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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



vii

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

Foreword
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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-
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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 O2 3 4 10 4 6 2 2( ) + ® ( ) ( ) +

 

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 

a

b

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)

A. Iovieno et al.
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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 

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 
ocular inflammation

Uveitis, keratitis, silicone oil tamponade, phthisis bulbi, 
glaucoma, exposure to mercurial vapors or preservatives 
(thimerosal)

Congenital Congenital band keratopathy, Norrie’s disease

1 Band Keratopathy
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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.

a b

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

A. Iovieno et al.
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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-Bücklers, 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.

a b

Fig. 1.3 (a) Band keratopathy presenting as interpalpebral subepithelial haze. (b) Band keratopa-
thy as a chalky, placoid opacity with surface irregularity

1 Band Keratopathy
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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 

A. Iovieno et al.
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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 

1 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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 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].

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
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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.

a b

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

P. Rama



17

 – 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 mm2 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 

a b

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.

a b

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

a b

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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 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 

Fig. 3.4 Anterior stromal 
scarring with thinning 
following epithelial 
keratitis
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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 

Fig. 3.5 Necrotizing 
keratitis showing large 
stromal ulceration, 
vascularization with lipid 
keratopathy and 
descemetocele
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Fig. 3.6 Immune stromal 
keratitis showing stromal 
infiltration with edema and 
central neurotrophic ulcer

a b

Fig. 3.7 Focal endothelitis before (a) and after treatment (b)

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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 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.

Fig. 4.1 Posterior 
synechiae have formed in 
hypopyon uveitis 
secondary to fungal 
endophthalmitis. (Photo 
courtesy of Careen 
Lowder, M.D., Ph.D.)
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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 μg/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 μg dose. A 
dose of 6–12.5 μg 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.

a b

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 μg/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 
HSV 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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 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, Behçet 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 

Table 5.1 Risks for and outcomes of cataract surgery in various uveitic entities

Disease
Estimated incidence of cataract 
formation

Surgical outcomes, Vision of 
20/40 or better

Fuchs heterochromic 
iridocyclitis

64–75% [7–11] 85% [12]

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]
Behçet disease 12–57% [7, 21–23] 36–50% [7]
Vogt-Koyanagi-Harada 
Syndrome

40–56% [7] 49% [12]

Sympathetic ophthalmia 32% [24] 56% [12]
Ocular toxoplasmosis 4–10% [7, 25, 26] 90%a [27]
Herpetic uveitis 26.6–40% [7, 18] 36.8% [7]

aWithout central scar
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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 Behçet 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.

5 Lens Complications in Uveitis
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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.

Table 5.2 Ocular pathologies and perioperative management

Pathology Indication Management Additional

Band 
keratopathy

Obstructs view 
to the anterior 
chamber

Disodium Ethylenediaminetetraacetic 
acid (EDTA) chelation

If possible, chelation 
should be performed 
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 
macular 
edema 
(CME)

CME must be 
minimized 
prior to surgery 
for all types of 
uveitis

Perioperative systemic steroids may 
be administered if the patient has 
active or prior CME. Intraoperative 
intravitreal triamcinolone acetonide 
(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 
intraocular 
pressure 
(IOP)

IOP must be 
controlled 
prior to surgery

Medical management of ocular 
hypertension consist of topical 
antiglaucoma drops. This can be 
escalated to oral carbonic anhydrase 
inhibitors. If pressure is still 
uncontrolled on maximum medical 
therapy, consider staged or combined 
surgical procedure with cataract 
surgery

Gonioscopy should be 
performed to elucidate the 
etiology of elevated IOP, 
which can range from 
pupillary block, 
secondary angle closure 
from peripheral 
synechiae, or 
corticosteroid response. 
Avoid laser 
trabeculoplasty in patients 
with anterior uveitis
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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 
tomography

Macular edema, macular hole, epiretinal membrane, optic nerve 
pathology

Fluorescein 
angiography

Macular ischemia, macular edema, choroidal neovascularization, optic 
nerve leakage, retinal vasculitis, posterior segment disease activity

Ultrasonographya Ciliary body atrophy, retinal detachment, choroidal thickening or 
detachment

aMust 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].
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 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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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].

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)
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 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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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].

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
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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 IOL-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].
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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), Østern 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 
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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]. Østern 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 SN60WF (Alcon 
Laboratories, Inc., Fort Worth, TX, USA) and the Tecnis ZCB00 (Abbott Medical 
Optics Inc., Santa Ana, CA, USA) found a significant reduction in the incidence of 
anterior capsule contraction syndrome in favor of the ZCB00 IOL [48]. This was 
attributed to stiffer haptic design in the ZCB00 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 

J. A. Goldsmith et al.



69

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 IOLs 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 a ring 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 without a significant increase 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, 1 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 MA60AC) 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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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 cm2, 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.

Fig. 7.1 Histology of 
human ciliary body. CP 
ciliary processes, TM 
trabecular meshwork, CM 
ciliary muscle, SS scleral 
spur, PP pars plana
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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 μm 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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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 μm in the temporal quadrant of control eyes, whereas the lowest average mea-
sure was 307.7 μm 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 

Fig. 7.2 Radial UBM scan 
showing angle structures in 
a healthy eye: C cornea, S 
sclera, SS scleral spur, CB 
ciliary body, I iris

Fig. 7.3 Longitudinal 
UBM scan showing the 
ciliary processes (CP) in a 
healthy eye. (Courtesy: 
Prof. Biljana Kuzmanović 
Elabjer, Zagreb, Croatia)
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568 ± 23.1 μm, 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 

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
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compared to CPs in the remaining quadrants. No statistically significant difference 
in the measurements of the control group was found between the eyes of healthy 
subjects and healthy eyes of uveitis patients. In a recent work of Ahn JK, important 
data were reported regarding the morphology of CB and PP in patients with AAU or 
pars planitis and the comparison of UBM parameters according to the anatomic 
locations of uveitis, human leukocyte antigen (HLA)-B27 status, and recurrence 
[14]. The mean ciliary thickness at 2 mm near the pars plicata in the AAU patients 
was significantly higher than that of the contralateral eyes and the pars planitis 
patients in the acute phase, while at 3 mm near the PP the authors noticed no differ-
ence between the two groups. HLA-B27 positivity in AAU patients is considered an 
important prognostic factor regarding the severity of uveitis as compared with HLA-
B27 negative cases. In attendance to Peizeng Y et  al., UBM represents a useful 
diagnostic tool for the evaluation of anterior and posterior chamber iris and ciliary 
body edema and exudates in eyes with anterior uveitis [15]. UBM analysis indicated 
that treatment should be continued for a longer period and should not be based on 
the inflammatory changes disclosed by slit-lam biomicroscopy.

Vogt-Koyanagi-Harada (VKH) disease is associated with important morphologic 
changes of the anterior segment as reported by Tran VT and Ahn JK [10, 16]. Acute 
VKH disease frequently displays ciliary effusions associated with angle closure, 
while in the recurrent phase of VKH, UBM disclosed a marked involvement of the 
CB and PP. In an article dealing with the clinical features of Fuchs’ uveitis (FU) in 
Chinese patients, the authors provided interesting evidence through the employment 
of UBM, showing CB edema and inflammatory exudates [17]. The most common 
lesions disclosed with UBM in patients affected by IU were vitreous condensations 
or membranes of various configurations (Fig. 7.8) mainly located over the  peripheral 
retina and PP [18]. When IU diagnosis is not definitive, UBM might represent the 
examination of choice in order to elucidate the clinical condition [8].

 Ciliary Body Cysts

Morphological changes of the anterior uveal structures occurring during inflamma-
tory conditions have been frequently reported since the advent of UBM. The main 
inflammatory changes affecting the CB are stromal edema and exudates due to 

Fig. 7.7 Longitudinal 
UBM scan shows normal 
CPs (patient Fig. 7.5)
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blood–aqueous barrier disruption which is markedly pronounced in AAU, CB atro-
phy from chronic or severe uveitis or inflammatory CB detachment in ocular hypot-
ony, as well as CB granulomas as in the case of ocular tuberculosis (TB) [10, 15]. 
The clinical findings from a North American center reported UBM findings of 14 
eyes affected by anterior uveitis before and after treatment. They reported new 
echographic data other than stromal edema of the CB, which were represented by 
the discovery of epithelial cysts located at the iridociliary junction and at the ante-
rior portion of the CB with a maximal diameter of 1000 μm. Epithelial cysts were 
discovered in 1/3 of uveitic patients and were more frequent in non-granulomatous 
uveitis [19]. CB epithelial cysts are associated with the non-pigmented epithelium 
of the CB with a usually benign clinical course with the exception of secondary 
closed-angle glaucoma as a complication, while PP cysts are mostly acquired and 
lie between the epithelial layers (Figs. 7.9, 7.10, and 7.11). Histologically, the pig-
mented cysts are filled with a clear fluid and are lined by epithelial cells showing all 
the characteristics of mature pigment epithelium [20]. UBM characterized these 
cysts to have no internal reflectivity and to be mostly thin-walled. There are reports 
of CB cysts associated with multiple myeloma [21, 22]. A Japanese study by 
Kunimatsu et al. reported the UBM findings in a large series of 232 healthy eyes 
[23]. UBM disclosed CB cysts in more than half of the patients with the favorite 
location being the inferior and temporal quadrants of the aforementioned structure. 
In attendance to this work, the high percentage of CB cysts compared with other 

Fig. 7.9 Longitudinal 
UBM scan of a CB cyst at 
the iridociliary junction 
and one between ciliary 
processes. (Courtesy: Prof. 
Biljana Kuzmanović 
Elabjer, Zagreb, Croatia)

Fig. 7.8 Longitudinal 
UBM scan showing 
condensation over the pars 
plana (PP) in pars planitis 
affecting a 5-year-old 
patient. (Courtesy: Prof. 
Biljana Kuzmanović 
Elabjer, Zagreb, Croatia)

I. Arapi et al.



101

studies may be justified by the age distribution and UBM acquiring technique. 
Regarding the pathogenesis of these cystic structures in the CB during an inflamma-
tory condition Gentile et al. speculate that uveitic eyes might be more predisposed 
to cyst formation as fluid finds it easier to penetrate the interepithelial space after the 
healing of the CB stromal edema. However, cyst formation between CPs still 
remains unexplained [19]. In cases with Toxocara uveitis Tran et al. have reported a 
pseudocystic pattern of vitreous degeneration disclosed by UBM [10]. In these 
cases, UBM findings seem to have a high yield of sensitivity and specificity.

 Ciliary Processes Atrophy

Ocular hypotension refers to a persistent intraocular pressure (IOP) of less than 6 mm 
Hg, with the most serious side effects such as disk edema, hypotonous maculopathy, 
and even phthisis bulbi occurring at an IOP below 4 mm Hg [24]. Multiple etiologies 
and mechanisms such as long-standing retinal detachment, ocular trauma, previous 

Fig. 7.10 Longitudinal 
UBM scan showing two 
cysts located between the 
ciliary villosities

Fig. 7.11 Longitudinal 
UBM scan of a cyst 
between ciliary processes. 
(Courtesy: Prof. Biljana 
Kuzmanović Elabjer, 
Zagreb, Croatia)
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vitreous surgery, proliferative vitreoretinopathy (PVR), and chronic uveitis are sum-
moned together in order to induce chronic ocular hypotony [25, 26]. The correct 
distinction between conditions that lead to reduced aqueous production and those 
causing increased aqueous outflow is of critical importance with regard to the thera-
peutic options. UBM efficacy in the diagnosis and management of the chronic ocular 
hypotony has been widely reported in the imaging of CP atrophy, CB detachment, 
cyclitic membranes [10, 27–29]. Factors related to ocular hypotony in inflammatory 
conditions are unique and able to determine the acute or chronic nature of uveitis. 
Supraciliary or suprachoroidal effusions, prostaglandin-mediated increased uveo-
scleral outflow, or ciliary body shutdown represent the main causes of hypotony in 
hyperacute uveitis, which seems to be reversible once inflammation is controlled [30, 
36]. Hypotony associated with chronic uveitis, a condition often present in a rela-
tively quiet eye, may be caused by the development of inflammatory cyclitic mem-
branes (Fig. 7.12), which may lead to tractional CB detachment (Fig. 7.13), increasing 

Fig. 7.12 Radial UBM 
scan showing a cyclitic 
membrane (arrow) attached 
to the CB

Fig. 7.13 Radial UBM 
scan showing CB 
detachment
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AH outflow and by direct damage toward the secretory ciliary epithelium decreasing 
AH production thus leading to permanent atrophy of CPs (Figs. 7.14 and 7.15) [31–
34]. Therapeutical options employed in ocular hypotony include loco- regional corti-
costeroid therapy, topical ibopamine, pars plana vitrectomy (PPV) with or without 
intraocular gas or silicone oil [35–39]. Roters et al. evaluated the usefulness of UBM 
in elucidating the causes of ocular hypotony in 60 patients, where 1/3 were affected 
by CB atrophy and cyclitic membranes of the CB [40]. They reported that all patients 
with cyclitic membranes had additional CB atrophy, making it difficult to have a 
proper classification. In their study, UBM proved to be a very important diagnostic 
tool in 75% of the hypotonic eyes, pointing out two main types of hypotony: (a) CB 
dysfunction, and (b) CB detachment. These conditions are difficult to distinguish 
because dysfunction may also result in detachment and vice versa [41]. Describing 
the successful surgical outcomes of 15 eyes with chronic hypotony due to uveitis, 
with or without CB atrophy, Gupta et al. highlighted the importance of a precise dif-
ferential diagnosis between acute and chronic hypotony, with the former being asso-
ciated with cells and flare, and the latter presenting with poor visual acuity, low IOP, 
posterior synechiae, absent iris bombé despite extensive posterior synechiae, cata-
ract, band-shaped keratopathy, and the eventual presence or absence of cells [42]. 
Preoperatively UBM showed cyclitic membranes in 100% (9/9) of available eyes and 
CPs atrophy plus cyclitic membrane in 66% (6/9) of eyes. These findings were fully 
confirmed intraoperatively, showing a high yield of sensitivity for UBM. Concluding, 

Fig. 7.14 Radial UBM 
scan showing thinning of 
the ciliary body depicting 
CB atrophy

Fig. 7.15 Radial UBM 
scan of a chronic uveitis 
showing iris and ciliary 
body atrophy and pupillary 
membrane. (Courtesy: 
Prof. Biljana Kuzmanović 
Elabjer, Zagreb, Croatia)

7 Ciliary Processes Complications from Uveitis



104

the authors state that in uveitic eyes with intact CPs PPV and the surgical removal of 
cyclitic membranes are sufficient to restore IOP post-operatively, otherwise silicone 
oil tamponade may be required in order to have a significant rise in IOP. In uveitic 
eyes with ocular hypotony, CB abnormalities were detected by UBM in 80–83% of 
eyes [10, 28]. In attendance to Tran et al., the addition of UBM analysis in uveitic 
eyes associated with hypotony represented a major contribution that influenced treat-
ment in 10 out of 12 patients [10]. The authors reported 2 patients with hypotony due 
to cyclitic membranes where subsequent surgery was recommended, complete CB 
atrophy in 2 patients where cataract surgery was not performed because of the high 
risk of phthisis development. Other reported UBM features included iris and CB 
dialysis, uveal effusion syndrome, and an inflammatory CB detachment. In another 
study by Kapur and associates, 12 eyes of 10 patients with uveitis-associated hypot-
ony were treated with pars plana vitrectomy (PPV) and silicone oil infusion [43]. IOP 
was modestly elevated in most patients in this series in which six eyes had an IOP of 
5 mm Hg or higher at 6 months and one third of eyes had an IOP of 5 mm Hg or more 
at 1 year. A recent paper by Dayani et al. reported the surgical outcomes of 13 eyes 
affected by panuveitis related ocular hypotony that were managed with PPV, place-
ment of a fluocinolone acetonide implant, and silicone oil tamponade [44]. It was 
reported that 10 out of 13 eyes had a preoperative IOP of 0 mm Hg, poor vision, and 
a longstanding history of hypotony. The authors emphasized the space-occupying 
properties of silicone oil tamponade and its role in sequestering the inflammatory 
mediators that can adversely affect aqueous production in the CB. In attendance to 
this study, the addition of the fluocinolone acetonide implant provided extra benefits 
regarding the postoperative reduction of the immunomodulatory therapy in 45% of 
the eyes [44]. Da Costa et al. investigated the relationship between the length of CPs 
as measured by UBM and the duration, localization and severity of uveitis [27]. With 
the most common etiology being idiopathic uveitis they reported that recurrent, 
aggressive and diffuse uveitis led to significant damage of the CPs mainly in the 
inferior quadrant, and described a reduction of the CPs in hypotonic eyes. This find-
ing is presumed to be secondary to the majority of inflammatory processes becoming 
more aggressive inferiorly. Most of the patients with flat ciliary processes in this 
cohort had aggressive uveitis with 4+ cells either in the anterior chamber or in the 
vitreous. This is in accordance with previous findings which have shown that hypot-
ony is much more frequently seen among individuals with long-standing disease. In 
those eyes, an intensive anti-inflammatory treatment may prevent the development of 
hypotony. Univariate logistic regression analysis found a higher hypotony risk in 
patients with CPs length lower than 425.23 μm in at least 2 quadrants, or lower than 
371.36 μm in one quadrant. In a multivariable logistic regression analysis, the bilat-
erality of uveitis was not independently associated with the onset of ocular hypotony 
during the course of uveitis [27].

In eyes where the chronic inflammatory process is mainly located in the CB, the 
damage might still be reversible, such as in the case of ocular hypotony from 
Cidofovir, especially in those receiving intravitreal therapy of four or more  injections 
[45, 46].
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Key Points
 1. UBM employs high frequency ultrasounds, providing high resolution reproduc-

ible images of the cross sectional anterior segment anatomy.
 2. Pupillary dilation and clear dioptric media are not required to perform this 

examination.
 3. UBM has shown its efficacy as an additional diagnostic tool leading to a more 

precise management of uveitis cases, where the primary site of inflammation is 
located in the anterior uveal structures.

 4. UBM employment is useful in the evaluation of the anatomical changes of CPs 
in uveitic eyes.

 5. UBM is helpful in discerning between CB dysfunction and/or detachment in 
uveitic eyes with chronic hypotony.

 6. Following intraocular pressures alone may be insufficient to assess ciliary pro-
cess status, and UBM may be used as an indicator of long-term prognosis in 
uveitis patients.

 7. Dependence on a skilled operator and the fact that it requires direct contact with 
the eye, represent two main limitations of UBM.
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Chapter 8
Hypertensive Uveitis

Francesco Pichi and Scott D. Smith

Joseph Beer in 1813 was credited with the recognition of glaucoma as a complica-
tion of uveitis [1]. This common and often severe complication of intraocular 
inflammation led to the inclusion of uveitic glaucoma as a separate entity in the first 
modern classification of secondary glaucoma by Priestly Smith in 1891 [2]. 
Numerous eponymous uveitic syndromes associated with elevated intraocular pres-
sure (IOP) have since been described, including Fuchs uveitis syndrome (FUS) in 
1906 [3] and Posner-Schlossman syndrome in 1948 [4].

The natural tendency in uveitis is for the IOP to decrease during acute inflamma-
tory episodes. In experimental uveitis in monkeys, aqueous production has been 
reported to drop by 50% in the acute phase, with a four-fold rise in uveoscleral 
outflow and a net reduction in IOP [5].

In a minority of patients with severe or chronic anterior segment inflammation, 
chronic ocular hypotony can develop from irreversible ciliary body damage (see 
Chap. 1). Chronically low IOP in the absence of active inflammation is a sign of 
poor prognosis.

However, in many patients, a reduction in aqueous production is outweighed by 
a concomitant increase in outflow resistance. The resultant IOP level thus depends 
on the fine balance between these two opposing pathological influences. Elevated 
IOP has been reported to affect 5–19% of uveitis patients [6]. Elevated IOP can be 
acute or chronic, but does not always lead to glaucomatous damage. According to 
different series [6–8], glaucomatous damage occurs in 13–25% of patients with 
hypertensive uveitis without significant differences between viral and non-viral 
etiologies.

Elevated IOP and glaucoma have been described more frequently in certain uve-
itis entities, such as juvenile idiopathic arthritis (JIA), sarcoidosis, Vogt-Koyanagi- 
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Harada (VKH) syndrome, sympathetic ophthalmia, syphilis, and toxoplasmosis. 
Viral uveitis, including rubella virus infection associated with a clinical diagnosis of 
Fuchs uveitis and anterior uveitis due to herpes virus infection (herpes simplex virus 
(HSV), herpes zoster virus (VZV), and cytomegalovirus (CMV)), is another uveitis 
group also frequently associated with elevated IOP and glaucoma [7–11].

A major issue in hypertensive uveitis is to evaluate the relative roles of inflamma-
tion and corticosteroid-response in the elevation of IOP. In addition, the detection of 
glaucoma may be influenced by uveitic changes, as structural damage due to uveitis 
may affect the visual field and inflammatory optic disc swelling may also obscure the 
assessment of glaucomatous optic nerve and retinal nerve fiber layer changes.

Despite more effective treatments for uveitis such as immunosuppression and 
biologics, more effective topical ocular hypotensive drugs that achieve better IOP 
control, advances in surgical technique including anti-fibrotic agents and newer 
aqueous shunt devices, uveitic glaucoma remains one of the least predictable forms 
of secondary glaucoma in terms of treatment outcomes, both medical and surgical.

IOP elevation in uveitis patients may have different origins: trabeculitis, obstruc-
tion of the trabecular meshwork, pupillary block due to posterior synechiae, or 
steroid-induced [6].

 Inhibition of Access to Trabecular Meshwork

 Angle-Closure

Angle-closure may occur in uveitis as a result of pupillary block, forward  movement 
of the iris lens diaphragm, peripheral anterior synechiae (PAS), and occasionally 
due to neovascularization.

 Peripheral Anterior Synechiae

Peripheral anterior synechiae may differ in appearance, distribution and speed of 
development in uveitis compared with primary angle-closure (PAC) glaucoma. 
While PAS are probably more common in uveitis with anatomically narrow angles, 
bridging PAS, which are particularly characteristic of uveitis, may develop in eyes 
with wide open drainage angles. These are peripheral synechiae that bridge from the 
peripheral iris to Schwalbe’s line (Fig. 8.1) and therefore differ in appearance from 
other types of PAS. Uveitic PAS may also differ in location from PAC. In the latter, 
the angle is often narrowest superiorly and PAS preferentially form in this area. In 
uveitis, inflammatory cells precipitating inferiorly may cause iris contraction and 
PAS inferiorly in the presence of an open superior angle. It is important to note that 
irido-trabecular apposition may form permanent adhesions more rapidly in uveitis 
than in PAC.
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HLAB27

HLAB27-associated entities, with their frequent presence of fibrin in the anterior 
chamber (Fig. 8.2), are particularly likely to result in synechiae.

JIA

Although corticosteroid treatment is a common cause of ocular hypertension in 
young patients, 17% of patients are reported to have developed glaucoma indepen-
dent of steroid responsiveness [12]. Because the uveitis often remains 

Fig. 8.1 Panel (a) shows iris bombé in a patient with HLA-B27 anterior uveitis with irido-corneal 
apposition and ocular hypertension. The closed angle can be confirmed by anterior segment- optical 
coherence tomography (red square). After YAG laser iridotomy the iris bombé resolved (b) and the 
angle opened (yellow square)

Fig. 8.2 Fibrin occluding the pupil in a patient with active HLA-B27 anterior uveitis that resolved 
with intracameral injection of 3 μg tissue plasminogen activator
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asymptomatic for long periods, many cases are diagnosed following slit-lamp 
screening of children for uveitis after the onset of arthritis. Glaucoma develops in 
almost a quarter of patients and may be particularly difficult to control. As most 
eyes historically have been aphakic by the time glaucoma was diagnosed, progres-
sive synechial angle-closure has been observed as the main cause.

 Iris Bombé

Pupillary block in patients with uveitis may be particularly dramatic. Unlike the 
pupillary block that is the precipitating factor in many cases of acute primary angle 
closure, pupillary block in uveitis usually develops from complete seclusion of the 
pupil by posterior synechiae (Fig.  8.3), which completely isolates the posterior 
chamber from the anterior chamber. This results in a dramatic forward ballooning 
of the iris (Fig.  8.3b), often in the presence of a relatively deep central anterior 
chamber (Fig. 8.3a). Uveitic pupillary block also differs from PAC in that it may 
occur in pseudophakic, as well as phakic eyes, as a result of the development of 
posterior synechiae between the anterior lens capsule and pupil margin even in the 
pseudophakic eye.

 Neovascularization of the Iris and Angle

Neovascularization due to uveitis alone is uncommon. However, uveitis affecting 
the posterior segment may result in retinal ischemia with resultant increased vascu-
lar endothelial growth factor production.

Fig. 8.3 Forward ballooning of the iris in a patient with pupillary block in chronic inactive uveitis 
(a). The central anterior chamber is still relatively deep (b)
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Acute Retinal Necrosis (ARN)

High intraocular pressure may be a presenting feature of ARN, mostly caused by 
VZV and HSV infections. The management of ARN requires the use of intraocular 
and systemic antivirals and also topical steroids. IOP-lowering drugs are also used 
in cases with elevated IOP. The mechanism of IOP elevation is generally considered 
to be trabeculitis.

Behçet’s Disease

This systemic, inflammatory disorder induces a widespread occlusive vasculitis. In 
a report of Behçet’s disease in a Turkish population, secondary glaucoma occurred 
in 10.9% [13]. The main glaucoma subtypes were neovascular glaucoma, followed 
by steroid-induced glaucoma, open-angle glaucoma and chronic angle-closure 
glaucoma secondary to pupil block. Glaucoma accounts for almost 80% of Behçet’s- 
related visual loss [14].

Sarcoidosis

Granulomatous uveitis (Fig. 8.4) is the most common ocular manifestation of this 
idiopathic, multisystem, inflammatory disorder, occurring in 74% of patients with 
ocular involvement. Inflammation may be acute or chronic. The latter form is usu-
ally bilateral and is strongly associated with cataract and glaucoma. In one retro-
spective Japanese series of 1099 uveitis patients, sarcoidosis had the second highest 
prevalence of secondary glaucoma (34%) after Posner-Schlossman syndrome [15]. 
Mechanisms of neovascular glaucoma include inflammatory lesions compressing 
the optic nerve and causing vein occlusion (Fig. 8.4). One histopathological study 

Fig. 8.4 Appearance of hypertensive anterior uveitis secondary to sarcoidosis, with iris nodules 
(a) and mutton-fat keratic precipitates (b)

8 Hypertensive Uveitis



116

documented inflammatory changes in the inner and outer walls of Schlemm’s canal 
[16]. Standard medical therapy and filtration or glaucoma implant surgery are the 
preferred treatments. Particular characteristic features that may be associated with 
IOP elevation are sarcoid nodules on the face of the ciliary body band on gonios-
copy. These may be easily missed if careful gonioscopy is not performed.

 Forward Movement of the Lens-Iris Diaphragm

In cases of marked posterior segment inflammation such as posterior scleritis, 
angle-closure may develop without pupillary block. The key distinguishing feature 
from pupillary block is the very shallow central anterior chamber.

Phacomorphic changes are not uncommon in uveitis and may result in either 
type of angle-closure, though pupillary block tends to be the more common 
mechanism.

Vogt-Koyanagi-Harada Disease

Optic disc hyperemia and edema are common findings. Secondary glaucoma is 
common, occurring in 30–40% of patients [17] (Fig.  8.5). Pupil block-induced 
angle-closure and secondary angle-closure due to choroidal effusions are important 
causes of raised IOP. In VKH disease, elevated IOP requiring surgical or medical 
treatment has been reported in approximately 40% of patients in one series with 
equal numbers having open-angle and angle-closure mechanisms [17]. Although 
medical therapy is used initially to lower IOP, surgical intervention is frequently 
indicated, in the form of laser and surgical iridotomy, antimetabolite-augmented 
filtration surgery, and/or shunt surgery [17]. Trabeculectomy success in VKH is 
relatively poor and almost invariably requires subsequent aqueous shunt implanta-
tion. On the other hand, VKH patients seem to achieve low pressures with tube 

Fig. 8.5 Depigmentation of the angle in active Vogt-Koyanagi-Harada syndrome
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shunts, often requiring a smaller device (e.g., Ahmed Glaucoma Valve or Baerveldt 
250), rather than one with a larger plate.

Sympathetic Ophthalmia

Uveitic glaucoma may develop in this rare ocular inflammatory condition, which in 
many ways resembles VKH syndrome. The mechanisms resulting in glaucoma are 
similar, including synechial angle closure, iris bombé, and ciliary body infiltration 
with consequent secondary angle-closure. In one study with long-term follow-up, 
glaucoma was present in 43% of cases [18]. Management of both the inflammation 
and IOP elevation is difficult and the disease carries a poor prognosis.

 Blockage of Trabecular Meshwork by Cells or Debris

Alterations in aqueous humor composition influence aqueous viscosity and hence 
outflow. Reduced outflow in the presence of elevated flare is not immediately revers-
ible when aqueous returns to normal, and Epstein has suggested that this may be due 
to protein sequestration in the trabecular meshwork [19]. Aqueous protein concen-
tration, in the presence of an intact blood-aqueous barrier, is usually less than 1% of 
that in serum [20]. In anterior uveitis, protein leakage into the aqueous from the 
inflamed ciliary body and iris results in a higher protein concentration, approaching 
serum levels. A negative association between outflow facility and aqueous flare has 
been reported [21]. Whether this is the result of increased viscosity, protein seques-
tration or even reduced function from altered perfusion is uncertain. 
Polymorphonuclear leukocytes have been observed to infiltrate the trabecular mesh-
work in animal studies [22]. Pigment and cellular debris deposited in the trabecular 
meshwork of patients with uveitis have an uncertain effect on outflow. In pigmen-
tary glaucoma, pigment deposition does not seem to elevate the IOP by mechanical 
obstruction alone, and in uveitis it is probable that pigment and cellular debris lead 
to loss of the normal trabecular cell population and eventual loss of architecture as 
is seen in pigmentary glaucoma [23].

 Lens-Induced Uveitis

Some lens-related disorders result in acute or chronic uveitis with a high incidence 
of glaucoma.

Phacoanaphylactic endophthalmitis is an uncommon form of chronic intraocular 
inflammation in which disruption of the lens capsule leads to varying degrees of 
inflammation with endophthalmitis and hypopyon in extreme cases.

Phacolytic glaucoma is a separate entity in which IOP elevation results from 
trabecular outflow obstruction in eyes with lens protein leakage from a hypermature 
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cataract. Typically, engorged macrophages and lens protein particles are seen in the 
anterior chamber slit beam on examination, giving the appearance of suspended 
particles larger than cells floating in the aqueous. These may settle and only be vis-
ible when the patient moves the eye back and forth to the extremes of gaze. In both 
of these conditions, trabecular outflow is believed to be compromised by the accu-
mulation of cells in the trabecular meshwork [24–28]. As a rule, lens removal usu-
ally leads to a reduction in the degree of inflammation and improved IOP control.

 Chronic Retinal Detachment (Schwartz Syndrome)

In chronic retinal detachment (Schwartz syndrome) the presence of a longstanding 
rhegmatogenous retinal detachment may result in the release of photoreceptor outer 
segments that exit the subretinal space through the retinal break to eventually reach 
the trabecular meshwork and produce increased IOP.

 Increase in Trabecular Meshwork Outflow Resistance

 Trabeculitis

Direct trabecular meshwork inflammation may also cause trabecular dysfunction, 
and this may be the mechanism of IOP elevation in Posner-Schlossman syndrome 
and herpetic keratouveitis, where minimal anterior segment inflammation may be 
associated with very high IOP levels. Certain cytokines, such as transforming 
growth factor-ß2 (TGF-ß2), have a role in regulating trabecular cell function and 
extracellular matrix composition in the normal eye. A potent immunosuppressant, 
TGF-ß2 is notably reduced or absent in eyes with inflammation [29]. Interleukin-1 
(IL-1) may cause extracellular matrix degradation through activation of matrix 
metalloproteinases resulting in increased uveoscleral outflow [30]. Other cytokines 
may cause trabecular meshwork cell depopulation, either by direct cytotoxicity or 
by inducing cell migration away from the meshwork, thereby increasing resistance 
to aqueous flow through the conventional pathway.

Secondary glaucoma is a frequent complication of uveitis associated with HSV- 
or VZV-induced inflammation. In one report based on a tertiary referral practice, 
[11] the prevalence of secondary glaucoma was actually higher in HSV (58%) than 
VZV (38%) patients.

 Herpes Simplex Virus

Anterior uveitis has been reported in approximately 4% of eyes with HSV infection 
[31]. Although ocular hypertension is a frequent finding, glaucoma is less common, 
affecting 10% of cases overall [32, 33]. However, glaucoma has been observed in a 
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much higher percentage (up to 80%) of severe cases of herpetic keratouveitis, and, 
in general, glaucoma is more likely if corneal disease extends to the stroma 
(Fig. 8.6a). In one retrospective review of 50 eyes with herpetic eye disease, 96% of 
those who presented with ocular hypertension had stromal keratitis [29]. 
Additionally, no patients with isolated dendritic or amoeboid ulcers developed ocu-
lar hypertension. The clinical diagnosis is important to suspect in patients with focal 
corneal stromal edema with underlying keratic precipitates (Fig. 8.6b). The initial 
management reduces viral activity and intraocular inflammation through the con-
comitant use of topical antiviral agents, such as acyclovir, and topical steroids. In 
most cases, the IOP normalizes once the intraocular inflammation has subsided 
without the need for long-term topical ocular hypotensive agents. However, approx-
imately 10% of cases have persistently elevated IOP warranting long-term medical 
therapy and occasionally surgical intervention [29, 33].

 Varicella Zoster Virus

Intraocular complications occur commonly in patients with herpes zoster ophthal-
micus [6, 11]. As with HSV-related uveitis, trabeculitis and trabecular obstruction 
are thought to be the main mechanisms causing ocular hypertension and glaucoma 
[34]. Prompt treatment with systemic antiviral therapy reduces the likelihood and 
severity of ocular complications, including uveitis and secondary ocular hyperten-
sion [35]. However, the mainstay of anti-inflammatory treatment is with 

Fig. 8.6 Clinical appearance of hypertensive anterior uveitis secondary to herpes simplex virus, 
with corneal stromal involvement (a), keratic precipitates (b), and iris stromal sub-atrophy (c), 
better highlighted with transillumination (d)
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corticosteroids. There is usually very good response to the use of topical steroids, 
typically carried out under systemic antiviral cover. Systemic steroids are usually 
not required in such cases.

 Posner-Schlossman Syndrome (Glaucomatocyclitic Crisis)

Posner-Schlossman syndrome (PSS) is a uveitic disorder characterized by discrete 
episodes of mild, unilateral anterior uveitis in association with a profound rise in 
IOP (often to 40–60 mmHg). There may be recurrent episodes, although the fre-
quency can vary considerably. Other typical features include slight blurring of 
vision, haloes, and mild ocular discomfort which is disproportionate to the degree 
of ocular hypertension. Examination reveals corneal edema, fine white keratic pre-
cipitates, very mild anterior uveitis, and an open anterior chamber angle. Iris hypo-
chromia and anisocoria may be evident. Patients are usually between 20 and 50 years 
of age, and typically only one eye is affected. The natural history of these episodes 
of inflammation is now rarely observed, but was reported by Posner and Schlossman 
to last from a few hours to a month, although rarely more than 2 weeks [36]. During 
this time there is believed to be a reduction in aqueous outflow and an increase in 
aqueous production [37]. In between crises aqueous outflow is normal. Because 
CMV has shown to induce this disease, oral valganciclovir has been beneficial, but 
a proper study is needed to confirm this observation and determine the risks and 
benefits of this strategy [38]. Antivirals in combination with topical steroids and 
topical or systemic aqueous suppressants tend to achieve good results. Topical apra-
clonidine has been reported to be particularly effective in acute attacks [39]. 
Although medical treatment successfully controls IOP in the majority of cases, 
occasionally, surgery is required, in which case filtration surgery is the surgical 
procedure of choice [36, 40].

 Fuchs Uveitis Syndrome

The main clinical features of FUS are unilateral iris changes (Fig. 8.7a), mild ante-
rior uveitis, cataract, vitreous floaters, and glaucoma. FUS is another type of uveitis 
that is often associated with elevated IOP. Although IOP elevation is not as pro-
found as in Posner-Schlossman syndrome, glaucomatous optic neuropathy may not 
be detected early and significant visual loss is not uncommon. The prevalence of 
glaucoma in FUS has ranged from 13% to 59% in a number of series, with higher 
prevalence observed with longer follow-up [41–45]. Many patients with FUS 
develop elevated IOP following cataract surgery. Although this might lead one to 
suspect a causal relationship, it is quite likely that the presence of floaters followed 
by cataract and eventually glaucoma is the natural sequence of events in many 
patients with this condition. Onset typically occurs insidiously between 20 and 
40 years of age, with floaters usually as the first symptoms, though the condition 
probably remains asymptomatic for some time. Fine stellate keratic precipitates are 
very typical (Fig. 8.7b, c), but not pathognomonic for FUS, while the presence of 
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heterochromia is not particularly diagnostic, and is not always easy to detect. Subtle 
iris stromal changes, visible on detailed slit lamp examination, and particularly 
angle changes visible on gonioscopy, are much more reliable. It is essential to dif-
ferentiate FUS from other types of uveitis as corticosteroid treatment is of little 

Fig. 8.7 Heterochromia in a patient with Fuchs uveitis (a). Fine stellate keratic precipitates (b, c) 
are typical but not pathognomonic for Fuchs; multiple iris nodules along the pupillary margin (d, 
e) can help make the diagnosis
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benefit and may exacerbate the IOP elevation. It is important to compare the normal 
and abnormal eyes. Blue-eyed patients with FUS will often have a moth-eaten type 
of loss of posterior iris pigment epithelium that results in dramatic patchy iris trans-
illumination on slit-lamp retro-illumination. This is usually not seen in brown eyes 
with FUS, presumably due to a thicker anterior stroma. Brown-eyed patients will 
more often demonstrate multiple iris nodules which also help make the diagnosis 
(Fig. 8.7d, e). These may be present along the pupillary margin or on the anterior 
iris surface. Additionally, iris stromal changes result in a particular texture to the iris 
that can differ considerably from the fellow eye.

FUS patients do not develop posterior synechiae, but do sometimes develop a 
fibrotic pupillary margin. Gonioscopy is essential in confirming the diagnosis. A 
remarkable finding is the absence of pigment deposition in the drainage angle in the 
eyes with marked iris transillumination. Unlike pigmentary glaucoma and glau-
coma secondary to other types of uveitis in which pigment is lost from the iris, in 
FUS, none appears to be deposited in the trabecular meshwork. A possible explana-
tion for this is a very low rate of iris pigment loss such that pigment never accumu-
lates in the angle. Small new vessels may be seen traversing the drainage angle on 
gonioscopy, and these are so characteristic that they represent a strong confirmatory 
sign that the diagnosis is FUS. The angle is typically open and devoid of PAS even 
in cases of established glaucoma. The recent demonstration of chronic rubella virus 
activity within the eye as the likely etiological agent in FUS has led to the presump-
tion that FUS will become less common in countries where there is a widespread 
uptake of rubella vaccination by the population [46, 47]. Preliminary evidence sug-
gests that the incidence of FUS is declining in the USA as the generation who have 
had rubella vaccination reaches the typical age of onset of FUS [48]. The impact of 
rubella vaccination on this condition will be more apparent as populations in other 
western countries where rubella vaccination was introduced later than in the USA 
also reach the age of maximum risk of onset of FUS [48]. In contrast to other forms 
of uveitis-related IOP elevation with active inflammation, steroid therapy has little 
beneficial effect on IOP and may induce a steroid response. Conventional medical 
and surgical measures are required in cases of uncontrolled IOP. Several reports 
have documented a high rate of surgical intervention in FUS patients. However, the 
success rates appear to be less favorable than in non-uveitic eyes [49]. This under-
scores the importance of the role for antimetabolites in filtration surgery or the use 
of a glaucoma drainage device in these cases.

 Delayed Corticosteroid Response

Corticosteroid-induced IOP changes have been linked to most methods of adminis-
tration including transcutaneous inhalers, nasal sprays, oral and parenteral adminis-
tration, though most cases occur following topical application or periocular or 
intraocular injection. The IOP response following topical application is proportional 
to the strength of the steroid and is highest with dexamethasone sodium 0.1% and 
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prednisolone acetate 1%. Fluorometholone 0.1% and rimexolone 1% have less 
effect on IOP than other topical corticosteroid agents [50], but also have lower effi-
cacy for the treatment of intraocular inflammation. The IOP response of the normal 
individual to topical dexamethasone has been classified into three groups by Armaly 
[51, 52]. In about two-thirds a low response (≤5 mmHg elevation) develops within 
4 weeks of treatment. One-third exhibit an intermediate response (6–15 mmHg), 
and approximately 5% develop a response of >15 mmHg (high response). In the last 
group, the average IOP often increases by up to 8 mmHg within the first week. 
Children are particularly sensitive to the effects of steroids. The hypertensive 
response to topical steroids in children occurs earlier and with greater frequency 
than in adults and is often more severe [53]. Glaucoma and a positive family history 
of glaucoma increase the likelihood of a steroid-induced IOP response. In one study 
[54], 50% of normal volunteers developed a pressure rise within 6 weeks of treat-
ment with topical betamethasone. In contrast, an impressive 92% of primary open 
angle glaucoma patients developed a rise in pressure to >31 mmHg. The use of 
inhaled steroids has also been associated with elevated IOP and glaucoma [55, 56], 
and patients with a family history of glaucoma appear to have an elevated risk [57]. 
Typically, steroid-induced IOP elevation in those who are genetic non-responders 
takes several weeks to develop. Systemic steroids can also cause a rise in IOP [58], 
usually developing insidiously over a prolonged period. Stopping steroids usually 
returns the IOP to normal, but this may also take several weeks to occur.

Corticosteroids reduce aqueous outflow by an effect on extracellular matrix turn-
over and cytoskeletal alterations in the trabecular meshwork cells themselves. Steroids 
may also affect IOP by altering the expression of myocilin mRNA.  Mutations in 
MYOC are associated with a small proportion of cases of open-angle glaucoma, usu-
ally juvenile in onset [59]. Although the exact function of myocilin remains unknown, 
its presence appears to influence trabecular meshwork function. Mechanical stretch-
ing of the trabecular meshwork and exposure to corticosteroids cause induction of 
myocilin expression. Whether IOP elevation following exposure to steroids is due to 
the effect of myocilin or whether myocilin is produced in response to the IOP eleva-
tion is uncertain [60]. MYOC gene mutations do not appear to be associated with 
steroid-induced pressure elevation, at least in an animal model [60].

 Increased Episcleral Venous Pressure

 Scleritis

Scleritis is a chronic inflammatory eye disease with a potentially poor clinical out-
come. Common secondary complications are scleral melting, keratitis, cataract, and 
also elevated IOP. Glaucoma incidence varies in the literature between 9 and 19 %. 
The pathogenesis of this pressure increase is not clearly defined in scleritis patients. 
In addition to morphological changes in the trabecular outflow pathway, increased 
scleral or episcleral vein pressures may be involved.
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The rate of secondary elevated IOP is highest in patients with necrotizing scleri-
tis. IOP increase predominantly in the early phase of scleritis and during the acute 
phase of inflammation, which is in contrast to IOP elevation in uveitis patients, but 
supporting the role for effective anti-inflammatory treatment in these patients.

 Conclusion

Ocular hypertension and secondary glaucoma are common sequelae of intraocular 
inflammation, and in this chapter we discussed the mechanisms of IOP elevation in 
uveitis. IOP elevation in idiopathic uveitis generally occurs as a result of the com-
bined effects of inflammation in the anterior segment, angle closure, and corticoste-
roid treatment, the degree of IOP elevation often depending on the severity or 
chronicity of exposure to the above factors in combination with the individual’s own 
genetic susceptibility to corticosteroid-induced IOP elevation.

On the other hand, there are certain specific clinical uveitis syndromes such as 
FUS, herpetic keratouveitis, and Posner-Schlossman syndrome in which IOP eleva-
tion and the risk of glaucoma may be disproportionately high in comparison to the 
degree of inflammation. It is difficult to ascertain the precise incidence of ocular 
hypertension in various types of uveitis, except in conditions such as Posner- 
Schlossman syndrome where IOP elevation is a fundamental diagnostic criterion, 
consequently occurring in 100% of cases. Control of IOP is therefore an integral 
part of the management of these conditions.

In Chap. 10 Uveitic Glaucoma, its diagnoses and management (both medical and 
surgical) will be discussed.
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Chapter 9
Medical and Surgical Management 
of Uveitic Glaucoma

Rajesh Sasikumar and Piergiorgio Neri

 Introduction

Inflammation of the uveal tract might lead to high intraocular pressure (IOP) [1]. A 
series of components may contribute in the pathogenesis of inflammatory glau-
coma, such as trabecular meshwork engorgement by immune-cells and proteins [2, 
3], inflammation of the trabecular meshwork itself known as “trabeculitis” [4], 
peripheral anterior and/or posterior synechiae [5], rubeosis iridis and, consequently, 
neovascular glaucoma [6], and anterior rotation of the lens-iris diaphragm [7]. In 
addition, it is well known that the use of steroids in order to control uveitis may lead 
to secondary IOP elevation [8–10].

Uveitic glaucoma may become a severe complication and contribute to severe 
visual impairment in patients with uveitis. Although several retrospective reports 
described the prevalence of glaucoma in patients with uveitis [11–14] the incidence 
of this complication was more recently reported [15].

Uveitic glaucoma represents one of the pitfalls in the management of uveitis.
Uveitic glaucoma occurs in about 20% of patients with uveitis and requires an 

urgent treatment that might end in surgery to avoid glaucomatous optic nerve dam-
age. The medical literature reported specific types of uveitis associated with very 
high rates of IOP elevation (see Chap. 8). By definition, high IOP occurs in 100% 
of patients with Posner-Schlossman syndrome, but not all patients suffer glaucoma-
tous optic neuropathy. On the contrary, glaucomatous optic nerve damage is rela-
tively common in Fuch’s uveitis syndrome. Therefore, it is crucial to have a 
consistent definition of glaucoma in uveitis.

The term glaucoma should be reserved for conditions with a clear evidence of 
glaucomatous optic damage, while uveitic or steroid-induced ocular hypertension 
should be used in cases where increased IOP is the only hallmark. The  differentiation 
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between normal and pathological optic discs represents a concrete challenge in uve-
itic eyes, where media opacity often makes this evaluation very hard.

Affected segment of the uveal tract may potentially be more or less associated 
with uveitic glaucoma: uveitis that affects primarily the posterior segment is associ-
ated with a lower risk of uveitic glaucoma. Behçet’s disease and Vogt-Koyanagi- 
Harada syndrome are significantly associated to both posterior and anterior uveal 
tract involvement (a so called panuveitis) and the risk of secondary glaucoma 
increases. Approximately 6% of all uveitis occurs in children and the most common 
systemic association is with juvenile idiopathic arthritis. These pediatric uveitis are 
often treated with high dose of steroids at their onset and this may lead to uveitic 
glaucoma that should be promptly addressed.

 Diagnosis

When a patient presents high IOP in uveitis, it is crucial to distinguish the possible 
syndromes that might be associated with glaucoma, such as Fuch’s uveitis syn-
drome, Posner-Schlossman syndrome and rubella associated anterior uveitis. In 
addition, it is important to carefully examine the iridocorneal angle for potential 
signs of obstruction, such as peripheral anterior synechia, pigment smudging and 
angle closure, or inflammation hallmarks like Busacca nodules, pigment deposition 
or angle neovascularisation.

It is also crucial to monitor carefully IOP in uveitis since marked fluctuation is 
often observed between visits. Goldmann applanation tonometry (GAT) represents 
the gold standard, even though modern dynamic contour tonometry might be less 
affected by changes in central corneal thickness (CCT). CCT should be measured 
accurately in all patients, since GAT may underestimate the IOP level in those with a 
CCT <510 μm. Visual field testing with standard automated perimetry represents the 
most reliable functional test for an accurate monitoring of potential change in retinal 
sensitivity over time: the presence of a visual field abnormality represents still the only 
endpoint for the diagnosis of glaucoma, albeit optic disc changes alone are considered 
the hallmark of the so called pre-perimetric glaucoma. The toughest issue in uveitis is 
differentiating visual field defects that are related to chorioretinal scarring or media 
opacity from those that may be secondary to uveitic glaucoma. This requires a careful 
examination of the patient and appraisal of the whole picture.

Optic disc interpretation represents a difficult issue in case of media opacities 
such as cataract, posterior capsule opacification, pupillary membrane, vitritis and 
high degree of anterior chamber inflammation. In addition, diffuse retinal nerve 
fiber loss from widespread retinal disease may also mimic the expansion of the optic 
disc cup. In the past stereo disc photography represented a reliable method of com-
parison of optic disc change over time, even though newer imaging devices, such as 
scanning laser ophthalmoscopy, polarimetry or optical coherence tomography may 
offer a more accurate analysis in order to detect subtle changes over time. Moreover, 
it is strongly recommended to measure the vertical disc diameter when assessing the 
optic disc for glaucomatous damage: in optic discs <1.5 mm vertical diameter any 
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cupping at all may be pathological, whereas discs >2.0 mm a correspondingly large 
cup may still be physiological.

 Differential Diagnosis

The important differential diagnoses are the hypertensive uveitis entity and the 
mechanism of inflammatory glaucoma. The uveitis mostly associated with glau-
coma are dealt with in Chap.  8.

It is crucial to differentiate IOP elevation in open angle from that of a closed 
angle, in order to appropriately plan the therapeutic strategy. In anterior uveitis, 
angle closure may be secondary to relative pupil block: fibrin at the pupillary mar-
gin may obstruct aqueous flow into the anterior chamber and generate a vicious 
circle that may lead to the acute occurrence of high intraocular pressure. IOP eleva-
tion is relatively infrequent in this situation, due to the cyclitis and the consequent 
reduction in aqueous production at the onset of the disease. More commonly acute 
angle closure in uveitis may be secondary to 360° secluded pupil: posterior syn-
echia at the pupil margin may obstruct the aqueous flow and lead to acute angle 
closure glaucoma. The key features of this condition are a deep central anterior 
chamber, dramatic iris bombe, often with peripheral iris-corneal contact, corneal 
edema and a very high IOP.

In certain situations, the IOP elevates in the presence of a very shallow central 
anterior chamber, almost with irido-lenticular contact. In this case, the diagnosis is 
either forward movement of the lens-iris diaphragm or a phacomorphic IOP 
elevation.

In case of phacomorphic glaucoma, the lens is generally not large enough to cause 
a very shallow central anterior chamber, therefore the suspect of an anteriorization of 
the lens-iris diaphragm should always be put forward. The causes of the latter are any 
condition that leads to expand the volume of the posterior segment. This may happen 
in case of posterior scleritis and inflammatory ciliochoroidal effusions, VKH, without 
forgetting that this may happen after extensive panretinal photocoagulation, after vit-
rectomy or aqueous misdirection after decompressive surgery.

A pre-existing narrow angle may lead to synechial closure, resulting from 
chronic intermittent irido-trabecular contact in an eye with synechia in the angle 
secondary to inflammatory nodules or neovascular membrane with iris neo- 
vascularization. Therefore, the careful examination of the angle in all uveitis patients 
suspected of IOP elevation represent a core component of the correct assessment.

 Therapy

An appropriate management of active inflammation represents a priority in uveitic 
glaucoma. A sub-optimal therapy for the uveitis in the hope of avoiding steroid- 
induced IOP elevation does not offer any advantage: this is likely to result in further 
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damage to the outflow pathway and to permanent impair of the aqueous flow. Albeit 
ocular hypotensive medications are always appropriate, in some diseases, such as 
Posner-Schlossman syndrome and herpetic uveitis, steroids represent the core com-
ponent of the treatment. Due to the sensitivity of inflammation to topical steroids in 
these conditions, the IOP usually comes back to normality as soon as the inflamma-
tion settles. Conversely, steroid treatment of inflammation in Fuch’s uveitis syn-
drome is mandatorily contraindicated. A balance between adequate control of 
inflammation and steroid-induced IOP elevation is considered a must, in order to 
maintain a healthy optic nerve.

 Medical Management

Medical approach is the first approach to uveitic glaucoma. No study has specifi-
cally addressed the effect of topical glaucoma medication in uveitis.

Non-selective ß-blockers such as timolol are still used as first-line treatment in 
uveitis glaucoma, in contrast with primary open-angle glaucoma. Among those 
available, metipranolol is best avoided, since this has been previously reported to 
induce uveitis in a proportion of cases [16].

Topical carbonic anhydrase inhibitors (CAIs) such as brinzolamide and dorzol-
amide may exert a minimal action in controlling the IOP in POAG patients but they 
may surprisingly have a dramatic decrease in some chronic uveitis, and this is pre-
sumed to be due to increased sensitivity of the diseased ciliary body to aqueous 
suppressants.

The prostaglandin agonists are considered the most effective agents in lowering 
the IOP by increasing uveoscleral outflow through changes in ciliary body matrix. 
Initial concerns that prostaglandin agents might precipitate or exacerbate uveitis 
[17–20] and herpetic keratitis [21–23] were raised, although this suspect was never 
proved [24]. On the other hand, prostaglandins are not safe in patient with previous 
history of cystoid macular edema (CME) [25–27], aphakia in uveitis, aggressive 
cases of herpetic keratouveitis, poorly controlled anterior uveitis.

Alpha-adrenergic agonists may efficiently reduce IOP by a combination of aque-
ous suppression and increased uveoscleral outflow. Unfortunately, these drugs are 
associated with frequent local side effects and tachyphylaxis when used for pro-
longed periods: severe allergy to brimonidine and even granulomatous anterior uve-
itis may also be a prominent feature that limit their use in uveitic patients. These 
agents also appear to act via prostaglandin release and their efficacy may be reduced 
if used concomitantly with NSAIDs.

Miotic agents, such as pilocarpine, must be avoided since they lead not only to 
increased vascular permeability but also may induce formation of posterior 
synechia.

Systemic CAIs are also required in a significant proportion of patents. It has been 
reported that patients requiring systemic CAIs in addition to topical therapy fall into 
3 broad categories as the following:
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 1. Group 1: rapid responder. They have a rapid response to systemic CAIs that can 
often subsequently be managed on topical therapy alone in the long term. Patients 
in this group may require surgery only in case of advanced glaucomatous nerve 
damage and/or repeated frequent attacks with acute IOP elevation risk leading to 
a further visual impairment.

 2. Group 2: partially responder. IOP is controlled but only with a heavy regimen of 
systemic CAIs and maximum quantity of topical agents. Albeit some patients 
might tolerate this in the long term, this type of treatment does not seem to be 
sustainable and most patients will opt for surgery.

 3. Group 3: they are so called non-responder. Despite maximum medical therapy, 
the IOP may remain very high, often higher than 30 mmHg. Regardless of the 
extent of optic nerve damage, surgery is needed as a rescue therapy in order to 
avoid glaucomatous visual loss.

 Acute Pupillary Block

Acute angle closure represents an emergency in uveitis and must always be promptly 
treated. The correct approach starts with an intensive pupillary dilatation and anti- 
inflammatory medication that may break posterior synechia and re-establish aque-
ous flow. It essential to start the treatment immediately with no delay in order to 
avoid a more radical approach.

The use of intracameral tissue plasminogen activator (TPA) has been described 
in cases of acute pupil block secondary to fibrinous inflammation [28]. However, 
acute attack of uveitis with posterior synechia and pupillary seclusion may present 
a normal or even low IOP because of cyclitis and the need to treat may not be appre-
ciated. If TPA needs to be used in an eye with iridotomy or iridectomy, it is crucial 
to inject it before performing those, since its injection after either procedure may 
lead to a significant iris bleeding.

Laser iridotomy may provide temporary relief of pupillary block but this is not a 
potential curative treatment, since its failure rate is consistently high. Surgical iri-
dectomy with synechiolysis and aggressive control of anterior segment inflamma-
tion are nowadays essential for long-term success [30]. Moreover, since secluded 
pupil rapidly develop peripheral anterior synechia, synechiolysis and surgical iri-
dectomy have to be planned even after laser iridotomy performed as a rescue 
treatment.

 Surgical Management

A high proportion of uveitic glaucoma needs a surgical approach. Compared with 
primary open-angle glaucoma, IOP in uveitic glaucoma is usually much higher 
despite medical therapy and most patients are already taking systemic CAIs unsuc-
cessfully. Reluctance to operate may be induced by a higher risk of surgical failure, 
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possible postoperative hypotony and inflammation, leading to a more conservative 
management. On the other hand, suboptimal control of IOP in uveitic glaucoma will 
certainly cause severe visual impairment in a consistent number of patients. Modern 
surgical techniques may minimize the risks of surgery and may offer a stable IOP 
control for the majority of the patients.

Several surgical options have been proposed such as cyclophotocoagulation, tra-
beculectomy and aqueous shunts. The decision to operate is based on the following 
parameters: current IOP level, history of IOP elevation, severity of optic nerve dam-
age, appearance of the drainage angle and response to medical treatment.

Inflammation control has to be the first step in managing uveitic glaucoma in 
view of a surgery, and elevated IOP has to be managed medically as best as possible 
in the interim. In some instances hot surgery is needed: under these circumstances, 
the use of perioperative systemic or intraocular corticosteroids has to be 
considered.

Cyclophotocoagulation [29] should not be considered as an option in inflammatory 
glaucoma: ciliary destructive surgery may be associated with severe exacerbations of 
uveal inflammation and permanent impairment of a ciliary body that is already suffer-
ing from inflammatory disease. This could result in a potential irreversible hypotony 
which can be as dangerous as chronic uveitic glaucoma. In children treatment with 
cyclophotocoagulation has proven unsatisfactory in the long term since the ciliary 
epithelium regenerates and leads to new elevations of the IOP [30].

Trabeculectomy with low-dose mitomycin C (0.2 mg/ml) is the most studied surgi-
cal approach for phakic patients with uveitis. The caveat in this surgery is that even in 
the absence of over drainage, hypotony may occur by low aqueous production, par-
ticularly in younger patients which are more prone to hypotony maculopathy. Multiple 
releasable and/or adjustable sutures are used to ensure tight flap closure and minimal 
initial drainage, in order to prevent hypotony. Early postoperative period is crucial for 
a successful long-term outcome: selective suture release is performed to establish 
adequate flow and a similar control is achieved with fixed scleral flap sutures that 
might be selectively lasered in the early postoperative period.

Antimetabolites play a primary role in the success of the surgical therapy: 53% 
of the patients have a complete IOP control after 5 years [31]. The reported success 
rate in such study was superior than expectancies for trabeculectomy without antip-
roliferative in uveitic glaucoma [32]: only 30% of eyes achieved a successful IOP 
control with no need of medications at 5  years after trabeculectomy without 
 antimetabolites. In this second study the success rate increased to 50% in those who 
received postoperative 5FU injections.

Unfortunately, few studies were published on the long-term control of IOP in 
mitomycin C-augmented trabeculectomy in patients with uveitis. The use of MMC 
in uveitic eyes is associated with lower IOP on fewer medications than eyes under-
going trabeculectomy with intraoperative 5FU [33].

Again, it is crucial the stress the role played by the control of inflammation in uve-
itic glaucoma: in higher-risk cases trabeculectomy surgery may have a poor outcome 
if the inflammatory component is not optimally suppressed. However, uveitic patients 
may have a significant risk of later failure provoked by recurrences of uveitis or sub-
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sequent cataract surgery. Moreover, nearly 50% of patients develop cataract after tra-
beculectomy [34]. Cataract may develop for the following reasons: corticosteroid 
treatment, trabeculectomy surgery itself, uveitis, the initial IOP elevation and aqueous 
suppressant treatment for IOP elevation. Subsequent cataract surgery may exert a 
negative influence on trabeculectomy in about one fourth of the patients.

Aqueous shunt implantation may offer a more stable IOP control in patients with 
high risk of trabeculectomy failure, such as previous failed filter, prior intraocular 
surgery, aphakia and pseudophakia, young age, black race and patients likely to 
require cataract surgery.

Aqueous shunts offer a wide range of options: Ahmed glaucoma valve, the 
Baerveldt glaucoma implant and the Molteno implant are some of the possible devices 
available in the market. Aqueous shunts are progressively used in the management of 
patients with refractory glaucoma and in some centers, they have replaced trabeculec-
tomy as the first option in the surgical management of non- uveitic glaucoma. Molteno 
[35] reported successful IOP control (≤21 mmHg) in 87% of eyes after 5 years and 
93% at 10 years. Both the Baerveldt and Ahmed devices may warrant an optimal 
short-term result. Even though Da Mata reported an excellent 94% of controlled IOP 
at 1 year after Ahmed glaucoma valve implantation, this time of follow up is too short 
to be meaningful. On the other hand, it is encouraging that the 10 eyes followed for a 
further year maintained IOP control. Similar results were obtained by Ceballos, who 
described successful IOP control with the Baerveldt glaucoma implant in 92% at 
2 years [15, 36]. The use of MMC with aqueous shunt implantation is controversial, 
and no clear benefit has been reported.

 Prognosis

The prognosis in most types of uveitic glaucoma often depends on the application 
of the “zero tolerance” concept for both uveitis and IOP elevation. Sub-optimal 
treatment of inflammation in order to prevent a possible steroid-induced IOP eleva-
tion leads always to severe worsening of uveitis. Cataract should also be aggres-
sively managed as it hampers optic disc assessment preventing adequate management 
of glaucoma. In conclusion, the prognosis for eyes with uveitic glaucoma should 
present a much better outcome than historically has been described, if all the factors 
would be appropriately addressed.
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Chapter 10
Inflammatory Choroidal Vascular 
Membranes

Assaf Hilely, Adrian Au, and David Sarraf

 Epidemiology

Choroidal neovascularization (CNV) can complicate a wide range of ocular disor-
ders including various inflammatory chorioretinopathies. This chapter will review 
the pathogenesis, etiology, clinical presentation, multimodal imaging, and treatment 
of inflammatory CNV.

Inflammatory CNV is a sight threatening complication that results from the pro-
cess of angiogenesis and abnormal proliferation of choroidal vessels and may be 
associated with various noninfectious and infectious uveitic entities [1–5]. 
Inflammatory disorders complicated by CNV typically occur in young patients and 
the visual prognosis is guarded, despite diverse treatment strategies [6].

Inflammatory causes of CNV represent the third most common cause of CNV 
after age-related macular degeneration (AMD) and pathologic myopia [1, 7–9]. The 
reported incidence of inflammatory CNV across all forms of posterior uveitis is low 
with a two- year incidence of 2.7% [10]. However the rates of inflammatory CNV 
development vary significantly according to the specific disease. The reported prev-
alence of inflammatory CNV in punctate inner choroiditis (PIC) ranges from 
22–100% and is 22–50% in multifocal choroiditis with panuveitis (MFC/MCP), 
[10–18] while the reported prevalence in birdshot chorioretinopathy is 1.0–11% 
[19–21]. In persistent placoid maculopathy (PPM), the reported prevalence of 
inflammatory CNV is very high, approximately 56–90% [22, 23] while in patients 
with serpiginous choroidopathy, this complication occurs in 4.7–35% of patients 
[10, 24–27]. Inflammatory CNV can complicate acute posterior multifocal placoid 
pigment epitheliopathy (APMPPE) but at a significantly lower rate than PPM and 
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serpiginous. With infectious etiologies, the prevalence of inflammatory CNV is less 
common and has been reported to be 3.8–5% [28–30] with presumed ocular histo-
plasmosis syndrome (POHS) and less than 1% with toxoplasmosis cases [31].

 Pathogenesis

Although inflammatory CNV is known to be a potential complication of uveitis, its 
pathophysiology, still remains poorly understood [32]. Because of the relatively low 
incidence of inflammatory CNV and the difficulty in developing an accurate experi-
mental model, the most remarkable pathogenic information has been provided 
through histopathological studies of CNV secondary to AMD and other disorders. 
The analysis of the ultrastructural features in surgically excised submacular CNV 
lesions in choroidal inflammatory conditions has identified the associated presence 
of macrophages, fibrocytes, myofibroblasts, glial cells, and lymphocytes [33–35]. A 
two- component model has therefore been proposed to describe CNV. The vascular 
component of CNV is comprised of vascular endothelial cells, pericytes and precur-
sors of endothelial cells. The extravascular component is comprised of inflamma-
tory cells (macrophages, lymphocytes, granulocytes, and foreign body giant cells), 
glial cells, retinal pigment epithelial (RPE) cells and fibroblasts [36]. Thus CNV 
development is a process which involves both inflammation and angiogenesis, and 
the relevance of each component depends on both the underlying disease and the 
dynamic stage of CNV development.

Inflammation, typically chronic inflammation, at the level of the Bruch’s mem-
brane RPE complex usually sets the stage for the development of inflammatory 
CNV. Antigen deposition in the area of Bruch’s membrane due to the underlying 
uveitic disorder may lead to a focal inflammatory response followed by a break in 
Bruch’s membrane and resulting in the disruption of homeostasis between inhibi-
tory and stimulatory mediators of angiogenesis. These processes eventually lead to 
the proliferation of choroidal blood vessels under the RPE and into the subretinal 
space [37] where the neovascular membrane may leak and bleed leading to serous 
retinal detachment and fibrotic scarring [7, 38, 39].

Inflammatory CNV typically occurs in a younger demographic and therefore the 
most common subtype is type 2 neovascularization (NV), unlike that noted in the 
AMD population [40]. While type 1 NV is located in the sub-RPE space and typi-
cally associated with a pigment epithelial detachment (PED), type 2 NV is located 
in the sub-neurosensory retina compartment and is loosely correlated with the dye 
based angiographic feature of classic or well defined neovascularization [8, 41, 42]. 
A greater adherence of the RPE to Bruch’s membrane in younger patients may 
explain the predisposition to develop type 2 NV in inflammatory cases of CNV [41]. 
Excised inflammatory CNV has been shown to overexpress vascular endothelial 
growth factor (VEGF) by immunohistochemistry methods [38, 43, 44]. VEGF 
reduces junctional integrity of the RPE and vascular endothelium and upregulates 
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leukocyte adhesion molecules to the endothelium, thus facilitating the infiltration of 
leukocytes into tissues [45–48].

The pathogenesis of CNV involves three stages.

 The Initiation Stage

VEGF plays a key role as the inciting stimulus of CNV development. VEGF is pro-
duced by a number of potential sources including ganglion cells, endothelial cells, 
pericytes, Müller cells, photoreceptors, and RPE cells [49, 50]. VEGF-A is the pro-
totypical member of the same gene family which also includes placental growth 
factor (PlGF), VEGF-B, VEGF-C, VEGF-D, and Parapoxvirus Orf-virus-encoded 
VEGF-E [51, 52].

In a response to hypoxia, VEGF is produced and triggers growth of endothelial 
cells from arteries, veins, and lymphatics [53–55]. In addition, VEGF enhances 
microvascular permeability and promotes monocyte chemotaxis thus acting as a 
survival factor for endothelial cells.

 The Active Stage

This stage is characterized by the progressive enlargement of the CNV complex, 
which is mainly related to the presence of several inflammatory cells, synergistically 
acting with aberrant cytokines [43, 56–58]. Vascular endothelium and macrophages 
produce matrix metalloproteinases which degrade the extracellular matrix promoting 
CNV infiltration through Bruch’s membrane and tissue planes [37, 59]. In this stage, 
the CNV undergoes maturation and becomes less responsive to VEGF, unlike its 
properties in the initiation stage. Once the new vessels are formed, the endothelial 
cells start to secrete other factors to recruit pericytes that promote vessel stabilization, 
endothelium differentiation, and growth arrest. The most important of these factors is 
PDGF-B which works through its receptors expressed by pericytes [60–62].

 The Involutional Stage

In the final stage, a shift toward anti-angiogenic and anti-proteolytic activities, result-
ing in the involutional stage of CNV [37]. This stage is characterized by the presence 
of TGF-β and TIMP-3, produced by the RPE, which are able to influence both the 
secretion of the extracellular matrix and tissue remodeling which eventually lead to 
the development of a fibrotic cicatrix and a medium where the CNV no longer needs 
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VEGF [63]. The RPE cells, directed by TNF-α and other growth factors, de-differen-
tiate and proliferate, and together with the choroidal fibroblasts show a wound repair 
pattern. The outcomes of these processes are the maturation of established vessels and 
the formation of scar tissue [64].

 Differential Diagnosis

There are many uveitic disorders that can be complicated by inflammatory CNV the 
most common of which include multifocal choroiditis with panuveitis syndrome 
(MFC/MCP), punctate inner choroidopathy (PIC), presumed ocular histoplasmosis 
syndrome (POHS), HLA-A29 birdshot chorioretinopathy, placoid disorders includ-
ing acute posterior multifocal placoid pigment epitheliopathy (APMPPE), persis-
tent placoid chorioretinopathy (PPM), relentless placoid chorioretinitis, serpiginous 
chorioretinopathy, and toxoplasmosis chorioretinopathy.

See the Table for a detailed list of etiologies that should be included in the 
 differential diagnosis of inflammatory CNV.

Non-Infectious Infectious

Punctate inner choroidopathy (PIC) Tuberculosis
Multifocal choroiditis with panuveitis (MFC or MCP) Presumed ocular histoplasmosis 

(POHS)
Vogt-Koyanagi-Harada (VKH) Syphilitic chorioretinitis
Placoid 
Disorders

Acute posterior multifocal placoid pigment 
epitheliopathy (APMPPE)

Toxoplasmosis

Persistent placoid chorioretinopathy Rubella retinopathy
Relentless placoid chorioretinitis Toxocara
Serpiginous choroiditis West Nile virus

Sarcoidosis Fungal Aspergillus 
fumigatusTubulointerstitial nephritis and uveitis

Eales disease Candida albicans

Birdshot choroiditis
Sympathetic ophthalmia Cryptococcus 

neoformansIdiopathic

 Clinical Presentation and Multimodal Imaging

Inflammatory CNV may harbor common underlying features across various uveitis 
disorders including the presence of a yellow-white infiltrate associated with retinal 
edema (subretinal or intraretinal fluid) and subretinal blood [56]. Inflammatory 
CNV not uncommonly emanates from the edge of a chorioretinal scar or a choroidal 
granuloma and can be located in the macular, extramacular, or peripapillary regions 
[65]. The majority of inflammatory CNV cases, however, develop in the extrafoveal 
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location [1, 13]. Foveal involvement can be detected early by the patient who may 
complain of metamorphopsia or central scotoma. However, extrafoveal inflamma-
tory CNV may develop in an asymptomatic patient and may be incidentally detected 
especially if heme or fluid is noted on retinal evaluation [65].

As inflammatory CNV lesions are typically type 2 NV in morphology, a grey 
green membrane and a pigment ring may be identified on examination or color fun-
dus photography and a classic well defined pattern of leakage may be appreciated 
with dye based fluorescein angiography (FA) [41, 66]. Spectral domain optical coher-
ence tomography (SD-OCT) may display subretinal hyperreflective material (SHRM) 
which may represent the type 2 NV lesion or associated inflammatory fibrin or fibro-
sis [67]. SD-OCT may also illustrate subretinal or intraretinal fluid, which provides a 
valuable biomarker of response to treatment especially in extra-foveal lesions where 
visual acuity may still be preserved. More recently, inflammatory CNV has been 
associated with a unique OCT feature referred to as a pitchfork sign characterized by 
vertical hyperreflective lines emanating from the type 2 NV [68]. OCT angiography 
may provide an additional important tool to detect inflammatory CNV and its 
response to treatment especially if there is no fluid noted with OCT. Cases of type 1 
NV associated with inflammatory diseases have been documented and therefore 
close evaluation with examination and multimodal imaging is essential [69].

 Multimodal Imaging and Diagnosis

This section will selectively highlight the individual diseases associated with 
inflammatory CNV and will briefly describe the associated multimodal imaging 
features of these disorders, although inflammatory CNV has similar presenting find-
ings with each condition.

 Punctate Inner Choroidopathy (PIC) and Multifocal Choroiditis 
and Panuveitis (MFC/MCP)

PIC and MFC/MCP lesions are commonly bilateral small, round, yellowish-white 
punctate lesions that evolve into punched-out chorioretinal scars (Fig. 10.1a) [70–
73]. Whereas PIC lesions are confined to the posterior pole and associated with 
minimal vitritis, MFC/MCP lesions are larger and more diffuse and associated with 
panuveitis. This distinction in distribution explains the varying localization of CNV 
which is commonly associated with the inflammatory lesions. However, this may 
explain the difficulty in differentiating CNV from the inflammatory lesions. 
Therefore, examination for hemorrhage and multimodal imaging is essential. On 
FA, inflammatory CNV is characterized by early iso- or hyperfluorescence with 
variable late leakage and staining, [74] whereas MFC lesions tend to be iso- or hypo-
fluorescence with late leakage and staining (Fig. 10.1c) [75–78]. On indocyanine 
green angiography (ICGA), inflammatory lesions are commonly hypofluorescent 
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throughout the study, which may be in contrast to a hyperfluorescent CNV [79, 80]. 
With OCT, inflammatory and CNV lesions appear similar, with focal hyperreflective 
pigment epithelial detachments and RPE breaks and eruption of the lesion from the 
subRPE to the subretinal space (Fig. 10.1e). The choroid may display infiltration 
with loss of the normal vascular architecture. In the later stages of disease, these 
areas can lead to outer retinal or chorioretinal atrophy [71, 72, 81–83]. In settings 
where FA and OCT may be inconclusive, OCT angiography can distinguish CNV 
from inflammatory lesions, [84, 85] especially when the FA is inconclusive 
(Fig.  10.1b) [74, 86]. Fundus autofluorescence (FAF) shows hypoautofluorescent 
spots (although acute lesions may be hyperautofluorescent) with hyperautofluores-
cent margins that fade as the lesions regress (Fig. 10.1d) [87, 88].

 HLA-A29 Birdshot Retinopathy

These patients present with creamy ovoid depigmented choroidal lesions extending 
to the periphery in all quadrants and giving the characteristic ‘birdshot’ fundus pat-
tern. The lesions eventually become more atrophic with chronicity [89]. Inflammatory 
CNV typically presents with subretinal hemorrhage and associated intraretinal fluid 
(Fig. 10.2). Inflammatory lesions may be challenging to detect with FA in the early 
stages of disease [19] but can display mild late staining especially in the later stages 
of disease when atrophy has ensued (Fig.  10.2) [90–92]. With ICGA, birdshot 

Fig. 10.1 Multifocal choroiditis and panuveitis. Color fundus photograph illustrates subretinal 
hemorrhage in the temporal juxtapapillary region of the left eye (a). Optical coherence tomogra-
phy angiography (b) shows a corresponding choroidal neovascular membrane that leaks with 
fluorescein angiography (c). In the nasal periphery, staining of inflammatory lesions is noted in 
the late frame of the fluorescein angiogram (c). On fundus autofluorescence, inflammatory 
lesions are centrally hypoautofluorescent with a hyperautofluorescent ring around the central 
lesion (d). Optical coherence tomography B-scan (e) illustrates subretinal hyperreflective mate-
rial (SHRM) that corresponds to the type 2 choroidal neovascular membrane
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lesions appear as evenly-sized, round-oval, hypofluorescent dark spots in the inter-
mediate and late phases of the angiogram and are often noted to aggregate along the 
choroidal vessels [90, 93]. Inflammatory CNV associated with HLA A29 disease 
will typically display early classic or well-defined lacy hyperfluorescence with late 
leakage and a hot spot with ICGA. In the absence of CNV, OCT demonstrates focal 
or generalized disruption of the ellipsoid zone and thinning of the inner or outer 
retina with choroidal thinning especially involving the Sattler’s layer [94, 95]. While 
type 2 NV associated with subretinal hyperreflective material (SHRM) is more typi-
cal with OCT analysis, a pigment epithelial detachment caused by type 1 NV may 
be noted in select cases [67, 96]. OCT angiography can aid in the confirmation of 
CNV. OCT angiography has also shown a predilection for flow deficits in the deep 
retinal capillary plexus [97] with choroidal flow voids that co-localize with hypo-
fluorescent ICG lesions [98]. Capillary loops, telangiectatic vessels, increased inter-
capillary spaces and altered vascular architecture in both the superficial and deep 
capillary plexuses have also been documented in birdshot chorioretinopathy using 
OCT angiography [99]. FAF reveals hypoautofluorescence with chronic birdshot 
lesions circumferentially around the optic nerve and linearly along retinal vessels 
corresponding to RPE atrophy [100, 101].

 Acute Posterior Multifocal Placoid Pigment  
Epitheliopathy (APMPPE)

Color fundus photography of APMPPE lesions illustrate multiple, bilateral, yellow- 
white, placoid subretinal lesions in the posterior pole that pigment over time, leav-
ing well-demarcated alternating areas of focal RPE atrophy and proliferation [102]. 

Fig. 10.2 Birdshot chorioretinopathy. Fundus photography (left) illustrates subretinal hemorrhage 
within the posterior pole of the right eye due to a choroidal neovascular membrane. Note the char-
acteristic oval yellow-white, “birdshot” choroidal lesions extending to the periphery. Late fluores-
cein angiography (right), from a different patient with birdshot disease, displays late staining of a 
classic choroidal neovascular membrane that extends through the fovea. (Courtesy of The Retina 
Atlas. Editors Freund KB, Sarraf D, Mieler WF, Yannuzzi LA. Elsevier 2017 (2nd Edition))
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In the acute stages of disease, hypofluorescence of the choroid is noted with both the 
early stages of FA and ICGA corresponding to the APMPPE lesions and due to 
choroidal ischemia [103, 104]. In the late stages of FA, intense staining of the 
APMPPE lesions is noted. With subacute and resolved lesions, early hypofluores-
cence is replaced by hyperfluorescent window or transmission defects due to RPE 
(and choriocapillaris) atrophy that is the legacy of the APMPPE lesions. Less 
intense late staining is also present [105]. With OCT, acute APMPPE lesions display 
outer retinal hyperreflectivity extending along Henle’s layer and associated with a 
wider choriocapillaris band due to the associated inner choroidal ischemia [104, 
106, 107]. As the lesions evolve, hypertrophy of the RPE may ensue associated with 
drusenoid deposition. While these RPE alterations may improve, complete ellipsoid 
zone recovery may not be noted and outer retinal and RPE atrophy may ensue with 
OCT. Presence of hemorrhage by macular examination or subretinal or intraretinal 
fluid with OCT are important clues of the presence of concurrent inflammatory 
CNV. OCT angiography demonstrates hypoperfusion and loss of choriocapillaris 
flow with acute placoid lesions while healed lesions illustrate projection artifact due 
to choriocapillaris atvrophy [69, 102, 107, 108]. OCT angiography can provide a 
very practical and non- invasive tool to monitor choroidal ischemia, progression of 
disease and response to therapy [69]. FAF demonstrates hyperautofluorescence 
associated with acute and subacute lesions and hypoautofluorescence correspond-
ing to atrophy associated with chronic lesions [106].

 Serpiginous Choroiditis

Color fundus photography of serpiginous lesions illustrates ill-defined, yellow- 
white patches of choroiditis that originate typically from the peripapillary region 
and progress centrifugally in a serpentine fashion. With time, chronic lesions develop 
pigmentary alterations that ultimately lead to fibrosis and atrophy (Fig.  10.3). 
Recurrent lesions commonly extend from the edges of old chorioretinal scars [27, 
109, 110]. With FA, acute lesions are hypofluorescent early, due to inner choroidal 
ischemia, and stain late, while chronic lesions only stain late (Fig. 10.3) [111–113]. 
This is in contrast to the early, well-defined, lacy hyperfluorescence of type 2 or clas-
sic NV that characteristically originates from the edge of a chorioretinal plaque or 
scar. ICG and OCT angiography are best at illustrating choriocapillaris non perfu-
sion that is the underlying etiology of placoid diseases such as serpiginous choroidi-
tis [69, 108, 114–118]. OCT is essential in detecting inflammatory CNV in eyes 
with serpiginous and the associated presence of subretinal fluid or hemorrhage. 
OCT of the active inflammatory lesions will also display ellipsoid zone disruption 
associated with outer retinal hyperreflectivity [119, 120]. However, it is important to 
note that in some cases of serpiginous, vein occlusions, retinal phlebitis and papil-
litis can occur from primary active disease and present with hemorrhage and fluid as 
well. FAF demonstrates hypoautofluorescent haloes which are often identified sur-
rounding the edges of a hyperautofluorescent lesions [119, 121].
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 Relentless and Persistent Placoid

Persistent and relentless placoid chorioretinitis are entities within the placoid disease 
spectrum and share similar features to the aforementioned serpiginous choroiditis and 
APMPPE.  In persistent placoid, well delineated, yellow-white plaque-like lesion(s), 
often large and central, display continued activity and evidence of inner choroidal isch-
emia over the course of several weeks or months without evidence of resolution, while 
in relentless placoid, lesions are recurrent and multifocal and expand in size, commonly 
over months [23, 122, 123]. In both, differentiating inflammatory CNV from inflamma-
tory lesions is clearer as placoid lesions are hypofluorescent early and stain late on FA 
and are hypofluorescent throughout the ICGA [122]. In contrast, inflammatory CNV 
displays well defined hyperfluorescence with FA and ICGA consistent with type 2 NV 
(Fig. 10.4). OCT angiography is especially informative and shows inner choroidal flow 
deficits that co-localize with the plaque(s) [69]. OCT may illustrate subretinal fluid due 
to the CNV membrane and hyperreflectivity of the outer retinal layers that can track in 
Henle’s layer corresponding to the plaques [123–125]. FAF demonstrates hyperauto-
fluorescence lesion early in the disease and hypoautofluorescence lesions in the chronic 
phases of disease consistent with RPE atrophy [126, 127].

 Presumed Ocular Histoplasmosis

POHS is defined by the triad of peripapillary atrophy, “punched-out” macular and 
mid peripheral chorioretinal scars, and the absence of overlying vitritis (Fig. 10.5a). 
As in other diseases, inflammatory CNV is most commonly located at the edge of a 

Fig. 10.3 Serpiginous choroiditis. Fluorescein angiography (left) illustrates leakage from a classic 
choroidal neovascular membrane (arrow) originating from the edge of a chorioretinal scar due to 
serpiginous choroiditis in the right eye. Fundus photograph (right) demonstrates the choroidal 
neovascular membrane (arrow) and atrophy noted in the fluorescein images. (Courtesy of The 
Retina Atlas. Editors Freund KB, Sarraf D, Mieler WF, Yannuzzi LA. Elsevier 2017 (2nd Edition))
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pre-existing scar in the macular or peripapillary region (Fig. 10.5c–e). CNV in this 
disease, as with the other inflammatory disorders, is of the type 2 variety and typi-
cally displays a yellow-green subretinal discoloration and a concentric pigment 
ring. In advanced cases, a central disciform lesion can be observed [29, 76, 128–
130]. With FA, the inflammatory CNV may show early well defined lacy hyperfluo-
rescence (type 2 NV) and late leakage while the peripapillary atrophy and 

Fig. 10.4 Persistent placoid 
chorioretinitis. Fluorescein 
angiography illustrates the 
characteristic inner 
choroidal ischemia 
remarkable in placoid 
diseases. Note the large 
overlying classic type 2 
choroidal neovascular 
membrane which is a 
common complication of 
persistent placoid 
chorioretinitis. (Courtesy of 
The Retina Atlas. Editors 
Freund KB, Sarraf D, 
Mieler WF, Yannuzzi LA. 
Elsevier 2017 (2nd 
Edition))

Fig. 10.5 Presumed ocular histoplasmosis. Fundus photographs illustrate focal areas of “punched 
out” chorioretinal atrophy (a) that are hypoautofluorescent on fundus autoflurescence (b). These 
lesions are centrally hypofluorescent with a ring of staining on fluorescein angiography (c). Note 
the presence of peripapillary choroidal neovascularization that is hyperautofluorescent (b) with 
fundus autoflurescence and hyperfluorescent (c) with fluorescein angiography. Choroidal neovas-
cular membrane is confirmed by OCT angiography (e) as a lacy neovascular network that sur-
rounds the nerve. On optical coherence tomography (d) there is peripapillary subretinal fluid
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chorioretinal scars may exhibit a window defect pattern of early transmission hyper-
fluorescence with progressive late staining [128]. ICGA may enhance identification 
of the CNV through blood or if the lesion is type 1 NV and under the RPE [128]. 
OCT demonstrates loss of the outer retinal structures with disruption of the ellipsoid 
zone and RPE and associated choroidal hyper-transmission corresponding to the 
histoplasmosis scars, [128] while OCT may display subretinal fluid and/or subreti-
nal hyper reflective material, i.e. SHRM, or more rarely a PED, corresponding to the 
CNV (Fig. 10.5d) [131]. OCT angiography may enhance identification of the micro-
vascular morphology of the neovascular lesion in POHS, [132] whereas the punched-
out chorioretinal lesions may display flow loss in the choriocapillaris and deeper 
choroidal layers (Fig.  10.5e) [133]. FAF shows hypoautofluorescent lesions that 
correspond to areas of absent RPE present in chorioretinal scars secondary to ocular 
histoplasmosis (Fig. 10.5b) [128].

 Toxoplasmosis

The “headlight in the fog” description refers to the classic toxoplasmosis presen-
tation of a focal, white-yellow retinochoroiditis associated with media haze due to 
a dense vitritis. The acute toxoplasmosis lesion typically displays poorly demar-
cated borders and is often recurrent or reactivated and located adjacent to a pig-
mented and/or atrophic scar [134, 135]. Furthermore, the focal retinochoroiditis 
can be associated with perivasculitis, venous sheathing, or segmental arteriolar 
plaques referred to as the Kyrieleis sign [134, 136]. Inflammatory CNV may com-
plicate toxoplasmosis scars and typically grows along or emanates from the edges 
of the atrophic chorioretinal scar and can present with sub retinal hemorrhage and 
intra- or subretinal fluid, best detected with OCT. With FA, the active toxoplasmo-
sis retinochoroiditis stains intensely while the inflammatory CNV may display 
early well defined, lacy hyperfluorescence with late leakage typical of a type 2 
classic NV. On OCT, active toxoplasmosis retinitis exhibits hyperreflectivity 
within the inner and outer layers of the retina that often progresses to thinning and 
cavitation with resolution of the acute inflammation [136]. OCT is essential to 
detect intraretinal and subretinal fluid associated with inflammatory CNV due to 
toxoplasmosis and is the most important barometer to assess response to treat-
ment with anti-VEGF therapy [137].

 Treatment

Given the relative rarity of inflammatory CNV and the lack of randomized con-
trolled clinical trials, widespread consensus for the treatment of inflammatory CNV 
does not exist. As a result, there are varying approaches but accurate diagnosis and 
evaluation of the underlying uveitic disorder are the mainstays of management of 
inflammatory CNV. Two general approaches are available: (1) modifying inflamma-
tory activity and (2) intravitreal anti-VEGF therapy. Laser destruction or surgical 
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excision of the lesion is no longer considered a primary mode of therapy of inflam-
matory CNV.

Since the underlying inflammatory activity is a modifiable risk factor for inflam-
matory CNV, [10] inflammation control is crucial in the prevention of progressive 
structural and functional damage of the various tissues of the eye. This may include 
local or systemic regimens of steroid treatment or long-term immunosuppressant 
therapy [138]. Recommended management approaches include: observation, sys-
temic immunosuppression and/or steroids, and periocular or intraocular steroid 
therapy. These approaches have been reported to be effective in preserving visual 
and anatomical function and controlling inflammatory CNV activity [12] [139, 
140].

Laser and surgical management have shown variable efficacy in the management 
of inflammatory CNV. Photodynamic therapy (PDT) with or without the addition of 
steroids has been reported successfully in some cases [141]. With extrafoveal type 
2 inflammatory NV, argon laser photocoagulation or surgical removal of the neovas-
cular membrane has been reported. However, both modalities have shown variable 
success rates with a high rate of recurrence and potential complications from the 
procedure or surgery and therefore these approaches are no longer considered stan-
dard of care [6, 142–148].

As VEGF plays an essential role in CNV development and has been successful 
in other neovascular diseases, most importantly AMD, anti-VEGF therapy has been 
used in combination with anti-inflammatory agents such as immunosuppression or 
corticosteroids [149–155]. Management with intravitreal anti-VEGF therapy has 
been shown to be an effective treatment modality with significant visual and ana-
tomic improvement paired with a very low rate of complication [70, 151, 156] in 
both infectious and non-infectious inflammatory disorders [1]. Patients tend to be 
successfully treated with a relatively small number of injections unlike other neo-
vascular diseases such as AMD [155].

Corticosteroids have been used for decades and still represent a viable option in the 
treatment of uveitis due to their strong and rapid anti-inflammatory effects [157]. In 
addition to the inhibition of pro-inflammatory mediators, steroids also seem to inter-
fere with VEGF production [158] [159]. Steroids inhibit the proliferation of vascular 
endothelial cells by suppressing the actions of inflammatory cells and the secretion of 
proangiogenic cytokines. In addition, steroids decrease vascular permeability by sta-
bilizing the basement membrane of the CNV, and this may prevent vascular budding. 
Immunosuppression is therefore required in order to override the chronic inflamma-
tory drive [8]. By reducing the VEGF stimulus of the growth of new vessels and by 
decreasing inflammation, which is the primary cause of VEGF release, these drugs 
still remain an important consideration for the treatment of inflammatory CNV.

Although the majority of uveitis cases are mainly treated by systemic and/or 
local steroids and anti-VEGF injections, there are circumstances in which steroids 
may be relatively contraindicated or may not elicit an appropriate response. Steroids 
are also poorly tolerated and can be complicated by significant side effects includ-
ing weight gain, emotional disturbance, hypertension, gastritis, glaucoma and cata-
ract [160, 161].
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Steroid sparing immunosuppressive agents provide a viable treatment option, 
especially for long term management, and can inhibit angiogenesis and the develop-
ment of inflammatory CNV [1]. Various agents have been studied including inflix-
imab, [162, 163] cyclosporin, [139] mycophenolate mofetil [142] and systemic and 
intravitreal methotrexate [164] and have found success in the treatment of uveitic 
disorders. However, there are no clear guidelines on the use of these agents, nor on 
the choice of agents for managing inflammatory CNV.

 Prognosis

The natural history of subfoveal inflammatory CNV is associated with a relatively 
poor visual outcome which is usually attributed to the chronic recurrent course and 
the lack of a standard therapeutic regimen [10, 65, 165]. However unlike CNV due 
to AMD, inflammatory CNV is associated with a better prognosis and requires less 
injections for stabilization. This may be attributed to the type 2 NV pattern, smaller 
size, association with younger patients with healthier RPE and a good response to 
the associated angio- static effect of the corticosteroids [166, 167].
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Chapter 11
Treatment of Inflammatory Choroidal 
Neovascular Membranes

Piergiorgio Neri

 Introduction

The development of choroidal neovascular membrane (CNV) is a result of angio-
genic drive mediated by local inflammation or secondary to degenerative disruption 
of the retinal pigment epithelium (RPE)—Bruch’s membrane complex. It can also 
be due to a combination of both mechanisms. The pathology of neovascular mem-
branes is similar between the different kinds of membranes, with the exception that 
CNV membranes in uveitis are more likely to be of type II [1].

The natural course and visual prognosis of inflammatory CNV are generally con-
sidered to be more favorable than the CNV resulting from age-related macular 
degeneration (AMD). It may be due to the classic nature and smaller size of the 
membrane and younger age of patients as compared to AMD-related CNV [2].

Treatment of CNV has evolved rapidly in recent years. Treatment of CNV has 
largely been extrapolated from the results of studies of CNV in AMD and myopia. 
Several techniques have been proposed for the management of inflammatory CNV 
in the past, such as argon laser photocoagulation, surgical removal, and photody-
namic therapy [3]. On the other hand, those techniques were abandoned since years 
in order to leave the scene to newer, safer and more appropriate ones.

While the underlying inflammation is generally treated with periocular, intravit-
real and systemic steroids, their long course may lead to several complications and 
this represents a clear warning that has to be considered for the optimal control of 
the disease [4]. The safety and efficacy of systemic immunosuppressive steroid 
sparing drugs for the treatment of uveitic CNV were reported [5], showing a satisfy-
ing control in combination with systemic steroids.

Nowadays, local vascular endothelial growth factor (VEGF) inhibition plays a 
crucial role in neovascular process and the modern approach to inflammatory CNV 
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has intravitreal anti-VEGF agents as a strongly recommended therapy [6]. This 
method is widely used in the treatment of age-related macular degeneration and 
pathologic myopia, but no randomized control trial has been published yet for uve-
itic CNV. Furthermore, no trials are available in uveitis to compare the available 
anti-VEGF drugs at this time or to compare the intravitreal injection protocol to be 
applied. Therefore, anti-VEGF agents are empirically used for the treatment of 
inflammatory CNV and the pro re nata (PRN) technique is empirically used.

 Treatment of CNV Associated with Infectious Uveitis

Infectious uveitis is rarely associated with the occurrence of inflammatory CNV, which 
has to be promptly treated with the combination of anti-VEGF and anti- infective 
agents. In this section we will describe the most typical forms and their therapy.

 Bacteria

Choroidal neovascularization is rarely associated with bacterial infections and the 
medical literature offers only few case reports.

On the other hand, a series of different conditions might induce a bacterial 
embolus, such as cardiac infections (endocarditis, aortic valve infection, renal and 
bone abscess) or intravenous drug abuse and may trigger the neovascular 
proliferation.

CNV occurring in bacterial infections is generally located at the edge of the pri-
mary chorioretinal lesion, or near an old atrophic scar.

Tuberculosis (TB) is the bacterial disease which has been more commonly asso-
ciated with CNV.

The treatment of such CNV is based on the association of systemic drugs and 
anti-VEGF agents that should be given in collaboration with the infectivologist. The 
role played by TB in serpiginous choroiditis is discussed deeper in this chapter 
afterwards.

Unfortunately, due to the scarce prevalence of all the forms, no trials and few 
case reports are available in the literature and an empirical therapy has to be 
promptly initiated.

 Viruses

Viruses are unfrequently associated with CNV, albeit RPE, Bruch’s membrane and 
choroid are significantly involved and might induce neoangiogenesis.

Rubella was the very first viral infection associated with CNV, when in 1978 
Frank and Purnell described a congenital rubella retinopathy in two patients who 
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presented a unilateral CNV, lately degenerated to scar tissue. Other reports described 
the same pattern few years later.

CNV in West Nile virus was more recently described, successfully treated with 
intravitreal anti-VEGF injections.

Although the medical literature does not present many cases associated with 
viral retinopathies, RPE impairment might trigger VEGF over production in what-
ever posterior pole viral uveitis. The empirical approach to these diseases is repre-
sented by the systemic therapy coupled with intravitreal anti-VEGF therapy.

 Protozoa

Although a series of protozoa have been rarely associated with retinal diseases, such 
as Trypanosoma cruzi, Trypanosoma evansi, and Leishmania, Toxoplasma gondii 
represents the most relevant one associated with CNV occurrence with an esteemed 
prevalence in between 0.3% and 19%. In ocular toxoplasmosis, CNV is peculiarly 
located at the edge of an old chorioretinal scar and rarely may occur in active toxo-
plasmic retinochoroiditis. Up to date, CNV occurring in ocular toxoplasmosis is 
empirically treated with intravitreal anti-VEGF.

 Fungi

Systemic mycoses may involve any organ, including skin, bronchopulmonary and 
digestive tract, central nervous system and eyes as well.

Several reports described CNV as a potentially severe complication of fungal 
infections, such as Candida albicans, Cryptococcus neoformans, Aspergillus 
fumigatus.

Among fungal infections, Histoplasma capsulatum is an endemic fungus in 
some areas in United States, and represents the most relevant one. The ocular histo-
plasmosis syndrome presents a typical triad: linear, peripheral chorioretinal scars, 
peripapillary atrophy and CNV. In the past, when the histoplasmin skin test resulted 
negative, the term “presumed ocular histoplasmosis syndrome” (POHS) was pro-
posed, speculating on a possible choroidal immune-reaction to the infective agent. 
The acronym is no longer commonly used and this issue will be discussed after-
wards in this chapter.

 Helminthes

Parasitic worms can affect humans, involve the eyes and potentially trigger choroi-
dal neoangiogenesis. Among helminthes, Toxocara canis may rarely generate CNV, 
typically occurring near an active or quiescent choroidal granuloma. The empirical 
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use of intravitreal anti-VEGF drugs may exert a good control of the 
neoangiogenesis.

 Treatment of CNV Associated with Non-infectious Uveitis

Non-infectious posterior and pan-uveitis uveitis are frequently associated with the 
occurrence of inflammatory CNV, which may represent a severe complication in 
different subtypes. In this section we will describe the most common forms and 
their treatment.

 Intravitreal Anti-Vascular Endothelial Growth Factor Injections

In CNV secondary to inflammatory diseases, a closed circuit exists between VEGF 
and inflammatory cells because leukocytes and macrophages can produce VEGF 
themselves, and this interaction between VEGF and inflammation seem to stimulate 
growth and maintenance of the CNV [7]. Therefore, many strategies for inhibiting 
VEGF signaling are under study as potential treatments for inflammatory CNV [6].

Adán et al. [8] showed a significant improvement in visual acuity in 88.8% of 
eyes with inflammatory CNV and a significant reduction in foveal thickness after 
bevacizumab injection as primary treatment. Other studies [9–11] have shown that 
VA can improve in at least 30% of CNV secondary to inflammatory diseases. 
Kramer [12] reported a retrospective study of ten patients with CNV related to 
inflammatory diseases, who were treated with a mean of 2.7 intravitreal bevaci-
zumab injections and achieved resolution of subretinal fluid on optical coherence 
tomography (OCT) in all patients, with improvement in visual acuity in nine of ten 
eyes. They concluded that intravitreal bevacizumab is an effective treatment for 
CNV related to inflammatory diseases when inflammation is controlled. Mansour 
et al. [13] have reported one of the largest series to date on the 24-month visual 
outcomes of intravitreal bevacizumab in inflammatory ocular neovascularization. 
However, their series included variable follow-up (minimum of 6 months of follow-
 up was allowed) and a variety of inflammatory ocular neovascularization, including 
retinal neovascularization and CNV.  Although the majority of their cases were 
inflammatory CNV cases, only 27 cases had 24 months of follow-up. They con-
cluded that long-term intravitreal anti-VEGF treatment led to significant visual 
improvement of >2.2 lines and significant foveal flattening in a wide variety of 
inflammatory ocular diseases without major complications [13].

In patients with MFC and PIC, the natural history has showed that one third can 
develop CNV, and severe visual loss in these inflammatory diseases is usually 
because of subfoveal CNV [14]. Previous studies have shown that in CNV second-
ary to PIC, intravitreal bevacizumab could result in a mean visual improvement of 
approximately three lines [15, 16]. Arevalo et al. [17] have reported eight cases of 
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PIC-induced inflammatory CNV, out of which seven had stable or improved vision 
with intravitreal anti-VEGF injections. Fine et al. [18] reported a case series of six 
eyes with CNV associated to MFC that were treated with intravitreal anti-VEGF 
(bevacizumab or ranibizumab) and improved to a VA of 20/30 or better at 6 months.

In a study of 28 eyes, Schadlu et al. [19] reported that 92.8% of eyes treated with 
intravitreal bevacizumab for CNV secondary to POHS avoided mild visual loss (1.5 
ETDRS lines). Adán et  al. [8] reported a case of CNV secondary to POHS that 
required only one injection of bevacizumab with complete resolution within 
3 months. Choroidal neovascularization occurs in 15% of VKH patients and is asso-
ciated with poor visual prognosis. Intravitreal anti-VEGF treatment seems to stabi-
lize visual acuity and reduce subretinal fluid in cases with CNV secondary to VKH, 
but multiple injections are usually necessary [20].

 Intravitreal Anti-VEGF Regimen

Randomized clinical trials (RCT) have demonstrated the efficacy of specific injec-
tion regimens for anti-VEGF drugs in the treatment of CNVs secondary to 
nAMD. These regimens generally include a loading phase of three monthly admin-
istrated injections followed by a variable number of retreatments depending on the 
CNV activity, the visual outcomes and the anti-VEGF drug [21–23]. Separate RCTs 
have reported the efficacy of a different, more discontinuous, anti-VEGF injection 
regimen for myopic CNVs. This scheme omits the loading phase and eyes are 
treated only when the CNV lesion is active, or “pro re nata” (PRN), from the start 
[24]. There are several independent reports of efficacy of anti-VEGF drugs for 
inflammatory CNVs [13, 25]. However, the optimal regimen is yet to be determined 
due to the lack of RCTs and due to the off-label use of some anti-VEGF agents for 
the treatment of inflammatory CNVs.

In a study by Arevalo et al. [17] where the authors elected to defer reinjections 
until there was a recurrence, among 23 eyes with inflammatory CNV the mean time 
between intravitreal bevacizumab injections was 19.8  weeks and 60.8% needed 
only one injection at 24 months. Heier et al. [26] compared the efficacy of monthly 
intravitreal ranibizumab with three monthly injections followed by PRN injections 
for inflammatory CNV and had found comparable efficacy with both treatment pro-
tocols. They have also mentioned that patients on PRN protocol received 38% fewer 
injections than those on monthly injection protocols to achieve a similar outcome. 
In a retrospective study, Roy et al. [27] found that 80% of patients on PRN basis 
maintained or gained vision at final follow-up.

In a study recently presented at the Association for Research in Vision and 
Ophthalmology, Invernizzi et al. [28] found that eyes treated with a PRN approach 
from the beginning had similar outcomes compared to eyes treated with a loading 
dose of three monthly injections followed by a PRN regimen, and received a signifi-
cantly lower number of injections at 12 and 24 months. Eyes with iCNV responded 
promptly to anti-VEGF treatment with a significant improvement in BCVA in both 
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groups 3 months after starting treatment. This initial gain of 2–3 LogMAR lines was 
maintained at 12 and 24 months in both groups. The number of recurrences and 
consequent retreatments was low in both groups, with most of the eyes in the PRN 
group receiving fewer than three injections during their entire follow-up. This sug-
gests that the initial three-monthly injections given to the latter group did not reduce 
the number of recurrences and retreatments during the following 2 years.

 Immunosuppression

Several methods have been proposed for the treatment of inflammatory CNV but all 
of them are focused on the control of the CNV itself without considering this occur-
rence a possible product of the inflammation tout court. It is not rare to observe the 
onset of a subfoveal CNV with no signs of active uveitis but it is still unclear why 
CNV can occur in apparently inactive uveitis. Some years ago, the role of a low 
grade, subclinical inflammation involving the retina has been speculated. The 
hypothesized role played by the low-grade inflammation might be reasonably the 
real trigger of uveitic CNV and is not distant to what happens in the joints for 
chronic arthritis [29] where hypoxia, oxidative stress and inflammation lead to the 
occurrence of the intra-articular neovascularization. This hypothesis is supported by 
the evidence that inflammatory process plays a role in other types of neoangiogen-
esis, such as in age related macular degeneration (AMD) [30, 31].

The majority of the physicians rely to steroids as the first-line drug for the control 
of non-infectious ocular inflammation. The supposed additional role of systemic 
corticosteroids for the control of inflammatory CNV has been previously reported 
[32]. Before the advent of anti-VEGF, there was an interest in treating inflammatory 
CNV with steroids. In a study of ten patients who received oral prednisone and eight 
who received sub-Tenon’s triamcinolone, there appeared to be a short-term improve-
ment in visual acuity [33]. However, this effect had vanished by 4 weeks after the 
treatment started, and visual acuities were worse than baseline at 3 months after 
treatment initiation. It is likely that steroids act to improve visual acuity by reducing 
leakage of the inflammatory CNV over the first few weeks, but it is unlikely that 
they can lead to complete stabilization of the CNV as a solo therapy.

At the same time, since ocular side effects of systemic corticosteroids, such as 
cataract, ocular hypertension and glaucoma [34] can occur, steroid-sparing drugs 
should be appropriately associated. Some physicians have attempted to treat 
 inflammatory CNV in the context of non-infectious uveitis with immunosuppres-
sion. The largest study before anti-VEGF era [35] treated 17 eyes inflammatory 
CNV with systemic steroids and cyclosporine, azathioprine, or with both agents. 
The patients were followed for a median of 15 months during which there was reso-
lution of active CNV in ten eyes, recurrence in three eyes, and persistent leakage in 
three cases. In addition to this case series, there are a number of pertinent case 
reports. Nussenblatt and colleagues used the immunosuppressive and anti-angio-
genic drug sirolimus to treat subfoveal CNV in the context of quiescent PIC in a 
33-year-old female, achieving a return to 20/16 vision with excellent fluorescein 
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angiographic and OCT results [36]. A case of CNV occurring 16 months after the 
onset of sympathetic ophthalmia in a 3-year-old boy responded to cyclosporine 
5 mg/kg over a period of 3 months.

Albeit the role of immunosuppression in ophthalmology is clearly established 
[35], several points are still unsolved, particularly which steroid-sparing drug should 
be considered the most suitable one. Dees et al. [35] reported 14 patients with uve-
itic CNV successfully treated with systemic immunosuppressants, even though they 
did not propose a single regimen. Mycophenolate mofetil has reached a consider-
able role in the treatment of uveitis [35] and its complications [37, 38]. On the other 
hand, it is important to stress that immunosuppressive agents should be chosen on 
the basis of the systemic assessment and status of the single patient.

 Combination Therapy with Immunosuppression 
and Intravitreal Injections of Anti-VEGF

Although anti-VEGF are considered the real “Copernican Revolution” in ophthal-
mology and the gold standard for the treatment of the neovascular process second-
ary to age-related macular degeneration and myopic maculopathy, regulating VEGF 
represents just the tip of the iceberg for the control of inflammatory CNV. For such 
reason, the use of systemic steroids is common for non-infectious CNV [39, 40], 
albeit the possible severe side effects such as cataract [41] and glaucoma [42]. So 
far, the role of immunosuppression for the treatment of inflammatory CNV still 
remains not well defined. Some preliminary studies have proved that immunosup-
pressive agents can exert a positive control on the neovascular process. Cyclosporine 
A (CSA) [43] and Mycophenolate Mofetil (MMF) [37] have been proposed for the 
long-term control of inflammatory CNV, although the timing, the choice of drug and 
the combination with other treatment still remain unclear.

Neri et al. [44] retrospectively analysed patients affected by inflammatory CNV 
which received immediate versus delayed immunosuppressive agents in addition to 
the oral steroid and intravitreal anti-VEGF treatment. At 6, 24 and at 36 months of 
follow up, BCVA showed a statistically significant difference in favor of the group 
where systemic immunosuppression was started at the time of intravitreal injection 
treatment for the inflammatory CNV.  This concept is furthermore reinforced by 
looking at the number of inflammatory CNV recurrences in the two groups: the 
group in which immunosuppression was delayed showed a mean number of recur-
rences of 2.1, while the group where immunosuppression was started at baseline 
had 0.4. This may be an additional proof that the concept of zero tolerance to the 
background choroidal inflammation might exert a much better long-term control of 
the disease.

On the other hand, Invernizzi et  al. [28] observed that patients who received 
additional systemic immunosuppression experienced more inflammatory CNV 
activity and needed more injections. This apparently contradictory result could be 
explained by the fact that their study did not analyze the timing and the reasons why 
patients were started on immunosuppressive drugs. Clinicians may have decided to 
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start immunosuppressive treatment in patients that recurred more during the first 
few months, aiming thereby to reduce the number of injections. Alternatively, the 
requirement for immunosuppression might indicate more aggressive disease with 
chronic inflammation that can promote the reactivation of the inflammatory CNV.

 Conclusions

CNV still represent a severe complication of uveitis. While the therapy for infec-
tious subtype is mainly based on empirical intravitreal injection of anti-VEGF with 
or without the specific therapy for the infective agent, the treatment for the CNV 
associated with non-infectious uveitis deserves a more structured therapy. The 
modern approach is mainly based on the combination of steroids, prevalently given 
systemically, systemic immunosuppressive agents and intravitreal anti-
VEGF.  When treating an inflammatory the physician must also ensure that the 
ocular inflammation is completely controlled, which may require an increase in 
medication dosage or addition of another immunosuppressive agent. The few ret-
rospective results available in the literature suggest that inflammatory CNVs 
respond quickly to anti- VEGF treatment and, unlike AMD-related CNVs, tend to 
remain quiescent once they have become inactive. This could be because most 
inflammatory CNV are located between Bruch’s membrane and the retinal pigment 
epithelium (RPE) similar to “classic” lesions in AMD that usually respond faster to 
anti-VEGF injections. A second hypothesis could be that uveitic eyes, in contrast 
to nAMD, often have a healthier RPE that can prevent recurrences by reacting and 
enveloping the inflammatory CNV, similarly to what is commonly observed in 
myopic CNVs.

The comparison between the two available treatment regimens (PRN versus 
loading dose) highlights that the loading phase of three injections within the first 3 
months of treatment does not confer any advantage in terms of visual outcome or 
number of recurrences. Further studies are needed to confirm these findings but a 
PRN anti-VEGF treatment regimen from the beginning seems to be as effective as 
more intense anti-VEGF management.
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Chapter 12
Pathophysiology of Uveitic Macular 
Edema

Ilaria Testi, Andres Rousselot, Rupesh Agrawal, and Carlos Pavesio

Macular edema is defined as an abnormal leakage and accumulation of fluid in 
macular area. Macular edema is one of the main causes of permanent visual loss in 
uveitis as a consequence of chronic inflammation. The prevalence among uveitis 
patients is approximately 30%, according to the anatomic site and uveitis entity, 
associations with systemic diseases, onset and duration of uveitis [1, 2]. In a large 
cross-sectional study on the impact of uveitic macular edema on visual acuity, 44% 
of patients with cystoid macular edema (CME) had a visual acuity of 20/60 or less 
in at least one eye [3].

Macular edema can develop in anterior, intermediate, posterior and panuveitis, 
caused by different autoimmune and infectious etiologies. The most common uve-
itis entities complicated by CME include Birdshot retinochoroiditis, intermediate 
uveitis, acute retinal necrosis, sarcoidosis, Behçet’s disease and juvenile idiopathic 
arthritis, with visual loss caused by macular edema seen mainly in Birdshot retino-
choroiditis, intermediate uveitis, sarcoidosis and acute retinal necrosis [3, 4].

When uveitic macular edema is present, visual prognosis depends on duration of 
the edema and status of retinal layers, on the basis that chronic inflammation and 
longstanding edema lead inevitably to an irreversible disruption of the retinal neural 
architecture with subsequent permanent visual loss.
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Extracellular fluid can infiltrate retinal layers, accumulate in cavities commonly 
referred to as cysts, most often in the outer plexiform layer and inner nuclear layer, 
or collect in the subretinal space as subretinal fluid.

Macular edema is the consequence of an imbalance between fluid entry, fluid exit 
and retinal hydraulic conductivity leading to intraretinal and subretinal fluid accu-
mulation [5]. The etiology is multifactorial, resulting from several different mecha-
nisms that all act synergistically, towards an increase of the inner and outer 
blood-retinal barrier permeability. Synthesis of pro-inflammatory mediators, retinal 
pigment epithelium (RPE) dysfunction, vascular incompetence, changes in mem-
brane conductance and permeability and osmotic forces play a determinant role in 
the pathogenesis of uveitic macular edema [1, 5, 6].

 Regulation of Fluid and Molecules Transport:  
The Retinal Barriers

In the normal eye, the volume and composition of the extracellular compartment is 
controlled by the inner and outer retinal barrier, that regulate the entry of fluids and 
molecules into the neurosensory retina from the vitreous, retinal vessels and choroid 
through the RPE to the subretinal space. This process is guaranteed by the integrity 
of the structures that form the blood-retinal barriers and by the osmotic forces that 
exist across these barriers.

 Inner Retinal Barrier

The inner blood retinal barrier is located in the inner retinal microvasculature and 
it is formed by tight junctions between endothelial cells (Fig. 12.1). Its main func-
tion is the regulation of fluid and molecule transport across retinal capillaries. 
Changes in both transcellular and paracellular transport across vascular bed can 
lead to an increase in barrier permeability, contributing to the subsequent alteration 
in flow.

 Inter-Endothelial Cell Transport

Paracellular transport occurs between endothelial cells and is regulated by molecu-
lar complexes located in the intercellular spaces, consisting of tight junctions, adhe-
rens junctions and gap junctions (Fig. 12.1).

Tight junctions are formed by different types of transmembrane proteins, as 
occludins, claudins and junctional adhesion molecules (JAM), linked to the actin 
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cytoskeleton by cytoplasmic-scaffolding proteins, including members of the 
membrane- associated guanylate kinase homologue (MAGUK) family as the zonula 
occludens (ZO), essential in tight junctions formation.

Adherent junctions are constituted by (VE)-cadherins. Being determinant in vas-
cular endothelial growth factor (VEGF)-R interaction, they prove decisive in the 
retinal barrier development process and subsequently in the regulation of paracel-
lular permeability [5, 7].

 Trans-Endothelial Cell Transport

Transcellular transport is regulated by caveolae-mediated transcytosis and consist of 
the migration of plasma membrane vesicles from one side of the cell to the other 
(Fig. 12.1). Vesicles contain receptors for albumin, transferrin, insulin, lipoproteins, 
immunoglobulins, platelet-derived growth factor (PDGF), VEGF and transforming 
growth factor-beta (TGF-β). Through the regulation of plasma macromolecules entry 
into the retinal tissue, transcytosis has a determinant role in the maintenance of the 
retinal protein gradients and subsequent in the modulation of fluid movements [5, 7].

Fig. 12.1 Retinal barriers. (a) Inner blood retinal barrier, located in the inner retinal microvascu-
lature, and neurovascular unit; (b) paracellular transport, regulated by tight junctions, adherens 
junctions and gap junctions; (c) transcellular transport, regulated by caveolae-mediated transcyto-
sis. (d) Outer retinal barrier, consisting of RPE and intercellular junctions

12 Pathophysiology of Uveitic Macular Edema



174

 The ‘Neuro-Vascular Unit’

The development of inner retinal blood barrier is the result of close association of 
neurons, glia and pericytes with the vascular endothelium. The so called ‘neuro- 
vascular unit’ contributes to its dynamic regulation by the interaction between astro-
cytes and Muller cells with pericytes and smooth muscle cells, providing an 
extremely selected and regulated environment for the proper functioning of retinal 
cells (Fig. 12.1) [5–9].

Pericytes are specialized mural cells located at the luminal surface of retinal 
capillaries, their coverage on vessels directly contributes to the endothelial barrier 
function, with the ratio of their density to endothelial cells being 1:1. Pericytes are 
moreover involved in regulation of tight junctions proteins expression, modulating 
the inner blood-retinal barrier both in physiologic and pathologic conditions [5, 10].

Retinal glial cells include macroglia, composed of Muller cells and astrocytes, 
and microglia. Muller cells, as a functional link, play a crucial role in the neuro- 
vascular unit. Being directly connected with blood vessels, they are responsible for 
the formation and maintenance of a competent retinal barrier. Muller cells regulate 
the homeostasis of the extracellular environment through aquaporins and trans-
membrane potassium channels and act in the local immune response and surveil-
lance, releasing immunomodulatory mediators. Under condition of stress, the cells 
can synthesize pro-inflammatory cytokines as well as vast amounts of VEGF, with 
subsequent increase in vascular permeability [5, 11].

Also microglia cells are involved in retinal immuno surveillance. Directed 
towards immunosuppression in physiological condition, they can turn to a pro- 
inflammatory state able to influence Muller cells capability to regulate extracellular 
homeostasis [5, 6].

 Outer Retinal Barrier

The outer blood retinal barrier consists of RPE and intercellular junctions, including 
tight, adherens and gap junctions, that regulate transport between the choriocapillaris 
and the retina, preventing the entry of fluids and molecules from the choroid to the 
subretinal space and, according to osmotic forces, allow flow exit towards the choroid, 
maintaining the adhesion between photoreceptors and RPE (Fig. 12.1) [5–7].

 Role of Inflammation in Pathogenesis of Uveitic  
Macular Edema

Intraretinal fluid accumulates when there is loss of integrity and dysfunction in the 
inner and/or outer blood retinal barriers and this can due to inflammatory mediators 
that act modifying equilibrium of retinal milieu. Macular edema can result from an 
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increased influx of fluid inside the retina or from an insufficient drainage mecha-
nism. Both components are subject to the influence of inflammation that, through 
the release and diffusion of pro-inflammatory mediators, has probably the principal 
initiating role in the development of uveitis related macular edema [1, 4, 6].

Bead based multiplex assays and proteomics analysis allowed the measurement 
of cytokines and chemokines in aqueous humor of patients with uveitis with and 
without macular edema. Aqueous analysis revealed high levels of intraocular 
inflammatory mediators, including VEGF and IL-6 that has been shown to be cor-
related with the presence of macular edema not only in uveitis but also in other 
non-inflammatory diseases, like proliferative diabetic retinopathy and branch reti-
nal vein occlusion [2, 12–15].

 Increased Permeability of Retinal Barriers

In uveitis patients with macular edema, angiography with fluorescein-conjugated 
dextrans showed that 4 and 20-kDa molecules crossed the inner blood retinal bar-
rier, whereas no passage was observed in healthy controls [16]. This demonstrates 
the breakdown of inner blood retinal barrier present in inflammatory conditions 
such as uveitis.

 Role of Glial Cells

Muller cells and microglial activation contributes to vessels’ altered permeability 
through VEGF and pro-inflammatory cytokine production, including IL-6, IL-1, 
TNFα, INFα, INFβ, INFγ, IL-8. VEGF regulates tight junction proteins adhesion 
and expression and, through the interaction with its receptor, induces a cascade of 
intracellular phosphorylations of VE-cadherins and occludins, that together with the 
production of metalloproteinases stimulated by other inflammatory mediators, 
results in the degradation of tight junction proteins (Fig. 12.2). The result is a loss 
of integrity of the blood-retinal barrier with an associated increase of capillary per-
meability (Fig. 12.3) [1, 2, 4–6].

According to the same mechanisms, the disruption of RPE intercellular junctions 
favors fluid accumulation in the subretinal space (Fig. 12.3). It has been observed 
that exudative retinal detachment, suggestive of outer retinal barrier breakdown, is 
present in about 50% of uveitis related CME [17]. This suggests that inner and outer 
blood retinal dysfunction can take place together, and that the latter mechanism is 
probably underestimated.

A further mechanism involved in barriers permeability increase is the  diapedesis 
of the leukocytes through the capillary walls. The process, caused by the up- 
regulation of intercellular adhesion molecule 1 (ICAM-1), due to elevated levels 
of VEGF produced by activated glial cells, contributes to retinal barriers 
 dysfunction [5, 18].
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The angiographic petaloid pattern of cystoid macular edema is the result of fluid 
accumulation in the space between Muller cell fibers. Some researches believe that 
at the beginning the cystic spaces observed at OCT are swollen Muller cells and that 
the subsequent accumulation of fluid in the outer plexiform layer is a late phenom-
ena due to cell displacement and disruption [19, 20].

Fig. 12.2 VEGF and cytokines release. Activation of Muller cells and microglial induces the 
release of VEGF and pro-inflammatory cytokines that, interacting with the receptors, lead to phos-
phorylation of VE-cadherins and occludins and production of metalloproteinases

Fig. 12.3 Increased permeability. Degradation of tight junction proteins and disruption of RPE 
intercellular junctions due to pro-inflammatory mediators induce a loss of integrity of inner and 
outer retinal barrier with associated increase of permeability and retinal fluid accumulation
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 Role of Retinal Pigment Epithelium

We have already established that disruption of RPE intercellular junctions can favor 
the entry of fluid from the choroidal space. Unlike retinal vessel, choroidal capillaris 
are characterized by extensive attenuation of the endothelium and numerous fenes-
trae [21]. In physiologic conditions passage of water of fluid through the choriocap-
illaris is slowed by the tight junctions. Several inflammatory mediators, including 
cytokines and VEGF, and activation of matrix metalloproteinases can alter the 
expression of the proteins constituting intercellular junctions [5, 6].

Similarly enhanced permeability of choroidal vessels or increase in their pres-
sure can lead to RPE and outer retinal barrier disruption, due to the induced mechan-
ical stress that can alter RPE conductivity and its performance in fluid drainage [5].

The RPE also secretes pro-inflammatory mediators such as IFNβ, IL-1, IL-6, 
IL-8, MCP-1 and gain the capability to turn into antigen presenting cell to the 
immune system, participating itself in the amplification of the inflammatory path-
way. The synthesis of cycloxygenases is responsible for the production of prosta-
glandins, well known predisposing factors for macular edema [1, 6].

 Role of Mast Cells

Mast cell degranulation is involved in outer retinal barrier dysfunction and has an 
essential role in ocular inflammation, being the first activated cells in experimental 
autoimmune uveitis [22]. Mast cells secrete various pro-inflammatory factors, 
including cytokines, chemokines, prostaglandins, growth factors and proteases. The 
production of histamine, that is not only a well known vasodilator, can seriously 
affect the integrity of retinal barriers through the control of VEGF-regulated genes 
transcription, including genes of proteins involved in tight junction structure [5, 22].

 Reduction of Drainage Systems

In addition to vascular incompetence and RPE dysfunction, changes in membrane 
conductance and osmotic forces play a determinant role in the pathogenesis of uve-
itic macular edema.

 Role of Muller Cells

Muller cells regulate the homeostasis of the extracellular milieu through aquaporins 
and transmembrane potassium channels (Kir). Reduction of potassium conductance 
has been observed in models of uvetis related macular edema constituting the mech-
anism of cytotoxic edema [23, 24]. In physiologic condition neural activity demands 
a rapid intake of sodium and calcium into the nervous cell, associated with an 
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excretion of potassium in the extracellular space. Muller cell potassium channel Kir 
4.1 and Kir 2.1 ensure a rapid transfer of potassium from the extracellular environ-
ment into its intracellular space, to avoid accumulation and neuronal hyperexcit-
ability. Kir 4.1 channels work simultaneously with AQP4  in the extrusion of 
potassium and water into retinal capillaries through an ATP-dependent active trans-
port. The presence of inflammation leads to an overall decrease in synthesis and/or 
a mislocation of Kir 4.1 channels, resulting in cellular polarization anomalies, intra-
cellular edema and accumulation of subretinal fluid (Fig. 12.4) [1, 4–6]. It has been 
demonstrated that endogenous and therapeutical corticosteroids control the expres-
sion and localization of Kir and AQP4 channels, both in normal and inflamed rat 
eyes [5, 23].

 Cytotoxic and Vasogenic Macular Edema

The functional alterations in Muller cell and RPE transmembrane conductivity lead 
to the formation of cytotoxic macular edema, characterized by healthy retinal capil-
lary barrier in the absence of any vascular leakage on retinal angiography, despite 
manifest edema on optical coherence tomography (OCT). The cytotoxic macular 
edema can occur simultaneously with the vasogenic component of the inflammatory 
macular edema, resulting from the increase in permeability of the blood retinal 
 barriers, due to secretion and diffusion of pro-inflammatory mediators from the 
 activated glial cells.

Fig. 12.4 Reduce drainage. Pro-inflammatory mediators leads to an overall decrease in synthesis 
and/or a mislocation of potassium channels resulting in functional alterations in Muller cell and 
RPE transmembrane conductivity, leading to cytotoxic macular edema
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 Other Factors Involved in Uveitic Macular Edema 
Pathogenesis

Other factors can be involved in macular thickening due to intraretinal or subretinal 
fluid accumulation in uveitis patients.

 Concurrent Systemic Risk Factors

Patients with high blood pressure, hypercholesterolemia, increased BMI and pro-
longed heavy smoking have a higher risk of cardiovascular disease due to the well 
known development of atherosclerotic lesions in the arteries. These conditions can 
also modify the structure and function of microscopic blood vessels through the 
activation of a low-grade systemic inflammatory response involving oxidative 
stress, leukocytes diapedesis and endothelial barrier dysfunction. The consequence 
is a systemic microvascular leakage that can take part in the development of uveitis 
related macular edema. In support of this hypothesis, trace microalbuminuria has 
been detected in uveitis patients with macular edema compared to patient without 
macular edema [2, 25–27].

Increasing age have been associated with an increased risk of macular edema. 
The decreased functioning of retinal cells occurring during life, enhanced by intra-
ocular inflammation, can be associated with cellular dysfunction and vascular 
incompetence, resulting in increase in the entry of fluid through retinal vessels and 
reduction of drainage through RPE [2, 25, 26].

 Ocular Complications of Inflammatory Disease

Intraocular inflammation is a well-known cause of epiretinal membrane (ERM). 
ERM specifically associated with uveitis differ from the idiopathic ERM in cellular 
composition and appear characterized by inflammatory cells such as microglia, 
macrophages and Muller cell extensions, suggesting that the etiology result from a 
different pathogenic mechanism [4, 28–30].

Pro-inflammatory mediators have been identified in the vitreous of patients with 
such membranes, including TNFα, activated complements, fibrinogen and other 
innate immune response factors [31]. Inflammation can hence lead to both the for-
mation and exacerbation of epimacular membrane. Proliferation of the cellular 
components and contraction of the membrane can result in vitreomacular traction 
and localized elevation with macular edema.

Other mechanisms involved in the pathogenesis of uveitic macular edema are 
development of inflammatory choroidal vascularization, severe complication of 
intraocular inflammation resulting from a pathological process involving the RPE 
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and Bruch’s membrane, papillary edema that diffuses by contiguity to macular area 
and central chorioretinopathy exacerbated by the chronic use of steroids.

In summary, any retinal stress can initiate an innate immune response, programmed 
to neutralize the insulting stimulus and restore homeostasis. This leads to activation 
of immune competent retinal resident cells such as Muller cells, microglia and RPE, 
associated to the production of pro-inflammatory mediators (VEGF, cytokines, his-
tamine, prostaglandins, chemokines and other permeating factors), resulting in 
blood retinal barrier breakdown and macular edema. Furthermore the inflammatory 
activation of glial cell determines changes in synthesis and localization of water and 
ionic transmembrane channels in Muller and RPE cells, altering the hydraulic con-
ductivity leading to intraretinal and subretinal fluid accumulation. Uveitic macular 
edema hence is the result of the activation of different inflammatory pathways 
which can be further evidenced by the effectiveness of treatment with local 
corticosteroids.
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Chapter 13
Differential Diagnosis of  
Uveitic Macular Edema

Ilaria Testi, Andres Rousselot, Rupesh Agrawal, and Carlos Pavesio

Macular edema (ME) can complicate all uveitic phenotypes, both infectious and 
autoimmune in origin. Typically ME occurs in posterior and intermediate uveitis 
with a reported incidence of 66% and 65%, respectively, whereas posterior pole 
involvement in anterior uveitis depends on chronicity and activity of the disease [1, 
2]. Both patients with active uveitis and those with minimal features of inflamma-
tion may develop recurrent or chronic edema due to the release of pro-inflammatory 
mediators. The most common uveitis entities complicated by ME include diseases 
with posterior segment involvement (Birdshot retinochoroiditis, intermediate uve-
itis, acute retinal necrosis, sarcoidosis and Behçet’s disease). Among isolated ante-
rior uveitis, juvenile idiopathic arthritis can be complicated by significant damage 
to the posterior pole due to long term chronic active inflammation [2, 3].

Visual loss caused by ME mainly affects patients with Birdshot retinochoroiditis, 
intermediate uveitis, sarcoidosis and acute retinal necrosis [3]. Visual prognosis 
depends on the intensity of the uveitis and integrity of anatomical structures, since 
it is recognised that chronic inflammation and longstanding edema lead to an irre-
versible disruption of retinal neural architecture with subsequent permanent visual 
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loss. It is therefore necessary to identify the underlying cause of macular edema, 
distinguishing among infectious and noninfectious uveitis and, within etiological 
categories, to recognize specific clinical entities, so that an appropriate therapy can 
be established and the risk of functional visual loss prevented.

Different factors can be involved in intraretinal or subretinal fluid accumulation 
in uveitis patients. Inflammation can lead to the formation of epiretinal membrane, 
involvement of the RPE and inner choroid can result in the development of choroi-
dal neovascularization or inflammatory macular edema can occur in patients after 
cataract surgery. The correct identification of the anatomical site primarily respon-
sible for the edema will allow proper targeting therapy and will hopefully reduce 
long-term visual loss. Use of multimodal imaging techniques including optical 
coherence tomography (OCT), fluorescein and ICG angiography (FA and ICG) and 
other tools, is therefore necessary for a proper therapeutic management.

 Macular Edema in Anterior Uveitis

Anterior uveitis is less frequently complicated by macular edema when compared to 
the other phenotypes that directly involve the posterior segment. According to SUN 
(Standardization of uveitis nomenclature) Working Group anatomic classification, 
anterior uveitis is defined as an intraocular inflammatory disease having anterior 
chamber as primary site of inflammation, including iritis, iridocyclitis and anterior 
cyclitis. Structural complications like macular edema do not change the anatomic 
classification as macular region and posterior segment are not the primary site of 
inflammatory process and thus are not considered in the classification of uveitis [4].

Acute anterior uveitis (AAU) is the most common form of uveitis and includes a 
heterogenous group of diseases. Human leucocyte antigen B27 (HLA-B27) associ-
ated uveitis is the most frequently recognized form of AAU [5, 6]. Several systemic 
inflammatory disorders known as seronegative spondyloarthropathies show a link 
with HLA-B27, with the strongest association seen in ankylosing spondylitis, where 
HLA-B27 is present in >90% of Caucasian patients affected by the disease [6, 7]. 
The other inflammatory HLA-B27 related diseases include psoriatic arthritis, reac-
tive arthritis and inflammatory bowel diseases. Since HLA-B27 associated AAU 
affects mainly young adults in their productive years, it is important to recognize 
and treat promptly the potential vision threating complications like ME. HLA-B27 
uveitis is characterized by acute recurrent inflammatory attacks, inducing the release 
of pro-inflammatory mediators in the vitreous cavity that might lead to the accumu-
lation of fluid in the intraretinal space. The rate of ocular complications varies 
among the studies, depending on geographical area and study population, study 
design and duration of follow up. Posterior segment can be involved in 15–20% of 
cases, manifesting as disc edema, ME, retinal vasculitis and vitritis [8, 9]. Studies 
reported an incidence of ME uniformly distributed between 4% and 32%, with the 
highest rate corresponding to 38%, and males are reported to be involved more fre-
quently [8, 10–12].
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The incidence of ME is significantly lower in viral induced AU. Posterior seg-
ment complications are rarely described in anterior uveitis caused by Herpes 
Simplex virus, Varicella Zoster virus or Cytomegalovirus [10, 13–15]. In Fuchs het-
erochromic uveitis, a chronic iridocyclitis predominantly associated with Rubella or 
herpes virus infection, macular edema is typically absent. The absence of ME 
despite prolonged inflammatory involvement in longstanding uveitis with vitreous 
infiltration should be considered as contributory criteria for the diagnosis of Fuchs 
uveitis [15–17].

ME occurs less frequently in children with uveitis than in adults, probably due to 
a stronger vitreoretinal posterior pole adherence that might prevent fluid accumula-
tion [18]. The most common anterior uveitis entity in childhood is associated with 
juvenile idiopathic arthritis (JIA). The disease is characterized by an asymptomatic 
insidious course with an ongoing chronic low grade ocular inflammation potentially 
resulting in vision threating complications as band keratopathy, ME, glaucoma and 
cataracts [19]. Incidence of ME in JIA has been reported to be around 3%, but it 
might be underestimated since high percentage of ME is detected with OCT that is 
difficult to use in children due to the limited cooperation [19–21]. Moreover the 
presentation is often asymptomatic and a detailed history is difficult to obtain. ME 
in JIA is not common at presentation like in other pediatric entities such as interme-
diate uveitis and usually develops during the course of disease, mostly in advanced, 
poorly controlled disease. Data reported that 50% of ocular complications develop 
10 years after the onset of the disease [20]. Some risk factors have been identified 
for the development of ME. Male gender has been associated with a more severe 
disease at the diagnosis and recognized as an independent risk factor for the onset 
of ME. Young age at onset (3 years old or younger), uveitis as first manifestation or 
short interval between arthritis and uveitis are associated with an increased risk of 
ocular complications [19, 20, 22].

 Macular Edema in Intermediate Uveitis

Intermediate uveitis (IU) and pars planitis, defined as a subset of uveitis where vitre-
ous is the major site of inflammation, are characterized by a long disease course 
with frequent complications, often requiring systemic treatment [4]. IU is associ-
ated with systemic diseases in 9–31% of cases, most frequently with sarcoidosis and 
multiple sclerosis. Infectious conditions like Lyme’s disease, tuberculosis and syph-
ilis, intraocular lymphoma or other pediatric non-infectious diseases as TINU (tubu-
lointerstitial nephritis and uveitis syndrome) can also manifest as IU [23].

IU and pars planitis are frequently complicated by ME.  The incidence varies 
from 12% to 51%, depending on duration and severity of the disease, with the pres-
ence of pars plana exudate associated with severe vitreous disease and increased 
incidence of ME [23, 24]. Children with IU under the age of 16 are less likely to 
develop ME compared to adults, where it occurs more frequently with increasing 
age at the onset of uveitis. ME is more common in pars planitis compared to IU 
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associated with systemic diagnosis, with a lower reported incidence in patients with 
sarcoidosis [24]. ME is the most common cause of visual impairment and thus plays 
a crucial role in the management of the disease with regards to the decision of start-
ing treatment. While cases of IU with mild inflammation can be manage with obser-
vation, in the event of complications such as ME, a prompt therapeutic intervention 
is required to avoid chronic changes in retinal layers and subsequent irreversible 
visual loss [10, 24].

 Macular Edema in Retinal Vasculitis

Retinal vasculitis (RV) is a sight threatening inflammation involving retinal vessels, 
characterized by perivascular sheathing resulted from exudation of inflammatory 
cells around the affected vessel, with or without cotton wool spots and intraretinal 
hemorrhages depending on etiology and disease behaviour.

RV may occur as an idiopathic condition or represent an ocular manifestation of 
an underlying bacterial, viral or parasitic infection as tuberculosis, syphilis, Lyme’s 
disease, toxoplasmosis and viral retinitis, or occur in association with systemic 
inflammatory disorders including Behçet’s disease, sarcoidosis, multiple sclerosis 
and collagen vascular diseases. Some isolated ocular conditions can involve retinal 
vessels like Birdshot retinochoroiditis or idiopathic retinal vasculitis, aneurysms 
and neuroretinitis (IRVAN). Also, malignancy and ocular lymphoma can be associ-
ated with retinal vasculitis.

RV is a clinical finding in 6–15% of patients with uveitis and increase twice the 
risk of ME compared to eyes without vasculitis. The vascular damage caused by 
inflammation of the vessel wall can result in the disruption of the blood retinal bar-
rier, seen as perivascular whitish infiltrates on fundus examination or as vascular 
leakage on fluorescein angiography, leading to intraretinal fluid accumulation and 
development of ME [25].

The differential diagnosis of primary or secondary ocular disorders complicated 
by ME in the presence of retinal vasculitis is based on a detailed history taking and 
review of systems, ocular examination, including ancillary tests as fluorescein angi-
ography, and diagnostic workup with laboratory and imaging tests.

It is mandatory to identify the type of retinal vessels involved—arteries, veins or 
both. Phlebitis is typically associated with Behçet’s disease, sarcoidosis, tuberculo-
sis, multiple sclerosis, pars planitis and Birdshot retinochoroiditis, while retinal 
arteritis is more commonly seen in acute retinal necrosis, IRVAN or systemic col-
lagen vascular diseases [26].

Characteristic clinical features may help in the diagnosis. Vascular involvement 
can be focal, diffuse or segmental. Nodular or segmental periphlebitis is strongly 
associated with sarcoidosis, especially in the presence of candlewax drippings, 
while diffuse occlusive periphlebitis with perivascular choroiditis patches is sugges-
tive of ocular tuberculosis [27, 28].
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Vascular changes in uveitis related vasculitis are characterized by perivascular 
infiltration of lymphocytes resulting in a perivasculitis rather than a true vasculitis 
of the vessel. Histopathologic studies in patients with sarcoidosis associated vascu-
litis correlate with ophthalmic clinical features observed on fundus examination. 
Reports showed that a nodular proliferation of epithelioid cells around blood retinal 
vessels correspond to the perivascular exudates and candle wax drippings seen on 
fundus examination [29]. ME can occur in up to 72% of cases of sarcoidosis, con-
stituting the most important complication significantly associated with poor visual 
prognosis in patients with posterior involvement [30]. ME is usually not observed 
as initial manifestation of the disease, occurring most of the time as a long-term 
complication in the presence of chronic inflammation. Pathologic examination con-
firmed a segmental perivascular lymphocytic infiltration involving retinal veins also 
in multiple sclerosis (MS). The periphlebitis complicate up to 20% of MS patients 
with blood-retinal-barrier disruption and intraretinal fluid accumulation. Cystoid 
macular edema and in particular microcystic macular edema, defined as cystic lacu-
nar areas of hyporeflectivity with clear boundaries, predominantly involves the 
inner nuclear layer of the retina, has been observed on OCT in MS. The explanation 
could be the breakdown of the blood retinal barrier in a part of the nervous system 
that lacks myelin. Microcystic intraretinal fluid more commonly occurs in associa-
tion with a prior episode of optic neuritis and correlates with greater disease severity 
and lower visual acuity with thinner retinal nerve fiber layer resulting in poor visual 
prognosis [31–33].

Retinal vasculitis can manifest in association with cotton wool spots that repre-
sent microinfarct of the retinal fiber layer due to occlusive vasculopathy. Collagen 
vascular diseases, such as systemic lupus erythematosus (SLE), polyarteritis nodosa, 
Granulomatosis with Polyangiitis, Churg-Strauss syndrome and cryoglobulinemia, 
induce precapillary retinal arteriolar occlusion, resulting in formation of cotton 
wool spots and intraretinal fluid accumulation due to intraocular release of vascular 
growth factors and permeability mediators. Histopathologic studies in eyes of 
patients with SLE revealed fibrinoid change with thrombus formation without a true 
inflammation of vessels wall, and similar changes occur also in central nervous 
system disease. Thus retinal involvement in collagen vascular diseases often occurs 
without significant intraocular inflammation and that can help in distinguishing 
these kinds of disorders from other retinal vasculitis associated with active vascular 
sheathing and perivascular inflammatory infiltrates [26, 34]. These forms are best 
called vasculopathy rather than vasculitis.

Transient retinal infiltrates, in the absence of an underlying infectious etiology, 
can be pathognomonic of Behçet’s disease. Ocular involvement in Behçet’s disease 
is characterized by bilateral recurrent attacks of occlusive retinal vasculitis that can 
lead to cystoid macular edema in up to 60% of cases, constituting the most common 
cause of vision impairment during follow-up [26, 35]. ME can result from the 
inflammatory involvement or be the consequence of branch retinal vein occlusion, 
a common complication of Behcet retinal vasculitis. It has been reported that 42% 
of patients with Behçet’s disease has a permanent visual loss due to ME. When 
promptly treated with anti-inflammatory and/or immunosuppressive therapy, the 
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disease can be associated with a good visual prognosis, unless the coexistence of 
other macular complications, including macular ischemia, serous retinal detach-
ment, macular atrophy, epiretinal membrane or subretinal neovascularization. 
Different disorders other than Behçet’s disease such as tuberculosis, Eales disease, 
SLE and less frequently sarcoidosis and multiple sclerosis can manifest as ischemic 
retinal vasculitis, leading to intraretinal fluid accumulation, due to hypoxic induc-
tion of vascular growth factors expression, and subsequent macular ischemia, result-
ing in irreversible damage and permanent visual impairment.

Categorization between infectious or noninfectious uveitis is mandatory for an 
appropriate therapeutical management of ME in the presence of retinal vasculitis. A 
detailed history and physical examination combined with clinical features, guide 
the ophthalmologist in the diagnostic workup. If there are no signs and symptoms 
suggestive of associated systemic disease, an infectious etiology should be ruled out 
by complete blood count, erythrocyte sedimentation rate and/or C-reactive protein 
and, according to suggestive clinical features, syphilis, Lyme’s disease, toxoplas-
mosis serology, tuberculin skin test (PPD skin test) and/or gamma interferon release 
assay (IGRA) for tuberculosis and human immunodeficiency virus serology (differ-
ent serology can be requested on the basis of clinical suspicion). An appropriate 
investigation to rule out a coexistent systemic vasculitis includes serum angiotensin 
converting enzyme, rheumatoid factor, antinuclear antibody, anti-ds DNA, antineu-
trophil cytoplasmic antibody, antiphospholipid antibodies (lupus anticoagulants and 
anticardiolipin antibodies), extractable nuclear antigens, complement, protein elec-
trophoresis and cryoglobulins. Human leukocyte antigen (HLA) testing is truly only 
helpful in identifying Birdshot retinochoroiditis (HLA-A29), where an association 
of virtually 100% is present [36]. Imaging studies as chest X-ray, CT scan, brain 
magnetic resonance (MR), gallium scan or sacroiliac X ray or MR should be 
requested based on the review of systems and clinical examination of the patients. 
Figure 13.1 lists the common diagnostic tests useful for the evaluation of patients 
with retinal vasculitis.

In the absence of any clinical and diagnostic findings retinal vasculitis is consid-
ered idiopathic. Malignancy should always be considered in case of refractory uve-
itis that initially improved with the treatment, even if ME is not a characteristic 
finding of intraocular lymphoma and is usually related to prior interventions [37].

 Macular Edema in Posterior Uveitis

Posterior uveitis include a subset of inflammatory disorders involving retina and 
choroid as primary site of the disease. These entities, both autoimmune and infec-
tious, manifest with suggestive clinical and angiographic features that can help in 
the differential diagnosis.

Two different mechanisms are involved in the pathogenesis of macular edema: 
the inflammatory process with the release of mediators leading to the breakdown of 
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the blood retinal barrier and the disruption of retinal layers derived from direct tis-
sue damage.

Among infectious disease tuberculosis, syphilis, Lyme disease, toxoplasmosis 
and acute retinal necrosis can be associated with the development of 
ME. Toxoplasmosis is the most common infectious posterior uveitis manifesting as 
a focus of necrotizing retinochoroiditis, often adjacent to a variably pigmented reti-
nochoroidal scar, with variable inflammatory involvement of vitreous and retinal 
vessels, producing the classic ‘headlight in the fog’ sign in the presence of severe 
vitritis. Macular localization is usually associated with serous retinal detachment 
and ME and can be complicated by choroidal neovascularization, resulting in intra-
retinal and subretinal fluid accumulation [38, 39]. The diagnosis is essentially clini-
cal and supported by serological confirmation. Both syphilis and Lyme’s disease 
can present with posterior involvement as neuroretinitis, chorioretinitis or retinal 
vasculitis, complicated by ME or serous detachment. Characteristic clinical patterns 
of syphilis are the presence of small superficial preretinal infiltrates migrating across 
retinal surface over the course of the disease and placoid chorioretinitis, while bor-
reliosis can manifest as a peripheral multifocal choroiditis characterized by multi-
ple, small, round, punched-out lesions associated with intraocular inflammation. 
Tuberculous associated uveitis can involve any tissue of the eye, most commonly 
manifesting as choroiditis. It can be associated with significant ocular morbidity 

Fig. 13.1 Common diagnostic tests for the evaluation of patients with retinal vasculitis
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with ME occurring in up to 30% of cases. ME has also been described as the only 
possible ocular manifestation in both syphilis and tuberculosis [40–43]. Interpretation 
of serological tests for Lyme’s disease and immunological tests for tuberculosis 
(IGRA or PPD skin test) is difficult and require some caution. The disease must be 
diagnosed by the correlation of laboratory data to clinical findings in the context of 
a strong clinical suspicion with a suggestive patient history and consistent ocular 
features.

Cystoid macular edema is a well-known complication of acute retinal necrosis, 
characterized by progressive peripheral foci of retinal necrosis associated with 
severe vitritis and occlusive vasculitis. Different mechanisms are involved in the 
pathogenesis of macular edema: in the acute phase of the disease it can be second-
ary to the release of pro-inflammatory mediators in the vitreous cavity, while later 
in the course peripheral retinal ischemia and vitreomacular traction can play a role 
in intraretinal fluid accumulation [44]. In HIV infected patients with viral retinitis 
receiving highly active antiretroviral therapy (HAART) the immune reconstitution 
inflammatory syndrome (IRIS) can be associated with inflammatory complica-
tions such as macular edema or epiretinal membrane formation. IRIS more com-
monly occurs in CMV retinitis and is characterized by various degree of tissue 
destructive inflammation due to immune recovery after initiation of HAART, 
which is due to the presence of CMV antigens in the eye and CD4 lymphocytes 
reconstitution. Before the introduction of antiretroviral therapy, CMV retinitis 
was characterized by mild or absent intraocular inflammation with macular edema 
rarely reported due to low lymphocytes count and immunosuppressed state. 
Intraocular inflammation, manifesting as vitritis and macular edema, appeared 
after the introduction of HAART and requires a prompt anti-inflammatory 
approach to avoid bad visual prognosis not due to the retinitis itself but to the 
immunorecovery [45].

Among infectious uveitis, other emerging diseases as Dengue fever and West 
Nile has been associated with maculopathy and chorioretinopathy, respectively, 
complicated by macular edema [46, 47].

Autoimmune systemic diseases manifesting as choroiditis like sarcoidosis or 
Vogt Koyanagi Harada syndrome and noninfectious isolated ocular conditions such 
as Birdshot retinochoroiditis can be complicated by intraretinal and subretinal fluid 
accumulation. Birdshot is classically characterized by creamy choroidal lesions, 
giving the typical fundus appearance, associated with mild vitritis and retinal vascu-
litis. The development of macular edema is common and reported in up to 84% of 
cases [48, 49]. The International Workshop that established the set of diagnostic 
criteria for Birdshot retinochoroiditis included the presence of cystoid macular 
edema in the supportive diagnostic findings. The diagnosis is hence based on the 
required clinical features supported by a strong association with HLA-A29, after the 
exclusion of systemic diseases and other uveitis entities [50].

Other mechanisms can be involved in intraretinal fluid accumulation in posterior 
uveitis. Inflammatory choroiditis can lead to the development of choroidal neovas-
cular membrane that rarely leads to intraretinal cystic changes but is more com-
monly associated with subretinal fluid accumulation. Retinitis and chorioretinitis 
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can be complicated by epiretinal membrane formation resulting in ME through vit-
reomacular traction.

In summary, ME can occur as a complication of all uveitis phenotypes, including 
anterior uveitis. Different mechanisms related to intraocular inflammation can be 
involved in its pathogenesis, including pro-inflammatory mediators release result-
ing in breakdown of blood retinal barrier, epiretinal membrane formation or devel-
opment of inflammatory CNV.  Conditions other than uveitis entities such as 
diabetes, surgery, vascular occlusion or drugs intake must always be considered for 
a correct therapeutical management (Fig. 13.2). ME is one of the most common 
causes of visual impairment in patients with uveitis. Identify the underlying cause, 
distinguishing among infectious and noninfectious uveitis and, within etiological 
categories, recognize specific clinical entities is mandatory for instituting an appro-
priate therapy and preventing risk of visual loss.

Fig. 13.2 Factors that might be involved in retinal fluid accumulation in patients with uveitis and 
conditions other than uveitis entities to be considered for a correct therapeutical management of 
patients with macular edema
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Chapter 14
Multimodal Imaging of Uveitic  
Macular Edema

Ilaria Testi, Andres Rousselot, Rupesh Agrawal, and Carlos Pavesio

Macular edema (ME) has been shown to be the leading cause of visual loss in 
patients with uveitis, occurring in up to 30% of cases [1, 2]. Early detection and 
prompt treatment is crucial to prevent chronic macular changes and poor visual 
prognosis.

Clinical assessment of ME is subjective, highly variable and qualitative, reveal-
ing alterations in foveal reflex or gross macular thickening, not detecting mild or 
localized intraretinal fluid accumulation and not providing any information on 
changes in retinal morphology. An objective and quantitative measure of ME is 
important in determining progression of the disease or its response to treatment, 
both in clinical practice and research. Fluorescein angiography (FA) is considered a 
highly effective test for evaluating uveitis activity in terms of vasculitis and ME, 
documenting leakage of retinal vessels and in macular area, but its invasiveness and 
semi-quantitative evaluation has led it to be replaced by non invasive techniques like 
optical coherence tomography (OCT). Fundus autofluorescence (FAF) represents 
an important adjunctive, non-invasive, tool to assess morphologic features of the 
macula, while, among functional tests, microperimetry is becoming a more  common 
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tool for measuring retinal sensitivity and photoreceptor function. Thus, ME is best 
managed using a multimodal retinal imaging approach that allows a morphological 
and functional characterization of the disease (Fig. 14.1).

 Optical Coherence Tomography in Uveitic Macular Edema

Spectral-domain optical coherence tomography (SD-OCT) has become the standard 
diagnostic tool to detect and monitor macular changes in various retinal diseases, 
including uveitis. The technique is a non-invasive, objective tool that provides real 
time high-resolution cross-sectional imaging of the retina, yielding highly repro-
ducible measurements thanks to mapping software and eye tracking technology. 
OCT provides precise quantitative measuring of retinal thickness and individual 
layers together with information concerning retinal morphology, structure and 
reflectivity. In addition to its non invasiveness and quantitative evaluation, quick 
imaging acquisition and safety profile have made OCT become the gold standard 
technique in the diagnosis and management of ME.

In patients with ME, OCT images usually show retinal thickening together with 
the presence of low intraretinal reflectivity corresponding to areas of fluid accumu-
lation. Regarding retinal morphological changes occurring in macular edema, 
Markomichelakis et al. demonstrated that there are no differences in OCT patterns 
of fluid accumulation between uveitic and diabetic ME, although the initial process 
leading to that complication is different in both these diseases [3, 4]. The authors 
identified three different pattern of uveitic ME (Fig. 14.2):

FAF FA (SD)-OCT

Fig. 14.1 Multimodal retinal imaging approach for morphological and functional characterization 
of macular edema (fundus autofluorescence (FAF), fluorescein angiography (FA), (spectral 
domain-)optical coherence tomography (SD-OCT))
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• cystoid macular edema (CME), characterized by clearly defined low-reflective 
intraretinal cystoid spaces, separated by high-signal elements bridging the retinal 
tissue;

• diffuse macular edema (DME), defined as diffuse increased macular thickness 
with disturbance of the layered retinal structure and spongy appearance of the 
retina;

• with or without serous retinal detachment (RD), defined as separation of the 
neuroretina from the retinal pigment epithelium (RPE)/choriocapillaris band due 
to subretinal fluid accumulation, that typically appears low reflective and forms 
an angle of 20–30° between the two layers.

Distribution of different patterns of ME was as follow: DME in 60.7%, CME in 
39.3% and RD in 20.2% of cases, with RD coexisted with either DME or CME in 
6% and 14% of cases, respectively. Higher frequency of CME compared to diffuse 
type was described by Iannetti et al. in two different series of 71 eyes of 55 patients 
underwent SD-OCT and previously in 43 eyes of 39 patients underwent time- 
domain OCT, mainly in patients with long-standing uveitis. This could be explained 
by the changes occurring with chronic intraretinal fluid accumulation related to the 
duration of ME. It has been demonstrated by histopathologic studies that the retinal 
thickening and spongy appearance observed in DME corresponds to the swelling of 
Muller cells in the outer plexiform layer. Chronic inflammation and persistent 
edema lead to necrosis of Muller cells and subsequently to formation of intraretinal 
cystoid spaces observed in CME [3, 5, 6].

Fluid is predominantly located in the outer retinal layers, although cystoid spaces 
are also formed toward the inner retina. No differences were found in macular thick-
ness and patterns of ME between uveitis phenotypes and between patients with 
idiopathic uveitis and uveitis secondary to other diseases. Thus, qualitative and 
quantitative characterization of ME seem not to be related to different types of 
 uveitis [3, 6].

Subfoveal serous RD is a common features of uveitic ME, found most frequently 
in patients with uveitis compared to diabetics, due to disruption and deterioration of 
RPE caused by inflammation [7]. RD develops typically in the early stages of the 

CME DME CME + sRD

Fig. 14.2 OCT images of uveitic macular edema patterns: cystoid macular edema (CME), diffuse 
macular edema (DME), CME with serous retinal detachment (CME + sRD)
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disease and respond well to the anti-inflammatory treatment [8]. No significant 
 differences in distribution of serous RD were found between cystoid and diffuse 
macular edema [3, 5].

Vitreoretinal interface abnormalities are commonly seen in patients with uveitis 
as a complication of active inflammation. OCT provides precise morphological 
information on the inner retinal and vitreoretinal interface changes, including epiret-
inal membrane formation (ERM), vitreomacular traction (VMT) and lamellar/full-
thickness macular holes (Fig. 14.3). On OCT, ERM appears as a hyper- reflective 
band adhering to the retinal layer. OCT has a high sensitivity in detecting ERM 
compared to fundus biomicroscopy, revealing the presence of epiretinal membrane 
in up to 40% of patients with uveitis, and, when ERM is detected ophthalmoscopi-
cally, often reveals a concomitant VRT, defined as partial vitreous detachment with 
persistent vitreous attachment to the fovea, with high-reflective and thickened 
appearance of the posterior hyaloid, located posteriorly to the hyporeflective vitre-
ous and corresponding to the bridging fibrocellular proliferative tissue. The high 
frequency of vitreoretinal interface abnormalities in uveitis patients confirms the 
hypothesis that a tractional mechanism may act as a co-factor in the macular edema 
formation. Presence of ERM has been found to be independent from anatomic site 
of inflammation, different patterns of macular edema and macular thickness [3, 6, 9].

OCT provides not only parameters such as retinal thickness, patterns of ME and 
fluid localization or morphological changes of retinal layers, but also adds informa-
tion on new reflectivity aspects. In recent years hyperreflective spots (HRS) have 
been investigated in patients with ME related to diabetic retinopathy, retinal vein 
occlusion and age-related maculopathy. HRS are defined as punctiform, round or 
oval, small, hyper-reflective white foci located both in the inner retina and in the 
outer retina (Fig. 14.4). Various authors hypothesized different etiology of diabetic 
related HRS, including extravasated lipoproteins or hard exudates [10]. HRS 
described in uveitic macular edema are smaller than those occurring in diabetic 
maculopathy or retinal vein occlusion, maybe due to a different mechanism of ori-
gin. Considering the clear inflammatory origin of uveitis and the absence of hard 
exudates in the disease, it has been hypothesized that uveitis related HRS corre-
spond to inflammatory cells (microglial and leukocytes). Histopathologic studies 
performed on murine autoimmune induced uveitis confirmed this hypothesis [11, 

ERM VMT Macular hole

Fig. 14.3 OCT images of vitreoretinal interface abnormalities in patients with uveitis: epiretinal 
membrane (ERM), vitreomacular traction (VMT) and lamellar/full-thickness macular holes
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12]. Diapedesis of leukocytes and activation of microglia are involved in the phys-
iopathogenesis of uveitic ME, releasing pro-inflammatory mediators that increase 
vascular and epithelial permeability, resulting in intraretinal fluid accumulation. 
When the inflammatory process resolves, the infiltration of cells into the retina 
decreases. HRS were observed in the outer retinal layers in almost half of the 
patients at baseline and the number of foci diminished during follow-up after the 
treatment with the resolution of the edema, remaining more frequently located in the 
inner retinal layers [11]. These findings could be explained by the fact that at base-
line, when the inflammatory process is active and ME is present, activated microglia 
migrate from the inner retina toward the outer layers, site where HRS are more fre-
quently observed on OCT during active disease. Resting microglia is located in the 
inner retinal layers and this finding correlates with the location of HRS observed 
after the resolution of the inflammation. Hence macular thickness was found to be 
associated with both the number and the distribution of the foci [11].

Correlation between OCT findings and visual prognosis is still controversial in 
uveitic ME.

While for diabetic ME, foveal thickness correlates with the visual acuity, for 
uveitic ME, it is still debated whether such a relation exists [3, 4, 6, 13]. Several 
studies have tried to correlate macular thickness and other variables such pattern of 
ME with visual prognosis in the uveitic population. Some authors found that the 
presence of CME was significantly associated to a worse visual prognosis compared 
to DME, with a greater mean foveal thickness in patient with CME that negatively 
correlate with visual acuity [3, 6, 14]. Tran et al. confirmed the correlation between 
foveal thickness and visual function only in patients with CME, characterized by a 
mean macular thickness of 404 μm, whereas this relation was absent in patients with 
DME and a lower mean central thickness (303 μm). The authors also found that 
DME was associated with a poorer visual prognosis compared to patients with 
CME, characterized more frequently by visual recovery [13].

Also the correlation between serous RD and visual acuity is controversial. While 
some authors correlated the presence of RD with a worse visual prognosis, in other 
studies RD was not found to have a significant impact on visual acuity, similar to 

HRS

Fig. 14.4 Hyperreflective 
spots (HRS) in the inner 
and outer retina
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subretinal fluid observed in central serous chorioretinopathy that does not adversely 
affect visual prognosis [3, 6, 13]. Authors demonstrated that visual acuity is worse 
during the presence of RD but the visual outcome at 3 and 6 months of follow-up 
was similar in patients with and without RD, since it seems to respond well to con-
ventional treatment [8, 14].

The Multicenter Uveitis Steroid Treatment (MUST) trial demonstrated that a 
20% change in central retinal thickness correlated with clinically important changes 
in visual acuity, in particular for each 100 μm lower retinal thickness, the visual 
acuity was 5.3 letters higher after 6 months of follow-up [15].

Payne et al. demonstrated that a logarithmic transformation of OCT retinal thick-
ness provides a better correlation with logMAR visual acuity, with each 0.1 unit 
increase in log retinal thickness corresponding to a 0.082 unit worsening in baseline 
visual acuity [16].

It has been show that other OCT structural features might serve as prognostic 
factors for visual acuity. Integrity of the high-reflective band of the external limiting 
membrane and IS/OS line or ellipsoid zone is strongly associated with a better 
visual outcome [6, 17]. The presence of ERM was not found correlated with visual 
acuity [3, 6, 14]. Authors failed to demonstrate an association between the number 
and localisation of HRS with visual prognosis [11].

Sivaprasad et al. evaluated the anti-inflammatory therapeutic effect on the differ-
ent patterns of uveitic ME and found that DME, external CME and serous RD 
responded well to treatment. Cysts located in the inner retina were more refractory 
to treatment compared to cysts in the outer retina layers that tend to disappear faster. 
Overall all type of CME and inner CME were significantly associated with final 
visual acuity [18]. Assessment of macular edema patterns by OCT could hence give 
valuable information on final prognosis.

 Fluorescein Angiography in Uveitic Macular Edema

Prior to the advent of modern tools as OCT, fluorescein angiography (FA) was an 
essential technique for detecting ME. However, it only provides a descriptive and 
subjective assessment of angiographic findings as macular leakage and pooling of 
the dye in the presence of ME, without measurements of central retinal thickness or 
information regarding retinal morphology and reflectivity. Moreover being an inva-
sive technique, intravenous injection of the dye can be complicated by adverse reac-
tions, from nausea to anaphylactic shock, and it is even contraindicated in some 
situations as renal failure, severe cardiovascular disease or pregnancy.

The Angiography Scoring for Uveitis Working Group (ASUWOG) graded mac-
ular edema from 1 to 4 based on FA images at 10 min (Fig. 14.5) [19]. Grade 1 
corresponds to faint hyperfluorescence, grade 2 to incomplete ring of leakage, grade 
3 to complete ring of leakage and grade 4 to pooling of dye in cystic spaces.

Several authors have tried to associate OCT patterns with FA findings in patients 
with uveitic macular edema and evaluate the discrepancies between the two tech-
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niques. Kempen et  al. found a moderate agreement in the diagnosis of macular 
thickening (MT) and macular leakage (ML) (k = 0.44), with ML present in 40% of 
cases without MT and MT present in 34% of cases free of ML. Biomicroscopic 
examination failed to detect 40% and 45% of cases of MT and ML, respectively, and 
diagnosed ME in 17% and 17% of the cases free of MT and ML, respectively [20]. 
These findings could be explained by the fact that OCT and FA measure two related 
pathologic characteristics that are different from each other. Leakage from blood 
vessels in macular area is not always associated with an increase in macular thick-
ness like in cases of macular atrophy or at the beginning of the inflammatory pro-
cess when the thickening has not yet occurred or in case of epiretinal membrane. On 
the other hand macular thickness can be increased due to causes other than leakage 
as dysfunction of RPE or in eyes with inactive uveitis. Tran et  al. found similar 
results in 86% of eyes that underwent both OCT and FA. Serous RD was detected 
in 6% of cases by OCT without a correlated hyperfluorescence on FA, that appeared 
in 7% of cases free from intraretinal fluid accumulation on OCT [13]. A lower grade 
of agreement (54%) was found by Ossewaarde-van Norel et al. [21] Consistencies 
was common in active uveitis, while discrepancies were frequently observed in the 
presence of mild degree of ME. ML was noted in 50% of cases of Birdshot retino-
choroiditis without MT, maybe due to the lower macular thickness found in these 
patients compared to other uveitis entities; while MT in eyes free from ML was 
frequently observed in intermediate uveitis compared to other phenotypes. The 
authors found a high correlation between cystoid appearance on OCT and the cor-
responding findings on FA [21].

Although OCT is superior in providing gradable images and is a non invasive, 
lower cost, reproducible technique, FA is especially useful in cases of ME that 
require an evaluation of the overall activity of uveitis (vasculitis, neovascularization 
or optic disk leakage). However when OCT failed to detect ME and clinical findings 
of ML are evident, FA is likely to provide additional information; vice versa when 
ML is absent on FA but signs of macular involvement are clinically important an 
OCT follow up is requested. Thus FA and OCT are complementary techniques, 
providing different information on ME, and the results of both investigations may 
influence the therapeutic decision, unless, given the positivity of the first test, the 
second one does not provide further information to start the treatment.

Grade 1 Grade 2 Grade 3 Grade 4

Fig. 14.5 The Angiography Scoring for Uveitis Working Group (ASUWOG): grade 1, faint 
hyperfluorescence; grade 2, incomplete ring of leakage; grade 3, complete ring of leakage; grade 
4, pooling of dye in cystic spaces
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 Fundus Autofluorescence in Uveitic Macular Edema

Fundus autofluorescence (FAF) is a noninvasive technique useful for the evaluation 
of ME. FAF maps retinal distribution of lipofuscin, a fluorescent pigment that accu-
mulates in the RPE as a metabolic product of incomplete degradation of photore-
ceptor outer segment and represent an indicator of retinal oxidative damage, 
containing peroxidation products of proteins and lipids.

In eye with ME, an increase in FAF has been documented. This finding might be 
explained by accumulation of lipofuscin due to RPE cell destruction, displacement 
of macular pigment by cystoid macular spaces (referred as ‘pseudo autofluores-
cence’, since usually macular pigment blocks FAF signal from the RPE) or presence 
of retinoids (autofluorescent proteins that accumulate in the extracellular fluid dur-
ing the active inflammatory process) [10, 14, 22]. Roesel et al. demonstrated that an 
increase in FAF is correlated with a worse visual acuity [22].

Near infrared autofluorescence (NIR-AF), a technique that visualize melanin 
distribution in the RPE and choroid, has been studied in patients with diabetic 
ME. It has been found that a reduced NIR- FAF in ME could be due to the block of 
signal from the RPE and choroid in the presence of retinal fluid, however it has not 
yet been studied in patients with uveitis [10].

 OCT Angiography in Uveitic Macular Edema

OCT angiography (OCTA) in uveitis can provide important information on uveitis 
activity other that leakage from vessels detected by conventional FA. OCTA, visual-
izing microvascular morphology and capillary perfusion, identifies areas of flow 
void as manifestation of ischemia or inflammation and detects choroidal neovascu-
larization that can complicate inflammatory disorders. OCTA is able to detect pat-
terns associated with ME, that typically appears as roundish hypointense intraretinal 
spaces, varying in dimension and location depending on the depth of scan section 
[23, 24]. Kim et al. analyzed 16 eyes with uveitic macular edema and correlated the 
presence of the cysts in the inner retina layers with lower vessels density in the deep 
capillary plexus [25]. These findings were later on confirmed in diabetic retinopathy 
by Spaide et al., that identified ischemia of the deep capillary plexus as a driving 
mechanism in the onset of ME [26].

 Microperimetry in Uveitic Macular Edema

Microperimetry provides a quantitative measure of functional vision in term of reti-
nal sensitivity, together with fixation evaluation, allowing the possibility of correlat-
ing loss of retinal sensitivity to area of ME. Roesel et al. found a negative correlation 
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between microperimetry measurements and logMAR visual acuity, while no asso-
ciation emerged between fixation abnormality and poor visual prognosis, increased 
foveal thickness and retinal sensitivity [27].

 Ultrasound in Uveitic Macular Edema

Ultrasound is limited in detecting ME, however it could be useful in detecting the 
cause of ME in patients with posterior scleritis revealing an increase in chorioscleral 
thickness together with a T-sign.

In conclusion SD-OCT is considered the gold standard to detect and manage 
macular edema. An integrated multimodal imaging approach may provide addi-
tional details and information on disease activity and pathophysiology, allowing a 
better morphological and functional characterization of ME.

Results of different investigations may influence the therapeutic decision.
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Chapter 15
Treatment of Uveitic Macular Edema

Ilaria Testi, Andres Rousselot, Rupesh Agrawal, and Carlos Pavesio

Aim of therapy in uveitis is to control intraocular inflammation, reduce recurrences 
of the disease and prevent the development of sight-threatening complications 
including macular edema (ME). Since ME is the leading cause of permanent vision 
loss in uveitis, early detection and prompt treatment is essential to prevent chronic 
macular changes resulting in poor visual prognosis [1, 2].

Release of pro-inflammatory mediators such as interferon gamma, interleukin 6, 
tumor necrosis factor alfa (TNF alfa) and vascular endothelial grown factor (VEGF) 
play a crucial role in retinal vascular hyperpermeability and retinal pigment epithe-
lium dysfunction, leading to accumulation of intraretinal fluid in macular area 
[1,  2]. Thus numerous therapeutic approaches targeting different inflammatory 
pathways have demonstrated efficacy in the treatment of uveitic ME.

Due to potent anti inflammatory response, the mainstay for the management of 
uveitic ME is corticosteroid therapy [3–5]. Treatment strategies differs according to 
the etiology of the uveitis and the type of ocular involvement of the disease: in uni-
lateral involvement local approach is a reasonable alternative and is usually pre-
ferred over systemic therapy, which is still indicated as first line treatment for 
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bilateral cases, but also the presence of an active systemic disease will favour the 
systemic approach [3–5]. Given the well-known side effects with chronic use of 
high-dose immunomodulatory drugs, intravitreal route of drug administration is a 
valid alternative in selected cases, considering that it achieves the highest concen-
tration of therapy where it is most wanted, and at the same time minimizing sys-
temic complications. Since intravitreal injections of corticosteroids, including short 
and long acting corticosteroid implants, are not free from ocular adverse events, 
alternative drugs as anti VEGF, methotrexate, sirolimus or adalimumab have all 
been tested, leading to resolution of ME with varying degrees of success.

 Systemic Therapy

 Corticosteroids

In bilateral ME, systemic corticosteroids are considered the standard first line treat-
ment [3–5]. Relatively high initial dose of oral prednisone or equivalent started at 
1 mg/kg/day is generally required to achieve anatomical recovery of the edema and 
restoration of visual acuity. When resolution of ME and control of inflammation is 
achieved, steroids are tapered slowly; alternatively non-corticosteroid immunomod-
ulatory agents may be introduced for the management of noninfectious uveitis to 
control persistent or severe inflammation and prevent the relapse of ME [6].

Given the presence of retinal barriers, high dose of oral steroids or systemic 
immunosuppressive agents are often needed to reach therapeutic levels in the intra-
ocular compartment, leading to development of potential systemic adverse events 
associated with chronic high dosage. Local administration of corticosteroids as 
intravitreal injection becomes thus a safe and effective approach for the manage-
ment of ME especially for patients with unilateral disease, cases refractory to sys-
temic treatment or in case of contraindications to oral steroids.

The Multicenter Uveitis Steroid Treatment (MUST) randomized trial compared 
the efficacy of systemic anti-inflammatory therapy (prednisone or corticosteroid 
sparing agents if required) and intravitreal fluocinolone acetonide implant in patients 
with noninfectious uveitis [7–9]. At the primary 2-year time point, ME improved 
faster with local therapy compared to systemic treatment, but longer follow-up 
revealed that the proportion of ME in patients treated with systemic therapy contin-
ued to decrease through 54 months while it remained steady in the implant arm, 
reaching a similar proportion in the groups from the 36 months of follow up onward, 
without a significant difference in visual acuity between the two groups [7, 8]. 
Extended follow-up of the cohort through 7 years demonstrated that ME outcomes 
did not differ between the groups, even if visual acuity was better in patients treated 
with systemic therapy [9]. This study concludes that both approaches are successful 
in treating ME but intravitreal therapy is able to reach control of inflammatory ME 
faster, even though in the longer follow up, systemic therapy seemed to do better. 
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Since the prevention of irreversible macular damage caused by chronic disease 
activity is essential to preserve a good visual acuity, a treatment that acts earlier 
could be considered useful. However, the superiority of the implant in a faster con-
trol of inflammation did not result in a better long-term visual prognosis, probably 
because the severe recurrences in the implant group may cause more damage to the 
macula than the low-grade inflammation occurring during the slow tapering of ste-
roids or under chronic systemic treatment.

Different studies have demonstrated that despite control of inflammation with 
systemic immunomodulatory agents, uveitic ME may persist in about 50% of cases 
[7, 10]. In such refractory cases local management with adjunctive intravitreal ther-
apy is essential for the resolution of ME.

 Immunosuppressive Agents

Conventional immunosuppressive therapy include antimetabolites such as 
Azathioprine, Methotrexate and Mycophenolate mofetil, calcineurin inhibitors such 
as Cyclosporine and Tacrolimus, or alkylating agents like Cyclophosphamide and 
Chlorambucil.

Immunosuppressive agents are usually introduced in the management of nonin-
fectious uveitis to control persistent or severe inflammation and prevent the onset of 
structural complications as ME [6]. Failure of systemic corticosteroids, contraindi-
cations to steroids and need for corticosteroid-sparing agents to maintain the remis-
sion are other indications to start the treatment [6]. Development of bilateral ME 
during the ongoing immunosuppressive treatment influences the decision to adjust 
systemic therapy, conversely few studies recognized development of ME as an inde-
pendent indicator for initiating immunosuppressive therapy [6].

Considering systemic side effects of immunosuppressive drugs including risk of 
malignancy and infections, use of immunomodulatory agents in the management of 
noninfectious uveitis is increasingly spreading, especially in refractory disease or as 
first-line treatment in case of severe intraocular inflammation.

 Immunomodulatory Agents

Efficacy of monoclonal anti-tumor necrosis factor (TNF) antibodies has been shown 
in severe noninfectious uveitis complicated by long-standing refractory ME [11]. 
TNF-alfa is one of the mediators involved in the inflammatory pathways, leading to 
vascular hyper-permeability and intraretinal fluid accumulation through activation 
of T cells and macrophages. High level of TNF-α has been found in eyes with uve-
itis [12, 13].

Several studies reported efficacy of anti TNF alfa agents in the treatment of 
refractory uveitis with a reduction of central retinal thickness (CRT) on optical 
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coherence tomography (OCT) [14–19]. Etanercept may produce ocular inflamma-
tion and it does not seem to be effective in controlling uveitis and thus is not recom-
mended in patients with uveitis. Infliximab has shown a rapid anti-inflammatory 
activity, especially in Behçet’s disease, providing within few days a complete con-
trol of inflammation in 89% of patients with resolution of ME and improvement in 
BCVA [20]. Adalimumab has been associated with regression of ME in 70% of 
refractory uveitis together with an improvement in BCVA [15]. Lejoyeux et al. com-
pared efficacy of Infliximab (IFX) and Adalimumab (ADA) in 25 patients with 
refractory inflammatory ME [21]. Both the treatments were comparable in terms of 
effectiveness at 6 and 24 months with about half of patients responding to anti TNF 
alfa therapy. At 6 months, 50% of patients treated with ADA and 61% of patients 
treated with IFX showed a response, registered as a decrease in median central 
foveal thickness from baseline of 61 and 66 μm, respectively at 6 and 24 months, in 
the ADA group versus 92 and 52 μm in the IFX group [21]. From the study emerged 
that the use of ADA as a second-line anti-TNF-α treatment after IFX was not effec-
tive, while the administration of IFX as a second-line of anti-TNF-α resulted effec-
tive in patients in whom ADA was switched to IFX.

Anti-TNF-α agents represent an effective treatment for long-standing uveitic 
ME. A contentious issue is about starting the treatment earlier as first-line therapy 
in patients with severe sight threatening disease to prevent the visual loss due to 
structural changes occurring in chronic disease and derived from long-standing 
accumulation of intraretinal fluid [22, 23].

Interferon (IFN) treatment has been successfully used in the management of uve-
itis refractory to standard care, especially in Behçet’s disease [24, 25]. IFN is an 
intracellular cytokine with a wide range of activities, including immunomodulation 
of both innate and adaptive responses. Fardeau et al. in the BIRDERFERON study 
evaluated changes in central foveal thickness (CFT) on OCT in a group of patients 
with bilateral posterior autoimmune uveitis complicated by ME and treated with 
subcutaneous IFN-α2a, in comparison to patients treated with systemic corticoste-
roids or no treatment [24]. From the study, it was concluded that IFN-α and sys-
temic steroids, compared to no treatment, were associated with significant 
improvement both in anatomical features and in visual acuity; the treatment groups 
showed a similar anti-edematous effect on inflammatory ME [24]. Action is usually 
very quick and patients show response to therapy within 2 weeks [26].

Use of IFN-α is limited by development of adverse effects as depression, leuko-
penia, thrombocytopenia and appearance of auto-antibodies. Few cases of granulo-
matous uveitis and Vogt Koyanagi Harada disease have been reported in patients 
treated with IFN-α [24].

 Local Therapy

Local therapy is now considered a valuable and effective approach in the manage-
ment of ME especially in unilateral diseases and in uveitis where ME persists 
despite control of inflammation with systemic treatment [4, 27]. Local steroid 
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treatment includes periocular and intravitreal injections and long-term intraocular 
and periocular devices (Fig. 15.1). Furthermore the development of local side 
effects such as cataract and raised intraocular pressure has encouraged the intravit-
real use of alternative drugs as anti-VEGF or methotrexate with varying degrees of 
success.

 Periocular and Intravitreal Corticosteroids

Corticosteroids commonly administer locally include triamcinolone acetonide, 
dexamethasone and fluocinolone acetonide. Triamcinolone acetonide can be 
injected as suspension through periocular or intravitreal administration route. When 
administered as intravitreal injection in a non vitrectomized eye at a dose of 4 mg, 
the effective concentration in vitreous cavity is maintained over a 3 month period. 
Dexamethasone is three times more potent than triamcinolone but, being a small 
molecule with a very short half-life, is administered through a sustained-release 
implant (0.7 mg), which is suggested to act over a period of 6 months. Fluocinolone 
acetonide is delivered in different doses by sustained-release devices, surgically 
placed or injected in vitreous cavity, able to release the drug over a period of 3 years.

Intravitreal triamcinolone acetonide and the dexamethasone sustained-release 
implant are the most widely used for the treatment of ME.

Recently Thorne et al. for the MUST Trial Research Group has conducted the 
POINT (PeriOcular versus INTravitreal corticosteroids) study, a randomized 
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Fig. 15.1 Routes of ocular drug delivery: periocular (sub-conjunctival, sub-Tenon, peribulbar, 
retrobulbar) and intravitreal (injections and long-term devices)
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 comparative trial between periocular triamcinolone acetonide (PTA), intravitreal 
triamcinolone acetonide (ITA) and intravitreal dexamethasone implant (IDI), evalu-
ating the efficacy and safety of steroids injections in the treatment of ME in 192 
patients with active or inactive noninfectious uveitis [28]. From the study, it was 
inferred the superiority of both intravitreal therapies compared to periocular treat-
ment and the comparability of IDI and ITA at 8 weeks [28]. The main outcomes 
evaluated were change in central subfield thickness (CST) as measured by OCT at 
8 weeks, change in best corrected visual acuity (BCVA) over a 24 month follow-up 
and safety profile evaluated as risk of intraocular pressure (IOP) elevation. CST 
improved at 8 weeks in all treatment groups with a decrease in macular thickness of 
23% in the PTA arm, 39% in ITA and 46% in IDI [28]. Evaluating the proportion of 
baseline (ProBL) CST at 8 weeks (CST at 8 weeks/CST at baseline) both ITA and 
IDI were superior to PTA and IDI was not inferior to ITA [28]. Patients treated with 
intravitreal injections had higher proportion of eyes with resolution of ME in the 
absence of significant differences between ITA and IDI group [28]. Overall, BCVA 
improved in all the groups, with a greater increment in the intravitreal treatment 
groups compared to the periocular one (4–7 letter at 4–8  weeks and 5 letters at 
24 weeks) [28]. No significant difference in BCVA improvement was found among 
the intravitreal groups. Risk of having a IOP >24 mmHg or increased >10 mmHg 
from baseline was higher and comparable in the IDI and ITA groups, while risk of 
IOP elevation >30 mmHg was rare and did not differ among the arms [28]. From the 
study thus emerged that the efficacy in management of ME and improvement of 
visual acuity is comparable between intravitreal treatments and superior to the peri-
ocular approach, regardless of the type of corticosteroids administered and with 
modestly greater rates of mild increase in IOP.

Arcinue et al. compared efficacy and safety of the surgically placed implant of 
fluocinolone acetonide (FAI) compared to IDI in patients with non-infectious uve-
itis [29]. Both implants were effective in decreasing the baseline CRT [29]. Even if 
IDI group obtained the largest decrease in mean CRT at 1 month, with a progressive 
increase in mean CRT until the 12 month, but still inferior compared to baseline, 
and FAI arm showed a continuous decrease in CRT over the 12 month period, the 
comparison between the two groups was not statistically significant [29]. Regarding 
safety profile, eyes treated with FAI had a statistically higher rate of IOP elevation 
needed glaucoma medications, surgery or laser, and were 4.7 times more at risk of 
development cataract and undergoing surgery; all these findings were consistent 
with data from previous studies [29–31].

Although characterized by a shorter duration of action and subsequently by the 
need of repeat implantations, IDI is preferable comparable to FAI, considering the 
lower rates of intraocular complications with a comparable efficacy in term of con-
trol of inflammation and decrease in mean CRT. Furthermore IDI appears less inva-
sive, technically easier to implant and less expensive than FAI.

Intravitreal corticosteroids can unmask an unknown infectious underlying pro-
cess or may result in worsening of intraocular inflammation when injected in eyes 
with infectious uveitis. Recently the efficacy and safety of intravitreal corticosteroid 
injections for the treatment of refractory ME has been demonstrated also in 
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 infectious uveitis [32]. Fonollosa et al. reported a case series of eye with ME sec-
ondary to infectious ocular disease, in which previous treatments including oral 
steroids, anti-VEGF injections and vitrectomy were ineffective in the control of 
ME. In all the cases intravitreal injection of steroids (IDI) was effective in resolution 
of ME and improve of visual acuity, without reactivation of the infectious inflam-
matory process [32]. The risk of reactivation of underlying disease or worsening of 
inflammation can be avoided by administering concomitant appropriate antimicro-
bial treatment when steroids are injected or being sure that the patient had received 
a complete course of therapy before injecting.

 Intravitreal Anti Vascular Endothelial Growth Factor

The use of anti vascular endothelial growth factor (anti VEGF) is a fairly new para-
digm in the treatment of uveitic ME. Being a regulator of angiogenesis and vascular 
permeability, the release of VEGF plays a crucial role in development of inflamma-
tory ME, resulting in retinal vessel hyperpermeability. Higher concentration of 
VEGF has been found in patients with uveitis and ME [33, 34]. Anti-VEGF drugs 
thus, inhibiting one of the inflammatory pathways involved in intraretinal fluid 
accumulation, have acquired a therapeutical role in the treatment of uveitic ME.

Given the limited anti-inflammatory effect, in eyes with ME and active inflam-
mation anti VEGF should be used in addition to anti-inflammatory therapy. These 
agents can be useful in patients with infectious uveitis, where immunomodulatory 
therapy, both systemic and local, would potentially be associated with the risk of 
worsening of inflammation if administered without a proper antimicrobial treat-
ment, and in patients with contraindications for local corticosteroids, like steroid- 
responders who are already known to develop IOP elevation.

To this day, there are no clinical trials comparing the efficacy of the available 
anti-VEGF agents (ranibizumab, bevacizumab and aflibercept) in the treatment of 
uveitic ME. Several studies have confirmed the efficacy of anti-VEGF in decrease 
CRT and improvement of visual acuity in eyes with persistent ME and remission of 
inflammation [35–38]. Recently Lasave et al. compared the efficacy of intravitreal 
bevacizumab (IVB) versus ITA in the management of persistent noninfectious uve-
itic cystoid macular edema in eye with well-controlled inflammation [35]. From the 
study emerged that repeated IVB improve inflammatory ME and BCVA as effec-
tively as ITA at 24 months of follow-up [35]. Given the short duration, patients 
treated with IVB needed at least two or more injections to achieve resolution of ME, 
while the group treated with ITA did not required more than two [35]. Improvement 
of CRT has thus been transient after IVB with the need of repeated injections to 
achieve control of ME [35]. Intraocular complications such elevation in IOP was 
significantly higher in the group treated with ITA compared to IVB [35].

Considering the ocular side effects commonly seen in intravitreal corticosteroid 
administration, anti VEGF therapy can be useful in the treatment of chronic and 
persistent ME in eyes with well-controlled uveitis. Alternately in eyes with active 
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inflammatory disease in the presence of contraindications for local steroid therapy, 
intravitreal anti-VEGF should be associated with anti-inflammatory therapy. 
Considering the short-lasting effect, multiple injections are often needed to achieve 
resolution of ME.

 Intravitreal Methotrexate

Intravitreal administration of Methotrexate (MTX) can be alternate treatment option 
in patients with active ocular inflammation and/or ME difficult to treat with conven-
tional therapy. The well-known side effects of systemic corticosteroids and immu-
nosuppressive therapy together with intraocular complications of the commonly 
used local steroid treatments have made intravitreal MTX an alternative therapy for 
uveitis and uveitic ME. Intravitreal MTX was first used in the treatment of intraocu-
lar lymphoma [39]. Given its anti-inflammatory effects mediated by adenosine and 
resulting in inhibition of neutrophils, macrophage and T cell activity, efficacy of 
intravitreal MTX was evaluated and confirmed also in the treatment of noninfec-
tious uveitis. Taylor et al. studied the efficacy of intravitreal MTX in 15 steroid- 
responders with unilateral active noninfectious uveitis and/or ME [40]. Main 
outcomes evaluated were BCVA, ocular inflammation, time to relapse, level of sys-
temic therapy and CRT.  From the study, it emerged that local administration of 
MTX is effective in improving VA with a gain of at least ten letters at 3 month fol-
low- up in 87% of patients [40]. CRT improved from a mean baseline of 425 to 
275 μm at 6 months [40]. In three patients MTX allowed reduction of immunosup-
pressive therapy [40]. Relapse were observed at a median time of 4 months, but 
repeat injections have been proven to have similar efficacy (gain of 17 letters by 
month 2 after reinjection) [40]. Corneal epitheliopathy is a well-known side effect 
of MTX, mostly treated and resolved symptomatically with topical therapy [40]. 
Even though this study indicates that intravitreal MTX represents a valid anti- 
inflammatory treatment option in the management of patients with unilateral nonin-
fectious uveitis and ME with good results and safety profile, proper trials are needed 
to confirm this impression.

 Intravitreal Sirolimus

Sirolimus (Rapamycin) is an immunosuppressant targeting T cell proliferation 
through the inhibition of pro-inflammatory mediators such interleukins 2, 4 and 15. 
The SAVE (Sirolimus as a Therapeutic Approach UVEitis) study first evaluated and 
confirmed the efficacy of local administration of Sirolimus in control of intraocular 
inflammation in noninfectious uveitis [41]. Improvement in central macular thick-
ness (CMT) was noted at 3  month follow-up compared to baseline, but benefits 
could not be observed at 6 months, suggesting the need for repeat injections [41]. At 
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1  year follow-up reduction in intraocular inflammation was reported in 70% of 
patients, with no statistically improvement in mean VA or CRT [41]. From the 
SAVE-2 study, it has emerged that intravitreal Sirolimus can lead to reduction of 
ME and low dose (440 μg) Sirolimus administered monthly is more efficacious than 
high dose (880 μg) administered every 2 months due to variation in effect duration 
[42]. Results from SAKURA Study-1 demonstrated improvement in intraocular 
inflammation at 5 months together with preservation of VA and reduction in corti-
costeroids in patients received repeated intravitreal injections of low dose Sirolimus 
[43]. Majority of the patients had an improvement in CRT >50 μm at 5 month fol-
low- up, with better results in patients without epiretinal membrane or posterior hya-
loid membrane traction [43].

 Intravitreal Anti-tumor Necrosis Factor (TNF)

Limited studies are available on the outcome following intravitreal use of anti- 
tumor necrosis factor in the management of uveitic ME. Markomichelakis et  al. 
evaluated efficacy of a single intravitreal injection of Infliximab in Behçet’s disease 
with unilateral involvement [44]. The study reported a significant improvement in 
BCVA and intraocular inflammation, but, despite decrease in CMT, ME persisted in 
80% of eyes affected [44]. No adverse effects were noted in the study contrary to the 
potential immunogenic and retinotoxic effects reported in literature [45, 46]. 
Furthermore, intravenous administration of Infliximab appeared to have a faster 
action compared to intravitreal injection [44]. Hamam et  al. evaluated the short- 
term efficacy of intravitreal Adalimumab in active noninfectious uveitis, observing 
a complete resolution of ME in five out of eight eyes, together with control of 
inflammation and improve of VA [47].

Large-scale and long-term trials are required to determine the role of intravitreal 
administration of anti TNF in inflammatory ocular diseases to assess its efficacy and 
safety.

 Vitrectomy

Pars plana vitrectomy has been explored as a surgical treatment option in patients 
with persistent inflammation and ME [48]. Beneficial effects may be explained by 
the removal of inflammatory mediators that accumulates in vitreous cavity and 
improving in oxygenation of hypoxic retina with subsequent reduction in VEGF 
production [48]. Furthermore intraocular inflammation can often lead to fibrosis of 
the vitreoretinal surface, resulting in the formation of epiretinal membrane (ERM) 
with vitreomacular traction and development of ME [48]. The presence of ERM has 
been associated with higher risk of medical treatment failure as well as with reduced 
efficacy of intravitreal therapy [49, 50]. Lehpamer et  al. evaluated the effects of 
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ERM on the response of ME to systemic and local treatment [49]. From the study, 
it emerged that the presence of severe ERM with wrinkling results in a limited 
response to treatment in terms of both CRT and VA, while ERM without wrinkling 
does not affect the outcome [49]. Other studies confirmed the limited efficacy of 
intravitreal injections on eye with ERM, revealing a worse visual acuity at a 3 month 
follow-up compared to eyes without ERM underwent the same treatment [50]. It has 
also been observed that patients with posterior vitreous detachment (PVD) seem to 
respond better to the local therapy [50]. Munk et al. showed a greater and faster 
decrease in CRT in patient with PVD compared to those with vitreomacular adhe-
sion or posterior vitreous attachment [50]. This can be explained by mechanical 
traction, that might prevent the decreasing in retinal thickness, and different con-
figuration of vitreoretinal surface, that may result in variable drug concentration and 
absorption. The removal of pathologic vitreoretinal adhesion thus can help in the 
management of ME refractory to standard care.
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Chapter 16
Epiretinal Membranes and Subretinal 
Fibrosis

Blanca C. Flores-Sánchez and Lyndon da Cruz

 Epiretinal Membranes

 Background

An epiretinal membrane (ERM) consists of a fibrocellular collection on the internal 
surface of the retina with the potential to contract [1]. In general, ERMs can be clas-
sified as idiopathic, when the only associated process is a posterior vitreous detach-
ment; or secondary to other pathological processes of the vitreoretinal interface 
including trauma, surgery, retinal breaks or inflammation [2]. These processes ulti-
mately lead to thickening and separation of the posterior hyaloid as well as disrup-
tion of inner retinal layers, allowing for fibrocellular proliferation [1].

Clinically, these membranes range from very thin, subclinical structures (some-
times known as ‘cellophane’) which do not affect visual function, to extensive, 
thick, contractile structures causing retinal puckering (wrinkling) or traction detach-
ment with significant clinical symptoms [1, 3]. Intraocular inflammation facilitates 
the accumulation of inflammatory factors, which regulate the migration of glial 
cells and fibroblasts to the vitreous gel, thus contributing to the pathogenesis of 
ERM formation [4]. Epiretinal membranes commonly arise on the macular area in 
cases of chronic uveitis or uveitic macular oedema, potentially causing distortion 
and visual loss [5].

Pars plana vitrectomy (PPV) with membrane peeling effectively removes idio-
pathic ERMs. Successful ERM peeling yields relatively high visual improvement 
rates (up to 90%) with low recurrence rates (between 1–16%) [6]. However, a 

B. C. Flores-Sánchez · L. da Cruz (*) 
Moorfields Eye Hospital, NHS Foundation Trust, London, UK 

National Institute for Health Research, London, UK 

UCL Institute of Ophthalmology, London, UK
e-mail: blanca.flores@nhs.net; lyndon.dacruz1@nhs.net

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-28392-6_16&domain=pdf
mailto:blanca.flores@nhs.net
mailto:lyndon.dacruz1@nhs.net


218

 concomitant underlying chronic inflammatory condition could affect these results, 
making it more plausible for the membrane to recur. Also, visual acuity improve-
ment is poorer after removal of ERM associated with uveitis, and visual outcomes 
will depend on the status of the overall preserved anatomy of the macula and on any 
associated pathology in other sectors of the eye [7].

 Epidemiology

The advent of Optical Coherence Tomography (OCT) and its introduction into clini-
cal practice allows for better visualization of the vitreomacular interface and intra-
retinal structures. This in turn, aids in the detection of ERM more accurately and to 
characterize any associated vitreoretinal traction. The prevalence of macular ERM 
is higher in OCT studies of patients with uveitis, ranging from 40% to 77% in at 
least one eye [8–10]. It is more prevalent in patients with intermediate and posterior 
or panuveitis due to more direct involvement of the vitreoretinal junction and sub-
sequent development of retinal oedema [11]. Following the Standardization of 
Uveitis Nomenclature subtypes, the prevalence of ERM is as follows: anterior uve-
itis 28.1%; intermediate uveitis 57%; and posterior or panuveitis 43.4% [12]. These 
findings contrast with the lower prevalence of idiopathic ERMs, ranging from 1% to 
28.9% depending on the ethnic group and specific predisposing factors [13].

Significant risk factors for the development of ERM in patients with uveitis 
include the following: older age, male sex, long course of inflammation and history 
of cataract extraction. Additionally, history of PPV or ocular procedures (e.g. retinal 
laser and intravitreal injections) can independently cause unilateral ERM in uveitis 
cases [12].

Older age has been reported as a consistent risk factor for idiopathic ERMs as 
well, with increased prevalence in populations over 60 years, and peaking at 70–79 
[12, 13]. Cataract surgery contributes to posterior vitreous detachment by accelerat-
ing vitreous liquefaction, hence increasing the risk of ERM formation (incidence of 
9.1% at 5 years after cataract surgery) [14]. In uveitic patients that undergo cataract 
extraction, ERM formation ranges from 4.47% to 56% [15].

 Pathophysiology

Inflammatory ERMs differ in composition from idiopathic ERMs, which suggests 
that they may develop under different pathogenic processes. The latter are formed 
by extracellular matrix components, including collagen and fibronectin, as well as 
different types of cells, such as glial cells (Müller and astrocytes), hyalocytes, reti-
nal pigment epithelial (RPE) cells and fibroblasts [16]. Sheybani and colleagues 
characterized the histological components of ERM in two patients with uveitis [17]. 
They found elevated cytokines and chronic inflammatory cells in abundance, 
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predominantly T lymphocytes and histiocytes, but also plasma cells and scarce 
eosinophils. RPE cells were absent from these tissue samples. Macrophages are 
abundant in ERM samples excised from cases of Pars Planitis; it is not clear yet 
where they derive from but they are considered to be a key regulator of cellular 
behavior during the inflammatory response leading to gliosis formation [4].

Snead and colleagues classified ERM into three histological types according to 
their cellular components: simple, tissue repair and neovascular membrane [18]. 
The cellularity of the tissue repair membranes included glial cells, RPE cells and 
inflammatory cells (macrophages and lymphocytes). Some of the biological media-
tors involved in its formation are Transforming Growth Factor (TGF)-β, Interleukin 
(IL)-6, and Platelet Derived Growth Factor (PDGF). Uveitic ERM would fall into 
this category, since they are thought to arise from a cytokine-driven repair process: 
activated cytokines in uveitis induce gliosis formation in the retina [17]. Cytokine 
IL-6 activates reactive gliosis endogenously in glial cells and it is up regulated in 
retinal degenerative processes [19]. These findings are consistent with the high lev-
els of IL-6 and IL-10 found in the ERM specimens studied by Sheybani and col-
leagues. Glial cells stimulate ERM formation during an inflammatory stimulus by 
supporting the adherence of contractile fibroblast-like cells [20]. However, com-
pared to idiopathic ERM, uveitic ERMs appear not to involve differentiation of 
RPE cells.

The central retina lies within a region of increased blood flow and it is vulnerable 
to the effects of blood-retinal barrier breakdown. This accounts for the associated 
macular and disc oedema frequently seen in cases of posterior inflammation. 
Progression of ERM in uveitis results from the continuous exposure of the vitreo-
retinal interface to inflammatory molecules and serum derived proteins, which regu-
late the underlying cellular infiltration and deposition [4].

 Clinical Features

Visual disturbance secondary to ERM depends on the associated structural abnor-
malities of the underlying retina, including crinkling and thickening of outer and 
inner layers [21]. Therefore, not all patients with uveitis-related ERM are symptom-
atic even if the membrane is centrally located. When it becomes dense enough to 
induce contraction, macular dysfunction develops resulting in metamorphopsia 
(80% of cases) and drop in near central vision; but also micropsias and monocular 
diplopia in rare instances [5].

Clinically, ERMs can be visualized on the inner surface of the macula as fibro-
cellular proliferations with different grades of translucency. In the earliest stage an 
ERM is seen as a “cellophane light reflex” without associated retinal distortion. In 
more advanced stages, the iridescent light reflex becomes irregular and shrinkage of 
the membrane occurs, causing retinal folds and tortuosity of the underlying vessels. 
A macular pucker consists of a dense grey membrane that obscures the underlying 
retinal details and produces gross retinal distortion and wrinkling [21]. These 
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 membranes can be centrally or eccentrically located depending on the specific dis-
ease. Longer duration of the inflammatory process is associated with clinically 
thicker ERMs [22].

A retrospective study found presenting visual acuities <20/200 in 38% of patients 
with uveitis and macular oedema with associated ERM and secondary retinal wrin-
kling, compared to 16% in those without ERM [10]. In the group of patients with 
ERM, a similar proportion continued to have visual acuity of <20/200 at 3 and 
6 months follow-up (37% and 39% respectively) after receiving corticosteroid treat-
ment. The presence of ERM was also significantly linked to less reduction of central 
subfoveal thickness at 6 months in this same study, suggesting a poorer response to 
treatment.

Anatomical OCT features that correlate with poorer visual outcomes in patients 
with uveitic ERM include foveal involvement, disruption of ellipsoid zone, and 
focal attachment to the inner surface with significant distortion of the retinal con-
tour. In contrast, patients with thin central membranes present with better vision 
[23]. It is not yet clear the way in which central retinal thickness correlates with 
visual acuity in uveitic ERM, as some studies have found an association between 
increased subfoveal thickness and decrease in vision, and others have failed to 
prove it [22].

Cystoid macular oedema (CMO) is the most frequent cause of visual loss in 
patients with an altered blood-retinal barrier and it can complicate any type of uve-
itis [24]. Its treatment can be challenging in refractory cases and it is therefore 
important to assess structural macular changes carefully to recognize contributing 
factors that can influence response to treatment. The presence of an ERM and 
incomplete vitreous detachment are considered as risk factors for uveitic macular 
oedema treatment failure and poor visual prognosis [25, 26].

 Investigations

In the past, many studies relied on color fundus photos to identify and characterize 
ERM.  Nowadays, high resolution OCT provides a more sensitive tool for ERM 
detection and follow-up, especially under media opacity conditions that preclude 
adequate examination of the posterior segment. Approximately 38% of ERMs can 
be missed from color fundus photos even with clear media [12]. Similarly, Milani 
and colleagues reported a false negative rate of 36.8% when attempting detection of 
cellophane membranes or macular puckers through biomicroscopy, which were 
then positively identified through OCT [27].

Based on OCT imaging, an ERM has been defined as a continuous, hyperreflec-
tive signal at the level of the internal limiting membrane (l) with or without evidence 
of contraction, including wrinkling, flattening or anatomical distortion of the retinal 
surface [12, 22]. On OCT scans, between 30–50% of uveitic ERMs present with a 
focal pattern of attachment; this could be due to a tendency of global inflammatory 
ERMs to start contracting and lead to focal retinal distortion [5, 23, 28]. Over time, 
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uveitic ERMs tend to proliferate, becoming denser and more centrally located. 
Maitra and colleagues noted a propensity of parafoveal uveitic ERMs to involve the 
fovea and to increase its central thickness after 1 year from baseline [5].

Fundus Autofluorescence is an alternative imaging modality available for the 
study of disease processes in patients with uveitis. It relies on the visualization of 
the main natural retinoid fluorophores contained in lipofuscin, which is an incom-
plete breakdown molecule of phagocytosed photoreceptor outer segments [29]. In 
vivo qualitative assessment of lipofuscin patterns has improved the understanding 
of mechanisms behind some degenerative diseases. Abnormal accumulation of lipo-
fuscin causes the RPE to lose its phagocytic ability, resulting in photoreceptor dam-
age [30]. The main autofluorescence patterns are: increased autofluorescence, which 
results from RPE dysfunction; and decreased autofluorescence, which results from 
photoreceptor loss [31]. Uveitic CMO causes an increase in the macular autofluo-
rescence pattern that is thought to arise from protein accumulation in the extracel-
lular fluid and pigment displacement rather than from lipofuscin accumulation. 
Presence of a concomitant ERM accentuates hyper-autofluorescence in uveitic 
macular oedema [9]. In cases of ERM without macular oedema, a reduced foveal 
autofluorescence can be correlated with outer retinal deformation and ellipsoid zone 
disruption, which denotes an altered RPE/photoreceptor complex [32]. If severe 
macular dragging happens after contraction of an ERM, autofluorescence imaging 
will show hyper-autofluorescent lines in the areas where the retinal vessels were 
originally located before displacement [33].

OCT-Angiography (OCT-A) technology detects blood flow within the superfi-
cial, intermediate and deep capillary networks of the retinal layers without the injec-
tion of dye [34]. During an acute episode of cystoid uveitic oedema, OCT-A reveals 
a decrease in capillary density and complexity in vascular plexus [35]. However, 
OCT-A has a limited role in the assessment of vitreoretinal interface disorders due 
to the absence of vessels in this region. An ERM potentially causes vascular dis-
placements in the macular capillary architecture when in exerts tractional forces on 
its surface. This phenomenon can be captured by OCT-A and represented by an 
increase in the macular vessel density in superficial and deep capillaries when ERM 
produces disruption of foveal architecture [33].

 Management

One of the main goals in uveitis treatment is the adequate control of inflammation 
in order to avoid or limit the onset of complications. However, in many instances 
this is not possible and the development of complications, such as a central ERM, 
poses a visual threat to patients with chronic uveitis [36]. Membranes without trac-
tion can be monitored since no anatomical abnormality is found and vision is usu-
ally preserved [37]. Surgical removal of ERMs secondary to uveitis may be required 
in center-involving cases with focal attachment that are associated with deformation 
of retinal layers, persistent CMO and visual impairment [5].
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PPV is required before peeling of ERMs in uveitis as with all ERMs. PPV may 
however have many additional benefits in uveitis including clearance of inflamma-
tory mediators and removal of vitreous opacities that obscure the fundus and impair 
vision. PPV is also used in the repair of retinal detachment and diagnostically, for 
vitreous, retinal and choroidal biopsies. The excision of tissue samples can aid in 
the recognition of infectious pathogens or malignant cells [38]. Vitrectomy can 
achieve visual improvement in 56–68% of eyes and can stabilize vision in 20–24% 
of patients with chronic uveitis [7, 39].

In cases of uveitic ERM, surgical removal has been documented to be a safe 
procedure and to offer the possibility of visual improvement. Tanawade and col-
leagues reported visual improvement in 31.25%, visual stabilization in 31.25% and 
visual worsening in 37.5% of patients at 6 months following PPV and peeling of 
uveitic ERMs [38]. The main reasons for reduced postoperative vision were preex-
isting severe macular damage and unoperated lens opacities. Other series have 
reported visual improvement of ≥2 and ≥3 Snellen lines in 71% and 82% respec-
tively during the first 3 months after ERM surgery [36, 40].

In cases of idiopathic ERM, concomitant removal of ILM has been deemed ben-
eficial by reducing recurrence rates significantly, but with similar visual outcomes 
compared to ERM peeling alone [41]. Margherio and colleagues reported an overall 
recurrence rate for inflammatory ERM of 20%, mostly seen in thicker and vascular-
ized membranes. According to these results, they hypothesized that the type of uve-
itis and incomplete peeling could affect recurrence rates [42]. ILM peeling would 
theoretically eliminate the scaffold for fibrocellular proliferation and contraction of 
myofibroblasts to avoid future formation of membranes [43]. The role of ILM peel 
in uveitic ERM surgery is not yet clear. Some authors have reported effective resolu-
tion of concomitant macular oedema after combined ILM and ERM peel, which is 
a common association in cases of uveitic ERM [38, 44].

Careful preoperative evaluation is warranted before surgical removal of uveitic 
ERM, given the variability of postoperative visual outcomes. One of the most 
important predictors of visual recovery after uveitic ERM peeling is the integrity of 
the ellipsoid zone. It has been demonstrated that ellipsoid zone disruption correlates 
negatively with visual acuity and, therefore, a well-documented preoperative ana-
tomical disturbance may indicate poor visual recovery [22].

In a longitudinal study, Nazari et  al. found that ERM involving the fovea in 
patients with inactive uveitis showed a benign course with visual stability after a 
2-year period follow-up, despite an increase in thickness and corresponding ana-
tomical changes. These findings suggest that surgical removal should only be 
attempted after careful clinical evaluation once adequate medical therapy has been 
established [45]. Monitoring of ERM thickness could serve as a way of predicting 
which patients will develop visual deterioration, since longer duration of ERM cor-
relates with increased thickness, and thicker ERMs correlate with decreased visual 
acuity [23].
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 Specific Uveitis Syndromes and ERM

Intermediate Uveitis presents as an isolated low-grade inflammatory entity (Pars 
Planitis) in 70% of cases, and the rest are associated with systemic conditions. The 
most common one is Sarcoidosis, followed by Multiple Sclerosis and Behçet’s dis-
ease. Bilateral ocular involvement occurs in 81% of cases of intermediate uveitis 
and it usually follows a chronic course. Frequently, clinical signs at presentation 
involve the anterior and posterior segments and include mild to moderate anterior 
uveitis, vitreous haze and cells, retinal vasculitis, and papillitis. Common complica-
tions include the development of CMO, cataract and ERM; all of these are associ-
ated with worse visual acuity [46].

Pars Planitis affects children and adolescents most commonly, and typical find-
ings include band keratopathy, peripheral corneal endotheliopathy, posterior syn-
echiae, snowballs and snowbanks [47]. ERM formation rates range between 
37–40% during biomicroscopic evaluation of the posterior segment, with 6.5% of 
them considered as severe [38, 48, 49]. It is directly related to disease duration, with 
a mean interval between onset of Pars Planitis and ERM formation of 6.5–7.9 years 
[49]. As mentioned previously, it is now possible to detect ERM formation more 
accurately with the availability of high definition OCT scans, which could facilitate 
a lower threshold for the diagnosis of vitreomacular interface pathology. Dev and 
colleagues reported a mean visual acuity of 20/40 in five of seven patients at mean 
follow-up of 23 months, with reduced or resolved vitritis after surgical removal of 
ERM [36].

The prevalence of Sarcoid with ocular involvement ranges from 13% to 79% 
in patients with systemic disease, presenting within 1 year after onset. There are 
two peaks of incidence at 20–30 years and at 50–60 years of age. Posterior seg-
ment complications include CMO in up to 76% of cases and a prevalence of 
ERM formation of 6% [38, 50, 51]. In a retrospective study, Kiryu and colleagues 
reported a recurrence rate of 27% after PPV and visual improvement of ≥2 
Snellen lines in 82% of patients at 12 months, but this improvement was only 
preserved in 45% at final follow-up due to cataract development and membrane 
regrowth [40].

Behçet’s disease is a chronic relapsing condition with sight threatening ocular 
manifestations in 70% of cases. It is characterized predominantly by episodes of 
panuveitis, with several vitreoretinal complications [52]. Central retinal involve-
ment occurs in 24% of eyes at presentation, and it predisposes to permanent visual 
loss by causing refractory CMO, macular ischaemia secondary to occlusive vascu-
litis, macular inflammatory infiltrates, macular or optic nerve atrophy, and vitreo-
retinal interface disease [53]. Prevalence of ERM formation ranges between 
10–30% in different series, and it is related to a higher number of acute inflamma-
tory attacks [54–56].
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 Other Causes of Retinal Vasculitis

Eales disease is a vaso-occlusive idiopathic disorder affecting young males. It com-
prises four clinical stages: inflammatory, obliterative, ischaemic and proliferative. 
ERM formation evolves during the proliferative stage, secondary to differentiation 
of RPE, glial and chronic inflammatory cell populations. ERMs are fibrovascular in 
nature, and they are likely triggered by ischaemic stimulus secondary to obliteration 
of small peripheral veins [57]. Goel and colleagues reported macular involvement 
in 58.2% of patients with Eales disease when evaluated with OCT scans, which was 
more common in cases of active vasculitis and was significantly associated with 
poorer visual acuity. The most common abnormality was macular oedema, followed 
by ERM formation (prevalence of 11.4%) [58]. Saxena and colleagues reported a 
case of a diffuse posterior ERM secondary to Eales disease that caused severe vit-
reopapillary and vitreomacular traction, followed by retinal infolding and retinos-
chisis [59].

Birdshot retinochoroidopathy characteristically presents with scattered spots of 
inflammation at the level of the RPE and choriocapillaris that eventually lead to 
depigmented fundus lesions. It is associated with varying degrees of vitritis, retinal 
phlebitis, exudative vasculopathy, and optic disc swelling. It strongly correlates 
with a positive Human Leukocyte Antigen A29 and it affects Caucasians predomi-
nantly [60]. In a retrospective review of 35 patients, the most common ocular com-
plications were development of cataract, CMO and glaucoma during a mean 
follow-up of 81.2 months; ERM formation was reported in only in 10.7% of them 
[61]. However, in another study based on OCT scans, 92% of patients with long- 
standing disease (>6 years duration) developed ERM; these proliferations were thin 
and did not cause central visual impairment [62].

The natural history of Toxoplasmosis involves recurrent activations of the pri-
mary lesion with prominent vitritis and retinochoroiditis in the second to fourth 
decades of life. Central involvement is a common feature with optic and macular 
oedema; a bilateral presentation occurs in one third of patients. In congenital cases, 
prevalence of macular and bilateral involvement is considerably higher (46–55% 
and 51–85% respectively) [63]. Posterior segment complications include rheg-
matogenous and serous retinal detachments, vascular occlusions, retinal neovascu-
larization, macular hole and ERM formation [64]. Miranda and colleagues reported 
a combination of features in preoperative macular OCT scans of 14 patients with 
toxoplasmosis scheduled for combined ILM and ERM removal. These included 
center-involving ERM, CMO and vitreomacular traction [65]. ERM peeling 
achieved anatomical CMO improvement and reduced central retinal thickness in all 
patients, with a mean change in visual acuity from 20/200 at baseline to 20/60 at a 
mean follow-up of 6 months. ERM recurrence was noted in one patient at 5 months 
postoperatively.
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 Subretinal Fibrosis

Fibrosis is the end result of a chronic, often immune-associated response at sites of 
tissue repair [66]. It is defined as the replacement of normal tissue by an overgrowth 
of scar tissue, secondary to an altered remodeling of the extracellular matrix net-
work [67]. Fibrosis can develop in any area of the subretinal space, but it becomes 
vision-threatening when it forms below the fovea. It can complicate any chronic 
retinal disease, including central serous chorioretinopathy, chronic retinal detach-
ment, vitreoproliferative entities and, importantly, uveitis [68–71].

Clinically, fibrosis can be visualized as a well demarcated white-yellow lesion 
with a solid, opaque appearance; overtime fibrosis can become densely pigmented 
or can be associated with other anatomical changes such as retinal haemorrhages, 
oedema or fluid during active phases of the underlying disease [72]. The presence 
of a retinal fibrotic scar can be confirmed by angiographic fluorescein blockage with 
late faint staining on the edges of the lesion [69]. OCT scans will show a thick 
hyperreflective area with distinct borders below the neurosensory retina, with or 
without atrophy of outer retinal layers and posterior shadowing. Additionally, there 
could be extensive degenerative intraretinal spaces in chronic cases [73]. Indocyanine 
green angiography is of limited use in imaging areas of subretinal fibrosis.

The two main mechanisms that can lead to subretinal fibrosis formation in uve-
itis patients are choroidal neovascularization (CNV) and chronic multifocal or dif-
fuse ocular inflammation. In both processes, the triggering stimulus is retinochoroidal 
disruption induced by various factors including infections, autoimmune responses, 
trauma, toxins and radiation (Table 16.1) [68].

Table 16.1 Uveitis entities 
that complicate with 
subretinal fibrosis

I. Non-infectious
  Vogt-Koyanagi-Harada disease
  Subretinal fibrosis and uveitis syndrome
  Punctate Inner Choroiditis
  Multifocal choroiditis with panuveitis
  Serpiginous choroiditis
  Birdshot chorioretinopathy
  Sarcoidosis
II. Infectious
  Toxoplasma retinochoroiditis
  Toxocariasis
  Presumed Ocular Histoplasmosis Syndrome
  Viral retinitis
  Onchocerciasis

16 Epiretinal Membranes and Subretinal Fibrosis



226

 Choroidal Neovascularization

Pathologic myopia and intraocular inflammation are the leading causes of CNV in 
patients younger than 50 years, while age-related macular degeneration (AMD) is 
the main cause in those older than 50 [74–76]. Development of CNV poses a risk of 
severe vision loss and poor prognosis in uveitis patients; it complicates 2% of 
inflammatory processes involving the posterior segment (outer retina/RPE/choroi-
dal complex) and, very rarely, anterior or intermediate uveitis (0.06%) [77, 78]. A 
patient is more likely to develop CNV during active periods of anterior segment 
inflammation or preretinal neovascularization, as well as if there is a positive history 
of contralateral CNV [78].

Gass classified CNV into two main types: sub-RPE neovascularization (Type 1) 
and subretinal neovascularization (Type 2). The latter is considered as an 
inflammation- related proliferation that occurs secondary to acquired focal defects 
of Bruch’s membrane, giving way to new vessels into the subretinal space [79]. 
Macrophages, fibrocytic-like cells and RPE cells actively proliferate in reaction to 
the presence of neovascular sprouts below the sensory retina, and they are clinically 
visible as a dark plaque or atrophic scar at the edge of the lesion [77, 79].

Formation of CNV and subsequent subretinal fibrosis are considered as part of 
the ocular wound repair process. After acute injury of the RPE/Bruch’s membrane 
complex, the affected tissue releases cytokines such as PDGF, TGF-α and TGF-β 
during an early phase, and these induce angiogenesis to enhance tissue repair by 
improving oxygenation and recruiting inflammatory cells such as macrophages, 
endothelial cells and myofibroblasts [80]. The response then usually progresses to a 
late phase, characterised by involution of the vascular and cellular components [81]. 
During this late phase, a scarring reaction (fibrosis) results if the wound repair pro-
cess is not properly balanced and the stimulus persists, leading to excessive remod-
eling of the extracellular matrix and inducing macrophages further to initiate 
fibrogenesis [82]. Fibronectin and collagen type I and IV are the most common 
extracellular matrix components found in subretinal fibrosis tissue samples. As sub-
retinal fibrosis matures, it potentially destroys local photoreceptors, RPE cells and 
choroidal vessels, which leads to retinal degeneration and permanent visual loss 
[83]. Green and colleagues reported that photoreceptor destruction increases with 
greater diameter and thickness of disciform scars in patients with AMD [84].

Uveitic CNV frequently recurs and poses a risk of poorer visual outcomes when-
ever delayed diagnosis precludes timely management. Topographically, inflamma-
tory CNV appears predominantly beneath or near the fovea, or surrounding the 
optic nerve. Patients complain of metamorphopsia and visual impairment when the 
location is central, but in extrafoveal locations they may be asymptomatic. Clinically, 
uveitic CNV is usually of the Gass Type 2 form and presents as a grayish lesion with 
low levels of associated exudation or haemorrhage, frequently at the edge of other 
lesions such as an existing chorioretinal scar or granuloma [85]. Additional subtle 
clinical signs that suggest the presence of CNV but that can be frequently missed 
during examination include a hypopigmented halo, a hyperpigmented scar or a 
small single subretinal haemorrhage [86]. Other circumstances that could make 
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clinical diagnosis difficult include the presence of media opacity such as cataract or 
vitritis, as well as extensive retinal scarring obscuring fine details.

Since most patients with uveitis develop an inflammatory Type 2 CNV mem-
brane, fluorescein angiography shows a “classic” lesion with a delineated area of 
early hyperfluorescence where neovascularization lies that increases in late stages 
due to active leakage. OCT scans show subretinal hyperreflective material above the 
RPE level [73]. In a retrospective series of 30 eyes of 28 patients, Roy and col-
leagues reported a prevalence of Type 2 CNV membranes in 84.1% detected by 
OCT scans, with the remaining being Type 1 [87]. Regarding the location of uveitic 
CNV, 76.7% presented in the fovea, and only 10% and 13% presented in a juxtafo-
veal and parapapillary location, respectively.

The therapeutic regimen for inflammatory CNV includes a combination of spe-
cific systemic medications for adequate control of inflammation with either photo-
dynamic therapy (for extrafoveal CNV) or intravitreal bevacizumab or ranibizumab 
(for foveal lesions) with high success rates and visual recovery [85].

 Chronic Granulomatous Inflammatory Process

Vogt-Koyanagi-Harada (VKH) disease and Subretinal fibrosis and uveitis syndrome 
are the two most representative uveitis entities that are known to evolve into severe and 
extensive subretinal fibrosis. In VKH, subretinal fibrosis has been described as a long-
term complication in patients during the chronic phase of the disease and after multiple 
recurrences. Clinical exacerbations during this phase respond poorly to systemic ther-
apy and are characterized by prolonged episodes of inflammation, which explains why 
complications present as a hallmark of this chronic phase [88]. Histopathologic studies 
of an end-stage case of VKH showed that scar tissue was formed by retinal gliosis and 
marked RPE hypertrophy as well as an important infiltration of T-lymphocytes in the 
choroid, consistent with a cell-mediated immune response [89].

Prevalence of subretinal fibrosis in VKH varies according to the ethnic group 
involved; it has been reported between 7–40% with a predilection of Hispanic 
patients, but only in 2% of patients with Eastern and South Asian descent [69, 90, 
91]. Subretinal fibrosis in VKH tends to occur bilaterally and to involve the poste-
rior pole more commonly (in a subfoveal, extrafoveal or peripapillary locations). It 
is considered a poor prognostic visual sign and, therefore, prompt and adequate 
treatment of active inflammation is crucial to avoid fibrotic scars [69, 91].

Zhao and colleagues reported a series of seven eyes with VKH and subretinal 
fibrosis in the posterior pole that caused refractory macular detachment even after 
successful control of the acute inflammatory process [92]. These patients underwent 
removal of subretinal fibrosis with retinectomy and silicone oil tamponade. Cases 
with macular or parapapillary involvement showed favorable visual outcomes, with 
60% of them presenting with a final visual acuity of ≥20/200. The authors 
 recommend being cautious when attempting removal of subretinal fibrosis encir-
cling the optic nerve, due to the possibility of massive subretinal haemorrhage and 
blindness.
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Subretinal fibrosis and uveitis syndrome is a poorly defined condition that is 
invoked in cases of progressive and rapid visual deterioration in the context of mul-
tiple foci of granulomatous infiltration of the RPE and choroid [93–96]. Many alter-
native terms have been used to describe the full spectrum of this disease including 
‘Progressive subretinal fibrosis with uveitis syndrome’, ‘Multifocal choroiditis 
associated with progressive subretinal fibrosis’ and ‘Diffuse subretinal fibrosis syn-
drome’. It usually affects young adults without systemic illnesses, but there are a 
few cases of onset during childhood and in the elderly (the youngest patient being 
3 years and the oldest 76 years) [94, 97–100].

The early stage of subretinal fibrosis and uveitis syndrome is characterized by 
active multifocal choroiditis with scattered hypopigmented lesions in the posterior 
pole and mid periphery, similar to the presentation in the white dot syndromes 
[101]. The main difference is that, ultimately, this process leads to massive subreti-
nal fibrotic plaques that eventually expand and fuse to replace the outer retina and 
choroidal layers particularly in the macula [94, 98, 102]. According to histopatho-
logical examinations, the fibrotic reaction is induced by an intense antigenic stimu-
lus that leads to an antibody mediated inflammatory process. Palestine reported the 
presence of monoclonal antibodies against Müller cells, deposition of complement 
and immunoglobulins, and a predominant infiltration of B-cell and plasma cells 
[103]. Electron microscopy results have suggested that this fibrotic tissue derives 
from the lineage of RPE and glial cells [104].

Subretinal fibrosis and uveitis syndrome represents a singular type of inflamma-
tory reaction and not an aetiological definition [103]. Although it has been described 
as a variant of Sympathetic Ophthalmia (since some patients present after trauma or 
surgery with a clinical picture of granulomatous panuveitis showing retinal exuda-
tion, diffuse pigmentary changes, papillitis and Dalen Fuchs nodules), it is not gen-
erally thought to be associated with this condition. Other possible aetiologies, 
including infectious and masquerade syndromes, have been ruled out by histopa-
thology [93, 105].

Given the aggressive course of this granulomatous inflammation, management 
should involve early use of high-dose systemic steroids and potent immunomodula-
tors. Some of the proposed regimens reported in literature include use of cyclophos-
phamide, cyclosporine, azathioprine or methotrexate [97]. In cases of refractory 
response to treatment, the use of anti-Tumor Necrosis Factor-α has been attempted 
with good control of the inflammation [106]. However, despite adequate treatment 
the disease may still produce blindness.

 Conclusions

Epiretinal membranes and subretinal fibrosis commonly develop in response to 
inflammatory diseases affecting the posterior segment of the eye. Often, they cause 
major anatomical and functional damage that can lead to profound visual loss. The 
severity of their clinical presentations usually correlates with the intensity and 
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duration of the inflammatory stimulus. Typically, they are seen in association with 
other complications such as macular oedema and choroidal neovascularization. For 
this reason, their management can be complex and different strategies are needed in 
order to reduce the risk of blindness. To attain better visual outcomes, it is critical to 
treat the underlying pathological process promptly and adequately, since disease 
chronicity and recurrences limit the efficacy of all therapeutic options.
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Chapter 17
Retinal Detachment in Uveitis

Arjun B. Sood and Sumit Sharma

 Introduction

Uveitis is responsible for an estimated 10% of blindness in the developed world and 
up to 25% in the developing world [1, 2]. The etiology for severe visual impairment 
and blindness in uveitis is multifactorial, including cataract, glaucoma, cystoid mac-
ular edema, macular scarring, optic neuropathy, ischemia and retinal detachment [3, 
4]. Retinal detachment (RD) in uveitis is uncommon but can be difficult to manage 
when present and often leads to poor visual outcomes. RD most frequently occurs 
after periods of active intraocular inflammation and in eyes with infectious uveitis. 
In this chapter, we focus on uveitic conditions predisposing to retinal detachment 
along with preoperative management and surgical considerations.

 Epidemiology

Retinal detachment can be classified as rhegmatogenous from retinal tear, tractional 
from inflammatory or neovascular membranes, exudative from serous fluid accu-
mulation, or combined mechanism. The first step in managing retinal detachment in 
uveitis is to establish the correct diagnosis, as treatment options vary based on the 
underlying etiology. Rhegmatogenous retinal detachment (RRD) is the most com-
mon form with a reported prevalence of 3.1% in patients with uveitis [5, 6]. 
Intraocular inflammation associated with infectious and non-infectious conditions 
can predispose to retinal detachment, including cytomegalovirus (CMV), acute reti-
nal necrosis, ocular toxoplasmosis (OT), syphilitic uveitis, pars planitis, sympa-
thetic ophthalmia and Vogt-Koyanagi-Harada (VKH) syndrome.
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 Uveitic Conditions at Risk for Retinal Detachment

 Cytomegalovirus Retinitis

CMV is a double-stranded DNA virus in the herpes virus family. It is an opportunistic 
infection and is a leading cause of blindness among patients with acquired immunode-
ficiency syndrome (AIDS) caused by the human immunodeficiency virus (HIV) [7]. 
Ocular CMV most commonly manifests as posterior uveitis with yellow- white patches 
of retinal necrosis, hemorrhages and sheathing (Add photo of CMV and RD in CMV) 
[8]. Vision loss in CMV retinitis is secondary to macular retinitis, optic atrophy or reti-
nal detachment arising from breaks within atrophic or necrotic retina [9].

The incidence of retinal detachment in AIDS patients with CMV retinitis was 
approximately 50% per patient per year, or 33% per eye per year, in the pre-highly 
active anti-retroviral therapy (HAART) era [10]. Risk factors for retinal detachment 
in CMV retinitis include bilateral disease, increasing lesion size, active retinitis near 
the vitreous base, intraocular surgery for ganciclovir implant or vitreous biopsy, and 
extent of peripheral retinitis [9–12]. For example, retinitis involving more than 25% 
of the retina has a fivefold greater risk of retinal detachment compared to an eye 
with 10% of retinal involvement [10].

Since the introduction of HAART, the rate of retinal detachment has declined by 
approximately 60% with an incidence of 1.0–8.7/100 eye years [9]. This may be 
related to improved control of viral replication and halting the progression of retini-
tis. Although the incidence is declining, the overall prevalence of RD may increase 
as patients with AIDS and CMV retinitis are living longer in the HAART era.

Management of CMV associated retinal detachment presents a unique challenge 
for the vitreoretinal surgeon given the atrophic and necrotic retina present and 
inflammatory changes to the vitreous and posterior hyaloid. Repair is complex and 
usually involves combination scleral buckle and pars plana vitrectomy with intra-
ocular tamponade (silicone oil or long-acting gas). Mathur et al. reported a 78% 
anatomic success rate following RD repair, while functional vision (acuity greater 
than 3/60) was achieved in 56% of patients [13]. Management and treatment of 
CMV associated RRD is similar to management of RRD after acute retinal necrosis, 
which will be discussed next.

 Acute Retinal Necrosis

Acute retinal necrosis (ARN) was first described by Urayama in 1971 as an occlu-
sive panuveitis with necrotizing retinitis [14]. In 1982, Culbertson and colleagues 
provided the first evidence that members of the herpes virus family were the caus-
ative organisms [15]. Since then, ARN has been managed with local and systemic 
anti-viral therapy [16, 17]. Unfortunately, visual prognosis remains poor despite 
prompt diagnosis and treatment. Retinal detachment is one of the most common 
causes of vision loss in ARN and occurs in 50–75% of patients [18, 19].
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In 2017, Butler et al. reported outcomes of 36 patients (41 eyes) with ARN man-
aged at a uveitis referral center [16]. Patients received induction with systemic anti- 
viral therapy (either intravenous or oral) and 61% also received intravitreal antivirals. 
They found 24 eyes (59%) developed at least 1 RD; 6 eyes (15%) at least 2 RDs and 
1 eye (2%) developed 3 RDs. The amount of retinitis at presentation was signifi-
cantly correlated with developing retinal detachment with a nearly 12 times higher 
rate of detachment for eyes with more than 25% retinitis. Detachment was also cor-
related with poor visual prognosis, as only 4% of eyes that experienced at least 1 RD 
achieved 20/40 or better vision, compared to 53% of eyes that never had retinal 
detachment [16].

Due to the high prevalence of ARN associated retinal detachment and subse-
quent vision loss, measures to prevent RD have been investigated. Prophylactic 
laser photocoagulation has been reported by several groups [20–24]. Lau et  al. 
reported outcomes of 27 patients (17 lasered, 10 not lasered) and found RD inci-
dence of 35% in laser group compared to 80% in not lasered group [23]. Meghpara 
et al. reported on 25 patients (6 lasered, 19 not lasered) and found RD incidence of 
0% in the laser group, compared to 26% in the not lasered group [24]. Both studies 
were limited due to selection bias, since many patients in the non-lasered group had 
significant media opacity precluding laser indicating a more severe inflammatory 
response. Many other studies have noted a lack of benefit for prophylactic laser and 
it is not something we recommend in the management of ARN [20–22].

Early or prophylactic vitrectomy to prevent RD has also been investigated by 
several groups [25–29]. The rationale is that vitrectomy can relieve vitreous trac-
tion, remove inflammatory mediators, and allow placement of long-acting tampon-
ade (gas or silicone oil) to prevent RD [19]. Iwahashi-Shima et  al. reported the 
largest series of ARN patients treated with early vitrectomy versus medical manage-
ment. The authors did not describe methods for determining the course of treatment. 
At final follow-up, 58% of eyes in the early vitrectomy group were attached, com-
pared to 75% in the observation group [26]. Hillenkamp et al. reported a 90% RD 
rate in medically managed patients compared to 40% in eyes treated with early 
PPV.  Unfortunately, final visual outcomes were similar between the two groups 
[25]. There were two other studies that also reported benefit from early PPV in 
reducing retinal detachment rates. However, both of these studies did not show cor-
responding visual improvement and baseline characteristics were also not equal 
between the two groups [27, 28]. Further investigation is necessary, but at this time 
there is no evidence for routine early vitrectomy to prevent RD in the management 
of ARN.

 Ocular Toxoplasmosis

Ocular toxoplasmosis is an infectious uveitis caused by the protozoan parasite 
Toxoplasma gondii [30]. Ocular involvement can either be acquired or congenital. 
In immunocompetent individuals, OT usually presents as a unilateral retinocho-
roiditis adjacent to an old scar. In the immunocompromised population, in particular 
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HIV/AIDS or the very elderly, the necrotizing retinitis can be more aggressive and 
often mimics viral retinal necrosis [31]. Vision loss in OT is most frequently due to 
macular or optic nerve involvement; however, retinal detachment remains an impor-
tant cause of ocular morbidity [32].

Bosch-Driessen et al. reported on 150 consecutive patients with ocular toxoplas-
mosis and found that 9 patients (6%) developed retinal detachment: six rhegmatog-
enous, two tractional and one unknown (inoperable total RD) [33]. Severe vitritis 
and active inflammation were factors associated with RD development. The authors 
hypothesized vitreous inflammation leads to liquefaction and inflammatory mem-
branes that cause traction on the retina resulting in RRD and/or tractional retinal 
detachments (TRD) [33]. Interestingly, three of nine patients with RD in this series 
had undergone diagnostic vitrectomy prior to developing RD, indicating surgical 
intervention may contribute to RD development as opposed to being protective.

Surgical procedures for toxoplasmosis associated RD include pars plana vitrec-
tomy, scleral buckle, or combination, along with gas or silicone oil (SO) tamponade 
[33–35]. Moreira et al. published surgical outcomes on 22 patients with OT associ-
ated RD from Brazil [35]. In this study, 23% of patients had pre-existing PVR. The 
most common procedure was combination SB, PPV and SO (ten patients). Primary 
retinal reattachment was achieved in 15/22 patients (68.2%). Final anatomic re- 
attachment was achieved in 90.9% of patients with an average of 1.5 surgeries 
(range 1–3). Despite high anatomic re-attachment rates, the functional outcomes 
and visual prognosis remain poor with 50% of patients having final best corrected 
visual acuity 20/400 or less [35].

 Ocular Syphilis

Syphilis is an infectious disease caused by the spirochete Treponema pallidum and 
is most commonly spread via sexual transmission [36]. Upon inoculation, the organ-
ism can spread to the central nervous system and eye within hours to days. Ocular 
involvement can occur at any stage of infection and involve any part of the eye, with 
the most common presentation being syphilitic uveitis (SU) [37, 38]. Most patients 
who are diagnosed with syphilitic uveitis and receive prompt treatment have good 
visual prognosis, even returning to normal baseline vision. However, severe visual 
impairment and vision loss can occur with delay in diagnosis and treatment [39].

Rhegmatogenous and tractional detachment are rare complications seen in ocu-
lar syphilis [39]. A total of 16 eyes (12 patients) with RRD or TRD have been 
reported in the literature [40–43]. Usually, RRD or TRD occurs months after treat-
ment and likely is related to inflammatory changes that potentiate vitreous liquefac-
tion, contraction and separation. The Jarisch-Herxheimer reaction may also 
contribute whereby lipoproteins from T. pallidum stimulate macrophages to pro-
duce cytokines that exacerbate intraocular inflammation [44]. Therefore, systemic 
and local steroids have been utilized by some ophthalmologists to limit the inflam-
matory response, but evidence is lacking [45].
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Haug et al. reviewed 11 cases of syphilitic RD in the literature and found that 
retinal breaks usually occur in areas of prior retinitis and PVR was present in 45% 
of eyes. Surgical repair varied with the most successful treatment combination 
being scleral buckle, vitrectomy and silicone oil tamponade [41].

 Pars Planitis

Pars planitis is an idiopathic intermediate uveitis that presents with inflammation of 
the peripheral retina, ciliary body and anterior vitreous. Chronic inflammation 
causes snowbank formation and exudation at the pars plana [46]. Conventional 
treatment involves local or systemic corticosteroids followed by immunosuppres-
sive therapy. Transconjunctival cryotherapy applied to the pars plana has also been 
reported as an effective treatment in reducing vitritis [47]. Chronic and persistent 
inflammation can lead to fibrosis and tractional membranes overlying the peripheral 
retina. As a result, retinoschisis has been reported in up to 19% of patients, while 
retinal detachment has been reported in up to 10% of cases [48–50]. Management 
of these complications should primarily be directed towards controlling inflamma-
tion. Surgery is generally not indicated unless the macula is involved [51].

 Endophthalmitis

Endophthalmitis is a severe intraocular infection that occurs when microorganisms 
are introduced directly into the eye from trauma or intraocular procedures (exoge-
nous), or from hematogenous spread (endogenous) [52]. Acute management of 
endophthalmitis involves intravitreal anti-microbials, vitreous sampling and sys-
temic antibiotics for endogenous causes. Despite prompt therapy, endophthalmitis 
is frequently associated with a poor visual prognosis and retinal detachment [53].

The frequency of RD in post-cataract endophthalmitis from the Endophthalmitis 
Vitrectomy Study was 8% [54]. Lingappan et al. reported on a large series of patients 
with endogenous fungal endophthalmitis and found approximately 25% of patients 
developed retinal detachment [55]. Surgical management with pars plana vitrectomy 
is the most common modality for RD repair. Unfortunately, re-attachment rates are 
lower for RD associated with endophthalmitis and range from 41–78% [54, 56].

 Persistent Exudative Detachment

Exudative retinal detachments (ERD) develop when fluid accumulates in the sub-
retinal space from breakdown of the blood-retinal-barrier [57]. Inflammatory and 
infectious uveitic conditions can commonly present with exudative detachment, 
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including Vogt-Koyanagi-Harada (VKH) disease, sympathetic ophthalmia (SO), 
posterior scleritis, syphilitic uveitis and tuberculosis [58]. The initial treatment for 
non-infectious ERD involves systemic steroids and immunosuppressive therapy, 
while infectious causes can be managed with the corresponding antibiotics/antivi-
rals. Surgical drainage is uncommon for exudative detachments but can be consid-
ered for chronic subretinal fluid involving the macula [58, 59].

 Clinical Examination, Preoperative Management and Surgical 
Considerations

Diagnosis of retinal detachment in uveitis can be challenging as visualization of the 
posterior segment may be limited due to active inflammation. Multimodal imaging 
with optic coherence tomography (OCT), B-scan ultrasound, and ultrawide field 
fundus imaging are useful modalities to help distinguishing RRD from TRD or 
exudative detachment [60]. In some circumstances a diagnostic vitrectomy is indi-
cated [61].

Once rhegmatogenous retinal detachment is confirmed, prompt surgical inter-
vention is generally indicated. Ideally, surgery should be performed on eyes that are 
inactive, but this is not always possible. Therefore, every effort should be made to 
reduce inflammation prior to pursuing surgical intervention [62]. In non-infectious 
uveitis, oral prednisone can be administered several days before surgery or high 
dose intravenous steroids can be given intraoperatively. Intravitreal or subtenons 
steroids can also help optimize control of inflammation [63]. We will often give 
these prior to surgery to help quiet the eye. Intravitreal triamcinolone starts to work 
almost immediately and can be given even a few days prior to surgery. In contrast, 
the dexamethasone implant (Ozurdex®, Allergan, Irvine, CA) takes 7–10 days to 
start releasing steroid and should be given at least 1 week prior to surgery. For infec-
tious uveitis, systemic or local anti-microbials should be utilized perioperatively 
depending on the cause. Silicone oil presents unique challenges in the post- operative 
period as doses of medications given intravitreally will need to be modified depend-
ing on if they are water or lipid soluble to avoid toxicity.

Surgical approaches to repair retinal detachment can be affected by the presence 
of associated co-morbidities. Corneal opacities and diffuse keratic precipitates may 
limit the view to the posterior segment during surgery. Concomitant scleritis or 
scleral thinning may be a contraindication to scleral buckle placement [64]. Pupillary 
membranes and posterior synechiae can limit intraoperative viewing and can be 
managed with lysis and pupillary expansion [63]. Cataract can impede view of 
 posterior segment and lensectomy may be required [65]. Finally, the most important 
factor to in repairing retinal detachment is the presence of proliferative vitreoreti-
nopathy and the propensity to develop PVR following surgery [6].
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 Conclusion

Retinal detachments in uveitis are infrequently encountered but can present a unique 
challenge for the vitreoretinal surgeon. A stepwise approach should be undertaken 
in managing these patients, first by identifying the etiology for detachment followed 
by adequately controlling inflammation prior to surgery. Surgical repair should then 
be tailored to each individual situation. With modern day surgical techniques, good 
outcomes are possible for retinal detachments associated with ocular inflammatory 
disease.
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Chapter 18
Surgical Considerations in the Uveitic 
Patient

Parisa Emami and Sunil K. Srivastava

Vitreoretinal procedures in uveitis are performed to achieve various goals 
including:

• Diagnostic procedures
• Therapeutic procedures
• Procedures to manage uveitis complications

 Diagnostic Procedures

In-office procedures to obtain intraocular fluid have long been used in the diagnosis 
of intraocular infections and inflammation [1]. Samples of aqueous humor and vit-
reous humor can be used for bacterial and fungal cultures, polymerase chain reac-
tion (PCR) to evaluate the presence of viral or parasitic particles and cytokine 
analysis, i.e. aqueous humor IL-10:IL-6 ratio for the screening of patients with sus-
picion of vitreoretinal lymphoma [2]. Vitreous specimen can also be obtained 
through pars plana vitrectomy. In this section we mainly discuss the surgical 
approach of obtaining specimens.

 Vitreous Biopsy

Compared to vitreous aspiration, vitrectomy yields more volume that can be used in 
various diagnostic tests. Moreover, vitrectomy enables better visualization of the 
retina by clearing the vitreous opacities and provides safer removal of vitreous by 
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controlling the amount of vitreous traction [3]. Diagnostic vitrectomy is indicated 
when the clinical picture is atypical or the condition does not respond to treatment 
as expected by the clinician.

One of the main indications for diagnostic vitrectomy is when there is a suspi-
cion for intraocular lymphoma. Various forms of intraocular lymphoma include vit-
reoretinal, choroidal or iridial [4]. Vitreoretinal lymphoma can be primary (primary 
vitreoretinal lymphoma, PVRL) or secondary to systemic lymphoma [5]. It has 
been reported that approximately 15–25% of patients with central nervous system 
lymphoma have or will eventually develop intraocular involvement [4]. PVRL, on 
the other hands, primarily involves the vitreous and retina and is a subtype of non- 
Hodgkin lymphoma [6]. The most common type of PVRL, seen in 95% of cases, is 
diffuse large B-cell lymphoma, which is a high-grade tumor. Other rare types 
include T-cell-rich B-cell lymphoma and T-cell lymphoma [4, 7, 8]. 65–90% of 
these patients have or will develop central nervous system involvement which 
results in significant morbidity and mortality [4].

Diagnosis of PVRL can be challenging and delayed as it usually presents with 
floaters or non-specific uveitis, hence, it is considered a masquerade syndrome. On 
average, there is a 1–2 year delay between onset of symptoms and the diagnosis of 
PVRL [9, 10]. Several studies suggest that vitreous cytokine assays to evaluate 
IL-10:IL-6 ratio (greater than 1.0) can be helpful in the diagnosis of B-cell PVRL 
[3, 11]. These methods, however, has a sensitivity of ~90% and do not yield enough 
tissue for cell analysis [11].

Prior to performing a diagnostic vitrectomy, it is important to have a complete 
plan in place, in terms of type of the specimen, specific tests to be ordered and run 
on the limited sample, transport arrangements and laboratory receiving the sample. 
It is important that the pathologist is made aware that the sample is being evaluated 
for possible PVRL. Systemic corticosteroids need to be stopped a few weeks prior 
to vitrectomy to minimize false negative results [4].

During vitrectomy, undiluted and diluted samples need to be collected for cyto-
pathology and flow cytometry. Our technique involves a three-port vitrectomy sys-
tem with valved trocars should be used. While the infusion is turned off, 1–2 ml of 
undiluted vitreous is aspirated with a 3 ml-syringe connected to the vitreous cutter 
and manual aspiration. Air infusion can also be used in this step to minimize signifi-
cant hypotony. The undiluted sample can be sent to the lab fresh, however, the 
sample needs to be quickly processed to avoid its degradation. In our institution, we 
place the undiluted specimen into cytology fixative (CytoLyt) immediately after the 
sample is obtained and prior to transport to the lab. Following this step, saline infu-
sion is turned on and a second diluted sample is collected in a syringe. This sample 
can be further diluted with RPMI medium 1640 (Sigma–Aldrich, St. Louis, MO). 
Vitrectomy cassette can also be sent for analysis as the third sample. Specimens 
need to be delivered and processed quickly, especially those samples not placed in 
fixatives (Fig. 18.1) [3, 9, 12].
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Fig. 18.1 49-year-old man, with 2-year history of idiopathic intermediate uveitis presented with 
decreased vision and worsening floaters in both eyes for 2 months. Fundus exam on initial visit (a) 
showed vitritis and vitreous haze in both eyes (right eye > left eye). He was treated with systemic 
and periocular steroid with minimal improvement in symptoms or exam findings (b). With high 
suspicion for vitreoretinal lymphoma, diagnostic vitrectomy was performed and cytology con-
firmed the diagnosis of large B-cell lymphoma (c)
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 Subretinal Biopsy

If yellow-white subretinal lesions are seen, diagnostic vitrectomy may be combined 
with aspiration of subretinal material or full-thickness chorioretinal biopsy (Case 
2). This method yields higher lymphoma cells especially is there is only minimal 
vitreous cells on exam. Different methods can be used to aspirate the subretinal 
deposit. After performing a core vitrectomy and obtaining vitreous specimen, endo-
diathermy is used to mark the area of interest and to prevent bleeding. A 25-G vit-
rectomy cutter is used to make a small retinotomy. Then cutter is connected to a 
3 ml syringe and subretinal material is aspirated manually. A soft-tip cannula can 
also be used for aspiration. The contents of the syringe will then flushed in the cytol-
ogy solution (CytoLyt) container (Fig. 18.2) [13–15].

 Therapeutic Procedures

Peri- and intraocular-ocular routes have been used to administer various therapeutic 
agents in patients with infectious and non-infectious uveitis. In infectious uveitis 
intravitreal injection of antibiotic, antiviral, antifungal or anti-parasitic medications 
can be therapeutic and decrease the need for systemic treatment. Intravitreal and 
subtenon injection of steroid is helpful in treatment of non-infectious inflammatory 
uveitis. While all these injections can be done in the office and without need for 
sedation, the relatively short duration of action of these medications is a limiting 
factor. In the search for long acting, sustained-release treatments, two different sur-
gically placed intraocular implants have been developed and approved by the FDA.

 1. Ganciclovir (Vitrasert®, Bausch and Lomb), the first FDA-approved intraocular 
implant (approved in 1996), is a non-biodegradable implant used in the long- 
term treatment of cytomegalovirus (CMV) retinitis in patients with AIDS. The 
pellet contains 4.5 mg of ganciclovir as the active ingredient. The implant has a 
release rate of 1 mcg/h and lasts 5–8 months [16]. The procedure is performed 
under local or general anesthesia and in the operating room. The implant is 
inserted is in the inferotemporal quadrant through a 4–5  mm circumferential 
sclerotomy located ~4 mm posterior to the limbus and is sutured to the sclera 
[17]. Clinical trials have shown in patients with AIDS, eyes receiving intravitreal 
ganciclovir implant had a slower rate of CMV retinitis progression compared to 
patients who received systemic (intravenous) ganciclovir [18, 19]. The implant 
has recently been discontinued.

 2. Fluocinolone acetonide (FA) implant (Retisert®, Bausch and Lomb) is approved 
by the FDA for inflammatory uveitis (Fig. 18.3). Receiving FDA approval in 
2005, retisert is the first intravitreal device used in non-infectious uveitis [20]. It 
has a release rate of 0.3–0.4 mcg/day and lasts approximately 3 years [20].
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Fig. 18.2 77 year-old 
female with longstanding 
history of rheumatoid 
arthritis and 
immunosuppression 
presented with blurry 
vision and floaters in the 
left eye. Fundus 
examination (a) showed 
vitreous haze and yellow 
subretinal lesion 
temporally (arrow). 
Fluorescein angiography 
(b) showed the 
characteristic “leopard- 
spot” appearance. Optical 
coherence tomography (c) 
through the lesion showed 
presence of subretinal 
deposits. Patient underwent 
diagnostic vitrectomy and 
aspiration of subretinal 
material. Cytology 
confirmed the diagnosis of 
large B cell lymphoma
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The procedure is performed under local (retro- or peri-bulbar block) or general 
anesthesia. A conjunctival peritomy is performed. The implant is usually inserted in 
the inferior quadrant unless there is a localized pathology or snow bank over the 
area. Prior to the insertion of the implant, a double-armed 8-0-prolene suture is 
passed through the implant hole and is secured with a single throw knot. A 3.5 mm 
circumferential sclerotomy is then made approximately 4 mm posterior to the lim-
bus. Any prolapsed vitreous need to be excise thoroughly to decrease risk of wound 
gaping, infection and vitreous traction. The implant is then inserted into the eye. 
The arms of the prolene suture are then passed through the sclera to secure the 
implant to the wall of the eye. Multiple interrupted 9-0 prolene sutures are then used 
to close the sclera and the knots are rotated and buried. The conjunctiva is then 
thoroughly closed. Indirect ophthalmoscope or direct viewing system should be 
used to verify the presence and location of the implant in the eye. In the previously 
vitrectomized eyes, an infusion line needs to be placed prior to the procedure to 
maintain intraocular pressure and prevent hypotony [21, 22].

Fig. 18.3 Magnified 
image of a Retisert 
implant. The implant 
contains 0.59 mg of 
fluocinolone acetonide and 
lasts approximately 2.5–3 
years
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In the cases of re-implantation of the implant, an infusion line is inserted prior to 
the procedure (usually superotemporally to avoid the previous implant). Limited 
peritomy is performed and the original implant is dissected by cutting and removing 
the 9-0 prolene sutures. The scleral wound is then gaped open and the implant 
sutures are grasped with a toothed forceps. The old implant is then removed from 
the eye and the new implant is inserted through the original incision. If there is thin-
ning of the sclera over the original implant site, a different site will be chosen for the 
new implant [23].

The efficacy of Retisert implant has been studied extensively. In a study compar-
ing two different doses of FA implant, it was shown that recurrence of uveitis and 
need for adjunctive surgery significantly decreases in patients who received FA 
implant [21]. One of the major trials evaluating FA implant was the Multicenter 
Uveitis Steroid Treatment (MUST) trial [24, 25]. This study compared the effective-
ness of systemic immunosuppression with FA implants in patients with intermedi-
ate, posterior or panuveitis. The 2-year follow up data showed a superior uveitis 
control (i.e. Vitreous haze and macular edema) in eyes treated with FA implant. 
Both groups demonstrated a comparable improvement in visual acuity. Moreover, 
quality of life scores were found to be higher in the FA implant group. On the other 
hands, patients in the implant group experienced a higher rate of ocular side effects, 
including cataract (seen in nearly all phakic eyes after 3 years), increased intraocu-
lar pressure and glaucoma, hypotony, choroidal detachment, endophthalmitis, etc. 
In the 7-year follow-up study of these patients, however, it was found that patients 
receiving systemic immunosuppression had a better visual outcome compared to 
the FA implant group [26].

 Management of Complications

Uveitis can result in various anterior (cataract, posterior synechiae, glaucoma, 
hypotony, etc.) and posterior segment (vitreous opacities, epiretinal membrane, reti-
nal detachment, etc.) complications. In this section we will discuss the management 
of posterior segment complications of uveitis.

 Retinal Detachment

Rhegmatogenous retinal detachment is not a common finding in uveitis patients. In 
fact, it has been reported that rhegmatogenous detachment only involves in 3–7% of 
eyes with uveitis. A higher incidence was seen in patients with active panuveitis and 
infectious uveitis [27, 28]. The risk is specifically higher in patients with acute reti-
nal necrosis, reaching 20–73% [29]. Patients with uveitis, especially with interme-
diate and posterior uveitis, often develop multiple pinpoint retinal breaks due to 
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peripheral vitreoretinal traction. Assessment of the location of the detachment is 
helpful in searching for retinal breaks, as is careful examination with a three-mirror 
lens. Retinal detachments with small breaks in these patients are often inferior and 
low-lying and may demonstrate multiple demarcation lines. The presence of shift-
ing fluid is an indication that the detachment isn’t rhegmatogenous, but this can be 
misleading if the fluid in a rhegmatogenous case is longstanding and viscous, in 
which case it can show shifting characteristics.

Detachment of the retina is also seen in eyes with CMV retinitis that have signifi-
cant peripheral necrosis. In eyes with extensive peripheral pathology and necrosis, 
insertion of scleral buckle and silicone oil tamponade can be helpful. Control of 
inflammation at the time of and after surgery is of utmost importance. Uncontrolled 
inflammation can result in membrane formation and tractional detachment second-
ary to formation of proliferative vitreoretinopathy [3].

Other type of retinal detachment commonly seen in uveitis is serous retinal 
detachment. Presence of serous subretinal fluid usually denotes choroidal involve-
ment and inflammation (e.g. in posterior scleritis or Vogt–Koyanagi–Harada dis-
ease). This type of detachment is usually transient and is almost always managed 
medically and by systemic or localized immunosuppression. However, chronic 
recalcitrant cases can result in retinal pigment epithelial derangement and needs to 
be treated surgically [30].

 Timing of Surgery for Uveitic RD

The presence of intraocular inflammation complicates the management of retinal 
detachment and introduces several additional variables into our treatment decisions. 
It’s been suggested that an eye should be quiet for at least 3 months prior to cataract 
surgery. However, we can’t wait 3 months if there’s a retinal detachment. Patients 
with uveitis and RRD have active inflammation 46% of the time. If there’s signifi-
cant active inflammation preoperatively, a serious attempt to control the inflamma-
tion with systemic and periocular corticosteroids should be made. This puts the 
surgeon in a difficult position: surgery may need to be delayed for a few weeks to 
avoid operating on an inflamed eye, but this risks progression of the retinal detach-
ment. Both choices increase the risk of PVR and the risk of a poor visual outcome.

 Pre- and Post-Operative Management

In cases where surgery is therapeutically indicated but there is persistent or only 
recently controlled inflammation, additional oral or periocular steroids are usually 
indicated, typically starting 1 or 2 weeks prior to surgery. A trial of 1–2 weeks of 
prednisone 1 mg/kg orally can be helpful to assess whether the fluid improves, with 
improvement suggesting a serous component to the detachment. This is also useful 
in getting the uveitis quieter in preparation for surgery. This can be continued 
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postoperatively for a few days, then tapered. It is important to treat any active infec-
tion with the appropriate IV or oral therapy.

A long-acting intravitreal steroid depot such as triamcinolone acetonide can be 
injected into the vitreous cavity or the sub-Tenon’s space at the time of surgery. Of 
course, the risk of steroid-induced ocular hypertension must be weighed against the 
risk of increased postoperative inflammation. The same regimen can be applied to 
patients with chronic inflammation who are on chronic immunosuppressive therapy 
with no current active inflammation.

There are no systemic immunosuppressants that become fully effective within a 
few weeks, which means that the initial management of postoperative inflammation 
involves corticosteroids. Maximal use of oral, periocular, intravitreal and topical 
steroids may be required, as inflammatory mediators will increase the likelihood of 
PVR. Local steroid use such as the dexamethasone implant hasn’t been shown to 
improve the prognosis of PVR; however, PVR will be accelerated by the presence 
of inflammatory cytokines. If the patient’s uveitis wasn’t adequately controlled pre-
operatively, it’s important to initiate a long-term plan for uveitic control. This is 
especially important if additional surgeries are likely. In patients with infectious 
uveitis such as toxoplasmosis or cytomegalovirus control of the infection is a high 
priority, but the post-infection inflammation may persist for weeks after the infec-
tion has resolved. However, corticosteroids can lead to recurrent infection, which 
will further complicate the management of the inflammation. In these patients, it is 
essential to use sufficient antimicrobial agents throughout the postoperative course.

 Surgical Techniques: Pars Plana Vitrectomy

Although vitrectomy and laser, combined with scleral buckling, will usually be the 
preferred surgical procedure, ancillary issues may complicate the overall surgical 
plan. Corneal and lenticular opacities often make visualization difficult. Concomitant 
cataract extraction is indicated if the cataract precludes adequate visualization for 
vitrectomy and/or subsequent care (see also Chap. 5). A cataract that significantly 
reduces vision in a quiet eye should be addressed as long as its removal will likely 
result in improved vision. The choice of placing an intraocular lens versus perform-
ing a lensectomy warrants careful consideration. If the eye is relatively quiet, a 
simultaneous lens implant is often the preferred choice, as lensectomy precludes the 
future use of an intravitreal dexamethasone implant. However, visualization is para-
mount, and a lensectomy alone is an acceptable choice, especially in an eye with 
residual active inflammation.

The basic steps of PPV remain the same in patients with uveitis.
The standard three-port approach is used for PPV. With the introduction of 23 G, 

25 G and 27 G transconjunctival Microincision Vitrectomy systems, surgical tech-
niques have become much safer. Once the hyaloid separation is induced, adequate 
vitrectomy must be performed with vitreous base dissection to ensure the release of 
all tractional forces. For pinpoint breaks in the retina that can’t be visualized 
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 intraoperatively, or through which subretinal fluid cannot be drained due to the 
small size of the retinal break, the fluid should be drained through a drainage reti-
notomy. Endolaser should be applied around the retinotomy site, as well as in the 
area of the retinal detachment to cover any tiny breaks that may be missed in the 
periphery. It is important to avoid high-intensity laser burns, as it can easily lead to 
breakdown iatrogenic retinal holes.

In patients with viral retinitis-related retinal detachments, there may be a need 
for membrane peeling when severe inflammatory vitreal and retinal membranes are 
present. Peeling of inflammatory membranes with microsurgical picks, forceps, and 
scissors or relaxing retinectomy have been employed to relieve traction retinal 
detachments involving the fovea or peripheral traction resulting in combined rheg-
matogenous/traction retinal detachments.

Procedures such as retinotomies and retinectomies are required in a significant 
proportion of patients. These procedures help to counter the traction caused by reti-
nal shortening and prevent recurrence of the detachment. Usually, once fluid-air 
exchange is performed, it is best to do a meticulous endolaser photocoagulation 
around all the breaks and to check for any missed breaks, especially at the edges of 
retinal or chorioretinal lesions.

Peeling and segmentation of cyclitic membranes with a blade, intraocular for-
ceps, and/or scissors during scleral depression of the ciliary body has been advo-
cated as a treatment for hypotony in eyes with cyclitic membranes.

 Surgical Techniques: Scleral Buckling

Tractional components of retinal detachment, especially inferiorly in patients with 
pars planitis, need to be addressed by both scleral buckling and vitrectomy.

Before the advent of PPV, scleral buckling procedures were performed for the 
management of retinal detachment associated with uveitis. However, scleral buckle 
alone is insufficient in achieving anatomical attachment in these patients due to 
various factors including the existence of multiple breaks (which may be posterior, 
or difficult to identify due to vitreous inflammation), abnormal vitreous forces, reti-
nal contracture, epiretinal membranes, and other issues. Therefore, various surgeons 
compared the techniques of primary scleral buckling versus PPV with cryotherapy/
laser therapy and internal tamponade. The final reattachment rate was 87.5% in the 
primary scleral buckle group and 100% in the non-buckle group in a series by 
Blumenkranz et al. The authors reported higher retinal reoperation and complica-
tion rates in the primary buckle group. Subsequently, there has been an increasing 
trend towards combining scleral buckling along with PPV in order to achieve higher 
retinal reattachment rates. Scleral buckling is performed to augment the support to 
the anterior proliferation. At times, surgeons may apply an encircling band to sup-
port the anterior vitreous.

Various authors prefer to perform PPV without the use of scleral buckling proce-
dure in patients with retinal detachment resulting from uveitis. The advantages of 
avoiding scleral buckling include reduction of the intraoperative time and patient 
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morbidity. Some patients with uveitis also have an associated scleritis. The scleral 
thinning makes scleral buckle placement difficult, if not impossible. As a result, the 
surgeon is often forced to alter the surgical plan to accommodate areas of scleral 
thinning that limit the placement of trocars.

 Tamponade

For the purpose of internal tamponade, various reports describe the use of either 
long-acting gas (C3F8) or silicone oil (1000 or 5000 cSt). In their series, Almeida 
et al. used silicone oil in 11 eyes out of 12 and used gas tamponade in 1 eye. None 
of the eyes developed re-detachment. Canzano published a series of six eyes (five 
patients) where PPV was performed for CMV-related retinal detachment where the 
authors used gas tamponade alone. They observed re-detachment in one eye at 7 
months after initial repair and successfully reattached it without using silicone oil.

The choice of retinal tamponade depends on the degree and severity of the con-
tracture and proliferative retinopathy. In some patients, intraocular gas may be a 
good choice if the eye can be repaired in a single operation and there is no preopera-
tive PVR.

Considering that postoperative PVR develops in 37% of uveitis patients, com-
pared to 9% of non-uveitis patients, most surgeons prefer the use of silicone oil for 
achieving tamponade. However, silicone oil requires a second surgery for removal 
and will interfere with the function of a fluocinolone implant, if present. The use of 
intravitreal dexamethasone may also be suboptimal; it may not release drug prop-
erly if it remains initially within the silicone oil bubble rather than within the liquid 
vitreous. Intravitreal triamcinolone is difficult to use with silicone oil since it can 
obscure the postoperative view. In addition, the concern about the oil interface act-
ing as a matrix for inflammatory membranes is an unanswered question. In patients 
with postviral retinal detachments, silicone oil is the preferred tamponade. When 
silicone oil is being used in the management of retinal detachment, one can use 
5000 cSt oil for longer tamponade in eyes with severe proliferation and contraction, 
high risk of hypotony, and need for a long-acting tamponade.

 Vitreous Opacities

Significant vitreous opacities and debris are sometimes seen in patients with inter-
mediate and panuveitis. These opacities can interfere with vision and also block the 
view to the retina at the time of exam or during imaging studies Vitrectomy is these 
patients can improve posterior visualization as well as patient’s vision. Some authors 
have also advocated vitrectomy not only to clear the opacities, but also to improve 
macular edema and ocular inflammation. Several studies report on the effect of 
vitrectomy on the course of inflammation, however, data are inconclusive and some-
times contradicting [31–34].
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 Epiretinal Membrane

Chronic inflammation can result in epiretinal membrane (ERM) formation. ERM 
causes surface wrinkling on the retina and worsening of cystoid macular edema. 
Surgical decision-making should be tailored based on symptoms, degree of func-
tional limitations and presence or absence of active inflammation [35].
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Chapter 19
The Role of Endoscopy in Uveitic Eyes

Nicolas A. Yannuzzi, Yale Fisher, and Thomas Albini

 Overview

The first description of the endoscope as an instrument in pars plana vitrectomy was 
made by Thorpe for the removal of an intraocular foreign body [1]. Since its initial 
description, the endoscope has gone through multiple iterations resulting in smaller 
gauge and higher resolution instrumentation. It has been reported as useful in a 
variety of roles including endocyclophotocoagulation for glaucoma, cyclitic mem-
brane peeling in chronic hypotony secondary to proliferative vitreoretinopathy or 
uveitis, intraocular foreign body removal, retained lens fragments, secondary intra-
ocular lens implantation, endophthalmitis, and pediatric retinal surgery [2, 3]. The 
endoscope as a standalone instrument or combined with conventional wide field 
viewing systems may bypass compromised media and anterior segment opacities 
and allow for closer inspection of anterior structures including the ciliary body, 
posterior iris, pars plana, and anterior vitreous base [4].
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 Currently Available Systems

Each endoscope has a xenon light source, a camera, and an endolaser in a single 
instrument. The first endoscope introduced was a 19-G 10,000 pixel resolution 
probe with an integrated endolaser (Endo Optiks, Little Silver, NJ, USA) [5]. More 
recent models provide increased resolution of 10,000–17,000 pixels and smaller 
gauge options. Currently models are available in 19, 20, and 23 G systems. The 
gauge size determines the imaging resolution and the field of view. The 19-G has 
17,000 pixels and 140°, the 20 G, 10,000 pixels and 110°, and the 23 G, 6000 pixels 
and 90°, and there is also a 23 G high resolution probe with 10,000 pixels. Recently 
a 25-G, 6000 pixel model (Fiber Tech Co., Ltd) was introduced [6]. Currently, the 
most widely used endoscopes are the E2 or E4 fiber-optic systems (Endo Optiks, 
Little Silver, NJ, USA) though other systems are available by PolyDiagnost 
(Germany) and Fiber Tech (Tokyo, Japan) [7].

 Principles of Endoscopy

To incorporate the endoscope into vitrectomy surgery, it may be safer to start using 
it in cases with clear media as a backup for a conventional microscope wide field 
viewing system. Prior to entering the globe, the endoscope should be adjusted for 
light and focus settings using the surgical drape as a guide [4]. To aid in orientation 
once inside the globe, the endoscope may be oriented with the corneal apex at the 
top of the display prior to insertion through the sclerotomy [4]. Next, the lens can be 
oriented at the top of the screen at the 12 o’clock position with the iris lens dia-
phragm on a horizontal plane [8]. Once inside the vitreous space, the optic nerve 
head and macular region facilitate alignment and orientation. Movement of the 
probe without axial rotation of the endoscope is critical to maintain orientation 
especially in the periphery (Figs. 19.1 and 19.2). Since the endoscopic screen view 
is limited, the surgeon must often vary location of the probe to improve or access 
additional viewing areas.

The learning curve for endoscopy requires transition to monocular viewing. 
While common in many other medical fields utilizing small gauge endoscopes, oph-
thalmic surgeons may find the adjustment initially difficult. For the most part, fused 
fiber scopes are common in ophthalmic endoscopy. These devices permit greater 
depth of field than glass scopes. Magnification of images is inversely related to the 
distance from the tissue. Illumination is adjusted by a foot pedal or gain adjustment 
control located on the main unit. The 23-G endoscope is compatible with standard 
microcannula systems and can be used when ultrahigh resolution and a brighter 
light source are not crucial (as can be achieved with the larger endoscopes which 
require a dedicated sclerotomy).
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Fig. 19.1 Endoscopic 
view of trochar placement 
revealing tented retina 
around trochar

Fig. 19.2 Endoscopic 
view of trochar and clear 
view of ciliary body, prior 
to ciliary body laser

 Diagnostic Evaluation and Therapeutic Intervention in Eyes 
with Severe Media Opacity

Endoscopy may be useful in preoperative evaluation of keratoprosthesis surgery to 
assess visual potential [9]. An interventional case series by Farias et al. showed that 
in ten patients with a history of corneal blindness and opaque corneas, after 
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intraoperative endoscopic evaluation, only three were considered to be adequate 
candidates for keratoprosthesis while the remainder were found to have significant 
optic nerve or retinal disease that would have severely limited visual potential. 
Systematic exploration with the endoscope may provide useful prognostic informa-
tion not readily apparent by ultrasound such as the presence of maculopathy, retinal 
hemorrhage, retinal ischemia, proliferative vitreoretinopathy, optic nerve pallor, and 
macular hole and also may provide a view through media that make ultrasound 
impossible such as silicone oil [10].

Therapeutically, many vitreoretinal cases in inflamed eyes may have a limited 
view of the posterior segment. In cases of endophthalmitis, poor visualization 
through anterior segment media opacity may preclude the ability to perform a thor-
ough vitrectomy and may risk damage to intraocular structures. The endoscope has 
been described as a viable alternative to conventional viewing in these cases, espe-
cially in cases with severe media opacity such as eyes affected by B. cereus endo-
phthalmitis [11] and in a variety of other virulent causative organisms [12, 13]. As 
many of these cases may be post-traumatic, the endoscope may also permit enhanced 
visualization of foreign bodies and lens fragments and facilitate a more complete 
vitrectomy.

Aside from endophthalmitis cases, the endoscope may be useful in bypassing 
corneal dystrophies, corneal ulcers, posterior synechiae, or visually significant cata-
ract or feathering after pneumatic retinopexy [14]. In these scenarios, the endoscopy 
may avoid the need for additional interventions to bypass media opacity such as 
temporary keratoprosthesis, iris expansion devices, lensectomy, or combined phaco-
emulsification which all may lengthen operative time.

 Assistance During Routine Surgery  
When Visualization Is Lost

Although there have been no comparative studies of endoscopic versus conven-
tional vitrectomy, endoscopy has been reported to have successful outcomes in 
every stage of uncomplicated rhegmatogenous retinal detachment repair in a large 
series of 127 eyes [15]. It may become particularly useful if the view in a conven-
tional wide field case is compromised (Fig. 19.3). Poor visualization may occur 
secondary to corneal decompensation or during the air fluid exchange, especially 
in cases of lens fogging. The endoscope is a useful tool to bypass anterior segment 
opacities and can be used successfully during drainage of subretinal fluid 
(Fig. 19.4) [16]. This may be accomplished through a posterior drainage retinot-
omy. However, the endoscope may be particularly advantageous while draining 
through peripheral breaks while torting the eye to let the break assume a gravity 
dependent location [17].
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 Exploration for Microorganisms Sequestered in Anterior 
Vitreous Cavity

In fungal endophthalmitis, organisms may be sequestered in the anterior vitreous 
cavity (Fig. 19.5). Endoscopy may be used intraoperatively to explore this area as 
well as other potential nidi for infection such as the retroirideal space, especially in 
eyes with significant corneal opacities where visualization of these compartments 
may be compromised with conventional viewing systems [18].

Fig. 19.3 Endoscopic view of detached 
retina and 20-G cutter in a recurrent retinal 
detachment and opacified cornea

Fig. 19.4 Endoscopic 
view of cannula 
approaching retinotomy 
prior to draining subretinal 
fluid
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 Anterior Membrane Dissection in Proliferative 
Vitreoretinopathy and Chronic Hypotony

Retinal detachments complicated by anterior proliferative vitreoretinopathy as 
found in recurrent rhegmatogenous retinal detachments, chronic uveitis, and endo-
phthalmitis may have membranes enveloping the ciliary body causing chronic 
hypotony and phthisis bulbi. These membranes may be difficult to visualize, access, 
and treat. Endoscopy-assisted vitrectomy has been described as a useful adjunct in 
these cases with favorable globe-salvage outcomes [19]. The endoscope may 
enhance visualization and magnification and allow for more clear dissection of 
these membranes and relief of anterior loop traction than a conventional trans- 
pupillary approach with scleral depression [20]. Avoidance of scleral depression 
may allow the anatomy to be seen in its resting position permitting the surgeon to 
better appreciate key tractional forces.

 Considerations

Though useful in many scenarios, the endoscope has significant limitations 
including smaller field of view and lack of stereopsis. The surgeon must use mon-
ocular clues, changes in focus, and variations in illumination to judge depth. In 
cases where loss of stereopsis limits the ability to accomplish surgical goals, a 
temporary keratoprosthesis is always a viable alternative [21]. Another option is 
hybrid endoscopic vitrectomy where an endoscope is combined with a traditional 
microscopic wide angle viewing system. This may also be done with a three 

Fig. 19.5 Curvularia 
fungal endophthalmitis. 
Fungal mass seen behind 
iris with 23 G endoscope. 
This mass could not be 
observed through the pupil. 
(Patient reported in: 
Rachitskaya AV, Reddy 
AK, Miller D, Davis J, 
Flynn HW Jr., Smiddy W, 
Lara W, Lin S, Dubovy S, 
Albini TA. Prolonged 
Curvularia endophthalmitis 
due to organism 
sequestration. JAMA 
Ophthalmol. 
2014;132(9):1123–6)
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dimensional heads-up display where the endoscopic view is reported on the same 
monitor as the wide field microscopic view [22]. Despite these considerations, 
endoscopy remains a useful adjunctive technique in several clinical scenarios 
which may be encountered in the uveitic retinal detachment. For those interested 
in pursuing ophthalmic endoscopy, additional information, techniques and ani-
mated programs and videos are available on a free educational website, ophthal-
micedge.org.
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Chapter 20
Retinal and Choroidal Biopsies

Rehan M. Hussain, Thomas A. Albini, and Harry W. Flynn Jr.

 Indications for Retinal and Chorioretinal Biopsy

The initial evaluation of patients with uveitis involves obtaining a detailed history in 
combination with slit-lamp examination of the anterior and posterior segment, and 
fundus examination. Ancillary tests that may aid in diagnosis include fluorescein 
angiography, indocyanine green angiography, optical coherence tomography, 
echography, radiologic and serologic tests [1]. Empiric therapy with close observa-
tion is often employed when the diagnosis cannot be certain after exhausting these 
diagnostic tools.

When these approaches fail and an infectious or neoplastic process is suspected 
but the diagnosis remains unclear, posterior segment biopsy techniques can be con-
sidered [2]. Diagnostic uncertainty has been reported in up to 33% of uveitis patients 
[3]. For suspected infectious diseases such as herpetic or toxoplasmosis retinitis, 
serologic testing may have utility in ruling out disease if there is a negative result; 
though given the high percentage of the general population with positive antibody 
titers, a positive result is not sufficiently diagnostic [4]. There has been an increased 
need for posterior segment biopsy techniques due to an increased incidence of 
patients with iatrogenic immunosuppression and increased use of intravitreal ste-
roids, which may confuse the diagnosis of inflammatory disease [5]. Furthermore, 
infectious and malignant processes may be manifested primarily or only in the eye, 
in which case the diagnostic yield from systemic testing is limited. Choroidal biopsy 
may be indicated when there is suspicion of a malignant process such as posterior 
uveal melanoma and the diagnosis is not clear from patient history or examination.
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 Perioperative Planning

It is paramount to consult with an ocular pathologist prior to obtaining a biopsy 
specimen in order to ensure rapid transport and appropriate handling and prepara-
tion of the tissue, which will maximize the diagnostic yield of the surgery [2]. The 
pathologist should be aware of and experienced with the clinical diagnosis being 
considered and involved in surgical plan, especially as regards the handling of the 
specimen. The tools available to the pathologist include light microscopy (LM) and 
electron microscopy (EM), immunohistochemistry, and polymerase chain reaction 
(PCR). Cultures for suspected infection are sent to the laboratory at the time of 
surgery, and on appropriate mediums for aerobic, anaerobic, fungal and mycobacte-
rial infection. Polymerase chain reaction (PCR) can be sent at the same for analysis 
of viral and/or toxoplasmosis genome.

 Vitreous Biopsy for Chorioretinitis

In selected cases of vitritis, retinitis or choroiditis, a vitreous biopsy can provide a 
diagnosis, especially if marked vitritis is present. Immunohistochemistry classically 
will show a predominance of CD4+ cells in non-infectious uveitis, neutrophils in 
infectious uveitis, and light chain restriction in lymphoma. Cultures and antibody 
testing may be positive in infectious uveitis only. Cytokine analysis will show ele-
vated IL-1, IL-2, and IL-6 in non-infectious uveitis, elevated IL-6 in infectious uve-
itis, and elevated IL-10 in lymphoma [6–8].

PCR may show microbial or viral products in infectious uveitis or monoclonal 
gene rearrangement in primary vitreoretinal lymphoma. PCR is useful for the iden-
tification of the causative pathogen in delayed endophthalmitis and in one study had 
a higher rate of positive identification of the causative organism (92%) than micros-
copy (0%) or diagnostic culture (24%) [9]. PCR also has been shown to be a valu-
able tool in the diagnosis of viral chorioretinitis, whether obtained from the aqueous 
or vitreous [10]. Sensitivities exceed 90% for varicella-zoster virus (VZV), herpes 
simplex virus (HSV), and cytomegalovirus (CMV), with specificities in excess of 
95% for these organisms [11]. False positive rates have been reported as low as 0% 
[12]. The diagnostic yield of vitreous biopsy alone for uveitis cases with high sus-
picion of malignancy or infection ranges from 39% to 61.5% [13, 14].

Vitrectomy can also be therapeutic by debulking infectious material and reduc-
ing the load of inflammatory cells and debris.

 Transvitreal Retinal and Choroidal Biopsy

Transvitreal retinal biopsy may be necessary for atypical uveitis with primary reti-
nal pathology (such as in select cases of Mycobacterium tuberculosis, syphilis, or 
viral retinitis, toxoplasmosis or lymphoma), especially if there is limited vitreous 
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spillover of inflammation. In Peyman’s series of patients who had chorioretinal 
resection for suspected intraocular tumor, the complication rate was 80%, though 
most complications were self-limited, and two thirds of patients retained their eye 
postoperatively with useful vision [15]. In Peyman’s later series of 14 transvitreal 
internal retinal biopsies, in which a smaller amount of tissue was removed, there 
were no significant complications [16].

The ideal biopsy specimen includes the junction of involved and uninvolved 
retina. For retinitis, the advancing edge of the lesion has the most active replicating 
organisms, whereas the center of the lesion is more likely to be necrotic. If possible, 
biopsy sites are preferred to be peripheral, nasal, superior (to allow more effective 
tamponade), avascular, rectangular, and sufficiently large to yield a diagnosis (at 
least 2 × 2 mm, ideally 3 × 5 mm). The more tissue given the more likely the pathol-
ogist has enough to work with to make a diagnosis [2, 17, 18]. Multiple biopsies at 
the same surgery can avoid sample bias and decrease the chances that the biopsied 
tissue is totally fibrosed or degenerated without revealing the disease process 
(Figs. 20.1, 20.2, and 20.3).

The surgical technique of transvitreal chorioretinal biopsy involves the following 
steps [2, 19]:

• Pars plana vitrectomy (PPV) to remove core and cortical vitreous

 – Chandelier light is optional to allow bimanual technique for biopsy
 – Lifting the posterior hyaloid may lower the risk of proliferative vitreoreti-

nopathy (PVR) but must be done cautiously in areas of active retinitis or atro-
phic retina

• Endodiathermy or endolaser to delineate the biopsy site and improve 
hemostasis

• Excise retina and/or choroid with vertical scissors, leaving a small anchoring 
attachment

 – Can use a cannula to inject balanced saline solution and create a subretinal 
bleb if the retina is attached

 – For choroidal biopsy, scissors penetrate choroid until white sclera is visible
 – Alternatively, the vitreous cutter can be used for endoresection [19]

• Remove tissue with forceps, soft tip cannula or large bore blunt cannula, grasp-
ing as little tissue as possible to avoid crushing the specimen

• Elevate intraocular pressure to reduce incidence of hemorrhage (especially with 
choroidal biopsy)

• Laser around normal retina (do not laser biopsy edges involved by 
inflammation)

• Fluid-air-exchange
• Long acting gas tamponade or silicone oil—silicone oil is advantageous in cases 

of widespread viral retinitis with many retinal breaks [20]
• Mark edges of specimen (if orientation is pertinent to the pathologist)
• Divide specimen into thirds if possible
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c

d

a b

Fig. 20.1 Montage fundus photography of the left eye in a 66-year-old female with intraretinal 
lymphoma. Photography taken 5 days following diagnostic vitrectomy of the left eye demonstrates 
an area of retinal whitening and hemorrhage in the inferotemporal macula (a). Photography taken 
19 days following diagnostic vitrectomy and 2 days prior to retinal biopsy demonstrates progres-
sion of retinal involvement (b). Overlay indicates approximate locations of biopsy sites, labeled X 
and Y.  Simultaneous fluorescein angiography (left) and indocyanine green angiography (right) 
obtained 19 days following diagnostic vitrectomy demonstrates areas of retinal vasculitis and lack 
of retinal and choroidal perfusion in the areas of biopsy site X (c) and biopsy site Y (d)
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 – First portion placed in formaldehyde (for light microscopy) or glutaraldehyde 
fixative (for electron microscopy)

 – Second portion is frozen for immunopathological and molecular 
characterization

 – Third portion is for microbiology cultures

In patients with retinal detachment secondary to infectious retinitis, endoretinal 
biopsy can be performed at time of retinal detachment repair with PPV [17, 21]. The 
separation of the retina from the underlying RPE and choroid reduces the risk of 
inadvertent choroidal hemorrhage during the biopsy. Rutzen et al. published a retro-
spective series of 24 transvitreal retinal biopsies and 9 chorioretinal/choroidal biop-
sies from 1984 to 1993 in Los Angeles, during the height of the AIDS epidemic. The 

Fig. 20.2 Histology of tissue obtained from retinal biopsy X (hematoxylin and eosin stain, 20×). 
The tissue exhibits extensive fibrosis. Neither normal retinal histology nor prominent lymphocytic 
infiltration is present

Fig. 20.3 Histology of 
tissue obtained from retinal 
biopsy Y (hematoxylin and 
eosin stain, 100×). 
Numerous large 
lymphocytes with multiple 
nucleoli, large nuclei, 
abundant cytoplasm, and 
mitotic figures were 
observed obscuring the 
retinal architecture
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biopsies were all taken during retinal detachment repair surgery in eyes with symp-
toms suggestive of viral retinitis. The clinical diagnosis was confirmed by EM, 
immunohistochemical staining, in situ DNA hybridization, and/or PCR in 10 of the 
19 eyes (53%). Virus was identified in 7/10 cases of suspected cytomegalovirus reti-
nitis, in 1/7 cases of acute retinal necrosis (ARN), and in 2/2 cases of progressive 
outer retinal necrosis (PORN). The remaining five biopsies disclosed Candida 
organisms (n = 1), subretinal fibrosis (n = 1), and chronic inflammation (n = 3). Of 
nine chorioretinal/choroidal biopsies, some of the various diagnosis included lym-
phoma (n = 2), subretinal neovascularization (n = 1), uveal melanocytic prolifera-
tion (n = 1), Toxoplasmosis (n = 1), viral retinitis (n = 1), and unspecified chronic 
inflammation (n = 3) [21].

Cole et al. described a series of nine eyes with combined retinal and choroidal 
biopsy through a 20 G PPV approach with 20 G vertical cutting intraocular scissors 
(as outlined in the steps above). The specimens were placed in formaldehyde for 
LM and EM studies, with an occasional frozen section for immunopathology. Six of 
nine (67%) eyes were referred for panuveitis of undetermined etiology, one with 
scleritis with choroidal mass (11%), one with uveitis and vasculitis with subretinal 
deposits (11%), and one with uveitis and choroidal mass (11%). Positive histologic 
diagnosis was confirmed in 5/9 (55%) of the chorioretinal biopsies: one case of 
tuberculosis, two cases of toxoplasma gondii, and two cases B cell lymphoma. Two 
of those cases required the use of PCR to determine the diagnosis of toxoplasmosis 
and tuberculosis. The four remaining biopsies revealed chronic inflammation with-
out evidence of malignancy or infection. Three cases had complications (33%), 
which included two vitreous hemorrhages that self-resolved and one retinal detach-
ment that was successfully repaired with one operation [2].

Though not a commonly employed technique, Damato et al. described removal 
choroidal melanomas piecemeal with the vitreous cutter, followed by adjunctive 
ruthenium plaque brachytherapy in select cases. The most common complications 
were retinal detachment in 16/52 eyes (31%) and cataract progression in 25/52 eyes 
(48%). None of the patients developed local recurrence but one died of metastatic 
disease [19]. More recent studies of the PPV approach to diagnose indeterminate 
choroidal tumors yielded a definitive diagnosis in 57–100% of cases, with lower 
rates of vitreous hemorrhage and retinal detachment comparatively, especially in 
those studies utilizing 23- and 25-G surgery [22–25].

 Transscleral Choroidal Biopsy

The technique for transscleral chorioretinal biopsy was pioneered by Peyman and 
Foulds in the early 1980s. This approach involves creating a focal peritomy and 
isolating the extraocular muscles of the involved quadrant with silk sutures [26]. A 
PPV should be considered to reduce risk of retina bulging into the biopsy site, which 
could cause retinal incarceration or tear [27]. Laser or cryotherapy barrier is applied 
around the planned biopsy site, which is marked. A 6 × 6 mm nearly full thickness 

R. M. Hussain et al.



277

scleral flap is dissected 5–6  mm posterior to the limbus, with a posterior hinge. 
Diathermy or cautery is applied to outer margin of inner choroidal bed. The choroid 
is incised with a sharp blade, then 0.12 forceps are inserted to complete dissection 
with the aid of Vannas scissors. The tissue is ideally delivered in one piece and 
placed in fixative. Any prolapsed vitreous should be removed with scissors, and the 
wound closed with 9-0 nylon or 7-0 vicryl suture. A fluid-gas exchange is then 
performed.

Foulds reported a series of 34 transscleral biopsies of the choroid and retina for 
the diagnosis of choroidal melanoma, ARN, chronic uveitis, and progressive retinal 
pigment epitheliopathy. The only reported adverse event was a retinal break with 
associated vitreous hemorrhage and resultant PVR [28]. This complication may 
have been avoided if vitrectomy was performed prior to the transscleral biopsy.

Johnston and colleagues performed a review of 14 retinal and choroidal biopsies 
performed in 13 patients with uveitis suspected to be of infectious or malignant ori-
gin. One patient had consecutive biopsies performed in the same eye. Four biopsies 
were performed with a transscleral approach and ten were performed by PPV. The 
pathologic diagnosis differed from the initial suspected diagnosis in 5/13 (39%) of 
cases and guided specific appropriate treatment in 7/13 (54%) cases. In the six 
remaining cases, the biopsy did not provide a definitive diagnosis but was able to 
exclude malignancy. The only intraoperative complication was one retinal break, 
while postoperative complications that may have been related to the procedure 
included one localized retinal detachment, two cataracts, and one phthisical eye [29].

 Fine-Needle Choroidal Biopsy

In suspected cases of posterior uveal melanoma, fine-needle choroidal biopsy can 
be considered if there is diagnostic uncertainty. More recently, the sample can be 
sent for gene expression profiling, which is an accurate prognostic indicator in pre-
dicting the risk of metastasis [30]. The transvitreal fine-needle aspiration biopsy 
approach is generally safe; there is a theoretical risk of tumor dissemination along 
the needle track though it has never been reported with smaller than 25 G needle 
size (Fig. 20.4). Other possible complications include subretinal and vitreous hem-
orrhage [31, 32].

 Complications of Intraocular Biopsy

The risks of retinal and choroidal biopsy vary depending on the surgical approach, 
but generally include the following:

• Proliferative vitreoretinopathy
• Traction and/or rhegmatogenous retinal detachment
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• Elevated or low intraocular pressure
• Cataract progression
• Peripheral retinal tears and retinal detachment
• Choroidal or vitreous hemorrhage
• Endophthalmitis
• Exacerbation of the underlying inflammatory disease

In deciding in whether to perform a chorioretinal biopsy, it is imperative to con-
sider the risks, benefits, and alternatives to performing an invasive surgical interven-
tion. Other less invasive options should be pursued first.
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