjuctivalization”, is a compensatory repair mecha-
nism that protects the cornea from infection, stromal ulceration, melting, and perfo-
ration. While it provides the cornea with a stable and protective superficial layer, it
is often accompanied by persistent inflammation, severe visual impairment, and
other symptoms.

Lamellar and/or penetrating keratoplasty cannot be used successfully in these
cases as donor corneal epithelium is replaced by that of the recipient within months.
In the presence of corneal epithelial stem-cell compartment deficiency, donor graft
re-epithelialisation will not take place, with subsequent epithelial defects and the
ultimate recurrence of conjunctivalization, and the risk of rejection and failure
(Fig. 2.2).
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Fig. 2.1 Corneal
neovascular pannus,
“conjunctivalization”, after
alkali burn injury

Fig. 2.2 Failed penetrating
keratoplasty with
recurrence of
conjunctivalization due to
limbal stem cell deficiency
secondary to chemical burn

Causes of LSCD

Numerous ocular or systemic disorders can lead to LSCD, including congenital
diseases (e.g. aniridia), acquired diseases due to chemical injuries, toxicity, infec-
tions [5-7], and inflammatory diseases, such as mucous membrane pemphigoid
(Fig. 2.3) [7-9], Stevens-Johnson syndrome (Fig. 2.4) [7, 10], graft-versus-host dis-
ease (Fig. 2.5) [11], vernal and atopic keratoconjunctivitis [7-13]. Such diseases
may not only damage the limbus, but also the eyelids, conjunctiva, corneal nerves,
stroma and lacrimal system. Ocular surface disease is the most appropriate term for
such a complex disorder [7].
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Fig. 2.3 Mucous
membrane pemphigoid

Fig. 2.4 Stevens-Johnson

Fig. 2.5 Graft-versus-host
disease
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Surgical Treatment

Stem-cell transplantation to treat LSCD is a step in the reconstruction of the ocular
surface, while lamellar or penetrating corneal grafting will finally restore corneal
transparency, leading to the recovery of visual capacity.

Limbal Reconstruction with Stem Cells

Source of Stem Cells

The source of stem cells is typically classified as autologous (donor and recipient
are the same subject) and allogeneic (donor and recipient are different subjects).

Unilateral or partial bilateral LSCDs can be treated with autologous limbal stem
cells (LSCs), while total bilateral deficiency requires allogeneic LSCs, or other
sources of autologous cells such as oral epithelial stem cells.

Autologous Limbal Stem-Cell Transplantation

— Conjunctival limbal autograft (CLAU). Unilateral limbal stem-cell deficiency
has been successfully treated for years by directly grafting a portion of the
healthy limbal tissue taken from the contralateral eye (Fig. 2.6) [14-16]. Some
concerns exist regarding potential donor-eye risks [17]: although few reports
show the consequences related to harvesting [ 18], patients are often unenthusias-
tic about having the “good” eye touched, together with the great responsibility
felt by surgeons. Moreover, further limbus harvesting of following possible fail-
ure is not advisable.

Fig. 2.6 (a) Limbal biopsy for CLAU (white arrows) Small limbal biopsy (red arrow) for CLET
after failure of the previous CLAU. (b) Fellow eye: recurrence of conjunctivalization after failed
autologous CLAU
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— Autologous Cultivated Limbal Epithelial Transplantation (CLET)

To overcome risks for the donor eye, much effort has been made to develop a
technique to reduce biopsy dimension using cell expansion in culture. The pio-
neering work of Rheinwald and Green showed that it was possible to culture a
layer of stratified squamous epithelium with stem cells taken from a small skin
biopsy [19]. Some years later, cultivated skin grafts were successfully used to
treat severe-burn patients [20]. Based on this proof-of-concept, the same proce-
dure was used to prepare autologous grafts of cultivated corneal epithelium with
stem cells obtained from a 1-2 mm? limbal biopsy Fig. 2.6) [4, 21]. Since 1998,
more than 270 grafts have been transplanted in various centres throughout Italy,
with long-term stability reported in more than 150 patients, and with a success
rate in 70-80% of cases (Fig. 2.7) [22, 23]. In February 2015, this therapy was
approved by the European Medicine Agency (EMA) for the treatment of corneal
burns (Holoclar®). Two recent publications summarize the history of CLET,
from discovery to clinical approval, including the regulatory aspects [24, 25]. A
pre-requisite for CLET is the presence of a small area of preserved limbus
(2-3 mm), which is biopsied, expanded in culture, and transplanted onto the
LSCD-affected eye. Ex-vivo stem-cell expansion is a complex, time consuming,
and expensive procedure, but it has several advantages compared with traditional
limbal grafting: fewer risks for the donor eye, the possibility to treat partial bilat-
eral LSCD, and the possibility to re-graft following eventual failure.

— Simple limbal epithelial transplantation (SLET). In 2012, Sangwan described
a novel technique which claimed to combine the advantages of both CLAU and
CLET. From a small limbal biopsy, several pieces of limbal tissue are placed on
the recipient corneal surface covered by amniotic membrane [26, 27]. Compared
to CLAU, a smaller amount of donor limbal tissue is harvested. Compared to
CLET, it is much faster and less expensive. However, the long-term effectiveness
of the technique is still under evaluation, and there is a need for further comparison
with other techniques, both in terms of clinical outcome and the subsequent suc-
cess of keratoplasty, when needed. The idea of directly transplanting small pieces

Fig. 2.7 (a) Limbal stem deficiency after unilateral chemical burn. (b) Six months after autolo-
gous CLET
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of limbal tissue, claiming that it might support “in-vivo expansion of epithelial
cells”, is fascinating: it is a “simple”, inexpensive, and fast way to treat cases of
limbal stem-cell deficiency. As well as cutting costs, it would avoid the compli-
cated regulatory-related rules of ex-vivo expansion procedures. However, some
concerns do exist. First of all, stem cells from the small limbal pieces might
migrate onto the recipient surface to find their homing. This might promote dif-
ferentiation: it has not yet been proven that TA cells can re-differentiate into a
stem-cell state. Moreover, amniotic membrane (AM) can, at the same time, pre-
vent or promote the correct engraftment and survival of the stem cells [28]: AM
can integrate or be digested, and the fate of limbal biopsies is thus not
predictable.

Allogeneic Limbal Stem-Cell Transplantation

Allogeneic limbal grafts may come from a deceased donor or from living relatives,
and the surgical procedure can be either CLAU, SLET, or CLET.

The major disadvantage of allogeneic limbal stem cell transplantation is the risk
of rejection, with the need for prolonged systemic immunosuppression and the pos-
sibility of late failure.

In the literature, contrasting results have been reported on the use of allogeneic
keratolimbal grafts, with an overall success rate of 73% [17]. Both clinical suc-
cesses and failures have been observed in the presence of systemic immunosuppres-
sive therapy [29-31], while positive clinical results have been reported in the
absence of immunosuppression [32, 33] and/or in the absence of allogeneic cell
survival [34, 35].

A recent publication on allogeneic cultivated limbal stem-cell transplantation
(CALET) reports a case-series of 6 eyes that showed graft rejection up to 8 years
after limbal allograft [36]. The Authors suggest that prolonged and tailored systemic
immunosuppression, guided by an organ transplant team, should be maintained.
However, they also report that, despite appropriate immunosuppressive treatment,
two thirds of their patients developed some degree of failure. Others have performed
DNA analysis on 19 samples of recipient corneal epithelium collected after CALET,
finding, as previously reported, no persistence of donor DNA after 3 months [34, 35,
37]. They raise provocative questions as to what may be the origin of regenerated
epithelium, and whether long-term immunosuppression following CALET is
required in examined patients. In the absence of demonstrated surviving donor cells,
a possible explanation for clinical success is that patients with non-total limbal
stem-cell deficiency were included, and the grafted allogeneic limbal cells might
have induced modification of the microenvironment, and promoted proliferation of
the patient’s own dormant stem cells, whose progeny gradually replaces donor cells.
While remaining in situ in the injured eye, these limbal cells are evidently unable to
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generate corneal epithelium, both because of the lack of a suitable microenvironment
for multiplication, and because of fibrotic obstruction to their migration over the
cornea.

Allogeneic limbal stem cells may represent an option for patients with bilateral
total LSCD. However, questions remain regarding long-term efficacy, the best regi-
men of systemic immunosuppression to prevent rejection, and the explanation as to
how the cornea improves in certain cases despite non-detectable donor DNA in the
patient’s epithelium.

Cultivated Autologous Oral Epithelial Transplantation (COMET)

The use of autologous cultivated oral epithelium was proposed in the beginning of
2000 as an alternative to allogeneic limbal grafts for the treatment of bilateral LSCD
[38—40]. Several protocols have been proposed to cultivate the cells, although most
the studies used amniotic membrane as a substrate/carrier ([41]. Utheim recently
reviewed the results of 20 studies involving 242 patients [42]. Success was reported
around 70%, although varying inclusion criteria and definitions of success were
used in the different studies. Moreover, follow-up was very short, with only two
studies reporting results after more than three years. Lastly, peripheral neovasculari-
sation was reported after COMET, which is clearly explained by the great angio-
genic properties of the oral epithelium. In conclusion, COMET seems to be a safe
procedure able to provide a stable epithelium and reduce inflammation, albeit still
not able to prevent recurrence of vessel migration onto the cornea in total LSCDs.

Conclusions

Limbal stem-cell deficiency caused by inflammatory disorders is a challenging
problem. Severe acute or chronic inflammation can often cause damage not only to
the limbal stem cells but also to other components of the ocular surface, such as the
eyelids, conjunctiva, lacrimal system, and nerves. Precise evaluation of damage is
crucial, and step-by-step treatment should be planned. The systemic disease must be
kept under control with systemic treatment, as should ocular inflammation. A “min-
imum” of tear film should be present. Eyelid malposition and conjunctival scarring
should firstly be surgically corrected. For limbal stem cell deficiency, in the pres-
ence of unilateral or partial bilateral damage, cultivated autologous limbal stem-cell
transplantation is probably the safest and best procedure. For total bilateral LSCD,
allogeneic limbal stem-cell transplantation or autologous oral epithelium have been
proposed, but doubts still persist regarding the long-term survival, stability, and
avascularity of the epithelium.
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Chapter 3
Herpetic Corneal Opacities

Luigi Fontana

Pathogenesis

Herpes Simplex viral keratitis is one of the most common infectious causes of
corneal blindness [1, 2] involving 0.1% of the general population and inducing sig-
nificant reduction in vision in 1 out 6 of the affected patients [2]. The incidence is
8.4 cases 100.000 people and the prevalence is 149 cases every 100.000 individuals.
These figures are probably underestimated as the disease is underdiagnosed. Ocular
disease is more commonly caused by type 1 rather than type 2 Herpes Simplex
Virus (HSV). Exposure to HSV type 1 (HSV-1) usually occurs during childhood
from contact with oral lesions and secretions. Following the primary infection, that
remains undetected in the majority of patients, the virus, due to its neurotropism,
enters the peripheral nerves and travels along the neurons in a retrograde direction
to reach the peripheral ganglia, including the trigeminal and cervical ganglia, where
it remains in the neuronal nuclei for the life span of the patient. In the general popu-
lation older than 60 years serum and ganglia positivity is found in 90—-100% of cases
[3]. The cornea itself may also represents a site of host latent HSV. After a variable
period of latency, virus reactivation may occur due to several factors that are some-
what related to the immune regulatory system such as high stress and systemic
disease [4]. Liesegang et al. [3] in a large epidemiological study addressed the risk
of first recurrence as high as 36% at 5 years and 63% after 20 years from the first
episode. After first recurrence the probability of a second episode is 70—80%. In the
Herpetic Eye Disease Study [5] the recurrence probability after the first episode was
18% within two years.

The clinical sequelae of HSV infection are largely a result of recurrent disease
and immunologic response associated with each episode.
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Clinical Forms

Infectious Epithelial Keratitis
Dendritic and Geographic Epithelial Keratitis

Most common presentation of HSV corneal involvement is the dendritic ulcer. This
is characterized by a lineal epithelial lesion with dichotomous branching and termi-
nal bulbs with swollen epithelial borders that contain replicating virus. Typically,
the epithelial lesion stains with fluorescein in the center and with rose Bengal in the
borders (Fig. 3.1a). The area around the lesion is hyposensitive due to compromised
nerve endings. Despite viral suppression with treatment and healing of the ulcer, the
cornea epithelium may appear abnormally irregular for several weeks as conse-
quence of the nerve damage and topical antivirals toxicity.

Occasionally an initial dendritic ulcer may enlarge and expand forming a geo-
graphic ulcer (Fig. 3.1b). Characteristics are similar to the linear ulcer as the center
of the ulcer depleted of cells stains with fluorescein and the swollen margins char-
acterized by dead epithelial cells stain with rose Bengal. Possible causes are a long-
standing untreated dendritic ulcer or prolonged use of topical steroids. Geographic
epithelial ulcer may be more frequently seen in immunocompromised patients.

Fig. 3.1 Dendritic (a) and geographic (b) epithelial keratitis
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Marginal Keratitis

Represents a form of epithelial keratitis due to replicating virus infection where the
proximity to the limbus induces a peculiar clinical aspect (Fig. 3.2). Compared to
the dendritic ulcer, marginal ulcers are associated with more active inflammation
derived from the limbal vessels with inflammatory white blood cells and stromal
necrosis . Treatment is with topical antivirals and topical steroid to suppress the
immune reaction (Fig. 3.3a, b).

Fig. 3.2 Marginal keratitis
with focal perikeratic
hyperemia, stromal
infiltration with ulceration

S

Fig. 3.3 Marginal keratitis before (a) and after treatment (b). In figure a peripheral corneal vascu-
larization with stromal edema and cells infiltration is evident. After treatment (b) vascularization
and edema regressed
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Fig. 3.4 Anterior stromal
scarring with thinning
following epithelial
keratitis

Corneal Opacities After Infectious Epithelial Keratitis

A potentially sight-threatening complication of epithelial keratitis is stromal scar-
ring. Stromal opacities may range from faint to dense and diffuse opacities involv-
ing the anterior stroma (Fig. 3.4). Loss of transparency may be accompanied by
thinning due to stromal melting. Opacities may appear in the form of multiple round
leucoma that resemble the distribution of the epithelial dendrites and are often
called as “footprints”. The severity and the number of recurrences are correlated
with the risk of development of opacities.

Another possible complication of epithelial keratitis is the involvement of the
stroma by infectious or immune disease.

Stromal Keratitis
Necrotizing Stromal Keratitis

It is a rare, although very severe, ulceration of the corneal stroma due to the direct
invasion of replicating virus with secondary host response, leading to destructive
stromal inflammation, caused by the release of collagenolytic enzymes (Fig. 3.5).
The clinical features may be multiple and may mimic the features of other forms of
infectious keratitis (bacterial or fungal).

Immune Stromal Keratitis
It is an inflammation occurring within the stroma (interstitial keratitis) with an

immunologic etiology. The inflammation is a consequence of retained virus antigen
within the corneal stroma, triggering an antigen antibody reaction. Its frequency is
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Fig. 3.5 Necrotizing
keratitis showing large
stromal ulceration,
vascularization with lipid
keratopathy and
descemetocele

relatively high (21-48%) [6—8] and tends to increase with time following infectious
keratitis first event. Common clinical feature is intrastromal inflammation with
edema, cells infiltration and immune complexes deposition, frequently developing
in presence of an intact corneal epithelium. Immune complexes deposits may
assume the shape of a ring (Wesley ring), localized in mid stroma of the central or
paracentral cornea. Oftentimes corneal involvement is accompanied by anterior
uveitis with keratic precipitates. Inflammation recurrences are the cause of stroma
vascularization with lipid deposition and stromal scarring and band keratopathy,
causing loss of vision (Fig. 3.6).

Endothelitis

May develop in three different clinical forms (focal, diffuse, linear) characterized by
more or less extensive involvement of the corneal endothelial surface (Fig. 3.7a, b).
Etiology is uncertain but it is thought to be immunologic as this clinical form is
associated with iritis, keratic precipitates, trabeculitis, and favorably responds to
topical and systemic steroids. It is characterized by stromal and epithelial edema
localized or diffuse (Fig. 3.8), associated with raised intraocular pressure in the
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Fig. 3.6 Immune stromal
keratitis showing stromal
infiltration with edema and
central neurotrophic ulcer

Fig. 3.8 Diffuse
endothelitis showing
stromal end epithelial
edema and opacification
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cases with extensive involvement. Onset of endothelitis may occur time after an
epithelial involvement episode sometimes asymptomatic.

Endothelial cells damage is the result of endothelial cells inflammatory involve-
ment and may cause transient or irreversible corneal decompensation due to exten-
sive endothelial cells loss.

Treatment Management of Herpes Simplex Virus
Keratitis (HSVK)

Infectious Epithelial Keratitis

Preferred treatment: topical acyclovir ointment or ganciclovir gtt 5 times/day until
healing (usually 5-7 days), then TID for 7 days.

Alternative treatment: trifluridine gtt 2 h/day until healing (usually 5-7 days),
then 5 times/day for 7 days.

Systemic antivirals have demonstrated to be equally effective for the treatment of
epithelial lesions and may be employed as alternative treatment to topical antiviral
in those cases of lack of compliance to topical treatment (children).

Adults:

— acyclovir 400 mg 5 times/day until healing, then 400 mg BD for 1 month or lon-
ger period if high risk

— valacyclovir 500 mg BD until healing, then 500 mg OD for 1 month or longer
period if high risk

— famcyclovir 250 mg BD until healing, then 125 mg BD for 1 month or longer
period if high risk

Children:

— acyclovir suspension <40 kg 20 mg/kg QID until healing, then 20 mg/kg BD for
1 month or longer period if high risk

— children >40 kg adult regimen

Immune Stromal Keratitis/Endothelitis

Topical steroids (dexamethasone, betamethasone, prednisolone) 4-8 times/day
slowly tapered according to the clinical response. Treatment should be prolonged at
minimal dosage (once/day or once/every other day) in order to avoid rapid recur-
rence. In case of recurrence treatment should be repeated and then tapered and
maintained for a longer period of time.

Cyclosporin A (0.5-2%) gtt or tacrolimus (0.1%) gtt may be used as alternative
treatment to steroids in case of steroid intraocular pressure response.

Systemic antiviral treatment:

— acyclovir 400 mg 5 times/day for 5 days, then 400 mg BD for prolonged time
according to the risk of recurrence.
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— valacyclovir 500 mg BD for 5 days, then 500 mg OD for prolonged time accord-
ing to the risk of recurrence.

— famcyclovir 250 mg BD for 5 days, then 125 mg BD for prolonged time accord-
ing to the risk of recurrence.

Necrotizing Stromal Keratitis

Systemic antiviral treatment:

— acyclovir 800 mg 5 times/day until healing of the corneal ulcer, then 400 mg BD
for prolonged time according to the risk of recurrence.

— valacyclovir 1 g TID until healing of the corneal ulcer, then 500 mg OD for pro-
longed time according to the risk of recurrence.

— famcyclovir 500 mg TID until healing of the corneal ulcer, then 250 mg BD for
prolonged time according to the risk of recurrence.

Topical steroids (dexamethasone, betamethasone, prednisolone) 4-8 times/day
slowly tapered according to the clinical response. Treatment should be prolonged at
minimal dosage (once/day or once/every other day) in order to avoid rapid recur-
rence. In case of recurrence treatment should be repeated and then tapered and
maintained for a longer period of time.

In case of impending perforation (descemetocele):

— Amniotic membrane multilayer graft
— Conjunctival flap

— Cyanoacrilate gluing

— Tarsorraphy

Treatment of Corneal Opacities Following HSVK

Treatment of severe corneal opacities following HSVK may require partial or full
thickness surgical excision of the opaque cornea and the implant of corneal graft
from a donor. Deep anterior lamellar keratoplasty (DALK) may only be applied to
those cases where corneal opacity is localized to the anterior 2/3 of the stroma
whereas for the remaining cases penetrating keratoplasty (PK) may be preferred in
order to re-establish cornea transparency. Keratoplasty may be often associated to
cataract surgery as recurrent inflammation promote the development of lens opaci-
ties. The advantage of DALK over PK in patients with HSV leucoma is mainly
ascribable to the lower risk of rejection derived from an endothelial sparing tech-
nique and to the better long term prognosis in terms of graft survival.

In order to reduce the risk of recurrence a maintenance therapy with acyclovir
400 mf BD (or valacyclovir 500 mg OD) and topical dexamethasone 0.1% gtt. BD
in order to reduce the risk of rejection [9]. Prophylactic treatment may be main-
tained indefinitely with annual renal function testing.
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Chapter 4
Iris Complications in Uveitis

Alexander Chen, Careen Y. Lowder, and Angela Bessette

Peripheral Anterior Synechiae

Peripheral anterior synechiae (PAS) refer to adhesions that extend from the iris to
the peripheral cornea. PAS arise from inflammation due to a variety of etiologies
including uveitis, trauma and intraocular surgery [1]. In the context of uveitis, intra-
ocular inflammation leads to the release of fibrinogen and resultant formation of
fibrin and synechiae [2]. Factors that may predispose to PAS formation include a
narrow angle and granulomatous inflammation [3]. PAS are typically visualized and
diagnosed with gonioscopy, but anterior segment OCT can also be used [2]. In uve-
itic eyes, PAS may be most commonly found in the inferior angle [4]. Other studies
have found that PAS are more common in the superior angle, but may have included
patients with PAS due to primary angle closure [5]. PAS can lead to secondary angle
glaucoma (open and closed angle subtypes).
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Fig. 4.1 Posterior
synechiae have formed in
hypopyon uveitis
secondary to fungal
endophthalmitis. (Photo
courtesy of Careen
Lowder, M.D., Ph.D.)

Posterior Synechiae

Posterior synechiae are adhesions that extend from the posterior surface of the iris
to anterior surface of the intraocular lens or vitreous. Posterior synechiae are typi-
cally visualized on slit lamp examination (see Fig. 4.1). There may be a higher risk
of formation of posterior synechiae when associated with granulomatous inflamma-
tion [3]. Extensive posterior synechiae can precipitate angle closure glaucoma by
closing all aqueous out flow and push the peripheral iris forward (iris bombe) [2].
This is frequently associated with 360 degrees of posterior synechiae adhesions,
referred to as seclusio pupillae [6]. In addition, narrowing of the angle from poste-
rior synechiae can predispose to formation of peripheral anterior synechiae [7].
The presence or absence of posterior synechiae can be helpful in the diagnostic
workup of uveitis. Absence of posterior synechiae is associated with Fuchs hetero-
chromic iridocyclitis and rubella associated uveitis [8, 9]. The presence of posterior
synechiae upon presentation may be associated with a higher rate of visual compli-
cations in specific uveitic disease entities such as HLA-B27 associated uveitis [10].

Topical Medical Management of Iris Synechiae

Steroids and cycloplegics are the mainstays in topical medical management of iris
synechiae. Given the risks of extension of PAS and posterior synechiae, one impor-
tant goal of uveitis management is breaking and preventing formation of synechiae.
Steroids are often necessary for decreasing intraocular inflammation, resulting in
decreased synechial formation. Topical steroid treatment typically involves use of
difluprednate or prednisolone acetate. For severe cases, oral steroids, such as pred-
nisone, should also be used.
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Mydriasis can be achieved with a cholinergic sphincter paralysis or sympathomi-
metic dilator. Cycloplegics are useful for treating ciliary spasm in addition to
breaking existing synechiae [11]. Use of a cycloplegic agent with a sympathomi-
metic dilator such as phenylepinephrine is necessary if maximal mydriasis is
desired. Anterior chamber depth needs to be considered in the choice of a mydriatic
or cycloplegic agent. Synechiae formation in an eye with a normal depth anterior
chamber is rare with full mydriasis. However, a shallow anterior chamber may pre-
dispose to synechial formation despite full mydriasis [2]. In such cases, a treatment
regimen that enables the pupil to still be mobile such as cyclopentolate or homatro-
pine may be preferable [12].

Intracameral Management of Iris Synechiae

In cases where high-dose oral and topical steroids and cycloplegics are not effective,
there are case reports of the successful use of intracameral tissue plasminogen acti-
vator to dissolve fibrinous membranes and break posterior synechiae [13]. Doses of
tissue plasminogen activator ranging from 6 to 25 pg/0.1 mL have been reported to
dissolve post-surgical fibrinous membranes following cataract surgery, vitrectomy,
and glaucoma filtering procedures [14—16]. An increased risk of hyphema was
reported in patients following glaucoma surgery administered the 25 pg dose. A
dose of 6-12.5 pg may mitigate this risk [16]. Figure 4.2 illustrates an example of
the rapid resolution of organized fibrin following an injection of intracameral tissue
plasminogen activator. It should be noted that while intracameral tissue plasmino-
gen activator may be helpful for acute fibrin formation and recently-formed syn-
echiae, it is not useful for breaking chronic synechiae.

| =

Fig. 4.2 (a) An organized fibrinous reaction in a patient with chronic panuveitis 4 weeks follow-
ing combined cataract and Baerveldt implant. (b) The same patient 30 min following intracameral
injection of 0.05 mL of tissue plasminogen activator (12.5 pg/0.1 mL). (Photo courtesy of Careen
Lowder, M.D., Ph.D.)
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Intrasurgical Management of Iris Synechiae

There are primarily two reasons to address iris synechiae surgically: to treat sec-
ondary angle closure glaucoma and to achieve adequate visualization for cataract
surgery. In eyes with recently-formed and extensive PAS, goniosynechiolysis can
be performed to open the angle and lower intraocular pressure. This can be com-
bined with a surgical iridectomy or other glaucoma surgeries, such as the place-
ment of a drainage device. Goniosynechiolysis is generally less effective for chronic
PAS [17].

Posterior synechiae may also prevent adequate visualization and access for cata-
ract surgery. Synechiolysis is often required in uveitic eyes undergoing cataract
surgery. This can usually be achieved with blunt dissection under viscoelastic pro-
tection using either the viscoelastic cannula or a cyclodialysis spatula [18]. In the
case of a fibrotic membrane, sharp dissection using the cystotome or a small gauge
needle (such as a 30 gauge) may be necessary to access the pupillary margin. Once
the synechiae are broken, attention should be turned to achieving adequate pupillary
dilation. Gentle stretching of the pupillary margin may be required if it is suffi-
ciently fibrotic. Iris hooks or a pupil expansion ring, such as the Malyugin ring, may
be used to achieve and maintain adequate pupillary dilation [18]. Oetting et al.
described a modified technique using iris hooks in a diamond configuration with
one hook placed under the main incision [19]. This technique is particularly effec-
tive in reducing iris prolapse through the main wound and damage to the iris from
the phacoemulsification tip. The decision to use iris hooks or a Malyugin ring will
depend on surgeon preference. Advantages to iris hooks include reduced risk of iris
prolapse and smaller profile in shallow anterior chambers, but disadvantages include
the creation of multiple incisions and they can be time consuming to insert [18].
Rings can be inserted through the main incision, but are bulkier and may provide
less control of the sub-incisional iris.

Iris Atrophy Associated with Viral Uveitis

Iris atrophy is a complication of uveitic inflammation commonly associated with
viral etiologies. Inflammation can lead to ischemia and atrophy of one or more lay-
ers of the iris [2]. The pattern of iris atrophy can vary from a focal to generalized
pattern. Sectoral iris atrophy has previously been described as a hallmark of vari-
cella zoster virus uveitis although polymerase chain reaction studies have found
HSYV to be a significant cause as well [2]. In contrast, rubella virus and cytomegalo-
virus are two important causes of diffuse iris atrophy [20, 21].
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Chapter 5
Lens Complications in Uveitis

Jennifer Lee and Debra A. Goldstein

Pathogenesis of Cataract in Uveitis Patients

Cataracts are one of the most common complications seen in uveitis patients. There
are multiple factors contributing to cataract development, of which the inherent
ocular inflammation plays the most significant role [1]. Specifically, the anatomic
location of inflammation, duration of disease, and rates of relapse are strongly
linked to its development. Therefore, it is not surprising that cataracts are found
most frequently in patients with panuveitis, followed by chronic anterior uveitis,
intermediate uveitis, and posterior uveitis [1]. Cataracts are especially prevalent in
pediatric patients who present with pathology at a younger age, have more chronic
disease, and may be more difficult to examine and to treat [2]. The treatment of
uveitis also increases the propensity for cataract development as steroids in any
form promote posterior subscapular opacification, and children may be more sus-
ceptible to the cataractogenic effects of steroids [3, 4]. Immunomodulatory thera-
pies have gained popularity in recent years as an alternative to chronic steroids and
do not increase the risk for cataracts [5]. Like their non-uveitis counterparts, uveitis
patients can have age-related lens changes [6], and may require intraocular surgery
such as pars plana vitrectomy that contribute to cataract formation. The biochemical
mechanism of cataractogenesis in the setting of inflammation is not known.
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Table 5.1 Risks for and outcomes of cataract surgery in various uveitic entities

Estimated incidence of cataract | Surgical outcomes, Vision of
Disease formation 20/40 or better
Fuchs heterochromic 64-75% [7-11] 85% [12]
iridocyclitis
Juvenile idiopathic arthritis 11-80% [4, 7, 13-15] 70% [16]
HLA-B27 uveitis 5-28% [17-19]
Pars planitis 35-47% [20] 71% [12]
Behget disease 12-57% [7, 21-23] 36-50% [7]
Vogt-Koyanagi-Harada 40-56% [7] 49% [12]
Syndrome
Sympathetic ophthalmia 32% [24] 56% [12]
Ocular toxoplasmosis 4-10% [7, 25, 26] 90%* [27]
Herpetic uveitis 26.6-40% [7, 18] 36.8% [7]

“Without central scar

Uveitis Etiologies Associated with Cataract Development

All types of uveitis can promote cataract formation. Infectious etiologies include
syphilis, toxoplasmosis, tuberculosis, and herpetic diseases. Systemic diseases
associated with inflammation and cataracts include HLA-B27-associated diseases,
Juvenile idiopathic arthritis, Behcet and sarcoidosis. Reported incidences and visual
outcomes are listed in Table 5.1.

Prevention of Cataract Development in Uveitis Patients

Aggressive control of intraocular inflammation and judicious use of topical, peri-
ocular, and oral corticosteroids reduce the risk of cataract development. For refrac-
tory cases, early substitution of steroids with immunomodulatory therapy leads to
control of chronic inflammation, reduction in corticosteroid burden, and delays
visually significant cataract progression [28].

Preoperative Management

A detailed preoperative evaluation is essential to selecting the appropriate patient
for surgery. A thorough ophthalmic exam, appropriate imaging, and review of the
patient’s history are necessary to estimate the visual potential, to determine appro-
priate surgical technique, and to optimize the timing of surgery. The type of uveitis
greatly influences preoperative and intraoperative strategies. For example, surgery
in a JIA patient is more challenging compared to a Fuchs uveitis patient due to more
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abnormal intraocular anatomy and greater inflammatory response. Moreover, the
surgeon must assess the patient’s ability to access and administer medications and
adhere to postoperative instructions.

Indications for Cataract Surgery

Cataract surgery is indicated in the following scenarios: [29].

— Phacoantigenic uveitis

— Cataract that limits view to the fundus in patients with suspected posterior seg-
ment pathology and in patients undergoing posterior segment surgery

— Visually significant cataract is an eye with potential for visual improvement

Timing of Surgery

Once the decision to proceed with cataract surgery is made, complete control of
inflammation should be maintained for three months prior to surgery. Excellent pre-
operative control has been associated with reduction in postoperative CME and
rebound inflammation [30-32]. Three months is generally accepted for all forms of
uveitis except for Behcet disease. In these cases, a higher rate of recurrence have
been reported if active disease is present within 12 months of surgery [33]. Therefore,
some authors recommend delaying surgery in these patients, if possible, until at
least 6 months of quiescence is achieved [34].

In the pediatric population, timing is important because cataracts can develop at an
amblyogenic age. Children are also more likely to have higher rates of undesirable
surgical complications as compared to adults. Therefore, timing of the cataract surgery
must balance amblyogenic risks with surgical risks. Amongst children with uveitis,
JIA patients have the poorest visual outcomes compared to those with other forms of
uveitis (e.g. pars planitis). This finding is likely related to their younger age of onset,
asymptomatic presentation, and more robust inflammatory response [30, 35, 36].

Evaluating Vision Potential

A thorough ophthalmic exam is required to identify potential ocular co-morbidities.
This may reveal the need for combined or staged procedures and address patient
expectations regarding visual prognosis.

Pre-existing posterior segment disease such as macular ischemia or optic neu-
ropathy portends a worse prognosis. Ocular pathologies that should be addressed
perioperatively are listed in Table 5.2.
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Table 5.2 Ocular pathologies and perioperative management

—
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Pathology Indication Management Additional
Band Obstructs view | Disodium Ethylenediaminetetraacetic | If possible, chelation
keratopathy | to the anterior |acid (EDTA) chelation should be performed
chamber pre-operatively. The
epithelium should be
healed prior to
proceeding with cataract
surgery. If necessary,
chelation may be
performed at the time of
cataract surgery
Cystoid CME must be | Perioperative systemic steroids may
macular minimized be administered if the patient has
edema prior to surgery | active or prior CME. Intraoperative
(CME) for all types of | intravitreal triamcinolone acetonide
uveitis (Triesence, TA) 4 mg in 0.1 mL [37,
38] or preoperative dexamethasone
0.7 mg intravitreal implant (Ozurdex,
Allergan, Irvine, CA, USA) are
reasonable alternatives [39]
Elevated IOP must be Medical management of ocular Gonioscopy should be
intraocular | controlled hypertension consist of topical performed to elucidate the
pressure prior to surgery | antiglaucoma drops. This can be etiology of elevated IOP,
(I0P) escalated to oral carbonic anhydrase | which can range from

inhibitors. If pressure is still
uncontrolled on maximum medical
therapy, consider staged or combined
surgical procedure with cataract
surgery

pupillary block,
secondary angle closure
from peripheral
synechiae, or
corticosteroid response.
Avoid laser
trabeculoplasty in patients
with anterior uveitis

Other common ocular findings include corneal scarring, corneal neovasculariza-
tion, reduced corneal sensation, endothelial disease from herpetic uveitis, fragile
angle vessels, peripheral anterior synechiae (Image 5.1), posterior synechiae
(Images 5.1 and 5.2), pupillary membranes, ciliary body atrophy, hypotony, vision
obstructing vitreous opacities, macular scar, epiretinal membrane, macular isch-
emia, choroidal neovascularization, optic neuropathy, glaucoma, and retinal detach-
ment. In children, additional complications include amblyopia and strabismus [36].

Beyond the clinical exam, additional investigations are helpful to detect pathol-
ogy. Ancillary tests and diagnostic pathologies are listed in Table 5.3.
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Image 5.1 6 year old
juvenile idiopathic arthritis
patient with poorly
controlled inflammation,
and excessive use of
topical corticosteroids.
There is a white cataract,
extensive posterior
synechiae, and a shallow
anterior chamber

Image 5.2 Juvenile
idiopathic arthritis cataract
with posterior synechiae,
band keratopathy, and
inferior keratic precipitates

Table 5.3 Ancillary testing

Ancillary testing Evaluation

Optical coherence Macular edema, macular hole, epiretinal membrane, optic nerve

tomography pathology

Fluorescein Macular ischemia, macular edema, choroidal neovascularization, optic

angiography nerve leakage, retinal vasculitis, posterior segment disease activity

Ultrasonography?* Ciliary body atrophy, retinal detachment, choroidal thickening or
detachment

“Must be done when there is no view to the posterior segment
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Control of Inflammation

There is no standardized protocol for controlling preoperative inflammation. It must
be tailored to the patient’s underlying uveitis and treatment history. A wide range of
immunosuppressive therapies can be utilized from corticosteroids to antimetabo-
lites, T-cell activation inhibitors, biologics, or alkylating agents. A variety of deliv-
ery systems for corticosteroids are available such as topical drop, subconjunctival
injection, subtenon injection, intravitreal injection, steroid containing short or long
acting implants and systemic oral medication. Switching to immunomodulating
therapy is generally recommended if more than 5-10 mg of prednisone or its equiv-
alent is required for more than 3 months, if inflammation persists after 1 month of
high dose corticosteroids, or if unacceptable side effects arise [40].

Non-infectious Uveitis

In the perioperative period, most specialists will provide prophylactic or escalated
doses of anti-inflammatory medications. Prophylaxis is typically initiated two to
seven days prior to surgery and slowly tapered after cataract surgery [5, 41, 42]. For
patients already on chronic oral corticosteroids, a stress dose should be added on the
day of surgery [43]. When inflammation is not completely controlled, but cataract
surgery is urgently required, intravenous methylprednisolone may be administered
prior to or during surgery [8]. If there is systemic corticosteroid intolerance (e.g. dia-
betes mellitus) and no contraindications to local therapy (e.g. steroid response), sub-
tenon or intravitreal triamcinolone acetonide (TA) or a short acting intravitreal steroid
implant are reasonable alternatives for pre-operative management of inflammation.

For patients on chronic topical steroids, dosing may be increased to once every
one to two hours prior to surgery [43].

Lastly, not all patients with uveitis need perioperative steroids. Patients with a single
remote history of isolated anterior uveitis can usually be spared additional corticoste-
roids. Patients with FHI may also do well with no additional perioperative steroids.

Infectious Uveitis

For toxoplasmosis uveitis, the use of empiric anti-parasitic drugs is controversial.
Additionally, the best medical regimen for prophylaxis has not been established. The
risk of reactivation ranges from zero percent [44] to 36% [27], therefore the decision
to start treatment is within the surgeon’s discretion. Prophylaxis is commonly used
when the lesion is vision threatening (i.e. within the macula or close to the optic
nerve). Options include double-strength trimethoprim-sulfamethoxazole, pyrimeth-
amine alone, pyrimethamine with sulfadiazine, azithromycin and atovaquone [5, 27].

For herpetic uveitis, oral acyclovir or valacyclovir may be started one week prior
to surgery [5, 45].



5 Lens Complications in Uveitis 49
Surgical Treatment

The surgical treatment for uveitic cataracts is complicated. Surgeons are often faced
with significant structural abnormalities. Visibility through the cornea may be
reduced by the presence of scars, band keratopathy, or neovascularization from
chronic inflammation. Access to the crystalline lens may be limited by a miotic
pupil, posterior synechiae, or pupillary membranes. Successful removal of the crys-
talline lens may be challenged by weak zonules, cyclitic membranes, and vitreous
opacities reducing the red reflex.

General Approach and Technique

Most patients will undergo cataract surgery under monitored anesthesia care.
However, additional regional anesthesia through peribulbar or retrobulbar block is
generally recommended if significant iris manipulation is anticipated. This strategy
eliminates ocular movement thereby creating a more stable surgical environment.
This also maximizes patient comfort, as uveitic cataracts may require longer surgi-
cal time and manipulation of sensitive intraocular tissue.

The standard for cataract extraction is phacoemulsification with in-the-bag intraocu-
lar lens placement. This technique is associated with reduced postoperative inflamma-
tion, cystoid macular edema, epiretinal membrane, and posterior synechiae [43, 46—48].

Whenever possible, there should be minimal manipulation of intraocular tissues.
During phacoemulsification, reducing the average phaco time also minimizes post-
operative inflammation, corneal endothelial trauma, posterior capsular rupture and
subsequent loss of nuclear fragments/vitreous loss.

Managing a Small Pupil and an Abnormal Iris

There are many causes of small pupils in uveitis patients. External and intrinsic
disease of the iris can limit its size, manipulability, and therefore access to the lens.
In addition to being floppy and atrophic, the iris may be occluded by membranes or
adherent to the crystalline lens and/or peripheral corneal endothelium.

Some surgeons advocate dissection of PAS using viscoelastic material, using the
cannula tip to sweep the iris away from the cornea. However, this is not always help-
ful, and may result in further damage to the peripheral iris.

Posterior synechiae may be addressed with gentle dissection using dispersive or
cohesive viscoelastic material and by manual separation using the viscoelastic can-
nula, iris spatula, cyclodialysis spatula, or Kuglen hooks [43, 49]. If the edges of the
pupil cannot be freed anteriorly, then a posterior approach via a peripheral iridotomy
to introduce a cyclodialysis spatula can be done to lyse adhesions. For fibrotic mem-
branes at the pupillary margin, the sheet of tissue can be cut with a scissors, and
peeled off with microforceps.
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Once the iris is free of adhesions and membranes, the pupil may remain miotic.
Dilation can then be accomplished using intracameral preservative free epinephrine,
iris hooks or pupil expansion devices such as Malyugin ring (Microsurgical
Technologies, Redmond, WA, USA). Iris hooks are ideal in eyes with shallow ante-
rior chambers or very atrophic irides. In general, surgeons should minimize iris
manipulation as it promotes intraoperative floppiness, iris prolapse, bleeding, iris
tattering and inflammation.

A surgical peripheral iridectomy can be considered in eyes with chronic flare or
eyes that required extensive iris manipulation, although this is rarely required.

Beyond the Small Pupil

Once the cataract is adequately exposed, capsular dyes such as trypan blue provide
good contrast for making a capsulorhexis. Ideally, smooth continuous curvilinear
capsulorhexis of at least 5 mm should be fashioned. A small rhexis size or ragged
capsular edges will increase the risk of capsular phimosis and synechiae [46].
(Image 5.4).

In cases of zonular weakness, capsular tension devices may be inserted to help
center the IOL, stabilize the capsular bag, and reduce the risk of future capsular
phimosis.

Intraocular Lens Considerations

With improvement in lens design and biomaterial, modern intraocular lenses (IOL)
are now routinely placed in almost all patients with uveitis. The ideal placement is
in the intact capsular bag. If the posterior capsule is violated, ciliary sulcus place-
ment with a 3-piece IOL is also acceptable [50]. If there is inadequate anterior
capsular rim support for sulcus placement, a scleral fixated IOL can be placed. Iris
sutured or anterior chamber placement should be avoided as this may result in
greater postoperative inflammation. In our experience, aphakia should be consid-
ered in cases of preoperative 360° of posterior synechiae, poor compliance, difficult
to control inflammation, dense flare and hypotony. Should a lens be placed in these
conditions, there is high risk for intraocular lens cocooning (Image 5.3).

A single piece acrylic IOL is the ideal lens choice for uveitic eyes. Acrylic out-
performs silicone, poly methyl methacrylate (PMMA), and heparin-surface-
modified PMMA in rates of PCO formation, inflammation relapse, and postoperative
CME [51-53]. Hydrophobic and hydrophilic acrylic lenses have similar rates of
postoperative complications such as macular edema, inflammation, corneal edema,
and IOL decentration [54]. A long-term study comparing the two biomaterial have
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Image 5.3 This patient
had a lens placed,
apparently in the capsular
bag. Dense inflammatory
membranes formed,
“cocooning” the
intraocular lens. There is
360° of posterior synechiae
as well as very anterior
peripheral anterior
synechiae (PAS)

shown that hydrophilic acrylic has better uveal biocompatibility, quantified as the
least amount of cellular reaction on the IOL surface, but a higher rate of PCO com-
pared to hydrophobic acrylic [55]. Multifocal lenses are discouraged because they
reduce contrast sensitivity in patients with uveitis who may have coexisting macular
or vitreous pathology [8, 56].

Pars Plana Vitrectomy

In patients with visually significant vitreous opacities, pars plana vitrectomy (PPV)
can be offered as a combined procedure to optimize vision outcomes [57]. This can
also improve intraocular inflammation and comorbid CME. Retinal detachments
and epiretinal membranes can also be addressed simultaneously with combined
cataract and vitreoretinal surgery.

Intraoperative Medications

The addition of steroids during surgery can reduce anticipated postoperative inflam-
mation, need for post-operative steroids, and risk of CME. These strategies include
adding dexamethasone to the infusion fluid, intravenous methylprednisolone, sub-
tenon or intravitreal triamcinolone acetonide, intracameral dexamethasone, and
short-acting dexamethasone intravitreal implants [12, 37, 38, 53, 58, 59].



52 J. Lee and D. A. Goldstein
Special Consideration in the Pediatric Population

The management of pediatric cataracts is controversial. Not only is the surgery tech-
nically challenging, but there may also be inaccuracies in biometry and opposing
views regarding primary IOL implantation.

First, the decision to implant an IOL again requires proper patient selection, which
needs to account for the type of uveitis, age of the child, and perioperative control of
inflammation. With modern phacoemulsification, improved lens biocompatibility, use
of immunomodulating therapy, and complete disease quiescence preoperatively, cata-
ract surgery with primary IOL placement can be successful in children [30, 36, 60—
62]. An intraocular lens is also a better option for amblyopia therapy. Aphakic children
may not be able to tolerate optical correction with contact lenses or spectacles.
However, others advise against IOL implantation [49, 63]. The presence on an IOL is
thought to incite an inflammatory response and serve as a scaffold for secondary and
cyclitic membranes [64, 65]. There is also a higher risk of secondary glaucoma [63].
Therefore, there is no consensus for primary lens implantation [66], although most
surgeons will implant an IOL in children with well controlled uveitis.

Children are also more likely to develop posterior capsular opacification (PCO),
independent of their uveitis status. As well, laser capsulotomy may be difficult to
perform in young uncooperative children. Therefore, if a child is younger than six to
eight years old, a primary posterior capsulotomy + limited anterior vitrectomy should
be considered at the time of surgery.

Post-operative Management

Postoperative care is equally as important as preoperative care. Close follow up and
aggressive control of inflammation is critical, especially for younger patients who
have a more robust inflammatory response. Medications initiated or increased pre-
operatively should be tapered slowly based upon clinical examination and ancillary
testing. In recent years, advancement in pharmacology in the form of immunologic
agents and steroid delivery vehicles have greatly expanded our armamentarium for
postoperative management.

Management of Post-operative Complications

Early Complications

Recurrent Uveitis

Persistent or recurrent uveitis can reverse an initially good visual outcome.

Inflammation can result in posterior synechiae to the anterior capsule or IOL, PAS,
ciliary or pupillary membranes, CME, hypotony, and epiretinal membrane (ERM).
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Image 5.4 Dislocated
3-piece intraocular lens
with pupil capture. The
IOL was apparently placed
into the ciliary sulcus at
the time of cataract
surgery, but intraocular
inflammation in this uveitis
patient was not well
controlled in the peri-
operative period

Each of these complications can independently generate more complications. For
example, pupillary membranes can distort the iris and cocoon or displace the IOL
(Image 5.4), and ciliary body membranes can lead to ciliary body detachment and
permanent hypotony (refer to late complications for more details). Therefore, post-
operative inflammation needs to be identified early and be treated aggressively.

Cystoid Macular Edema

In cases of CME, inflammatory mediators interrupt the normal function of the reti-
nal pigment epithelium and lead to fluid accumulation. Therefore, therapy is tar-
geted at managing the inflammation. The first line of treatment is often intensive
topical steroid and topical NSAID therapy. Periocular or intravitreal triamcinolone
acetonide may also be used [37, 38, 54, 57, 67]. In up to half of the cases, triamcino-
lone only provides temporary resolution, and the CME relapses when the drug wears
off [68]. Longer duration intravitreal fluocinolone acetonide implants (Retisert,
Bausch& Lomb, Rochester, NY, USA, Yutiq, Eyepoint Pharmaceuticals, Watertown,
MA, USA) [69] and the shorter-acting dexamethasone implant (Ozurdex, Allergen,
Irvine, CA, USA) provide a more lasting resolution of CME. Unfortunately, longer
exposure and higher doses of steroids are associated with intraocular pressure (IOP)
rise, and may necessitate chronic antihypertensive drops or glaucoma surgery for
pressure control [38, 54, 57, 69]. For patients intolerant to steroids, alternative agents
include anti-angiogenic intravitreal injections such as bevacizumab [70, 71], sys-
temic carbonic anhydrase inhibitors [72], and interferon alpha [73].

Acute Ocular Hypertension and Hypotony

An acute rise in IOP is often seen in the immediate postoperative period because of
inflammatory debris, retained lens material or ophthalmic viscoelastic. IOP spikes
can be addressed by releasing aqueous from the anterior chamber, increasing corti-
costeroids, starting anti-glaucoma drops, and/or systemic oral carbonic anhydrase
inhibitors [67].
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Low IOP can be problematic as well, and has been associated with inflammation,
prostaglandin-mediated increase in uveoscleral outflow, supraciliary or supracho-
roidal effusion. It is unclear if surgery is an independent risk factor for hypotony or
if it is the underlying uveitis that predisposed the patient to both cataract formation
and hypotony [74]. Raising IOP involves treatment targeted towards reducing intra-
ocular inflammation.

Retinal Complications

Vitreous hemorrhage and retinal detachment are rare complications more often
reported in patients with intermediate, posterior, and panuveitis. Non-clearing vitre-
ous hemorrhages and retinal detachments require additional surgery and should be
addressed by a vitreoretinal surgeon.

Like all routine cataract cases, uveitic eyes undergoing cataract surgery are also
at risk for endophthalmitis. Currently, there are no studies that demonstrate an
increased risk of endophthalmitis for the uveitis population.

Delayed Complications

Capsular and IOL Complications

Posterior capsular opacification (PCO) occurs in 34.3-81.7% of uveitis cases [75].
If the PCO becomes significant, it can be lasered with a neodymium-doped yttrium
aluminum garnet (Nd: YAG) laser, using as little energy as possible in order to mini-
mize the inflammatory response [49, 53, 67]. Importantly, the uveitis must be qui-
escent before proceeding. Nd:YAG is also effective for removal of giant cell IOL
deposits [76].

As discussed previously, capsular phimosis and capsular membranes are man-
ifestations of chronic inflammation. Phimosis can be treated using a Nd:YAG
laser to make radial cuts on the fibrotic rim to prevent further capsular shrinking.
Capsular membranes can also be lasered, but may reform in the setting of uncon-
trolled inflammation. Surgical removal may be required if the membranes
become dense.

IOL—dislocation is a rare complication. Early dislocation is due to intraopera-
tive loss of capsular integrity or zonular dehiscence. Over time, even in uncompli-
cated cases, the zonules can slowly dehisce leading to in-the-bag IOL dislocation.
Correcting the dislocation depends on the degree of dislocation. Treatment options
include observation, IOL removal, in-the-bag IOL re-fixation, and 4-point sutured
scleral-fixated IOL [77].
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Late Ocular Hypertension and Hypotony

Delayed or persistent ocular hypertension may be due to peripheral anterior syn-
echiae or a steroid response. Therefore, all patients should undergo gonioscopy to
assess for angle abnormalities. For steroid responders with persistent inflammation,
every effort should be made to wean off steroids and to start immunomodulating
medications. Extensive PAS can close the angle, necessitating filtering glaucoma
surgery to lower the IOP. Ultimately, chronically high pressures can lead to second-
ary glaucomatous optic neuropathy.

On the opposite spectrum, late hypotony is another dreaded complication. Left
untreated, the eye is at risk for choroidal effusion, macular edema, and phthisis.
Hypotony is a consequence of ongoing inflammation which promotes the develop-
ment of cyclitic membranes that damage the ciliary epithelium and place tension on
the ciliary body. This can lead to tractional detachment of the ciliary body and
increased uveal scleral flow. Ultrasound biomicroscopy can be used to identify the
presence of epiciliary membranes, ciliary body detachment, and ciliary body atro-
phy. In the presence of atrophy, silicone oil has been successfully used to raise IOP,
although this effect may not be long-lived [78]. In cases of epiciliary tissue or trac-
tional detachment, a pars plana vitrectomy approach can be used to remove the
membranes, again, with variable success [79, 80].

Conclusion

In the era of modern phacoemulsification, most uveitis patients have excellent visual
outcomes if the following conditions are met: appropriate patient selection, strict
control of preoperative inflammation, careful surgical planning, early detection and
care of postoperative complications. With expansion of immunomodulating thera-
pies, surgical outcomes will continue to improve, particularly in the pediatric
population.
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Chapter 6

The Repair of Dislocated Intraocular
Lenses and the Placement of Secondary
Intraocular Lenses in the Setting of Uveitis

Jason A. Goldsmith, Albert T. Vitale, Nick Mamalis, Arwa M. Alsamarae,
and Alan S. Crandall

Introduction

This chapter will focus on techniques for the repair of dislocated intraocular lenses
(IOLs) and placement of secondary IOLs in eyes with uveitis. As there are many
different procedures, materials, and IOL types used for repair and replacement of
IOLs, not all can be covered in one chapter. Instead, we will focus on well-
established principles and approaches. A primary focus will be on the challenges
imposed by uveitis.

A particular focus on the repair of dislocated IOLs and the placement of second-
ary IOLs in the setting of uveitis is warranted for several reasons. First, uveitis may
impose some limitations on what procedures and materials can be used out of con-
cern for inciting inflammation. Second, due to the inherent complexity of cataract
surgery in eyes with uveitis, it is more likely that surgical complications will occur.
Third, there are a subset of uveitis patients that surgeons have elected to leave apha-
kic following cataract surgery due to concerns over primary IOL placement and the
potential to exacerbate uveitis. Subsequently, some of these patients may have had
their uveitis brought under control and as a result, have become candidates for sec-
ondary IOL placement. And forth, even with uncomplicated cataract surgery and
successful placement of an implant within the capsular bag, uveitic eyes appear to
be at higher risk for progressive zonulopathy and in-the-bag, late IOL dislocation. It
is to the topic of IOL dislocation that we first direct our attention.
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IOL Displacement and Dislocation

IOL dislocation may occur as a result of surgical complications or underlying dis-
eases of zonulopathy. Although diseases such as pseudoexfoliation and Marfan’s
garner much of the attention in this area, uveitis is underappreciated in its contribu-
tion to this challenging surgical problem. The two major contributory factors to IOL
dislocation in pseudoexfoliation—capsule phymosis and zonulopathy—are also
major features of uveitis. In general, the cumulative risk for IOL dislocation
increases with time from surgery. Because of the fact that the indication for the use
of IOLs in many subtypes of uveitis had a delayed start until modern anti-inflamma-
tory therapies and strict perioperative control of uveitis became available, it is likely
that a significant cohort of uveitis patients presenting with IOL dislocation is on the
horizon.

Early Versus Late Dislocation

There is a bimodal distribution of IOL dislocation following cataract surgery [1].
Early dislocation is defined as occurring within 3 months of surgery and often mani-
fests as a result of inadequate fixation within the capsular bag. The majority of such
dislocations are the result of surgical complications resulting in damage to the cap-
sular bag or zonules, or from failure of both haptics to remain within the capsular
bag—a significant problem associated with can-opener type capsulorrhexis [1-3].
The rate of early IOL dislocation has decreased since the advent of the continuous
curvilinear capsulorrhexis because the optic is supported by 360° of capsular
overlap [1, 3].

Late dislocation is defined as occurring 3 or more months after uncomplicated
surgery, with a mean interval of 6.9 to 8.5 years, and some cases presenting a decade
or more following surgery [1]. The majority of late dislocation cases involve the
entire [OL-bag complex as a unit and are thus described as ‘in-the-bag’ disloca-
tions. The etiology of late IOL dislocation may be multifactorial, with potential
contributions from preoperative risk factors for zonulopathy or capsule contraction
syndrome, as well as surgical stress on zonules and postoperative trauma [4].

In up to 90% of reviewed cases of late IOL dislocation, there is an identified
underlying diagnosis [1, 4]. Diseases associated with zonular insufficiency are
major contributors, including pseudoexfoliation [1, 3—11], which accounts for more
than 50% of cases, as well as uveitis [5, 7-9, 12, 13, 18-20], high axial myopia [8,
13, 14], retinitis pigmentosa [3, 8, 13, 15], and connective tissue disorders [4] such
as Marfan’s syndrome, homocystinuria, hyperlysinemia, Ehler-Danlos syndrome,
scleroderma, and Weill-Marchesani syndrome. Trauma is also a significant cause of
late dislocation [1, 3, 5, 7, 9, 16], including eye rubbing from atopic dermatitis [17],
surgical trauma from pars plana vitrectomy [3, 9, 13], and possible association with
YAG laser capsulotomy [11].



6 The Repair of Dislocated Intraocular Lenses and the Placement of Secondary... 63

A developing issue in cataract surgery is the observation that an increasing num-
ber of patients are presenting with late-onset IOL dislocation [1, 4, 6]. This has led
to suggestions that we are witnessing an emerging epidemic [4, 18-20]. The title of
a recent editorial from the Journal of Cataract and Refractive Surgery, “In-the-bag
intraocular lens dislocation: A ticking time bomb”, illustrates the potential severity
of this developing problem [21]. It is unclear whether the observed increase in late
IOL dislocations is the merely the result of the increase in volume of cataract sur-
gery performed over the past several decades [6, 22], or if the incidence of late
dislocation is truly rising.

There are several lines of evidence supporting the argument that the incidence of
late dislocation is indeed rising. Epidemiological evidence includes a population-
based study from South-Eastern Norway (a region encompassing 56% of the
national population) where cataract surgery data from all patients in the region was
available for analysis [11]. The investigators found that the frequency of late in-the-
bag dislocation increased in a statistically-significant fashion over the course of the
6-year study period, with four times as many dislocations presenting in the last year
of the study as compared to the first. Convincing anecdotal evidence comes from
surveys of ophthalmologists, which reveal a rise in the incidence of late dislocation
[4,23]. Additional evidence comes from pathologic analysis. Of the explanted IOLs
submitted to the Intermountain Ocular Research Center for pathologic investiga-
tion, the number and proportion of in-the-bag late dislocations has risen dramati-
cally and the majority of these submissions have evident zonular insufficiency [9].

An estimate of the dislocation rate for the general population is provided from a
retrospective analysis of 14,471 cataract surgeries performed over a 29-year period
(1980-2009) (n = 14,771) in a well-defined population of Olmsted County,
Minnesota, U.S.A [6]. The cumulative risk of late IOL dislocation was 0.1% at
5 years, 0.1% at 10 years, 0.2% at 15 years, 0.7% at 20 years, and 1.7% at 25 years
following cataract surgery [6]. The strengths of this study derive from the large,
stable, and well-defined population of Olmsted County. Virtually all medical data
from this population of 124,277 individuals has been captured in a linked medical
record system that has been validated across multiple studies. Although the preva-
lence of pseudoexfoliation in Minnesota is unknown, it likely considerably lower
than that of a high-prevalence pseudoexfoliation population such as Sweden [6].
Thus, this study provides baseline dislocation rates against which data from high-
risk populations (such as pseudoexfoliation and uveitis) can be compared. In this
Olmsted County population at relatively low-risk for IOL dislocation, the incidence
of dislocation was found to be stable over time. This latter finding underscores the
point that the reported rising incidence of late in-the-bag dislocations comes from
high-risk populations [9, 11].

An estimate of the dislocation risk for a high-prevalence pseudoexfoliation popula-
tion was determined in a prospective investigation of 810 cataract surgery patients
from a defined-population in Northern Sweden where 40% of patients undergoing
cataract surgery have pseudoexfoliation [22]. The study revealed a 10-year cumulative
risk for in-the-bag dislocation of 1%—ten times higher than the 10-year timepoint for
the general population estimate from the Olmsted County study, above [6].
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Capsular Fibrosis and the Anterior Capsular
Contraction Syndrome

Following most routine phacoemulsification cases, there is a limited amount of cap-
sular fibrosis that causes the capsular bag to constrict around the IOL [24, 25]. This
is manifest by the observation that in the presence of a continuous curvilinear cap-
sulorrhexis, the diameter of the capsulorhexis opening normally decreases a small
amount following surgery. Capsular fibrosis accounts for the fact that, with the pas-
sage of time, capsular bags are often more difficult to reopen for IOL exchange
procedures.

Once capsular fibrosis is sufficiently established—generally 90 days after pri-
mary phacoemulsification—subsequent capsular procedures can be performed
without significant concern for propagation of radial capsular tears that could result
in dislocation of the IOL from the capsular bag. Examples include YAG laser cap-
sulotomy and suture-repair of dislocated in-the-bag IOLs, in which needles and
suture can be passed through sufficiently-fibrosed capsular bags and around haptics
or capsular tension rings in order to secure IOL-bag complexes to the sclera.

While a small amount of capsular fibrosis is normal, exuberant anterior capsular
fibrosis can be a pathologic condition associated with capsular phimosis. Such
excessive fibrosis is known as the anterior capsular contraction syndrome [26]. The
pathogenesis of anterior capsule contraction syndrome condition is poorly under-
stood. The onset is fairly rapid following cataract surgery, occurring within several
weeks to months following the procedure. A possible explanation is that breakdown
of the blood-aqueous barrier releases inflammatory cytokines, resulting in monocyte
and T-cell activation, and promoting fibrous metaplasia and proliferation of residual
lens epithelial cells leading to purse-string contracture of the capsular bag [4].

Capsule contraction syndrome appears to be a pathologic byproduct of the con-
tinuous curvilinear capsulorrhexis. It is interesting to note that late in-the-bag IOL
dislocation was unreported prior to the introduction of the continuous curvilinear
capsulorhexis in 1983 [4, 27, 28]. A small capsulorhexis opening may exacerbate
the sphincter effect [1, 4, 24, 29].

Anterior capsular contraction syndrome is associated with several conditions,
including pseudoexfoliation syndrome [26, 30], undifferentiated uveitis [26, 31],
pars planitis [26], Behcet’s syndrome [32], retinitis pigmentosa [15, 33], diabetes
mellitus [34, 35], and myotonic dystrophy [36]. In the setting of intact zonules,
capsule contraction syndrome may not result in IOL displacement or dislocation.
However, in conditions associated with concurrent zonulopathy, capsule contraction
syndrome can lead to traction-induced zonular dehiscence and IOL dislocation [4,
6, 9, 26]. Thus, there is essentially a two-hit hypothesis, where zonulopathy and
capsule contraction syndrome act in concert to lead to IOL dislocation. Both pseu-
doexfoliation and uveitis can give rise to zonulopathy and capsule contraction syn-
drome, and as will be demonstrated, both may have comparable rates of IOL
dislocation.
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Progression from Partial to Total Dislocation

It is the general consensus among investigators that without surgical intervention,
all partially dislocated in-the-bag IOLs will eventually completely dislocate into the
posterior segment [10, 11]. For this reason, surgical intervention is generally recom-
mended at the first sign of inferior IOL dislocation [10, 11].

With early detection of dislocation, less invasive surgical procedures can be per-
formed, often by suture-fixating the existing IOL-bag complex to the sclera via an
anterior segment approach [11]. Delaying surgery may require pars plana vitrec-
tomy and IOL retrieval from the posterior segment combined with more complex
techniques to suture the existing IOL-bag complex to the sclera, or require IOL
exchange [11].

In a large series of pseudoexfoliation patients in South-Eastern Norway with
dislocated in-the-bag IOLs that were managed with early intervention where pos-
sible (n = 81), the majority of the dislocated IOLs were managed via an anterior
segment approach (91.3%), either by IOL repositioning in the majority of cases
(67.6%) or by IOL exchange surgery (32.4%) [11]. Anterior segment repositioning
surgery consisted of scleral fixation performed by passing prolene suture through
fibrosed capsular bags and around the haptics via an ab externo approach (discussed
later in this chapter). Of eyes that underwent IOL dislocation repair via an anterior
segment approach, vitreous loss occurred in 10% of eyes that underwent IOL repo-
sitioning surgery versus 78.3% of eyes that underwent IOL exchange (two eyes
from the IOL exchange group developed retinal detachment). Seven eyes (8.6%) in
the cohort required a pars plana vitrectomy approach because of total dislocation of
the IOL-capsular bag complex into the posterior segment. The investigator’s pre-
ferred surgical technique for total dislocation was to elevate the IOL-bag complex
via pars plana vitrectomy and then perform scleral fixation rather than IOL exchange.
The authors concluded that surgical repair should be performed within one month
of diagnosis of IOL partial dislocation in order to avoid complete dislocation into
the vitreous cavity, and that scleral suturing of the existing IOL-bag complex rather
than IOL exchange results in fewer complications.

The first signs of zonular instability following cataract surgery may be displace-
ment of the IOL, which is predominantly in an inferior direction and manifests with
a gap between the pupillary margin and the superior edge of the optic [10, 37], or
with pseudophakodonesis, which can be categorized as mild, moderate, or severe
[22]. Utilizing Scheimpflug images (Pentacam), Pstern et al. have provided quanti-
tative evidence for progressive downward shift of IOLs over time in patients with
pseudoexfoliation and dislocation, thus emphasizing the need for timely intervention
[37]. An advantage of Scheimpflug imaging for the detection of dislocation is its
utility in the face of poor pupillary dilation where the optic edge may not be visible
[37], as often occurs in pseudoexfoliation and uveitis.

Lorente et al. have suggested a 4-grade dislocation classification scheme for
which they recommend surgical intervention at grade 2 and above [10]. Grade 1



66 J. A. Goldsmith et al.

consists of pseudophakodonesis. In Grade 2 dislocation, the IOL-bag complex dis-
locates inferiorly, with the superior edge of IOL located above the visual axis. There
is a slight decrease in visual acuity. In Grade 3 dislocation, the superior edge of IOL
is below the visual axis, with resultant severe decrease in visual acuity. In Grade 4
dislocation, all of the zonules are broken and the IOL is dislocated into vitreous
cavity with severe decrease in visual acuity.

Several authors have reported that IOL dislocation in one eye is associated with
an increased risk for dislocation in the opposite eye, and thus advocate for increased
monitoring of the fellow eye [1, 3, 11]. @stern et al. reported that 9.1% of pseudo-
exfoliation patients with late IOL dislocation in one eye developed dislocation in the
fellow eye, with a 4-month gap between surgeries [11]. Jacobsson et al. reported an
18% rate of bilateral dislocation in a high-prevalence pseudoexfoliation population
in Sweden [8].

Uveitis and Late Dislocation

Uveitis patients may have an underlying predisposition to zonular weakness and
dehiscence [12, 38]. The major site of inflammation in intermediate uveitis is the in
the vitreous; however, intermediate uveitis was first described as “chronic cyclitis”
by Fuchs in 1908 [39]. Indeed inflammation frequently involves the peripheral reti-
nal vasculature and may extend to the pars plicata and ciliary body, resulting in
disinsertion of zonules [38, 40]. As previously mentioned, a dysfunctional blood-
aqueous barrier, along with activation and migration of inflammatory cells, is a
hallmark of intraocular inflammation that may stimulate epithelial cell proliferation
and may underlie the etiology of the anterior capsule contraction syndrome in uve-
itis [40]. A dysfunctional blood-aqueous barrier has been proposed to underlie late
IOL dislocation in retinitis pigmentosa [15]. Additional support for the hypothesis
that uveitis can induce zonulopathy comes from case reports of spontaneous dislo-
cation of crystalline lenses in uveitis patients [41, 42].

A retrospective review of all uveitis patients that underwent cataract surgery at a
referral uveitis clinic in Chennai, Tamil Nadu, India over a 18 year period (n = 581)
revealed 11 eyes with late IOL dislocation (1.89%) [38]. The mean time from sur-
gery to dislocation was 11.24 years. All 11 eyes with dislocation had chronic inter-
mediate uveitis. One patient in the series developed bilateral dislocation. This rate
of dislocation is considerably higher than that of the general population data reported
from Olmstead County (discussed above) where the cumulative risk for dislocation
was 0.2% at 15 years and 0.7% at 20 years (the years spanning the 18-year study
period in the Tamil Nadu study). Of course, such a comparison is not statistically
valid for a variety of reasons, including that the Tamil Nadu data is not from a
defined population and thus subject to inclusion bias, and because potential differ-
ences in surgical technique between studies may influence the rate of dislocation.

At the Manchester Uveitis Clinic in the United Kingdom, a retrospective review
of 1056 uveitis patients that underwent uncomplicated cataract surgery over a
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13-year period revealed that six patients (0.57%) developed late in-the-bag IOL
dislocation [12]. All of the dislocated IOLs in this study had clinically evident ante-
rior capsular fibrosis, suggesting that anterior capsular contraction syndrome may
underlie IOL dislocation in uveitis in this population. The mean time from surgery
to dislocation was 10.3 years (range 5—13 years). Although the prevalence of dislo-
cation in the setting of uveitis in the Manchester study (0.57% over 13 years) is not
as high as that reported from Chennai (1.89% over 18 years), this rate is almost
three times higher than the general population data from Olmsted County, where the
cumulative risk for dislocation was 0.1% at 10 years and 0.2% at 15 years (the years
spanning the 13-year study period in the Manchester study).

Although the available data for IOL dislocation in uveitis is limited, it appears
that the rate of dislocation is higher than the general population and is perhaps be
comparable to that of a high-prevalence pseudoexfoliation population. Moreover, it
is possible that uveitis shares with pseudoexfoliation a propensity towards develop-
ing zonulopathy and capsule contraction syndrome, which appear to act in concert
to give rise to late IOL dislocation.

Avoidance of Late IOL Dislocation

There are many techniques and interventions that can be made to avoid late IOL
dislocation. It is of obvious importance that one should perform high-quality sur-
gery, with particular attention to minimizing intraoperative stress on zonules.
However, postoperative inflammation may sabotage even the most elegantly per-
formed surgery. If, as suggested, inflammation is a risk factor for the development
of capsule contraction syndrome and zonulopathy, then it is imperative that inflam-
mation be strictly controlled, both in the perioperative period and over the long term
in chronic uveitis patients.

There are a number of surgical interventions that can be made to reduce the risk
of late dislocation. First, the risk of developing the capsule contraction syndrome
may be decreased by avoiding the creation of small-diameter capsulorrhexi [24,
29]. If a capsulorhexis is too small, its size can be easily enlarged at the end of
surgery [23]. With single-piece acrylic IOLs placed within the bag and with visco-
elastic filling the anterior chamber, a small capsular nick is made at the capsu-
lorhexis margin with a cystatome or microscissors. Capsulorhexis forceps are then
used to create a larger rhexis using the optic as a sizing guide to achieve approxi-
mately 1 mm of capsular overlap. If a three-piece IOL is to be used, then the cap-
sulorhexis should be enlarged prior to IOL insertion using Vasavada’s spatula
technique [43], as the tension from the haptics expanding the bag could otherwise
induce a radial tear.

During surgical cases, great care should be taken to minimize intraoperative
zonular stress. Various techniques can be utilized. With relatively soft lenses such as
those found in younger uveitis patients, the lenses can be prolapsed into the anterior
chamber during hydrodissection. With denser lenses in the setting of zonular insuf-
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ficiency, the use of multiple hydrodissection waves can facilitate nuclear rotation
with minimal zonular stress, and nuclear chopping techniques can also reduce zonu-
lar tension [44].

The choice of IOL type and material used during primary cataract surgery may
impact the risk for late dislocation. Silicone IOLs, and in particular plate-haptic sili-
cone IOLs, are known to induced capsular fibrosis and increase the risk for capsule
contraction [1, 31, 45, 46]. Moreover, silicone lenses are not good choices for
patients that may require subsequent complex pars plana vitrectomy due to adverse
interaction with silicone oil and intravitreal gases, both of which may result in
reduced lens transparency. Stiff polymethyl methacrylate (PMMA) IOLs, particu-
larly of the one-piece variety, may counteract the contractile force that capsular
contraction places on zonules. However, because of the fact that PMMA optics are
non-foldable and thus require larger corneal incisions, their use has fallen out of
favor. Of the more popular foldable options, three-piece IOLs with acrylic optics
and relatively stiff PMMA haptics may resist capsule contraction more than one-
piece acrylic IOLs [4, 23, 45]. Although hydrophilic acrylic IOLs have the advan-
tage of better uveal biocompatibility in comparison to hydrophobic acrylic IOLs,
this difference has not proven to be clinically significant. More important is capsular
biocompatibility, for which hydrophobic acrylic IOLs hold an established advan-
tage [46]. Hydrophobic acrylic is stiffer than hydrophilic acrylic, and thus is better
able to withstand capsular bag contraction [47]. A comparison of two common and
similar hydrophobic acrylic single-piece IOLs, the AcrySof SNO6OWF (Alcon
Laboratories, Inc., Fort Worth, TX, USA) and the Tecnis ZCB0O (Abbott Medical
Optics Inc., Santa Ana, CA, USA) found a significant reduction in the incidence of
anterior capsule contraction syndrome in favor of the ZCB0O IOL [48]. This was
attributed to stiffer haptic design in the ZCBO0O that better resisted contractile forces.

Meticulous cortical cleanup and removal of lens epithelial cells from the poste-
rior aspect of the anterior capsule via capsule polishing techniques has been demon-
strated to reduce the extent of the anterior capsule contraction syndrome and
increase the stability of the IOL with respect to tilt, decentration, and postoperative
refraction [4, 49, 50].

There is some controversy as to whether capsular tension rings (CTRs) can
reduce the incidence of late dislocation. In theory, the use of capsular tension rings
may counteract the contractile forces generated by capsule contraction, and thus
reduce the stress placed on zonules. In practice, however, capsule contraction syn-
drome [51-53] and late dislocation [54, 55] have been reported in association with
the use of capsular tension rings, thus leading some to conclude that capsular ten-
sion rings do not prevent late dislocation [10]. Despite these concerns, in cases of
limited zonulolysis, standard capsular tension rings have been demonstrated to
provide support [56]. However, in the presence of significant intraoperative zonular
instability, scleral-sutured (eyelet modified) capsular tension rings or capsular ten-
sion segments should be considered [57]. Placement of standard capsular tension
rings in these precarious cases may be inappropriate [54].

An alternative to the use of modified capsular tension rings in the face of zonu-
lar instability is to place a three-piece IOL in the sulcus and posteriorly capture the
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optic through the capsulorhexis opening. Advantages of sulcus-placement com-
bined with posterior optic capture include, (a) anchoring the IOL to the sulcus
rather than the bag, thus significantly reducing the risk for late dislocation, (b)
prevention of lateral movement of the IOL within the sulcus, (c) centering the
optic within the visual axis, and (d) displacing the optic a bit more posteriorly into
the capsular bag and thus reducing the risk for the anterior edge of the optic chaff-
ing the posterior iris. Some advocate the prophylactic use of sulcus-placed three
piece IOLs combined with posterior optic capture in all eyes at risk for capsule
contraction syndrome, regardless of whether or not intraoperative zonular instabil-
ity is manifest [1].

Postoperatively, if capsule contraction syndrome is beginning to develop, early
intervention can be made using the Nd:YAG laser to create multiple radial [25] or
circular [58] relaxing incisions in the anterior capsule. In a randomized, prospective
trial, superiority of the circular approach has been reported [58]. Alternatively, the
femtosecond laser can be utilized to create precise circular openings and relieve
contractile tension in cases of capsular phimosis [59]. As discussed further below, if
the IOL is displaced as the result of capsule contraction syndrome, then the patient
can be brought to the operating room where the fibrotic material is removed by peel-
ing it out of the bag, and in this manner the bag can be completely reconstituted [60,
61]. In addition to managing anterior capsule contraction, the argument can be made
that posterior capsule opacification also places contraction-induced stress on zon-
ules, particularly in pseudoexfoliation, and that early YAG laser capsulotomy may
be indicated [1].

Complications of Intraocular Lens Malposition

The complications associated with IOL malposition generally fall into one of three
categories: Degraded optical performance, incitement of the uveitis-glaucoma-
hyphema syndrome, or in the case of anterior chamber IOLs, corneal decompensa-
tion. IOL decentration and tilt introduce optical aberrations that often decrease the
quality of vision. Holladay has demonstrated that greater than 15° of tilt introduces
higher-order aberrations that cannot be corrected with spectacles [62]. Modern IOL
design incorporates wavefront-corrected IOLs with negative asphericity in order to
improve optical performance by lowering spherical and higher order aberrations
[63]. However, a variety of optical models predict that the optical performance of
negatively aspheric IOLs is significantly degraded as a result of IOL decentration or
tilt, and that older spherical designs perform better under such circumstances [64,
65]. Thus, spherical IOLs should be considered when IOL displacement is
anticipated [63, 65].

IOL decentration and tilt are potential issues with IOL refixation surgery and
secondary IOL placement. With respect to sulcus-fixated IOLs, the ASCRS Cataract
Clinical Committee states [65], “it appears inadvisable to implant a wavefront-
corrected negatively aspheric IOL if centration within 0.5-0.8 mm cannot be
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achieved. Based on limited data, it appears that up to one-third to one half of sulcus-
fixated IOLs may exceed this level”.

Properly-sized and correctly-placed anterior chamber IOLs and sulcus-placed,
three-piece IOLs can remain well-centered without tilt or movement and are often
well-tolerated. On the other hand, undersized anterior chamber and sulcus IOLs are
subject to decentration, tilt, and movement, which can lead to the uveitis-glaucoma-
hyphema (UGH) syndrome and—in the case of anterior chamber IOLs—progres-
sive endothelial cell loss due to IOL contact with the cornea. Oversized anterior
chamber IOLs may result in iris tuck, pupil ovalization, angle erosion, and pain, and
also induce the UGH syndrome.

Surgical Management of Aphakia and Intraocular Lens
Complications in Uveitic Eyes

Traditionally, the term “secondary IOL” refers to the clinical scenario where patients
are left aphakic at the time of primary surgery and an IOL is placed during a second-
ary procedure. Now that surgical aphakia is less common, a more contemporary use
of the term may also refer to an IOL exchange procedure. Nevertheless, although
surgical aphakia is less common in the modern era, there are times where it is appro-
priate, including some cases of chronic uveitis in which inflammation is difficult to
control and where there is concern that primary IOL placement may exacerbate
inflammation, in fellow eyes of uveitis patients in which IOLs have been poorly
tolerated, following IOL explantation for endophthalmitis, or following complicated
cataract surgery where capsular support is unavailable. As discussed further below,
primary placement of anterior chamber IOLs is relatively contraindicated for many
subtypes of uveitis. Moreover, proper sizing of anterior chamber IOLs in relation to
the diameter of the anterior chamber is crucial in order to avoid complications; this
necessity often dictates delaying primary placement of an anterior chamber IOL.

The array of surgical IOL challenges that face the cataract surgeon in uveitic
eyes can be placed into three broad categories: (1) repair or exchange of dislo-
cated IOLs (either in-the-bag with poor zonular support or out-of the bag sec-
ondary to bag damage), (2) IOL exchange of damaged or poorly-tolerated IOLs
(e.g., due to incitement of uveitis or the uveitis-glaucoma-hyphema syndrome,
wrong IOL power, dysphotopsias, etc.), and (3) placement of secondary IOLs in
aphakic eyes.

Management options include a large variety of techniques and IOL categories.
Given the vast number of surgical options in the published literature, not all can
possibly be covered here. An additional caveat is that very little has been published
on the use of secondary IOLs in uveitis. The few publications that are available are
generally retrospective in nature and are thus subject to systemic biases related to
patient selection and long-term follow-up. Given the paucity of publications on the
topic, conclusions are often inferred from other lines of investigation, including the
incitement of inflammation in non-uveitic patients.
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The ideal location for IOL placement in uveitic eyes is within the capsular bag,
as this eliminates IOL interaction with highly reactive uveal tissue [66]. In practice,
however—when placement of the IOL within the capsular bag is not an option—the
remaining choices for IOL placement generally result in some IOL or suture inter-
action with the uvea, with varying degree and propensity to incite inflammation.

Secondary IOL techniques can be divided into five categories: (1) anterior cham-
ber IOLs, (2) sulcus-placed IOLs, (3) optic capture, (4) iris-fixated IOLs (both iris-
claw and iris-sutured IOLs), and (5) scleral fixation. Of these, iris-fixated IOLs will
not be reviewed here due to the fact that this approach remains contraindicated in
uveitis due to risk of inducing iritis. Suffice it to say that iris-fixation is gaining
favor in non-uveitis cases, particularly via the retropupillary approach using the
Ophtec Artisan Aphakia iris clip IOL [10, 67].

Perioperative Management Considerations in Uveitis

The remainder of this chapter addresses the repair of dislocated IOLs and the place-
ment of secondary IOLs in eyes with uveitis. Other chapters in this book address
the medical management and surgical challenges associated with primary cataract
surgery in uveitis patients. Suffice to say, many of the same management principles
apply to uveitis patients undergoing dislocated IOL repair and secondary IOL
placement including, (a) that patients be adequately evaluated and managed from
an inflammatory and infectious disease standpoint prior to surgery, (b) that eyes be
without signs of active uveitis for at least three months prior to surgery on a stable
anti-inflammatory regimen if necessary, (c) that that patients undergo appropriate
perioperative anti-inflammatory medical treatment in an effort to reduce the risk of
potential structural complications, such as CME, during this period [68], and (d)
that significant postoperative inflammation, when present, be addressed early and
aggressively. The need for a definitive uveitis diagnosis, even if idiopathic, and a
tailored approach to intraocular inflammation underscores the importance involv-
ing experienced uveitis practitioners in the perioperative management of these
patients.

Surgical management considerations include the fact that surgical risks may be
considerably higher in uveitis patients, including the possibility of inducing cystoid
macular edema, intractable uveitis, and even phthisis—particularly in eyes with
poorly controlled or active inflammation or that have undergone multiple prior
surgeries. The fact that inflammatory control is central to surgical success cannot be
overstated.

Before performing secondary IOL surgery, consideration should be given as to
whether non-surgical refractive options may suffice, even if the refractive state is
not ideal. If the patient can tolerate contact lenses or aphakic glasses, then surgery
can be avoided. If the plan is to proceed with surgery, then visual potential should
be ascertained from subjective refraction, and all potential preoperative structural
damage, especially diseases of the macula or optic nerve, must be thoroughly docu-
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mented and treated, with explanation provided to the patient regarding postopera-
tive visual potential and expectations.

The least invasive surgical options should be considered first in uveitic eyes. For
example, it is generally more efficient and less invasive to repair partially and com-
pletely dislocated IOLs with refixation approaches that utilize small incisions rather
than to perform IOL exchange procedures. IOL exchange is associated with a higher
rate of vitreous loss and retinal detachment [11], and, depending upon surgical tech-
nique and IOL type, may require a larger wounds, which reduce endothelial cell
count, produce greater postoperative astigmatism, and require longer healing and
visual recovery time.

Given the inherent refractive uncertainty following placement of secondary
IOLs—in particular scleral-fixated IOLs—patients should be counseled that they
will likely need glasses following surgery. The greater uncertainty in final refraction
is due to variance in effective lens position, the potential to introduce astigmatism
from suture-closure of large corneal wounds, as well as the potential for IOL tilt
with scleral fixation. If the plan is for a scleral-fixated IOL, then a target postopera-
tive refraction of approximately —1.00 to —1.50 diopters should be considered in
order to avoid hyperopia.

Reopening and Repositioning 10Ls Within the Capsular Bag

Fibrosis of the capsular bag may lead to IOL decentration or tilt within the bag, or
even partial or full expulsion of IOLs out of the bag. Utilizing careful dissection
with viscoelastic and blunt spatulated instruments, fibrosed bags can often be com-
pletely reopened, allowing for IOL repositioning, IOL exchange, or secondary IOL
placement in aphakic eyes [69]. Reyntjens et al. demonstrated that surgical removal
of aring of fibrotic tissue from phimotic bags allows for reconstitution of a normally
round capsulorhexis, and that capsular bags can return to normal dimensions [61].
As noted previously, the femtosecond laser can be utilized to create precise circular
openings and relieve contractile tension in cases of capsular phimosis [59].

When the bag and zonules are intact, reopening and resurrecting the fibrosed
capsular bag should be considered in uveitic eyes, because virtually all other
approaches to IOL fixation and secondary IOL placement involve uveal contact
with the IOL or suture material.

In the clinical setting of pseudophakic visual disturbance, is imperative to rule-
out the possibility that IOL decentration or tilt is the culprit before proceeding with
YAG laser capsulotomy because an open posterior capsule may complicate lens
repositioning [69].

If the IOL has prolapsed out of the capsular bag, then consideration should be
given to reopening the capsular bag and repositioning the IOL, followed by rotating
the IOL to find the best haptic support and then suturing all corneal wounds, as fluid
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egress is a major culprit for IOL prolapse. Pupillary constriction with Miochol can
also help retain the IOL within the capsular bag prior to suturing wounds.

Optic Capture

Optic capture is relatively easy and quick to perform, largely avoids many of the
potential complications associated with other IOL fixation techniques [70], and mini-
mizes IOL contact with uveal tissue. Optic capture can be used for repositioning out-
of-the-bag dislocations, IOL exchange, placement of secondary IOLs, and management
of capsular complications during primary cataract surgery. The requirements for optic
capture are intact zonular support and a round opening in either the anterior or poste-
rior capsule that is smaller than the optic. In secondary procedures, if the capsulorhexis
opening is fibrotic and too small (perhaps from phimosis), then it can be enlarged
either with a vitrector or micro-scissors. Virtually any single piece or three-piece IOL
can be used for optic capture as long as it is not of a plate-haptic design [71].

The term ‘optic capture’” implies that the optic and haptics are placed on opposite
sides of the capsular opening. Posterior optic capture is most commonly used when
a three-piece IOL is placed in the sulcus and the optic is gently positioned through
the capsulorhexis opening by pushing on the edge of the optic located 90° from a
haptic and then pushing on the opposite side of the optic. Another application of
posterior optic capture utilizes the posterior capsule. If an appropriately-sized open-
ing is made in the posterior capsule, the haptics can either be placed in the sulcus or
in the bag, and the optic then is delivered posteriorly through the posterior capsu-
lorhexis. A third approach is anterior (or reverse) optic capture, where the optic is
oriented anterior to the haptics. The most common approach is to place the IOL in
the bag (even if the posterior capsule is torn) and then lift the optic through the
anterior capsulorhexis opening. A dispersive viscoelastic is used when the posterior
capsule is open in order to compartmentalize vitreous.

Almost any combination of optic and haptic positioning can be used: The optic
or haptics can be placed anterior to the anterior capsule, posterior to the posterior
capsule, or between the anterior and posterior capsule [71]. The only exception is
that the haptics of single-piece acrylic, square-edged IOLs should never be placed
in the sulcus utilizing a posterior optic capture configuration due to the risk of com-
plications that include pigment dispersion, hemorrhage, and cystoid macular edema
[65]. However, the optic of single-piece acrylic IOLs can be safely placed in the
sulcus while the haptics remain posterior to the anterior capsule through the use of
anterior optic capture [72] as described above. Anterior optic capture has been
reported to be successful in pediatric patients with chronic uveitis [73]. Note that
anterior optic capture allows for placement of single-piece acrylic toric or multifo-
cal IOLs in the setting of an open posterior capsule (although multifocal IOLs are
strictly contraindicated in uveitis).
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Sulcus-Placement of Intraocular Lenses

In a case series published in 1999, Holland reported that ciliary sulcus fixation of
rigid single-piece and three-piece polymethylmethacrylate IOLs during primary
cataract surgery in patients with uveitis is relatively safe, with no evidence for
increased postoperative inflammation or intraocular pressure, and a reduced risk for
posterior synechiae formation [74]. The report was retrospective and an in-the-bag
IOL control group was absent. To our knowledge, there are no published studies on
the use of modern three-piece acrylic IOLs for sulcus placement in uveitic eyes.
Furthermore, at the time of this writing, there are no FDA-approved IOLs for sulcus
implantation, and thus the use of sulcus-placed IOLs is off-label in the United
States.

Approximately one-third to one-half of sulcus-fixated IOLs without optic cap-
ture experience enough tilt and decentration to generate significant adverse spheri-
cal and other higher order aberrations. As previously mentioned, if IOL centration
within 0.5 to 0.8 mm cannot be achieved, then consideration should be given for the
use of spherical IOLs [65], which have less induced optical aberrations with decen-
tration. Silicone IOLs should be avoided if vitreous loss is encountered and retinal
detachment is possible, or if future vitrectomy is anticipated due to uveitis, because
of the risk for decreased IOL clarity as a result of interaction with silicone oil or
expansile gas.

In 2009, the American Society of Cataract and Refractive Surgery (ASCRS)
Cataract Clinical Committee published a Special Report warning against sulcus-
placement of single-piece acrylic IOLs [65]. This report also made recommenda-
tions for backup IOL implantation following posterior capsular rupture, including
the recommendation that sulcus-placed, three-piece IOLs should not make contact
with the posterior iris, and that three-piece IOLs should be sized correctly such that
the haptics make contact with the ciliary sulcus tissue in order to provide secure
fixation and avoid lateral IOL movement within the sulcus space. Without secure
fixation, the optic may become decentered, tilt, or move within the sulcus space,
potentially inducing uveitis, bleeding, and pigment dispersion [65].

The ASCRS recommendation is to combine sulcus-placement of three-piece
IOLs along with posterior optic capture, as the latter procedure stabilizes the IOL,
obviates the need for the haptics to make contact with the ciliary sulcus, centers the
optic within the visual axis, places a capsular barrier between the anterior optic edge
and the posterior iris surface (thus avoiding posterior synechiae formation, which is
a significant complication in uveitis), and moves the optic more posteriorly—as
reflected by the fact that the IOL power does not have to be adjusted from that for
in-the-bag placement [75].

If optic capture is not possible, then the ASCRS recommendation is to use three-
piece IOLs that are large enough for the haptics to touch the apex of the ciliary
sulcus and thus prevent lateral subluxation, tilt, or movement [65]. Unfortunately,
there is no way to directly measure or indirectly estimate the sulcus diameter [65].
Complicating the problem further is the fact that the sulcus diameter varies in dif-
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ferent meridians [65]. Without optic capture, the recommendation is to use the lon-
gest available three-piece IOL (ideally 13.5 mm or longer, and definitely no shorter
than 13.0 mm) with a minimum 6.0 mm optic, thin-looped haptics that angulate
posteriorly, and rounded anterior IOL edges [65].

A potential downside of posterior optic capture in uveitis patients is increased
risk of posterior synechiae formation between the iris and the capsulorhexis edge.
Topical mydriatic agents as well as topical/systemic anti-inflammatory treatments
may help avoid this complication. In the setting of uveitis, some advocate for cap-
sulorrhexi that are larger than the optic in order to avoid posterior synechiae forma-
tion with the capsule. Optic capture, however, requires capsulorrhexi that are smaller
than the optic. A solution to this dilemma may be to first create a relatively small
capsulorhexis. If surgery is uncomplicated and an IOL is successfully placed within
the capsular bag, then the capsulorhexis can be enlarged as previously described. If
the capsulorhexis is enlarged such that there is no optic overlap, then wounds should
be sutured in order to minimize fluid egress and thus minimize the possibility that
the optic will prolapse out of the capsular bag.

A remaining question regarding sulcus placement of three-piece IOLs in uveitis
is whether haptic contact with the uveal tissue of the ciliary sulcus will induce
inflammation. In a study of inflammation induced by sulcus-placed, three-piece
IOLs, 22 non-uveitis patients with sulcus-placed IOLs were examined by ultra-
sound biomicroscopy (UBM) and laser flare meter [76]. Fellow eyes with in-the-
bag IOL placement served as controls. UBM demonstrated that of the 22 eyes with
sulcus-placed IOLs, 19 had well-placed haptics in the sulcus and all 19 of these eyes
had optic-iris touch. In the three remaining eyes, the haptics were malpositioned,
with one haptic against the ciliary body while the other was in the ciliary sulcus. In
2 of these latter eyes, there was no optic-iris touch, and in the third eye, only mini-
mal optic-iris touch. Control eyes with in-the-bag IOL placement had no optic-iris
touch. Mean anterior chamber flare was significantly higher in eyes with optic-iris
touch (p < 0.05). This finding is intriguing because it suggests that although optic-
iris touch incites inflammation, haptic-sulcus contact may not. If true, then perhaps
inflammation could be avoided if sulcus-supported IOLs are designed with increased
posterior vault such that optic-iris touch is eliminated.

Even in situations where sulcus-placed, three-piece IOLs are properly-sized and
stable, pupillary constriction and dilatation may result in friction between the optic
and iris, with resultant uveal irritation and inflammation. This is particularly true for
optics that have a square-edge design. Atropine-induced mydriasis may alleviate the
rubbing in such cases and assist in establishing a diagnosis. If the uveitis resolves,
then pupillary constriction and dilatation may be the culprit. If the patient can toler-
ate long-term dilation, then this approach may provide a solution. Otherwise, an
IOL repositioning or exchange may be necessary.

IOL power is reduced in most eyes undergoing sulcus implantation, with the
exception of long eyes that require low power IOLs. There are two approaches to
IOL power adjustment for sulcus fixation. Hill provides a table at his website based
on theoretic calculation of IOL power adjustment [77]. Alternatively, the axial
length can be considered along with the calculated IOL power, which may modify
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results slightly, particularly in short eyes [78]. As mentioned, Millar recommends
no power adjustment with optic capture [75].

Anterior Chamber Intraocular Lenses

The use of anterior chamber IOLs in uveitis patients is controversial. To our knowl-
edge, there are only three published reports on the topic [66, 79, 80], which are
discussed in greater detail, below. Suffice it to say at the outset that although these
studies conclude that the use of anterior chamber IOLs in uveitis is relatively safe,
they can be criticized for being retrospective in design, of small size, and with short
follow-up duration.

It is our belief that the safe use of anterior chamber IOLs in uveitis patients
remains unproven and is thus relatively contraindicated out of concern for inciting
uveitis, particularly persistent low-grade inflammation that may require lens explan-
tation. Alternative IOL fixation techniques are likely to induce less chronic inflam-
mation and should be considered first. That said, some types of uveitis—for
example, birdshot retinochoroidopathy and Fuchs heterochromic iridocyclitis—
may tolerate anterior chamber IOLs better than more aggressive forms of anterior
uveitis such as those associated with juvenile idiopathic arthritis or HLA-B27.
Thus, anterior chamber IOLs may remain an alternative for some patients who can-
not tolerate aphakia or contact lenses provided one proceeds with caution and with
full awareness of the risks, potential complications, and the lack of reliable long-
term data on the safety of using anterior chamber IOLs in uveitis. The remainder of
this section will focus on the use of anterior chamber IOLs in general, and will
review the three aforementioned publications on anterior chamber IOL use in
uveitis.

Overall, the use of anterior chamber IOLs is declining as popularity has increased
in sulcus-placed, three-piece IOLs as well as in new iris and scleral fixation tech-
niques. Despite this shift away from anterior chamber IOL usage, there is support in
the literature for equivalency in outcomes between anterior chamber IOLs and other
IOL fixation techniques in non-uveitis patients. Much of the concern surrounding
the use of anterior chamber IOLs stems from older designs that were associated
with high rates of UGH syndrome, pseudophakic bullous keratopathy, and cystoid
macular edema [65]. Design improvements that have led to better outcomes include
the development of flexible, open-looped haptics, the addition of anterior vault to
the optic in order to reduce iris contact, and availability in multiple sizes.

Despite improvements in design, anterior chamber IOLs remain relatively con-
traindicated in eyes with shallow anterior chambers, glaucoma, peripheral anterior
synechiae, large iris defects, and endothelial dysfunction or low endothelial cell
counts. As previously discussed, we believe that uveitis is also a relative contraindi-
cation for anterior chamber IOL use—particularly in eyes with chronic uveitis and
in eyes with quiescent potentially fulminant anterior uveitis such as juvenile idio-
pathic arthritis and HLA-B27.
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A 2003 Ophthalmic Technology Assessment Report from the American Academy
of Ophthalmology (AAO) reviewed 43 articles with evidence-rating of III or higher
on the subject of IOL implantation in the absence of capsular support. The report
compared the use of modern, open-loop anterior chamber IOLs, scleral-sutured
IOLs, and iris-sutured posterior chamber IOLs [81]. Their conclusion was that use
of any of the three options is supported by the literature, and none has been demon-
strated to be superior. It is important to note that the report does not address second-
ary IOL placement in uveitic eyes.

With respect to anterior chamber IOLs, the AAO report concludes, “Modern
open-loop AC IOLs are not susceptible to the unacceptably high rates of corneal
endothelial decompensation, secondary glaucoma, and CME associated with
closed-loop AC IOLs. In the series analyzing open-loop AC IOLs individually or
comparing them to scleral or iris-sutured PC IOLs, there was no evidence to suggest
that visual outcomes were less satisfactory with open-loop AC IOLs [81]”. Again,
the reader is cautioned that this conclusion is not generalizable to uveitic eyes.

Support for the use of anterior chamber IOLs in the setting of chronic uveitis
comes primarily from three small retrospective reports. In a review of same-surgeon
phacoemulsification procedures in uveitis patients performed over a 6-year period
(n = 631), Suelves’ et al. identified 18 eyes that received anterior chamber IOLs
[66]. These were aged-matched to 18 patients from the same uveitis cohort that
received in-the-bag, posterior chamber IOLs. There was no significant difference in
postoperative complications between the two groups, with the exception of a higher
rate of posterior capsular opacification in the posterior chamber IOL group. The
authors conclude, “In uveitic eyes with inadequate capsule support, anterior cham-
ber IOL implantation was safe and effective in providing satisfactory improved cor-
rected distance visual acuity withouta significantincrease in long-term complications
compared with eyes that had posterior chamber IOL placement”.

In Suelves et al.’s second publication on the use of anterior chamber IOLs in
uveitis, 17 patients with a history of chronic uveitis that received anterior chamber
IOLs were compared to 23 non-uveitis patients that also received anterior chamber
IOLs [79]. Five-year, retrospective follow-up data was available for analysis.
Although the risk for epiretinal membrane formation was higher in the uveitis
group, the rate of uveitis flare-ups attributable to the presence of an anterior cham-
ber IOL was comparable to the control group (p < .001). The authors conclude, “In
uveitic eyes with inadequate capsular support, anterior chamber IOL implantation
restored visual function without a significant increase in long-term postoperative
complications compared with eyes that had no history of uveitis.”

Tao and Hall have also reported on the successful use of anterior chamber IOLs
in a small retrospective series of uveitis patients that experienced late in-the-bag
IOL dislocations and underwent pars plana vitrectomy with IOL explantation [80].
Three of the four cases that were explanted received anterior chamber IOLs, and
these IOLs were well tolerated.

Proper anterior chamber IOL sizing reduces the risk for complications [65].
IOLs that are too large in diameter may induce uveal inflammation and pain from
iris tuck and angle erosion. IOLs that are too small are subject to movement, which
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can lead to iridocyclitis and progressive endothelial cell loss secondary to contact
with the corneal endothelium. Undersized anterior chamber IOLs that undergo rota-
tion may result in a haptic passing through the (required) iridectomy causing ciliary
body irritation and inflammation.

Anterior chamber IOLs are manufactured in a range of diameters. To achieve
proper sizing of anterior chamber IOLs, I mm is generally added to the white-to-
white measurement [65]. The white-to-white measurement should be made on the
same axis as the surgical incision for IOL insertion. For example, if the incision for
IOL placement is temporal and the IOL is to be placed in the horizontal meridian,
then the horizontal white-to-white measurement should be utilized for anterior
chamber IOL size determination. However, adding 1 mm to the white-to-white dis-
tance is inaccurate in some patients and can lead to under- or oversizing of anterior
chamber IOLs [65]. White-to-white measurement has been demonstrated to have
poor correlation [82, 83] to technologies that directly measure the anterior chamber
diameter, including ultrasound [82] and optical coherence tomography [84].
Therefore, in the absence of such technology, intraoperative sizing cannot depend
solely upon white-to-white measurement. Once the anterior chamber IOL is placed,
it should be visually and manually assessed to confirm that it fits well within the
anterior chamber [65].

Scleral-Fixation

Scleral fixation is a complex topic. There are a large variety of published techniques
with no conclusive data to guide our procedure choices. The techniques are gener-
ally more complex and time-consuming than most other secondary IOL options,
and often involve more risk including the possibility for retinal detachment and
suprachoroidal hemorrhage. In addition, there is potential for significant postopera-
tive refractive error due to variability in effective lens position as well as potential
for IOL tilt and decentration.

The many surgical variables in scleral fixation present a series of choices: Which
anatomic fixation site should be utilized (ciliary sulcus, pars plicata, or pars plana)?
Should a sutured-IOL approach be undertaken, or should sutureless intrascleral
fixation be performed? If a sutured-approach is undertaken, which strategy should
be used for accurate anatomic suture placement—ab interno or ab externo? If ab
interno, should endoscopy be employed? Should scleral-fixation be combined with
anterior or pars plana vitrectomy? Should the capsular bag should be left in place or
removed? Should the current IOL be salvaged or exchanged? In addition, there are
a several choices of suture material and a variety of techniques for dealing with
exposed knots.

There are three potential sites for suture-fixation to the sclera: From anterior to
posterior, these are the ciliary sulcus (anterior pars plicata), the ciliary body (pos-
terior pars plicata), and the pars plana. Potential advantages of ciliary sulcus
suture-fixation include the fact the sulcus is an anatomic recess that may serve as
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a landing spot for haptics and thus may help stabilize IOLs with respect to tilt. In
addition, sulcus placement may reduce the variability of effective lens position
that is otherwise associated with scleral fixation. However, as described below,
achieving accurate ciliary sulcus placement without specialized equipment is
unlikely.

In a study of 20 patients (40 haptics) that received a suture-fixated IOL utilizing
an ab externo docking needle approach with the target of ciliary sulcus placement,
ultrasound biomicroscopy revealed that 22 (55.0%) of the haptics were located in
the sulcus, 11 (27.5%) anterior to the sulcus, and 7 (17.5%) posterior to the sulcus
[85]. In another investigation comparing ab interno and ab externo techniques,
ultrasound biomicroscopy revealed that both procedures performed poorly, with
successful sulcus placement in only 31% of cases with ab externo fixation and 29%
with ab interno fixation, a difference was not statistically significant [86]. Another
large study confirmed the same problems associated with an ab externo suture-
fixation approach, but noted a significant improvement when ab interno fixation was
performed with three-port vitrectomy utilizing endoscopic visualization of haptic
placement in the ciliary sulcus [87].

The surgical challenge in ciliary-sulcus suture-fixation is that many com-
monly performed ab interno and ab externo techniques are essentially blind pro-
cedures, where the location of the internal sclerostomy site for suture fixation is
hidden behind the iris. Utilizing UBM, Sugiura et al. have carefully analyzed the
measurement challenges and surgical issues associated with precise haptic place-
ment in the ciliary sulcus [88]. The authors provide convincing evidence that
blind ab interno and ab externo attempts at ciliary sulcus fixation are highly inac-
curate and should be abandoned [88]. When the haptics are not well-seated in the
apex of the sulcus, IOL tilt and decentration with resultant high astigmatism and
higher order visual aberrations are often the result [65, 87, 88]. Inflammation and
bleeding are also significant potential complications of poor haptic localization
[76, 87, 88]. If the sclerostomy is too anterior, then the haptic may end up embed-
ded in the root of the iris, while the optic makes contact with the iris, increasing
the risk for iritis, bleeding, cystoid macular edema, and optic capture. On the
other hand, if the sclerostomy is located posterior to the apex of the ciliary sul-
cus, then as described by Sugiura, “the haptics would be fixated over the ciliary
processes, which can result in them becoming lodged obliquely in the valleys
between the tips of the ciliary processes, causing significant and irreversible IOL
tilt and decentration” [88].

For ab interno fixation without endoscopic visualization, Sugiura et al. recom-
mend use of a specialized needle injection device that has a custom-shaped tip that
fits snugly within the ciliary sulcus, thus optimizing suture passage through the apex
of the sulcus (Ciliary Sulcus Pad Injector, Duckworth & Kent Ltd) [88]. For ab
externo approaches, the authors recommend pars plana suture fixation (rather than
ciliary sulcus fixation), with the creation of sclerotomies 3.0 mm posterior to the
limbus, thus completely avoiding the iris and the highly vascular pars plicata with
its associated ciliary processes, allowing the haptics to rest against a relatively
smooth internal surface that is less likely to induce tilt and decentration.
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With intrascleral fixation, haptics are inserted into intrascleral tunnels that are
created parallel to the limbus. As such, the use of sutures is avoided, and haptics are
not resting on the uneven inner surface of the pars plicata (as is the case for sutured
IOLs). Rather, the haptics are embedded in the sclera and as such there is the poten-
tial to reduce the amount of tilt associated with standard pars plicata suture fixation.
In fact, a low and acceptable level of IOL tilt with intrascleral fixation has been
demonstrated [89, 90]. When such fixation is posterior to the iris root and anterior
to the pars plana the term ‘pars plicata fixation’ can be applied [91]. Examples
include Agarwal’s intrascleral glued-haptic fixation technique which utilizes scleral
tunnels located 1.5 mm posterior to the limbus [92], and Yamane’s intrascleral
flanged-haptic fixation technique which utilizes scleral tunnels located 2.0 mm pos-
terior to the limbus [93].

The use of intrascleral fixation has been reported in patients with uveitis [94].
Todorich et al. performed complete three-port pars plana vitrectomy with total
removal of the capsule in five patients with uveitic entities that included HLA-B27-
associated uveitis, sarcoidosis, rheumatoid arthritis, psoriatic arthritis, and idio-
pathic posterior uveitis. Intrascleral fixation of three-piece acrylic IOLs with PMMA
haptics (model Alcon MAG60AC) was performed using a sutureless transconjuncti-
val approach at a position measured 2 mm posterior to the limbus. The patients had
good uveitis control following surgery with no escalation of baseline therapy. The
IOLs were well-fixated without dislocation, and there was no scleral thinning, ero-
sion, or melting.

Suture suspension techniques offer another form of scleral fixation that do not
necessarily involve haptics resting against internal ocular structures. In the case of
late in-the-bag dislocations, the entire IOL-bag complex can be sutured to the sclera,
thus avoiding IOL exchange [11]. This is possible because fibrosis of the capsular
bag allows suture passage around a haptic without inducing radial capsular tears
that could result in IOL dislocation from the bag. In addition, capsular fibrosis pre-
vents the suture from slipping laterally along the haptic, effectively acting like an
eyelet, thus assisting in IOL centration and reducing the potential for IOL tilt during
scleral suturing procedures. Because the haptics are tucked inside the typically con-
tracted capsular bag, the overall diameter of the bag-IOL complex is relatively small
(particularly if the IOL is a one-piece acrylic lens) and the haptics are less likely to
interact with the uneven pars plicata surface.

Chan et al. have described a suture-fixation technique for the repair of dislocated
in-the-bag IOLs that uses an ab externo-inserted, bent 26-gauge hypodermic needle
to pierce the capsular bag and then receive the long needle of a 9-0 Prolene suture
that is passed across the anterior chamber [95]. A major advantage of this approach
is that only a few corneal incisions are necessary, thus allowing the surgeon to work
within a relatively closed system. In most cases, anterior vitrectomy is not necessary
and the potential for vitreous loss and retinal detachment is reduced as compared to
pars plana vitrectomy and IOL exchange. It is possible that the success of such two-
point fixation relies upon an intact vitreous face to minimize IOL tilt.

Hoffman et al. have added a potential improvement on this technique through the
creation of scleral pockets that originate at the limbus and which eliminate the need
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for conjunctival dissection and scleral flap creation [96]. Conserving conjunctiva for
future possible glaucoma surgery is advantageous. However, care must be taken to
inform future surgeons of the placement of the hidden scleral sutures. Both tech-
niques involve pars plicata fixation. In the Chan technique, sclerotomies are made
1.5 mm posterior to the limbus, whereas in the Hoffman pocket technique, scleroto-
mies are placed 1.0 mm posterior to the limbus.

Pars plana fixation can be used with sutured [62] or intrascleral [97] fixation
approaches. With respect to suture-fixation, moving the fixation site more posteri-
orly avoids the potential problem of IOL tilt secondary to haptic contact with the
ciliary processes [88] and reduces the risk for intraoperative hemorrhage, corneal
endothelial damage, and postoperative optic capture [97, 98]. Potential risks include
inducing retinal detachment and suprachoroidal hemorrhage. However, in a com-
parison of ciliary sulcus and pars plana locations for scleral suture fixation, Ma et al.
found that the pars plana location as safe and effective as the ciliary sulcus, and also
found that intraocular lens dislocation (p = .001) and pupillary capture (p = .041)
occurred less frequently as compared to the ciliary sulcus group [98]. An additional
advantage of pars plana fixation at a point measured 3 mm posterior to the limbus is
that this point approximates “in-the-bag” IOL power choice [99].

Reduced IOL tilt and improved IOL centration may be achieved with four-point
fixation. Multipoint fixation may be more important in eyes that are unicameral fol-
lowing vitrectomy, as two-point, scleral-fixated IOLs may be more likely to rotate
without vitreous support. The Bausch and Lomb Akreos AO60 lens has four haptics,
each containing an eyelet. Terveen et al. reported on the use of 9-0 polypropylene
(Prolene) and polytetrafluoroethylene (Gore-Tex) (off label) for four-point scleral
fixation of this IOL in 37 eyes [100]. The IOLs were folded and inserted through
3.5-4.0 mm limbal corneal incisions, and were secured through the pars plicata at a
position measured 2.5 mm posterior to the limbus. The authors report 97% of eyes
had improved vision with a minimal complication profile. There was a relatively
low rate of vitreous hemorrhage and cystoid macular edema which the authors
attributed to suture suspension of the relatively small IOL (10.5 mm diameter) and
avoidance of haptic irritation of uveal tissue. Morkin and Patterson reported on
delivery of the Akreos AO60 IOL through a 2.75 mm limbal corneal incision using
a Monarch C cartridge [101]. The IOLs were secured through the pars plana, at a
position measured 3.5 mm posterior to the limbus. One potential drawback of the
Akreos AO60 lens is that its particular hydrophilic acrylic material is subject to
opacification with exposure to gas and air as might occur with endothelial
keratoplasty and retinal detachment procedures [102], or with exposure to silicone
oil tamponade [103].

Another IOL option for scleral fixation is the Alcon CZ70BD, a polymethyl-
methacrylate (PMMA) lens with one eyelet on each haptic. Snyder and Perez have
demonstrated that effective four-point fixation with minimal tilt can be achieved
with the CZ70BD through the use of Gore-Tex CV-8 suture combined with a girth
hitch suturing technique [104]. Moreover, their technique allows for fine tuning of
IOL centration through alignment of Purkinje reflexes. A disadvantage is that this
large, non-foldable PMMA IOL requires a 7.0 mm scleral tunnel wound. On the
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positive side, the PMMA material is not subject to opacification and thus a good
choice for eyes that are at risk for retinal detachment or might need future pars plana
vitrectomy or endothelial keratoplasty.

An interesting question is whether—in select uveitis cases—the capsular bag
should be removed and scleral fixation performed in order to help control potential
complications related to postoperative inflammation. In these cases, complete pars
plana vitrectomy with excision of the capsule, cortex, and zonules is preferred as it
removes scaffolding for proliferation and fibrosis, and thereby reduces ciliary body
traction that may otherwise cause postoperative hypotony. Such an approach may
deliver better anatomic results, and may result in reduced postoperative inflamma-
tion and improved visual outcomes.

As part of a 71-patient, retrospective case-series on scleral-fixation using pars
plana vitrectomy with endoscopic guidance for ciliary sulcus IOL placement, Olsen
and Pribila reported on the management of nine adult and pediatric patients with
uveitis [105]. All patients had the vitreous base shaved and capsular remnants and
zonules removed. One child underwent initial vitrectomy and lensectomy in a quiet
eye, with IOL placement into the capsular bag. Postoperatively, despite aggressive
uveitis management, a dense cyclitic membrane formed and hypotony maculopathy
ensued. The capsular bag and cyclitic membrane were excised, and the IOL was
explanted and replaced with a scleral-fixated IOL. The patient’s eye recovered
20/70 vision. The fellow eye was managed with primary removal of the lens and
capsule, along with scleral-fixation of an IOL; the outcome was excellent (20/25
vision). A second pediatric patient in this series had juvenile idiopathic arthritis-
related uveitis and the same pars plana vitrectomy and scleral-fixation approach to
cataract surgery was successfully undertaken. The authors conclude that complete
vitrectomy with excision of the capsule, cortex, and zonules removes scaffolding for
fibrosis and reduces inflammation, ultimately improving visual outcome [105].

In a study of adult patients with exudative uveitis (mostly sarcoidosis and Vogt-
Koyanagi-Harada syndrome), Secchi performed a prospective trial in which Group
A consisted of 12 patients that underwent intracapsular cataract extraction com-
bined with anterior vitrectomy and pars plana scleral-fixation of IOLs, and Group B
consisted of 12 patients that underwent extracapsular phacoemulsification with in-
the-bag or sulcus IOL implantation [106]. With follow-up time of at least seven
years, Secchi found that total removal of the lens and capsular bag combined with
anterior vitrectomy resulted in significantly better outcomes with respect to vision
and inflammatory complications. The author concluded poor outcomes “might
sometimes be predicted prior to surgery”, and that better uveitis outcomes may be
achieved in at-risk patients with total removal of the lens and capsule combined
with scleral-fixation of IOLs. According to Secchi, candidates for total removal of
the lens and capsule include patients with exudative uveitis and patients with poor
outcome secondary to uveitis complications in the first eye [106].

With regards to the options for suture material in scleral fixation, there are two
major concerns. The first is the long-term risk for suture breakage and resultant IOL
dislocation, and the second concern is the risk for externalized knots or suture tips
eroding through conjunctiva and the subsequent threat for endophthalmitis. 10-0
polypropylene suture (Prolene) has traditionally been a popular choice for scleral
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fixation, but there are now many reports of its risk for long-term degradation and
breakage [62]. In 2006, Vote et al. reported that 28% of patients that underwent
scleral fixation with 10-0 Prolene developed broken sutures, and the mean interval
between fixation and breakage was 50 + 28 months [107]. It has been recommended
that 10-0 Prolene be completely avoided for scleral fixation of IOLs [108]. Instead,
9-0 Prolene and 7-0 polytetrafluoroethylene suture (Gore-Tex) should be consid-
ered, given their greater tensile strength and resistance to degradation. There have
been no reports of Gore-Tex suture breakage [108]. Nevertheless, there is some
reluctance to use of 7-0 Gore-Tex because of a manufacturer’s label warning against
use in the eye. As a result of this warning label, some hospitals and institutions in
the US prohibit its use for intraocular surgery [109]. On the other hand, polypropyl-
ene is approved for intraocular use. Recently 8-0 Prolene has reported as an alterna-
tive suture for scleral fixation [109].

The surgical management of knots and suture tips in order to prevent conjunctival
erosion is very important in order to reduce the risk for endophthalmitis, as trans-
scleral suture tracks are potential conduits for bacteria to enter the eye. Traditionally,
knots are either rotated into sclerotomies or placed under scleral flaps. Alternatives
include coverage with Tutoplast, the use of Hoffman pockets [96], or tucking the
knot within a scleral groove [110]. Brown is credited with developing an innovative
solution for burying the entire suture within sclera at a pars plana location without
the use of scleral flaps, which from the perspective of endoophthalmitis avoidance,
may be safer than solely burying the knot while leaving the suture lying between the
conjunctiva and sclera [111, 112]. The knots formed with 7-0 Gore-Tex can be dif-
ficult to rotate into sclerotomies, and the force used to achieve rotation may loosen
the knot to the extent that it unravels. Thus, the knots should not be trimmed until
they are rotated into the sclera (so that they can be re-tightened if they unravel). In
addition, the knots of 7-0 Gore-Tex can be tied with a 2-1-1 configuration in order
to reduce knot size [104]. One of the advantages of using 8-0 Prolene is that it forms
smaller knots that are easier to rotate as compared to 7-0 Gore-Tex [109].

Conclusion

With significant improvement in uveitis diagnosis and treatment over the past sev-
eral decades, cataract surgery in uveitis patients has become increasingly safe and
efficacious. In the modern era, approximately 50% of uveitis patients undergo cata-
ract surgery, and almost all receive an IOL [12, 113]. As this cohort of pseudophakic
patients ages, we can expect an increased number of uveitis patients will present
with late IOL dislocation, particularly given recent reports that suggest that the
prevalence of late dislocation in uveitis is under appreciated [12, 38].

Similar to pseudoexfoliation, uveitis has two risk factors that act in concert to
contribute to the development of late in-the-bag IOL dislocation. The first is a pro-
pensity toward the development of zonulopathy [12, 15, 40—42], and the second,
capsule contraction syndrome, is well-established in uveitis patients [26, 31, 32].
The risk for late dislocation may be reduced through strict perioperative control of
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inflammation, including control of low-grade, chronic postoperative inflammation.
The employment of careful surgical techniques during primary cataract surgery that
minimize placement of stress on zonules, and the use of meticulous cortical cleanup
combined with anterior capsular polishing may also lower the risk for development
of zonulopathy and capsule contraction syndrome, and thus reduce the risk for late
in-the-bag IOL dislocation.

The surgical management of aphakia and IOL complications in uveitis is chal-
lenging. Many established approaches may exacerbate underlying inflammatory
disease. In addition, patients may be at higher risk for secondary complications
including glaucoma, cystoid macular edema, and corneal decompensation. In the
setting of intact capsule support with a round capsulorhexis (either anterior or pos-
terior), optic capture appears to be reasonable approach in uveitic eyes. Both scleral
suture-fixation techniques and intrascleral haptic-fixation techniques hold promise
to reduce the incidence of postoperative complications. Pars plana fixation mini-
mizes IOL contact with the iris and ciliary body, and thus may reduce the risk for
intraoperative bleeding and postoperative inflammation. There is a paucity of high-
quality, published literature on the topic to guide decision-making. For these rea-
sons, it behooves the practitioner to carefully evaluate patients and to tailor surgical
approaches on a case-by-case basis.
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UBM for Evaluation of Ciliary Processes
Topographic Anatomy of the Ciliary Body

The ciliary body (CB) is one of the three portions of the uveal tract, otherwise
known as the vascular layer of the eye; the other two structures in this system are
represented by the iris and the choroid. It is composed of several layers including
the ciliary muscle, a layer of vessels and ciliary processes, the basal lamina, the cili-
ary epithelium, and the internal limiting membrane, with its apex contiguous to the
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Fig. 7.1 Histology of
human ciliary body. CP
ciliary processes, TM
trabecular meshwork, CM
ciliary muscle, SS scleral
spur, PP pars plana

choroid and the base close to the iris. CB extends from the ora serrata posteriorly to
the scleral spur anteriorly, with the internal surface in contact with the vitreous cav-
ity and the external counterpart facing the sclera through the supraciliary space. Its
main function is aqueous humor (AH) production being totally involved in aqueous
humor dynamics; however, CB is also helping in the accommodation process, tra-
becular outflow dynamics, secretion of hyaluronic acid to the vitreous, and forma-
tion of blood-aqueous barrier. In the adult eye, the anterior-posterior length of the
ciliary body ranges between 4.5-5.2 mm nasally and 5.6-6.3 mm temporally [1].
The anterior third of the CB is represented by the pars plicata (about 2 mm wide)
consisting of approximately 70 ciliary processes (CPs) that are meridionally
arranged and project from the anterior portion of the CB, whose surface is estimated
to be 6 cm?, for ultrafiltration and active fluid transport, as the actual site of aqueous
production, while the posterior two thirds are represented by the pars plana (PP)
(about 4 mm wide), which continues with the choroid at the ora serrata [2]. PP is
usually not pigmented uniformly and the posterior zonular fibers take their origin
from a band of this structure. The vitreous base gains attachment to the epithelium
of the PP over a band extending forward from the ora. The suspensory ligaments of
the lens, whose distance from the processes is 0.5 mm, are found between CPs
(Fig. 7.1).

Ciliary Muscle

The ciliary muscle consists of two main portions: the longitudinal and the circular
fibers, which attach the CB to the limbus at the scleral spur, while the circular fibers
occupy the anterior and inner portions of the ciliary body and run parallel to the
limbus [3]. One-third of the ciliary muscle has been described as radial fibers, which
connects the longitudinal and circular fibers. The supraciliary layer consists of
melanocyte and fibroblast rich tissue and collagen strands, derived from the longi-
tudinal layer of the ciliary muscle. The space this layer may create under pathologi-
cal conditions, such as CB detachment, may be well delineated with UBM.
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Vascular Supply

The major arterial circle, which is found near the root of the iris, is predominantly
supplied by two long posterior ciliary arteries originating from the ophthalmic
artery, which anastomose with the anterior ciliary arteries at the CB. Blood is mainly
drained by the vortex veins. The major arterial circle and the intramuscular vascular
circle supply the inner and outer part of the ciliary muscle respectively. The major
arterial circle is the immediate vascular supply of the iris and CPs [4].

Nerve Supply

The major innervation is provided by ciliary nerve branches, forming a rich para-
sympathetic plexus. Sensory innervation is derived from the nasociliary nerve.
There are also sympathetic fibers, originating from the superior cervical ganglion,
reaching the ciliary muscle via the long ciliary nerve.

The Structure of the Ciliary Processes

The ciliary processes (CPs) are the most vascular region of the whole eye. The vascu-
lar core consists of veins and capillaries. Each CP is supplied by an artery derived from
the vascular plexus, springing from the major arterial circle. The anterior ciliary pro-
cess arterioles supply the anterior and marginal aspects of the major CPs. The capillary
endothelium is fenestrated and permeable to plasma proteins. The ciliary stroma con-
sists of irregularly arranged bundles of collagen fibrils, vascular tissue and melano-
cytes. The stroma of the CB is separated from the ciliary epithelium by the forward
continuation of the Bruch’s membrane. The inner surfaces of the CPs and PP are lined
by two layers of outer pigmented and inner non-pigmented epithelium apposed apex
to apex, originating from the invagination of the optic cup during embryogenesis.
These different epithelia are joined together by zonulae occludentes, gap junctions,
desmosomes and puncta adherentia, which are a hallmark of the secretory function of
the processes [5]. The tight junctions give birth to a selectively impermeable barrier to
macromolecular tracers and permeable towards small ions [6]. The outer pigmented
cell layer is the forward continuation of the retinal pigmented epithelium (RPE), and
the non-pigmented cells are the forward continuation of the neural retina.

The Principle and Techniques of UBM

In the past three decades, UBM, a type of ocular ultrasound developed by Pavlin,
Michael, and Foster, has shown its efficacy in the evaluation of the pathophysiology
of the anterior segment [7-9]. The term ultrasound biomicroscopy (UBM) is applied
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to this technique due to its similarities to optical biomicroscopy, and the fact that it
also allows acquiring and viewing real-time high-resolution images of the anterior
segment under magnification. The UBM system uses a piezoelectric co-polymer
transducer attached to a microprocessor controlled RF signal generator to convert
electrical signals into ultrasound waves of a specific high frequency. Ultrasound
waves pass through the various tissues of the eye at varying speeds and are reflected
back at different intervals, depending on the density of the tissues. Commercially
available UBM systems use a 50 MHz transducer in order to get high resolution and
penetration. The resolution of 50 MHz is 40 pm and the depth is 4 mm. The patient
is to be placed in a supine posture. After instillation of topical anesthetic drops, a
scleral cup of appropriate size is inserted. Currently, UBM can be performed through
the employment of various techniques, such as linear, sector and arc scan. Each
technique is performed through an immersion bath.

Indication of UBM in Uveitis

UBM is a high-frequency ultrasound device which uses frequencies in the range of
35-50 MHz, allowing for the analysis of the retro-iridal space and PP, areas that are
occult to the usual visual examination techniques [10]. The evaluation of those
structures is of outmost importance in uveitic entities, where the inflammatory pro-
cess is suspected to be involved principally in these anatomical landmarks. In con-
trast to anterior segment OCT, UBM seems to penetrate the pigmented epithelium
of the iris even when dioptric means are opaque. UBM systems are able to evaluate
all segments of the anterior segment including cornea, irido-corneal angle, anterior
chamber, iris, CB and lens. UBM is useful in a variety of clinical applications, from
cataract and refractive surgery to glaucoma, uveitis, tumors and ocular trauma [11,
12]. Moreover, intraocular inflammatory conditions such as pars planitis snow
banks, supra-ciliary effusions, cyclitic membranes, and CB detachments can be
visualized through the use of UBM.

UBM Scanning of the Ciliary Body

In the normal eye, the cornea, anterior chamber, posterior chamber, iris, CB, and the
anterior lens surface can be easily recognized. The CB can be seen clearly on UBM
(Figs. 7.2 and 7.3). Changes in the posterior chamber, CB, and its surrounding tis-
sues are scarcely evaluated in vivo using the conventional techniques. UBM has
shown its efficacy as an additional diagnostic tool leading to a more precise manage-
ment of uveitis cases where the primary site of inflammation is located in the ante-
rior uveal structures and anterior vitreous, such as acute anterior uveitis (AAU) and
intermediate uveitis (IU) [10]. In particular, UBM allows for a real-time imaging of
the ciliary region, including structures not otherwise visible, as well as provides a
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Fig. 7.2 Radial UBM scan
showing angle structures in
a healthy eye: C cornea, S
sclera, SS scleral spur, CB
ciliary body, / iris

Fig. 7.3 Longitudinal
UBM scan showing the
ciliary processes (CP) in a
healthy eye. (Courtesy:
Prof. Biljana Kuzmanovié¢
Elabjer, Zagreb, Croatia)

digital image from which morphometric measurements can be readily made. In
cases of severe inflammation in the anterior chamber, the observation of the anterior
surface of the vitreous is scarce, rendering it difficult to differentiate between iritis
and iridocyclitis. During acute iridocyclitis, the iris and CB become thickened due
to swelling with blunting of CPs (Figs. 7.4, 7.5, 7.6, and 7.7). The involvement of
the CB is a hallmark of AAU, whereas slit-lamp microscopy hinders the retroiridial
inflammation in the majority of patients. In a paper of Saavedra et al., UBM was
employed for the evaluation of the length of CPs in patients with acute and chronic
uveitis. In patients affected by chronic, diffuse, and aggressive forms of intraocular
inflammation the length of the CPs was estimated to be shorter [13]. Another study
from the same center showed that UBM employment was useful in the evaluation of
the anatomical changes of CPs in uveitic eyes and ocular hypotony. Moreover, mea-
surements of CPs in the study group showed that the highest average value was
591.6 pm in the temporal quadrant of control eyes, whereas the lowest average mea-
sure was 307.7 pm in the inferior quadrant of aggressive uveitis. Whereas in the 68
healthy eyes of the control group, the mean length of the ciliary processes was
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Fig. 7.4 Longitudinal
UBM scan showing edema
of the CB in an acute
anterior uveitis (AAU) case

Fig. 7.5 Image showing
inflated CPs in a case of
iridocyclitis (AAU)

Fig. 7.6 Radial UBM scan
showing resolution of CB
edema (patient Fig. 7.4)
after 6 weeks of therapy

568 £ 23.1 pm, mirroring the findings of previous measurements in normal subjects
of glaucoma trials [27]. Overall, the physiological difference in the ciliary CPs’
length that was found in the various quadrants of the control group, was reflected in
uveitic eyes too, with the temporal ones longer and the inferior ones shorter as
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Fig. 7.7 Longitudinal
UBM scan shows normal
CPs (patient Fig. 7.5)

compared to CPs in the rem