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Preface

We have the great fortune of practicing medicine at a time of rapid discovery and 
advancement. Every coming year brings new diagnostics, new therapeutics, and an 
evolving insight into the genesis of uveitis and related intraocular inflammatory 
diseases. We have collected here an in-depth examination of the diseases, imaging 
techniques, and treatments that are being reshaped by the advances in our field.

The first section will tour a multitude of infectious and noninfectious uveitidies 
and explore how advances are aiding our diagnosis and treatment. The second sec-
tion will delve into established and emerging therapeutics, including advances in 
drug delivery. We are aided in this journey by a panoply of experts from around the 
world, bringing a truly international view to this subject.

We hope that readers find Advances in Intraocular Inflammation Imaging and 
Treatment useful as they navigate and incorporate the changes in the field in diag-
nosis and management of intraocular inflammation and prepare for what is to come.

Los Angeles, CA, USA� Narsing A. Rao
San Francisco, CA, USA� Julie Schallhorn
Los Angeles, CA, USA� Damien C. Rodger 



vii

Contents

Part I � Introduction

Posterior Uveitis: Role of Imaging Modalities�������������������������������������������������     3
Phuc V. Le

Part II � Non-Infectious Posterior or Pan Uveitis

Ocular Sarcoidosis ���������������������������������������������������������������������������������������������   21
Padmamalini Mahendradas, Ankush Kawali, and Sujay Chauhan

Vogt-Koyanagi-Harada Disease and Sympathetic Ophthalmia���������������������   39
Jeffrey J. Tan and Narsing A. Rao

Multifocal Choroiditis/Serpiginous Choroiditis and Related Entities�����������   57
Hossein Nazari Khanamiri and Narsing A. Rao

Part III � Infectious Posterior or Panuveitis

Ocular Toxoplasmosis�����������������������������������������������������������������������������������������   79
Daniel Vitor Vasconcelos-Santos

Ocular Syphilis ���������������������������������������������������������������������������������������������������   99
Francesco Pichi and Thomas A. Albini

Ocular Tuberculosis ������������������������������������������������������������������������������������������� 115
Soumyava Basu

Viral Retinitis ����������������������������������������������������������������������������������������������������� 125
Dana Yousef Darwish, Mei Zhou, and Ann-Marie Lobo

Intraocular Lymphoma: A Posterior Uveitis Masquerade Syndrome����������� 141
Brian K. Do, Jesse L. Berry, and Damien C. Rodger



viii

Part IV � Non-Infectious Uveitis: Treatment Options

Noninfectious Uveitis: Systemic and Local Corticosteroids��������������������������� 159
Ashleigh Laurin Levison

Noninfectious Uveitis: Immunomodulatory Agents and Biologicals������������� 175
John A. Gonzales and Nisha Acharya

Noninfectious Uveitis: Emerging Therapies����������������������������������������������������� 209
Julie Schallhorn

Index��������������������������������������������������������������������������������������������������������������������� 227

Contents



ix

Contributors

Nisha Acharya, MD, MS  F.I. Proctor Foundation, University of California, San 
Francisco, San Francisco, CA, USA

Thomas A. Albini, MD  Bascom Palmer Eye Institute, University of Miami Miller 
School, Department of Ophthalmology, Miami, FL, USA

Soumyava  Basu, MS  Retina and Uveitis Service, L V Prasad Eye Institute, 
Bhubaneswar, India

Jesse L. Berry, MD  USC Roski Eye Institute, Keck School of Medicine of the 
University of Southern California, Department of Ophthalmology, Los Angeles, 
CA, USA

Children’s Hospital Los Angeles, Keck School of Medicine of the University of 
Southern California, Los Angeles, CA, USA

Sujay  Chauhan, DO  Narayana Nethralaya, Department of Uveitis and Ocular 
Immunology, Bangalore, India

Dana Yousef Darwish, BS  Illinois Eye and Ear Infirmary, University of Illinois at 
Chicago, Department of Ophthalmology and Visual Sciences, Chicago, IL, USA

Brian  K.  Do, MD  USC Roski Eye Institute, Keck School of Medicine of the 
University of Southern California, Department of Ophthalmology, Los Angeles, 
CA, USA

John  A.  Gonzales, MD  F.I. Proctor Foundation, University of California, San 
Francisco, San Francisco, CA, USA

Ankush Kawali, DNB  Narayana Nethralaya, Department of Uveitis and Ocular 
Immunology, Bangalore, India

Phuc  V.  Le, MD, PhD  UCLA Department of Ophthalmology, Doheny Eye 
Institute, Pasadena, CA, USA

Ashleigh Laurin Levison, MD  Colorado Retina Associates, Denver, CO, USA

Ann-Marie  Lobo, MD  Illinois Eye and Ear Infirmary, University of Illinois at 
Chicago, Department of Ophthalmology and Visual Sciences, Chicago, IL, USA



x

Padmamalini  Mahendradas, DO, DNB  Narayana Nethralaya, Department of 
Uveitis and Ocular Immunology, Bangalore, India

Hossein Nazari Khanamiri, MD  University of Texas medical Branch, Department 
of Ophthalmology and Visual Sciences, Galveston, TX, USA

Francesco  Pichi, MD  Eye Institute, Cleveland Clinic Abu Dhabi, Abu Dhabi, 
UAE

Cleveland Clinic Lerner College of Medicine, Case Western Reserve University, 
Cleveland, OH, USA

Narsing A. Rao, MD  Ophthalmology, USC Roski Eye Institute Ophthalmology, 
Los Angeles, CA, USA

Damien C. Rodger, MD, PhD  Department of Ophthalmology, Kaiser Permanente 
Los Angeles Medical Center, Los Angeles, CA, USA

Julie Schallhorn, MD, MS  Department of Ophthalmology and Francis I. Proctor 
Foundation, University of California, San Francisco, San Francisco, CA, USA

Jeffrey J. Tan, MD  USC Roski Eye Institute, Department of Ophthalmology, Los 
Angeles, CA, USA

Daniel  Vitor  Vasconcelos-Santos, MD, PhD  Universidade Federal de Minas 
Gerais, Faculdade de Medicina, Belo Horizonte, Brazil

Mei Zhou, MD  Illinois Eye and Ear Infirmary, University of Illinois at Chicago, 
Department of Ophthalmology and Visual Sciences, Chicago, IL, USA

Contributors



Part I

Introduction



3© Springer Nature Switzerland AG 2019
N. A. Rao et al. (eds.), Posterior Uveitis, Essentials in Ophthalmology, 
https://doi.org/10.1007/978-3-030-03140-4_1

P. V. Le (*) 
UCLA Department of Ophthalmology, Doheny Eye Institute, Pasadena, CA, USA
e-mail: ple@doheny.org

Posterior Uveitis: Role of Imaging 
Modalities

Phuc V. Le

�Introduction

Clinical judgment is key to the diagnosis and management of intraocular inflamma-
tion. However, with the development of new imaging technologies and modalities, 
clinicians have more clinically relevant information available to them. This makes 
understanding the different imaging modalities an important adjunct to the clinical 
exam. The goal of this chapter is to review the principles underlying these imaging 
technologies and help the clinician understand how to utilize them appropriately. 
Several reviews of imaging in ocular inflammation have previously been published 
[1–3]. Thus, we will briefly discuss traditional photography and angiography, but 
the emphasis of this chapter will be on newer technologies. These include ultra-
widefield imaging, autofluorescence, optical coherence tomography (OCT), and 
advanced OCT applications such as en face imaging and OCT-angiography 
(OCT-A).

Two technological developments have occurred which are relevant to several of 
the imaging modalities discussed in this chapter. The first is that imaging systems 
are now digital. This can be as simple as replacing a film-based capturing unit with 
a digital SLR camera. Digitization has many benefits, including electronic storage 
and computerized manipulation of images. The second development is the capabil-
ity to capture noncontact ultra-widefield images with up to 200° field of view, such 
as seen in Fig. 1. This improves our ability to assess the retinal periphery and can be 
especially useful in evaluating peripheral retinal vasculitis [4, 5]. Widefield imaging 
will be discussed in detail later on in this chapter.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-03140-4_1&domain=pdf
mailto:ple@doheny.org
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�Color Photography

Traditional anterior segment and fundus photography still plays an important role in 
the diagnosis and management of intraocular inflammation. Photographs capture 
the clinical appearance of the area of interest, allowing the clinician to share clinical 
findings as well as assess changes over time. Some conditions can be diagnosed 
solely on the basis of a single fundus photograph. In addition to standard color or 
black and white photography, filters can be utilized to help accentuate certain 
aspects of the image. One example is the use of so-called red-free filters to help 
detect retinal hemorrhage.

�Intravenous Angiography

Traditional fluorescein angiography (FA) and indocyanine green angiography 
(ICGA) are performed by injecting a fluorescent dye into a peripheral vein and cap-
turing time-stamped images of the posterior pole with a flash photography system. 

Fig. 1  Ultra-widefield 
pseudocolor and green-
light autofluorescence 
image, normal eye. Top 
panel shows pseudocolor 
(combination of red and 
green channel signal) 
image. Bottom panel 
shows green-light 
autofluorescence image

P. V. Le
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The imaging system utilizes filters matched to the excitation and emission spectra 
of the fluorescent dye, approximately 480/520  nm for fluorescein and 790–
800/820 nm for indocyanine green [6].

Several modifications to the traditional imaging technique have been developed. 
One is the replacement of the excitation light source and filter by a laser tuned to the 
specific wavelength of the fluorescent dye. Some devices have two laser light 
sources, allowing for simultaneous FA and ICGA at one sitting [6, 7]. Another 
improvement is the use of confocal technology to block out light that is not in the 
focal plane, thus reducing noise [8]. As previously discussed, digitization of the 
images allows for immediate review and image adjustment for optimal interpreta-
tion, while the combination of angiography and widefield imaging allows clinicians 
to better evaluate peripheral pathology.

�Fluorescein Angiography

Fluorescein angiography is a primary tool in the assessment of ocular blood flow. 
Fluorescein sodium has a molecular weight of 376 daltons and in the intravascular 
space is incompletely bound to albumin. Because of the presence of unbound or 
“free” fluorescein sodium, it easily leaks out of even minimally damaged or inflamed 
retinal vessels. Examples of application of fluorescein angiography to ocular inflam-
mation include the detection of cystoid macular edema, vasculitis, vein occlusion, 
and secondary choroidal neovascularization [1]. Less commonly, FA can be utilized 
for the anterior segment to assess for iris nonperfusion or leakage from inflamed 
vessels.

Areas of brightness, or hyperfluorescence, can be caused by leaking, pooling, 
staining, or so-called “window defect.” The first three represent accumulation of 
fluorescein dye, whereas the latter represents increased visibility of the fluorescein 
in the choroidal circulation due to loss of overlying retinal pigment epithelium. In 
some forms of choroidal inflammation, such as serpiginous choroiditis, loss of the 
choroidal vasculature can lead to overlying retinal pigment epithelium (RPE) atro-
phy [9]. In these areas, there may be very little hyperfluorescent “window defect” 
effect because of the loss of the underlying choriocapillaris.

Areas of darkness, or hypofluorescence, can be caused by either blockage of 
fluorescence by overlying material, such as hemorrhage, or lack of fluorescein dye 
due to nonperfusion.

�Indocyanine Green Angiography

The mechanics of capturing ICGA images are similar to that of FA. However, the 
differences between the indocyanine green (ICG) molecule and fluorescein sodium 
molecule lead to several important differences between the two imaging modalities. 
The ICG molecule is of higher molecular weight (775 daltons vs. 376 daltons) and 
has a higher binding affinity to serum proteins than fluorescein sodium [10]. Thus, 
while fluorescein readily leaks out of even minimally damaged retinal vessels, ICG 
typically remains bound to serum proteins and therefore tends to stay within the 

Posterior Uveitis: Role of Imaging Modalities
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intravascular space. In an ICGA image, areas of increased brightness are typically 
referred to as either hyperfluorescent or hypercyanescent, while areas of decreased 
brightness can be called hypofluorescent or hypocyanescent.

Because of its longer excitation/emission spectra, ICG angiography is better able 
to penetrate the RPE and thin layers of hemorrhage than FA. Thus, ICG angiogra-
phy can better image choroidal vascular pathology such as choroidal hemangiomas 
and polypoidal choroidal vasculopathy. In ocular inflammation, ICG angiography 
can be utilized to detect choroidal inflammation and nonperfusion such as seen in 
birdshot chorioretinopathy (BCR), MEWDS, APMPPE, and serpiginous [9, 11]. An 
image of a patient with BCR is shown in Fig. 2.

�Autofluorescence and Infrared Reflectance

Autofluorescence (AF) imaging is a relatively new, non-invasive imaging modality 
that captures the distribution of fluorophores within the retina. This allows the 
detection of areas of pathological fluorophore accumulation, as well as areas of RPE 
and retinal atrophy in which there is decreased or absent autofluorescence signal. A 

Fig. 2  Ultra-widefield 
pseudocolor and 
indocyanine green 
angiography (ICGA) 
image of patient with 
birdshot chorioretinopathy. 
Top panel: Pseudocolor 
image demonstrating 
multiple hypopigmented 
lesions scattered 
throughout the posterior 
pole. Bottom panel: ICG 
angiography image, 
demonstrating multiple 
areas of hypofluorescence 
due to nonperfusion. Inset 
shows two areas of 
nonperfusion (arrows). 
(Courtesy of Rao NA)

P. V. Le
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review of autofluorescence imaging was recently published [12], as well as a review 
of autofluorescence imaging in uveitis [13].

The primary fluorophore in the retina is lipofuscin, which is composed of incom-
pletely digested photoreceptor outer segments. Lipofuscin accumulates within RPE 
cells with age and accumulates more rapidly in conditions of abnormal vitamin A 
recycling such as Stargardt’s disease [14]. One important component of lipofuscin 
is the bis-retinoid N-retinylidene-N-retinylethanolamine (A2E).

The accumulation of A2E and other products of vitamin A recycling that make 
up lipofuscin can be both an indicator and a cause of RPE cell dysfunction and 
death. This is because dysfunctional RPE cells may be unable to process photore-
ceptor outer segments efficiently, leading to the accumulation of lipofuscin and the 
idea that hyperautofluorescence is a marker of “sick or dying” RPE.  Lipofuscin 
within the cell may be directly toxic to cells due to its detergent effect and the 
increased formation of free radicals. Thus, there is a potential for a vicious cycle of 
lipofuscin accumulation in dysfunctional RPE cells, causing toxicity and worsening 
RPE dysfunction and increased levels of lipofuscin accumulation.

�Image Capture

Related to its initial detection as part of fluorescein angiography imaging, the early 
autofluorescence imaging systems were flash photography systems with excitation 
and emission filter wavelengths matched to that of fluorescein sodium. These flash 
photography systems are still in use today, but new, optimized filter sets have been 
developed. These filter sets use an excitation bandwidth shifted into the wavelength 
of green light. These images are therefore often called green-light autofluorescence 
images. The ultra-widefield imaging systems also generate green-light autofluores-
cence images but are not flash-based.

The other commonly used system used to capture autofluorescence images is 
based on the confocal scanning laser ophthalmoscope (Spectralis, Heidelberg 
Engineering, Heidelberg Germany). In this system, the excitation system consists of 
a low-power blue laser which is scanned across the area in a raster pattern. The 
emitted light passes through a confocal pinhole onto a detector. This technique 
allows multiple signals to be averaged, and the confocal optics prevent light that is 
out of focus from contributing to the signal. These images are sometimes referred to 
as blue-light autofluorescence images. Because the system utilizes confocal imag-
ing, it is more sensitive to inaccuracies in the focus of the camera.

�Interpretation

In a fundus autofluorescence image, the pixel brightness represents the intensity of 
the autofluorescence signal. Bright regions are called hyperautofluorescent, and 
these represent areas of increased lipofuscin from subretinal deposits such as dru-
sen, vitelliform lesions, or accumulation within dysfunctional RPE cells. 

Posterior Uveitis: Role of Imaging Modalities
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Hyperautofluorescence can also occur due to so-called unmasking. This occurs 
when dysfunctional photoreceptors do not absorb the autofluorescence signal from 
the underlying RPE. This can occur due to temporary photobleaching, such as when 
the eye has just recently been imaged with another modality or due to a disease 
process that causes loss of photoreceptors without loss of the underlying RPE.

Dark regions on AF images are described as hypoautofluorescent. 
Hypoautofluorescence can occur due to blockage of either the excitation or emis-
sion by overlying heme or fluid or due to lack of autofluorescence signal due to RPE 
atrophy. It is important to note that in blue-light autofluorescence, the fovea and 
juxtafoveal region are normally hypoautofluorescent due to blockage of the auto-
fluorescence signal from luteal pigments such as lutein and zeaxanthin. Thus, true 
decreased autofluorescence is difficult to assess adjacent to the fovea, and comple-
mentary modalities such as infrared reflectance and OCT are often utilized. The 
optic disc and retinal vasculature typically have no autofluorescent signal and there-
fore can be used as a comparator for the level of “black” to expect in the fundus 
image from a particular eye at a specific setting. The optic disc, blood vessels, and 
fovea are typically much more hypoautofluorescent on blue-light autofluorescence 
than green-light autofluorescence images.

A normal fundus autofluorescence image is shown in Fig. 1. The optic nerve and 
blood vessels appear black or hypoautofluorescent, due to lack of lipofuscin. There 
is a general low level of background autofluorescence that increases slightly in the 
parafoveal area but then decreases quickly in the fovea, again due to blockage by 
luteal pigments within the photoreceptors.

In general, AF imaging in inflammation demonstrates focal areas of abnormal 
autofluorescence. Abnormalities in autofluorescence are often more numerous than 
the lesions that are seen on color fundus photography or clinical biomicroscopy. These 
areas may be hypo or hyperautofluorescent in the acute phase, and hyperautofluores-
cent lesions can become hypoautofluorescent over time. Examples of conditions with 
hyperautofluorescence in the acute stage include multiple evanescent white dot syn-
drome (MEWDS) and serpiginous choroiditis [15]. Hyperautofluorescence may be 
due to increased lipofuscin accumulation from RPE dysfunction or unmasking due to 
overlying photoreceptor dysfunction. These regions of hyperautofluorescence tend to 
fade as the inflammation subsides. If the inflammation results in RPE atrophy, the 
lesion will become hypoautofluorescent. If the tissue recovers, the area will may 
return to its normal autofluorescence (iso-autofluorescent). Other conditions appear to 
have lesions which are solely hypoautofluorescent, such as seen in birdshot chorioreti-
nopathy [16]. Areas of hypoautofluorescence from RPE atrophy are analogous to 
areas of geographic atrophy in age-related macular degeneration.

�(Near) IR Reflectance

Near-infrared reflectance (IR) imaging is commonly utilized with blue-light auto-
fluorescence imaging. This imaging modality utilizes excitation in the wavelength 
of approximately 820–830 nm. Because it is a longer wavelength than blue light, 

P. V. Le
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infrared reflectance penetrates deeper into the tissue and is less affected by media 
opacity or hemorrhage.

On IR imaging, areas of RPE atrophy appear bright. This modality can be used 
to detect atrophy in the perifoveal region, since perifoveal hypoautofluorescence is 
a normal finding. Infrared imaging can also be used to follow choroidal nevi. Since 
it penetrates heme, hemorrhage is often poorly visible on IR reflectance images. An 
example of FAF and IR imaging is shown in Fig. 3.

�Ultra-widefield Imaging

Noncontact ultra-widefield imaging systems with the capability to image 150–200° 
of the fundus are currently available. Such systems typically capture in multiple 
modalities, including color photography, fluorescein and/or indocyanine green 
angiography, and autofluorescence. The color image is typically a pseudocolor 
image generated by combining the signal from individual green, red, and sometimes 
blue channels.

The obvious benefit of ultra-widefield imaging is the ability to detect peripheral 
pathology. When coupled with FA, this includes the ability to detect peripheral reti-
nal vasculitis such as seen in Fig. 4. Several reports have now demonstrated periph-
eral leakage in patients with uveitis that were thought to be quiescent on clinical 
exam or standard macular angiography [5].

�Optical Coherence Tomography

The development of optical coherence tomography (OCT) by Huang and colleagues 
has revolutionized ophthalmology [16]. Using OCT, clinicians are now able to 
obtain micron level structural information, improving both our understanding of 
pathophysiology and our diagnostic ability. Further developments in OCT-related 
technology, such as enhanced depth imaging, swept-source OCT, and OCT-
angiography, provide even more information. The plethora of imaging options 
available once again emphasizes the importance of understanding the basis of each 
technique.

�Technology

In the original description of OCT, called time-domain OCT, a low-coherence light 
beam is split between a reference arm and a sample arm [16]. The light traveling 
down the sample arm reflects or backscatters at each interface it encounters. The 
light traveling down the reference arm encounters a reference mirror, which is 
scanned (moved) in the Z-direction. The reflected light from both arms is combined, 
and the interference pattern is used to calculate a reflectance at each position along 
the path of the beam through the sample. This is analogous to an axial ultrasound 

Posterior Uveitis: Role of Imaging Modalities
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Fig. 3  Infrared reflectance, blue-light autofluorescence, and optical coherence tomography (OCT) 
B-scan of patient with tuberculous choroiditis. Top left panel: Infrared reflectance image. Top right 
panel: Blue-light autofluorescence image. There are areas of hyper- and hypoautofluoresence. The 
hyperautofluorescent areas can represent lipofuscin accumulation in a subretinal pigment epithe-
lium (RPE) deposit (left arrowhead) or active choroiditis causing dysfunctional or degenerating 
RPE and lipofuscin accumulation. The hypoautofluorescent areas (right arrowhead) typically rep-
resent areas of RPE atrophy and therefore absent lipofuscin. The arrowheads correspond to arrows 
on the OCT B-scan. Bottom panel – OCT B-scan through the region marked by the green line in 
panels A and B. The right arrow indicates an area of RPE degeneration with overlying photorecep-
tor loss. There is no external limiting membrane visible in that area, and the region dips downward 
due to inner and outer segment atrophy. The outer nuclear layer is still present. The left arrow 
demonstrates a sub-RPE deposit that corresponds to the hyperautofluorescent area in panel B. 
(Courtesy of Rao NA)

P. V. Le
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beam, and the terminology is the same. The reflectance along a single beam is called 
an A-scan or amplitude scan because the magnitude of the reflectance along the 
axial scan was originally plotted as the amplitude on a two-dimensional graph. 
Multiple parallel A-scans can be displayed by converting the amplitude at each axial 
position into a brightness, thus creating a cross-sectional B-scan (brightness scan).

Fourier domain or spectral domain OCT (SD-OCT) utilizes a broadband light 
source and spectrometer [17]. The reference mirror is fixed instead of moving, and 
the interference pattern measured by the spectrometer undergoes a Fourier trans-
form to provide a scan profile that is similar to a time-domain A-scan but without 
the physical movement of the reference mirror. These SD-OCT devices have 
improved both speed and resolution, with current mass-produced models capable of 
capturing approximately 20,000–50,000 A-scans per second with resolution in the 
range of a few microns. This has enabled the capture of three-dimensional volume 
scans within seconds.

�Interpretation

The OCT signal represents the backscatter at a specific location or depth within the 
tissue. Increased backscatter is represented by a brighter pixel intensity and is called 
hyperreflective. Decreased backscatter is represented by a dark pixel intensity and 
is called hyporeflective. For instance, the RPE layer is normally hyperreflective, 
while fluid and vitreous are hyporeflective.

A normal retinal B-scan has alternating hyper- and hyporeflective layers. The 
nerve fiber layer and RPE are highly hyperreflective. The ganglion cell and 

Fig. 4  Ultra-widefield 
fluorescein angiogram of 
patient with ANCA-
positive granulomatosis 
polyangiitis (Wegener’s 
granulomatosis). There is 
cystoid macular edema, 
seen as hyperfluorescence 
in the macula, and leakage 
in the periphery. (Courtesy 
of Rao NA)

Posterior Uveitis: Role of Imaging Modalities
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plexiform layers are hyperreflective but less so than the nerve fiber layer, and the 
nuclear layers are hyporeflective.

There are many applications of OCT imaging in ocular inflammation. In the 
anterior segment, OCT imaging can be utilized to quantify (inflammatory) cells and 
document peripheral anterior synechiae and posterior synechiae [18, 19]. It has also 
been used to quantify vitreous haze [20].

Today, OCT is a routine tool for assessing retinal pathology. It can detect vitreo-
macular interface disease such as epiretinal membranes and macular pucker. Fluid 
within the retina, such as cystoid edema and subretinal fluid, is seen as a hyporeflec-
tive space. There is high agreement between FA and OCT in evaluating uveitic 
macular edema [21]. Atrophy of the RPE appears as a triad of thinning of the RPE/
Bruch’s complex, hypertransmission into the choroid and sclera, and photoreceptor 
thinning (Fig. 3 panel C). Optical coherence tomography is also a primary modality 
to detect signs of choroidal neovascularization, a possible sequelae of ocular 
inflammation.

�Advanced OCT Applications

�En Face Imaging
Just as multiple parallel one-dimensional A-scans can be used to create a two-
dimensional B-scan, multiple B-scans can be combined to form a three-dimensional 
volume scan. A traditional horizontal B-scan would represent a transverse or axial 
section of the volume scan. An image that represents a coronal section of the vol-
ume scan is called a “C-scan” or en face image [22]. It attempts to mimic the view 
one would have if they were looking directly at a particular depth within the 
fundus.

Due to the curvature of the fundus, a single C-scan at a fixed depth within the 
cube scan would cut through different layers of the retina. A more useful view may 
be one that is based on the curvature of the fundus. Therefore, a commonly utilized 
modification of en face imaging utilizes automated segmentation of the retinal lay-
ers and allows the user to display a C-scan “slice” that is not at a fixed depth relative 
to the camera system but instead is relative to a particular retinal layer. The retinal 
layers commonly utilized as reference layers include the RPE and internal limiting 
membrane, since these layers are easier to detect automatically. The software is 
capable of displaying different thicknesses within the volume scan, from “slices” as 
thin as a few pixels to thicker “slabs” representing tens or hundreds of microns of 
thickness. For instance, one can select the so-called ellipsoid zone of the retina by 
selecting a slab positioned immediately above the RPE with a thickness of approxi-
mately 20 microns. An example en face image and the OCT B-scan source is shown 
in Fig. 5.

Because it combines the signal from multiple B-scans, en face imaging is 
very sensitive to motion artifact. Image registration and eye tracking are some 
of the techniques used by the device manufacturers to minimize these artifacts 
[23, 24].

P. V. Le
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�Enhanced Depth Imaging Optical Coherence Tomography (EDI-OCT)
In a conventional SD-OCT B-scan, the point of maximal signal, called the zero 
delay line, is placed near the interface between the posterior vitreous and the retina. 
This allows improved visualization of vitreomacular interface disease such as 
epiretinal membranes and vitreomacular traction. Unfortunately, sensitivity 
decreases with depth (called sensitivity roll-off). Thus, imaging of the choroid and 
sclera is hampered by both distance from the zero delay line as well as the presence 
of overlying light-absorbing structures such as photoreceptors and RPE. By placing 
the subject closer to the device, an inverted image (which is normally suppressed) is 
obtained with the choroid much closer to the zero delay line. This technique, called 
enhanced depth imaging or EDI-OCT, significantly improves the ability to image 
the deeper structures such as the choroid and sclera [25].

Fig. 5  En face solar 
retinopathy. En face image of 
photoreceptor damage from 
solar retinopathy (sungazing). 
Top panel: en face slab of the 
so-called ellipsoid zone 
(EZ)-band, generated from 
the macular cube scan. Inset 
shows the absent signal in the 
fovea, indicating loss of the 
EZ-band (red arrows). Middle 
panel – OCT B-scan through 
the fovea. The foveal external 
limiting membrane is intact 
(higher green arrow), but 
there is a hyporeflective space 
where the inner and outer 
segments should be (lower 
red arrows). Bottom 
panel – OCT B-scan through 
the fovea. Dotted purple lines 
immediately anterior to the 
retinal pigment epithelium 
show the upper and lower 
boundaries of the slab used to 
generate the en face image in 
the top panel

Posterior Uveitis: Role of Imaging Modalities
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The development of EDI-OCT has allowed improved measurements of choroidal 
thickness, as well as the ability to detect abnormal reflectivity within the choroid 
itself [26]. These changes in reflectivity may indicate choroidal inflammation, such 
as in BCR [27].

�Swept Source OCT
A recent development in OCT technology is swept-source OCT (SS-OCT) [28]. In 
SS-OCT, both the excitation and detection aspects of the OCT device have been modi-
fied. While conventional SD-OCT systems typically use a superluminescent diode 
laser centered in the 820–870 nm range, the SS-OCT uses a tunable laser centered at 
a wavelength of approximately 1000 nm. “Tunable” means that the wavelength of the 
laser is changed, or “tuned,” to span a spectrum of wavelengths. The detector in the 
SS-OCT is also different. The SS-OCT utilizes photodetectors instead of a combina-
tion of charge coupled device (CCD) camera and spectrometer. With these modifica-
tions, the SS-OCT has increased penetration, less signal noise ratio drop-off, and 
increased speed. Typical SS-OCT devices are able to obtain approximately 100,000 
A-scans/second, which is about twice the speed of conventional SD-OCT systems. 
Higher A-scan speeds can be utilized to scan larger areas, perform multiple scans of 
the same location, and/or decrease the time required to obtain a single volume scan. 
Swept-source OCT can also be utilized with en face imaging and OCT-angiography.

�Optical Coherence Tomography Angiography
Optical coherence tomography angiography (OCT-A) is based on the premise that 
variations in the reflectance at a single location in repeated OCT B-scans must be due 
to blood flow or noise. Thus, by obtaining multiple B-scans of the same position and 
then detecting differences in the amplitude and phase of the reflectance signal, OCT-A 
generates images of blood flow and presumably blood vessels. Once a volume scan is 
created, “slabs” of retina are selected, and the blood vessels within the slab boundaries 
are displayed as a two-dimensional en face image. An OCT-A image from a normal 
eye is shown in Fig. 6. Similar to the standard en face imaging technique, implemen-
tation of OCT-A can utilize image registration and eye tracking in order to increase the 
likelihood that the same location is sampled. A review of OCT-A applied to intraocu-
lar inflammation was recently published [29]. An OCT-A image from an eye with 
cystoid macular edema before and after treatment is shown in Fig. 7.

Compared to traditional angiography, OCT-A has several advantages. First, it is 
non-invasive and fast. Since there is no intravenous dye, the risk of triggering a 
severe allergic reaction is eliminated. The scan takes just slightly longer than a tra-
ditional OCT macular cube scan. The actual scan volume parameters such as the 
scan dimensions and number of repeated B-scans vary by device and can be adjusted 
for each individual patient. Unlike in dye-based angiography, there is no leakage 
that can obscure the imaging of adjacent areas. The exact depth of the flow within 
the volume scan is known and can be individually highlighted. For instance, the 
vessels within the superficial retinal layer can be isolated and viewed separately 
from the deep retinal layer. In addition, OCT-A can be used to image both the retina 
and choroid simultaneously.
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The OCT-A technology has limitations. Importantly, since there is no dye, 
OCT-A imaging cannot detect leakage from inflamed vessels. It may be possible to 
measure parameters such as vascular index and dilation/width of retinal vessels to 
detect vasculitis, but these may be nonspecific, or the “normal” range may vary so 
much that few patients with intraocular inflammation fall outside the normal range. 
Second, OCT-A images can suffer from several different types of artifacts. As 
stated previously, the technology depends on the ability of the device to scan the 
same location repeatedly. Thus it may be difficult or impossible to image patients 
with poor fixation. There is also significant projection artifact from superficial 
blood vessels into en face images of the deeper retina and choroid. The removal of 
these projection artifacts is an active area of research [30]. This technology is also 
sensitive to low signal strength due to media opacity or hemorrhage.

Fig. 6  Optical coherence 
tomography angiography 
image, normal eye. Top 
panel: En face optical 
coherence tomography 
(OCT-A) image of the 
superficial retinal layer. 
Bottom panel: One of the 
OCT B-scans used to 
generate the OCT-A image. 
The dotted purple lines 
show the upper and lower 
boundaries of the slab that 
represents the superficial 
retinal layer. The red color 
indicates the magnitude of 
the angiography signal 
(variation between 
repeated B-scans of the 
same location). Arrowhead 
shows corresponding 
location of a retinal vessel 
traveling parallel to the 
OCT B-scan for a short 
distance

Posterior Uveitis: Role of Imaging Modalities
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�Summary

The availability of multiple imaging modalities has expanded the ability of clinicians 
to diagnose and monitor ocular disease. This chapter has focused on recent imaging 
techniques such as autofluorescence, widefield imaging, and OCT. Understanding 
the contents of this chapter should aid the reader in interpreting the images in this 
book and elsewhere. More importantly, understanding the principles, advantages, 
and limitations of each technology can help to maximize patient outcomes.

Compliance with Ethical Requirements  Phuc V. Le declares no conflict of interest. All proce-
dures followed were in accordance with the ethical standards of the responsible committee on 
human experimentation (institutional and national) and with the Helsinki Declaration of 1975, as 
revised in 2000. Informed consent was obtained from all patients for being included in the study. 
No animal studies were carried out by the authors for this article.

a b

Fig. 7  OCT-A CME. Optical coherence tomography angiography (OCT-A) of the superficial reti-
nal layer in a patient with severe cystoid macular edema, before and after treatment. The two 
images are essentially identical and demonstrate the robustness of current automated segmentation 
algorithms in the presence of structural distortion. (a) Before treatment. Top panel shows OCT-A 
image of the superficial retinal layer. Bottom panel shows one of the OCT B-scans used to generate 
the OCT-A image. There is severe cystoid macular edema. Purple lines show the upper and lower 
boundaries of the slab used to generate the OCT-A image. (b) After treatment with intravitreal 
steroid injection. Top panel shows OCT-A image of the superficial retinal layer. The image is virtu-
ally identical to the one generated prior to treatment (panel A). Bottom panel demonstrates that the 
macular edema has resolved. The purple dotted lines show the upper and lower boundar-
ies of the slab used to generate the OCT-A image
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�Introduction

Sarcoidosis is an idiopathic multisystem granulomatous inflammatory disorder 
characterized by formation of noncaseating epithelioid cell granulomas. It affects 
people of all ages throughout the world, with highest incidence seen in the age 
group of 20–40 years. Women are more often affected than men. African Americans 
are about three times more likely to have sarcoidosis than Caucasian Americans [1].

�Etiopathogenesis

The exact etiology of sarcoidosis is still unknown. Interplay of environmental and 
genetic predisposition has been proposed as the likely mechanism.

�Environmental Factors

An increased risk of sarcoidosis has been observed in people with exposure to insecti-
cides, industrial organic dust, and agricultural or moldy environments [2]. 
Mycobacterium tuberculosis infection has also been often associated with sarcoidosis.

�Genetic Factors

Genetic factors play a significant role in prevalence, clinical presentations, and 
severity of sarcoidosis. First-degree relatives of sarcoidosis patients are at a fivefold 
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risk for developing the disease than the general population. HLA-A1, B8, DR3 hap-
lotype, and HLA-DR17 have been associated with an increased risk of developing 
sarcoidosis in whites and HLA-DR11  in white, African American, and Japanese 
patients. Recently butyrophilin-like 2 (BTNL2) receptor gene on chromosome 6p 
has also been linked to sarcoidosis in whites [3, 4].

�Immunopathogenesis

Any infectious, organic, or inorganic agents acting as antigen can initiate a 
cross-reacting immune response to self-antigen. Antigen-presenting cells (APC) 
lead to secretion of multiple inflammatory mediators like TNF-α, interleukin-12, 
interleukin-15, and interleukin-18, macrophage inflammatory protein 1 (MIP-
1), monocyte chemotactic protein 1 (MCP-1), and granulocyte macrophage 
colony-stimulating factor (GM-CSF) [5]. A cardinal feature of sarcoidosis is the 
interaction of CD4+ T cells with APCs causing release of interleukin-2 and 
interferon-γ and formation of granulomas [6]. Sarcoidal granulomas are com-
posed of macrophages and their derivatives, epithelioid cells, giant cells, and T 
cells and shows “non-caseating” necrosis in histopathological examination. 
They may persist, resolve, or lead to fibrosis. Activated alveolar macrophages 
stimulate fibroblast proliferation and collagen production, leading to progres-
sive fibrosis.

�Clinical Manifestations

Sarcoidosis can have varied presentation, ranging from an abnormal chest radio-
graph in an asymptomatic individual to severe multiorgan involvement.

�Systemic Disease

Sarcoidosis is a multisystem inflammatory disorder with predominant pulmonary 
involvement, bilateral hilar lymphadenopathy being the most characteristic finding 
seen in 50–85% patients [7]. Other organs involved in sarcoidosis include the liver, 
spleen, lymph nodes, salivary glands, heart, nervous system, muscles, and bones 
[8]. Systemic disease can manifest with an acute or an insidious onset. Acute dis-
ease can present as two distinct syndromes: Löfgren’s syndrome and Heerfordt’s 
syndrome. Löfgren’s syndrome is characterized by triad of erythema nodosum, 
bilateral hilar lymphadenopathy on chest radiograph, and arthritis. It has good prog-
nosis with more than 90% resolution by 2 years. Heerfordt’s syndrome, also called 
uveoparotid syndrome, is associated with uveitis, parotid enlargement, and fever 
with or without facial nerve palsy. Disease with insidious onset, especially with 

P. Mahendradas et al.



23

multiple extrapulmonary lesions, may result in progressive fibrosis of the lungs and 
other organs.

	 I.	 Lungs. Pulmonary fibrosis occurs in 20–25% of patients with sarcoidosis and 
can lead to respiratory failure [9]. Patients with pulmonary sarcoidosis usually 
present with complaints of nonproductive cough, dyspnea, and chest pain [10].

	II.	 Heart. Cardiac involvement is seen in 2–10% of patients with sarcoidosis and 
is associated with poor prognosis if untreated [11].

	III.	 Skin. Cutaneous lesions are present in up to 25% patients, sometimes as the 
initial manifestation. Erythema nodosum is the most common cutaneous lesion 
in sarcoidosis with spontaneous resolution within weeks or months. Lupus per-
nio (Fig.  1) results in destruction of underlying cartilage and bone causing 
facial disfigurement.

	IV.	 Nervous system. Nervous system involvement occurs in 5–15% of patients with 
sarcoidosis and can have serious sequelae [12, 13]. Cranial nerve palsies may 
occur secondary to nerve granulomas, increased intracranial pressure, or granulo-
matous basal meningitis, Bell’s palsy (cranial nerve VII palsy) being the most 
common. Bilateral dysfunction can occurs, both simultaneously and sequentially.

	 V.	 Liver. Hepatic granulomas can occur. Liver enzymes can be elevated.
	VI.	 Lymph nodes. Patients may have lymphadenopathy and lymph node biopsy 

may show multiple non-caseating granulomas consisting of epithelioid cells, 
Langerhans giant cells, lymphocytes, monocytes, and fibroblasts.

�Ocular Disease

Ocular involvement is seen in about 30–50% of patients with sarcoidosis.

Fig. 1  Face photograph 
showing lupus pernio in a 
case of sarcoidosis

Ocular Sarcoidosis
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	 I.	 Anterior uveitis. Granulomatous anterior uveitis is the characteristic ocular 
manifestation and foremost cause of ocular morbidity in sarcoidosis. It is usu-
ally unilateral at the onset, but second eye involvement occurs commonly at 
some point during the course of the disease. Features include mutton-fat keratic 
precipitates (KPs). Figure 11b, peripheral or angle KPs, placoid peripheral 
keratic precipitates, and iris nodules (Figure 4, Koeppe and Busacca nodules) 
are seen. Nodular deposits may occasionally be seen in anterior chamber angle 
and trabecular meshwork. Tent-like peripheral anterior synechiae (PAS) may 
also be seen.

	 II.	 Intermediate uveitis. Intermediate uveitis presents with vitritis and exudative 
vasculitis. Vitritis is seen as “snowball” or “string of pearls” in vitreous cavity. 
Retinal perivasculitis is seen as segmental sheathing mostly in equatorial or 
peripheral retina.

	III.	 Posterior uveitis. Multiple orangish-yellow chorioretinal granulomas can be 
observed in posterior pole and in the mid-periphery. A solitary choroidal gran-
uloma can be confused with tuberculoma. Retinal granulomas poorly respond-
ing to steroids are rarely been described in literature [14].

	IV.	 Retinal vasculitis. Nodular or segmental periphlebitis appearing as candle wax 
drippings (or so called “taches de bougie”) is classically described for exudative 
sarcoid vasculitis. Rarely, occlusive periphlebitis may mimic branch retinal vein 
occlusion. Periphlebitis is occasionally complicated by retinal neovasculariza-
tion which simulates the peripheral “sea fans” seen in sickle cell retinopathy.

	 V.	 Optic nerve granuloma. Optic nerve involvement in form of granulomas may 
occur without systemic involvement [15]. The granulomas are usually unilat-
eral (Fig. 5) but may be bilateral as well in some cases. It can manifest as an 
acute disease with good response to corticosteroids or as a chronic progressive 
form that responds poorly to corticosteroids [12, 16, 17].

	VI.	 Other manifestations include dacryoadenitis, conjunctival granulomas, non-
specific conjunctivitis, interstitial keratitis, episcleritis, scleritis, and orbital or 
extraocular muscle granulomas. Conjunctival inflammation occasionally 
resolves with symblepharon formation. Band keratopathy may occur as a com-
plication of chronic uveitis.

�Diagnosis

The diagnosis of sarcoidosis is based on the presence of a compatible clinical pic-
ture, supportive laboratory findings, and, in most cases, a confirmatory biopsy.

�International Japanese Criteria

International guidelines for systemic sarcoidosis were based on chest radiographic 
findings. The Ministry of Health, Labour and Welfare in Japan established new 
criteria for the diagnosis of sarcoidosis in 2006, which divided patients with sar-
coidosis into two groups as biopsy-proven and clinically diagnosed subjects 
(Table 1) [18]. Lymph node biopsy may show multiple non-caseating granulomas 
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Table 1  Biopsy-proven and clinically diagnosed sarcoidosis

I. � Biopsy-proven group: Patients have non-caseating granuloma histologically proven and any of 
i–iii in (II)-1

II. � Clinically diagnosed group: Patients have two or more of i–vi of investigations shown 
below and clinical features which strongly indicate sarcoidosis in two organs or more 
(pulmonary, ocular, cardiovascular, skin, neurological)

1. � Investigation for sarcoidosis
 � i.  Chest X-ray (Fig. 2) or CT scan to detect bilateral hilar lymphadenopathy (Fig. 3)

   ii.  �Serum angiotensin-converting enzyme (ACE) levels
 � iii.  Skin test for anergy to PPD
 � iv.  Gallium-67 citrate scan
 � v.  Bronchoalveolar lavage (BAL) to detect increase of lymphocytes or CD4/CD8 ratio,
 � vi.  Serum or urine calcium

2.  Ocular clinical features strongly indicating sarcoidosis (two or more items are required)
 � I. � Granulomatous anterior segment intraocular inflammation, e.g., mutton-fat keratic 

precipitates or iris nodules (Fig. 4)
 � II. � Gonionodules or peripheral anterior synechiae (PAS)

 � III. � Snowball or beaded vitreous opacities
 � IV. � Retinal perivascular inflammation and sheathing of the retinal vein
 � V. � Multiple candle wax exudates in the choroid and retina or photocoagulation-like 

retinochoroidal atrophy
 � VI. � Optic nerve granuloma or choroidal granuloma (Fig. 6)
For ocular sarcoidosis, international criteria recommend four levels of certainty for the diagnosis 
when in patients in whom other possible causes of uveitis are excluded (Table 2) [19]:

 � I. � Definite ocular sarcoidosis: Biopsy-supported diagnosis with a compatible uveitis
 � II. � Presumed ocular sarcoidosis: Presence of bilateral hilar lymphadenopathy with a 

compatible uveitis though biopsy has not been performed
 � III. � Probable ocular sarcoidosis: Patients where biopsy is not done and in whom the chest 

X-ray does not show bilateral hilar lymphadenopathy, but there are three suggestive 
intraocular signs and two supportive investigations positive

 � IV. � Possible ocular sarcoidosis: When biopsy is found negative but there are four or more 
intraocular signs with at least two positive laboratory results

Table 2  International criteria for the diagnosis of ocular sarcoidosis (IWOS) [19]

Clinical signs suggestive of ocular sarcoidosis
1. �Mutton-fat KPs (large and small) and/or iris nodules at pupillary margin (Koeppe) or in 

stroma (Busacca)
2. Trabecular meshwork (TM) nodules and/or tent-shaped peripheral anterior synechiae (PAS)
3. Snowballs/string-of-pearl vitreous opacities
4. Multiple chorioretinal peripheral lesions (active and atrophic)
5. �Nodular and/or segmental periphlebitis (± candle-wax drippings) and/or macroaneurysm in 

an inflammed eye
6. Optic disc nodule(s)/granuloma(s) and/or solitary choroidal nodule
7. �Bilaterality (assessed by clinical examination or investigational tests showing subclinical 

inflammation)
Laboratory investigations in suspected ocular sarcoidosis
1. �Negative tuberculin test in a BCG-vaccinated patient or having had a positive PPD (or 

Mantoux) skin test previously
2. Elevated serum angiotensin converting enzyme (ACE) and/or elevated serum lysozyme
3. Chest X-ray; look for bilateral hilar lymphadenopathy (BHL)

4. �Abnormal liver enzyme tests (any two of alkaline phosphatase, ASAT, ALAT, LDH, or γ-GT)
5. Chest CT scan in patients with negative chest X-ray
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Fig. 3  Chest X-ray PA view 
shows bilateral hilar 
lymphadenopathy in a case of 
bilateral granulomatous 
panuveitis due to sarcoidosis

Fig. 4  Diffuse slit lamp 
biomicroscopic photograph 
showing the presence of 
Koeppe’s (black arrow head) 
and Busacca nodules (black 
arrow) in granulomatous 
panuveitis

Fig. 2  CT scan of the chest 
showing enlarged hilar lymph 
node in a case of 
granulomatous panuveitis due 
to sarcoidosis

P. Mahendradas et al.



27

a

c

b

d

Fig. 5  A 25-year-old female as a case of bilateral granulomatous panuveitis due to sarcoidosis. 
Anterior segment photograph shows mutton-fat keratic precipitates in right eye (a) & broad based 
posterior synechiae (b). Confocal microscopy showed globular pattern of keratic precipitate in 
both eyes (c, d)

Fig. 6  Fundus photograph 
of the right eye showing 
optic disc granuloma with 
retinal vasculitis
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consisting of epithelioid cells, Langerhans giant cells, lymphocytes, monocytes, 
and fibroblasts. CD4/CD8 ratio of lymphocytes were significantly higher in aque-
ous humour and vitreous humour of patients with ocular sarcoidosis [20, 21].

�Differential Diagnosis

Sarcoidosis is generally amongst first few differential diagnosis in a case of granu-
lomatous uveitis. Ocular manifestations of sarcoidosis like KPs, iris nodules, inter-
mediate uveitis, chorioretinitis, retinal vasculitis, optic nerve head and choroidal 
granulomas and dacryoadenopathy, need to be differentiated from other causes.

	 I.	 KPs: Tuberculosis, VKH, Viral uveitis, Fuchs’ uveitis and Hansen’s disease.
	 II.	 Iris nodules: Tuberculosis, syphilis, leprosy, Fuchs’ uveitis, primary iris neo-

plasms, metastatic carcinoma, seeding from retinoblastoma, and leukemic 
infiltrates.

	 III.	 Intermediate uveitis: Tuberculosis, Idiopathic intermediate uveitis, Lyme dis-
ease, and multiple sclerosis.

	 IV.	 Chorioretinitis: Tuberculosis, syphilis, toxoplasmosis, Vogt- Koyanagi- 
Harada disease, Bird Shot Choroidopathy and masquerade syndrome. 
Retinitis (rare): Epidemic retinitis and Behcet’s disease.

	 V.	 Vasculitis: Tuberculosis, Toxolasmosis, Syphilis, Behcet’s disease.
	 VI.	 Optic disc granuloma: Optic neuritis, papilledema.
	VII.	 Dacryoadenopathy and parotitis: Tuberculosis, Hodgkin’s disease, lym-

phoma, and brucellosis. Isolated lacrimal gland enlargement may mimic 
orbital pseudotumor or primary lacrimal gland tumor.

	VIII.	 Pulmonary disease: Tuberculosis, berylliosis, pneumoconiosis, malignant lym-
phoma, hypersensitivity pneumonitis, metastatic lung tumor, and amyloidosis.

	 IX.	 Cardiovascular disease: Giant cell myocarditis.
	 X.	 Skin diseases: Cutaneous tuberculosis, granuloma annulare, annular elasto-

lytic giant cell granuloma, necrobiosis lipoidica, Melkersson-Rosenthal syn-
drome, acne rosacea, and skin carcinoma.

�Management

There are no preventive measures available for sarcoidosis. Family members of 
patients with sarcoidosis are at increased risk for developing sarcoidosis compared 
to general population. However, overall risk being extremely low, routine screening 
of family members is not advisable.

There is no definitive treatment for sarcoidosis. Up to one-third of patients 
resolve spontaneously without any treatment. Treatment is intended primarily to 
reduce the symptoms, lessen disability during periods of activity, and minimize the 
sequelae of inflammation. Treatment is warranted if (1) symptoms interfere with 
activities of daily living and cannot be controlled by simple measures and (2) organ 
function is threatened. Corticosteroids remain the mainstay of treatment for ocular 

P. Mahendradas et al.



29

sarcoidosis. Topical administration is effective for most patients with anterior uve-
itis, but periocular steroids may be required in severe cases. Posterior uveitis is 
managed with periocular and/or systemic corticosteroids. Choroidal infiltrates 
respond to systemic steroids. Pulsed intravenous methylprednisolone therapy is 
often required in cases with optic nerve involvement. Systemic immunomodulatory 
therapy or biologics are used to supplement steroid therapy for refractory disease or 
to allow a reduction in steroid dose or to achieve long term remission.

Oral corticosteroids remain the primary first-line therapy for systemic sarcoid-
osis [22–24].

Inhalational steroids are useful as maintenance therapy for pulmonary sarcoid-
osis [25]. Cytotoxic drugs, like methotrexate and azathioprine, are effective steroid-
sparing agents and also useful in cases refractory to steroids [26]. Chloroquine and 
hydroxychloroquine are effective for pulmonary and cutaneous disease, hydroxy-
chloroquine having higher ocular safety.

�Prognosis

Prognosis is variable and depends on gender, race, age, organ involvement, signs 
and symptoms at presentation, etc. Majority of patients improve or stabilize within 
first 2 years of illness. Spontaneous remission occurs within 5 years in almost two-
thirds of patients. There is less than 5% chance of disease recurrence. Progressive 
sarcoidosis leads to death in less than 5% of cases due to progressive respiratory 
insufficiency or cardiac or neurologic involvement [27]. Ocular inflammation is 
usually mild with favorable visual outcome. Cystoid macular edema, epiretinal 
membrane formation, and iris bombe due to the formation of posterior synechiae 
with secondary glaucoma may develop in cases with long-standing inflammation. 
Vitreous hemorrhage due to retinal neovascularization and choroidal neovascular-
ization may also develop.

�Ocular Imaging in Sarcoidosis

This chapter also highlights the role of anterior segment and fundus photography, 
confocal microscopy, ultrasound biomicroscopy, fundus autofluorescence, fundus 
fluorescein angiography including wide-field angiography, indocyanine green angi-
ography, optical coherence tomography, and optical coherence tomography angiog-
raphy in the diagnosis and management of eye manifestations of sarcoidosis.

�Anterior Segment Imaging

Slit lamp photography is useful for documentation of anterior segment changes 
such as conjunctival congestion, scleral involvement, keratic precipitates, and iris 
nodules in the pupillary margin (Koeppe’s nodules) and on the surface (Busacca 
nodules) in sarcoidosis [28]. Confocal microscopy can be used to study the keratic 
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precipitates in uveitis. Sarcoidosis has characteristic globular pattern of keratic pre-
cipitates on confocal microscopy (Fig. 5) [29–31]. Anterior segment optical coher-
ence tomography (ASOCT) can be used to document the changes in the iris and 
angle structures. High-frequency ultrasound biomicroscopy is required in patients 
with intermediate uveitis and complicated cataracts to rule out ciliary body mem-
branes or atrophy of ciliary processes as the cause for hypotony. These findings 
would influence the surgical outcome [32].

�Fundus Autofluorescence

Fundus autofluorescence (FAF) is a simple noninvasive imaging technique that uses 
the fluorescent properties of lipofuscin (LF) and similar metabolic end products of the 
outer photoreceptor segments that progressively accumulate in the retinal pigment 
epithelium (RPE) [33]. Abnormal accumulation of the LF in the RPE cells appears as 
hyperautofluorescence, and loss of the RPE cells appears as areas of hypoautofluores-
cence (Fig. 7) when the retina is excited by blue light. Used initially for monitoring 
retinal degenerative disorders [34], recent years have seen increasing use of FAF in 
posterior uveitis [35–37]. The exact source of the hyperautofluorescence is not well 
known in uveitis, and it is speculated that choroidal inflammation may induce accu-
mulation of fluorophores in the retina [34]. Fundus autofluorescence in posterior seg-
ment manifestations of sarcoidosis has not been studied in detail. Gupta et al. have 
classified the evolution pattern of fundus autofluorescence in tuberculous serpiginous 
choroiditis [37]. FAF is a powerful noninvasive tool to monitor the disease course in 
posterior uveitis, and it scores over conventional FFA and ICG. It provides functional 
status of the RPE-photoreceptor complex. Active fundus lesions involving RPE 

Fig. 7  Fundus autofluorescence in the left eye revealed multiple areas of hypoautofluorescence 
corresponding to the areas of vitreous opacities, and the posttreatment images showed decrease in 
the areas of hypoautofluorescence with normal pattern
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present as hyperautofluorescent lesions, and healed lesions present as hypoautofluo-
rescence due to death of the RPE and the overlying photoreceptors. Wide-field imag-
ing techniques using optos help us to study the full extent of these lesions on FAF.

�Fundus Fluorescein Angiography

Fundus fluorescein angiography (FFA) in sarcoidosis is used to demonstrate retinal vas-
cular, macular, choroidal, and optic nerve head pathology. FFA also helps to pick up 
signs of subclinical inflammation; hence it is quite useful to monitor the response to 
therapy during follow-up and helps to decide on doses of immunomodulatory therapy.

Choroidal granulomas in active stage on FFA are seen as early hypofluores-
cence and late hyperfluorescence (Figs. 8 and 9). Larger choroidal granulomas 
are rarely associated with small subretinal fluid which can show pooling of dye 
along with hyperfluorescence of the granuloma in late phase on FFA [38]. In 
case of resolved granuloma, one can see an overlying window defect due to reti-
nal pigment epithelium (RPE) atrophy. In completely atrophic choroidal granu-
loma, the whole area shows hypofluorescence on early frames which later 
becomes hyperfluorescent on late frames reflecting the bare sclera impregnated 
with fluorescein [39].

Inflamed retinal vessels are highly permeable to fluorescein which appears as 
leakage from the vessels on the FFA. This sign is well seen even in the absence of 
vascular sheathing on clinical examination, if the inflammation is not completely 
resolved. Multiple segmental leaks along the vessel are highly suggestive of sar-
coid vasculitis. Occlusive vasculitis is uncommon in sarcoidosis. Hence capillary 
non-perfusion areas and neovascularization are not frequently observed on FFA.

Fig. 8  Dual FFA and ICG of the right eye showing early hypofluorescence corresponding to cho-
roidal granulomas in FFA and ICG showing areas of hypocyanescence corresponding to the areas 
of granulomas with staining and leakage of the choroidal vessels
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Apart from leakage from major retinal vessels, capillary leakage is also seen on 
FFA especially in case of intermediate uveitis when there is no clinically evident 
lesion in the retina or choroid. This also helps clinicians to differentiate old inactive 
vitritis from active vitreous inflammation. FFA can show capillary leakage if there 
is active inflammation in the vitreous.

FFA shows disc hyperfluorescence in inflammation of optic nerve or in case 
of disc granuloma. Sarcoid disc granulomas are visible clinically, but subclini-
cal disc inflammation in intermediate uveitis and in vasculitis as well as cystoid 
macular edema can be well documented on FFA. But now with advent of nonin-
vasive modality like OCT, clinicians now less rely on FFA to rule out macular 
edema.

�Indocyanine Green Angiography

Indocyanine green angiography (ICG) has been used to study the choroidal vascu-
lature. The ICG dye fluoresces at a near-infrared wavelength, making it easily 
detectable through the retinal pigment epithelium. Herbort et al. have studied ICG 
uses in posterior uveitis [40]. In contrast to fluorescein, ICG is almost completely 
protein bound (90%), so the ICG dye does not leak from the normal retinal capillar-
ies, veins, or the arteries. It leaks slowly from the choriocapillaris and impregnates 
the choroidal stroma; however, it does not leak from the choroidal veins or the arter-
ies. Thus, the slow wash-out effect of the ICG dye in the choroid is used to delineate 
the choroidal pathologies [40].

Fig. 9  Dual FFA and ICG of the late phase of the right eye angiograms showing disc hyperfluo-
rescence with areas of hyperfluorescence (white arrows) and corresponding to the areas of choroi-
dal granulomas and ICG showing hypocyanescence (white arrow heads) corresponding to the 
areas of granulomas
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A typical ICG pattern comprised irregularly distributed, hypocyanescent, dark choroi-
dal lesions (Figs. 8, 9 and 10) in the early and intermediate phases of angiography. The 
unique ICG signs of sarcoidosis uveitis were described and classified into four types [41].

First one consists of hypocyanescence in the intermediate phase and iso- or 
hypercyanescence in the late phase. The signs indicate the presence of “active” cho-
roidal granulomas. Second pattern consists of hypocyanescence in the intermediate 
phase, which maintained in the late phase. Corticosteroids show no influence on 
these lesions; they represent “atrophic” changes. Third pattern consists of faint 
staining of choroidal granuloma in the intermediate phase and bright hypercyanes-
cence in the late phase. Fourth pattern consists of clearly hypercyanescence in the 
intermediate phase, which is followed by diffuse zonal hypercyanescence in the late 
phase. Since these two types of staining may represent choroidal vasculitis, treat-
ment with corticosteroids shows considerable effect on these lesions [41].

�Optical Coherence Tomography (OCT)

It is now possible to study chorioretinal as well as vitreous involvement with great 
details using a noninvasive modality: SD – OCT. Various imaging modes on SD 
OCT can be used to study vitreoretinal interface, retina, and choroid layer by layer.

Enhanced vitreous imaging (EVI) helps in better visualization of posterior vitre-
ous cavity [42, 43]. Normal mode OCT is useful for quantification of cystoid macu-
lar edema and to demonstrate subretinal fluid secondary to choroidal granuloma. It 
can also be used to differentiate preretinal nodules or exudates in sarcoidosis from 
intraretinal infiltrate seen in Behcet’s disease. But Goldberg et  al. have reported 
intraretinal hyper-reflective nodules even in sarcoidosis [44].

Fig. 10  Montage FFA of the left eye showing disc leak and diffuse perivascular leak, and ICG 
showing multiple areas of hypocyanescence corresponding to the areas of choroidal granulomas
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Most useful is EDI mode, where choroidal granulomas are seen as homogeneous 
hyporeflective elevated lesions with choriocapillaries thinning (Fig. 11). The hypo-
reflectivity is due to depigmentation and less scattering of light as reported in 
Birdshot retinopathy [45]. Sarcoid granulomas can be differentiated from tubercular 

a

b

Fig. 11  EDI OCT of the left eye in a case of choroidal granulomas secondary to sarcoidosis 
showed well definied hyporelective granuloma (white asterix in figure a). Following treatment 
with systemic steroids and systemic methotrexate repeat OCT after 8 months showed healed 
complete granuloma. (white asterix in figure b)
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by difference in homogenicity due to noncaseating nature of the granuloma [46]. 
Sattler’s medium-sized vessel choroidal layer is disproportionately enlarged in sar-
coidosis compared to tubercular uveitis [47]. In Vogt-Koyanagi-Harada (VKH) dis-
ease, there is diffuse choroidal thickening, whereas in sarcoidosis, choroid is 
thickened at the site of granuloma and appears healthy between granulomas on EDI-
OCT [48]. Sarcoid granulomas have relatively well-defined margins and show more 
hyporeflectivity when compared with tubercular and VKH granulomas. The so-
called increased transmission effects beneath the granuloma can be used to differen-
tiate barely visible granulomas from normal large choroidal vessel lumens [46].

Posterior scleritis can rarely occur in sarcoidosis [49]. EDI OCT frequently 
shows diffuse choroidal thickening with RPE undulation and serous retinal detach-
ment due to transmitted inflammation from inflamed posterior scleral tissue [50]. 
But recurrent posterior scleritis can cause choroidal atrophic changes and may show 
decreased thickness on EDI OCT [51].

Swept source OCT has added advantage over SD OCT in imaging peripheral 
choroidal granuloma of sarcoidosis completely and with greater depth [52].

Sarcoid granulomas immediately after treatment show decrease in size, but 
change in its homogenicity and hyporeflectivity takes a longer time, and after com-
plete resolution, it may show subretinal fibrosis and outer retinal tubulations.

Thus, OCT is not only a noninvasive tool to monitor the inflammation but also 
useful to differentiate sarcoid granuloma from other similar entities.

�OCT Angiography (OCTA)

Sarcoid granuloma is an infiltration of cells which displaces surrounding vascula-
ture of choroid. On OCTA these granulomas are seen as dark spots or flow void 
areas in the choriocapillaries vasculature on OCTA (Fig. 12).

CNVM can be well documented on OCTA. A vascular network can be visualized 
arising from the choroid. It is also possible to locate exact level of involvement by 
changing segmentation margins on the OCTA machine. Regression of CNVM after 
anti-VEGF injections can be better monitored on OCTA rather than repeating inva-
sive procedure of FFA.

In retinal vasculitis lower perifoveal vascular density has been described [53]. 
Current use of OCTA is limited due to small field of view, inability to show vascular 
leakage, and image artifact due to patient movement or blinking.

�Summary and Conclusions of Ocular Imaging in Sarcoidosis

FFA is one of the most useful examinations to detect the retinal findings in patients 
with sarcoidosis. In sarcoidosis, FA can reveal optic disc leak, macular edema and 
focal or diffuse staining and leakage of dye from retinal vessels associated with the 
occlusion of retinal veins or arteries with retinal neovascularization in selected cases. 
ICG reveals useful information of choroidal changes in sarcoidosis. Choroidal 
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involvements of sarcoidosis are characterized by hypocyanescence in the early to 
intermediate phase on ICG. The sign resolves in the late phase when the granulomas 
are fresh/active, however remain unchanged when they are atrophic. OCT helps to 
study the structural alterations of the choroidal granulomas in ocular sarcoidosis. 
OCTA is a new imaging technique with no contrast dye, and it provides en face imag-
ing of all the layers of retina as well as choroid. All these imaging modalities comple-
ment each other to study the structural changes of the eyes in ocular sarcoidosis.
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�Introduction

Vogt-Koyanagi-Harada disease (VKH) and sympathetic ophthalmia (SO) are clini-
cally similar entities consisting of bilateral autoimmune granulomatous intraocular 
inflammation that can present with posterior or panuveitis associated with serous 
retinal detachments and optic disc edema. Later manifestations include Dalen-
Fuchs nodules, sunset glow fundus, chorioretinal atrophy, subretinal fibrosis, and 
choroidal neovascularization. They also share similar theories of pathogenesis, 
which involve activated T-cells targeting uveal tissue [1, 2] and similar major histo-
compatibility antigen (MHC) haplotypes [3].

The most salient distinction between VKH and SO is the history of penetrating 
ocular trauma present in SO, with the uninjured eye acting is the sympathizing eye. 
Other important differences include greater systemic symptoms in VKH such as 
tinnitus, hearing loss, vertigo, meningismus, poliosis, and vitiligo. In terms of epi-
demiology, VKH is more prevalent in certain geographic regions (Asia, Latin 
America, and the Middle East) and in pigmented individuals with a mean age in the 
third decade [4, 5], while SO has no such predilections.

VKH can be divided into four different stages of disease: prodromal, uveitic, 
convalescent, and recurrent. The prodromal phase may present as a viral infection 
lasting anywhere from a few days to a few weeks and may demonstrate neurologic 
manifestations such as headache (82%), meningismus (55%), fever (18%), nausea 
(9%), and vertigo (9%), as well as auditory disturbances [6]. Cerebrospinal fluid 
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(CSF) may show pleocytosis in more than 80% of patients [7]. The uveitic phase 
occurs when patients develop acute ocular symptoms, and findings include bilateral 
granulomatous uveitis with pockets of subretinal fluid, choroidal thickening, optic 
nerve head hyperemia and swelling, vitritis, and anterior segment inflammation 
with mutton fat keratic precipitates, shallowing of the anterior chamber, and moder-
ate intraocular pressure elevation [8, 9]. The convalescent phase occurs weeks to 
months thereafter with depigmentation of the choroid (eventually leading to sunset 
glow fundus over months), perilimbal depigmentation (Sugiura’s sign), Dalen-
Fuchs nodules, vitiligo, and poliosis [8]. Finally, some patients may develop chronic 
repeated bouts of inflammation in the recurrent phase. This may occur 6–9 months 
after initial presentation with complications such as retinal pigment epithelium 
(RPE) proliferation, subretinal fibrosis, choroidal neovascularization, posterior syn-
echiae, cataract, band keratopathy, and glaucoma [8, 9].

SO shares many features in the acute and chronic phases of disease of VKH, but 
does not have as clear delineation between phases nor the extraocular findings. 
Moreover, SO can often start as an insidious mild non-granulomatous anterior 
chamber reaction [10]. SO can occur anywhere from days to years following trauma, 
and thus patients must be made aware of signs and symptoms that could arise after 
their injury.

The diagnosis for these diseases is made on clinical findings rather than serologic 
testing or histopathology. Multimodal imaging is instrumental in aiding in early and 
accurate diagnosis as the differential diagnosis is broad: infectious (tuberculosis, 
syphilis, bacterial, fungal, viral), malignant (intraocular lymphoma, diffuse uveal 
lymphoid hyperplasia, bilateral diffuse uveal melanocytic hyperplasia, monoclonal 
gammopathies), idiopathic (central serous chorioretinopathy, uveal effusion syn-
drome), and inflammatory (posterior scleritis, sarcoidosis, white dot syndromes, 
lupus choroidopathy).

In this chapter, we will review the most updated imaging modalities and their 
response to treatment in VKH and SO.

�Vogt-Koyanagi-Harada Disease

Traditionally, fluorescein angiography (FA) was the primary ancillary test used in 
diagnosing VKH, and in certain countries (Europe, Japan), it was not uncommon to 
perform lumbar punctures to detect CSF pleocytosis. However, advances in optical 
coherence tomography (OCT) along with other imaging modalities such as fundus 
autofluorescence have allowed for non-invasive monitoring of changes to the retina, 
RPE, and choroid [11]. In the acute phase of the disease, OCT is most useful for 
evaluating the increased thickness of the choroid as well as the presence of subreti-
nal fluid and exudative retinal detachments. Fluorescein angiography (FA) in the 
acute stage can demonstrate changes in choroidal perfusion and show pinpoint areas 
of hyperfluorescence and subsequent leakage into the subretinal space. Indocyanine 
green angiography (ICG) allows for evaluation of changes to choroidal perfusion as 
well. Fundus autofluorescence (FAF) is also useful in evaluating changes to the 
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retinal pigment epithelium prior to changes evident on clinical exam. In the conva-
lescent phase of disease, thinning of the choroid is apparent on OCT, as is blocked 
choroidal fluorescence on FA. OCT-enhanced depth imaging (OCT-EDI), ICG, and 
FAF are helpful in the chronic recurrent stage and during treatment, as they demon-
strate subclinical disease in the choroid which can help tailor treatment with corti-
costeroids and immunomodulatory agents.

Although such imaging modalities have helped in diagnosis and monitoring 
response to treatment, it is not clear how often and which imaging modalities should 
be used in acute, convalescent, and chronic recurrent phases of VKH.  It appears 
currently that most uveitis clinics use OCT and FAF during follow-up examinations, 
but further studies must be done to determine their clinical usefulness and appropri-
ate timing for repeat imaging.

�Optical Coherence Tomography (OCT)

Due to its ability to non-invasively identify changes to the retina, RPE, and choroid, 
OCT has become an essential tool in both acute and chronic VKH. Serous retinal 
detachments are a hallmark of acute VKH, such that when seen with bilateral intra-
ocular inflammation, it carries a positive predictive value 100 and negative predic-
tive value of 88.4 for diagnosis of VKH [8]. OCT technology enables identification 
of subclinical subretinal fluid that could otherwise be missed on fundus exam 
(Fig.  1). Furthermore, OCT allows objective measurements of subretinal fluid 
height and area which can be followed throughout the treatment course. Height of 
subretinal fluid on OCT correlates with visual acuity measured at the same visit, but 
does not correlate with resolution time or final visual acuity. Treatment with sys-
temic corticosteroids in the acute phase can lead to reduction of the subretinal fluid 
height to 50% in a week and entire fluid resolution within 2–4  weeks (Fig.  2). 
Presence of choroidal folds and multifocal retinal detachment also correlates with 

Fig. 1  Optical coherence tomography (OCT) of the macula showing subclinical subretinal fluid in 
the acute phase of VKH
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initial visual acuity but not with vision at the 3-month follow-up or time to resolu-
tion of subretinal fluid [12].

There can be macular edema in as high as 40% of patients in the acute stage of 
VKH [13]. This intraretinal fluid appears to be associated with severe dye leakage 
from the RPE on FA [13–15]. Additionally, patients in the acute phase may possess 
subretinal septae associated with exudative retinal detachments that can be seen on 
OCT [13, 16]. It is hypothesized that these subretinal septae are comprised of 
inflammatory products or are actually a separation of the inner and outer segments 
of the photoreceptors with the presence of fibrin among the outer segments [15, 
17–19].

OCT technology has seen considerable advancement since its inception; how-
ever, there have been few direct comparisons among OCT technologies and 
machines. Newer enhanced spectral domain OCT (SD-OCT) imaging has the 
advantage of improved visualization of the ellipsoid zone and external limiting 
membrane (ELM) in acute VKH disease compared to prior modalities (Topcon 
OCT 2000 and Zeiss Stratus) [18]. Comparison between conventional OCT raster 
scans and enhanced depth imaging (EDI) raster scan protocol revealed high agree-
ment between the two when measuring retinal thickness and volume [20]. When 
examining the choroid, SD-OCT instruments across similar generations (Zeiss 
Cirrus HD-OCT 1-line raster, Heidelberg Spectralis EDI, and Optovue RTVue ret-
ina cross) appear similar in their ability to produce accurate and reproducible mea-
surements of choroidal thickness [21]. Based on the literature, SD-OCT technology 
currently provides a good view of the pertinent chorioretinal structures involved in 
the disease process.

Choroidal thickness is increased in the acute phase and decreased in the conva-
lescent phase of VKH, and OCT can accurately reliably quantify these changes 
using various technologies to penetrate deeper into the choroid [22–24]. Mean cho-
roidal thickness of patients with acute disease can be as high as 424–805 μm com-
pared to controls of 287 μm [22, 23]. While in the convalescent phase, choroidal 
thickness is seen as low as 144–273 μm, especially in those eyes with sunset glow 
fundus and long-standing disease [22, 24–27]. The thinning of choroid as measured 
by OCT may reflect either choroidal melanocyte loss and or loss of choriocapillaris, 
which is evidenced by histopathological studies of eyes in the convalescent and 

a b

Fig. 2  OCT showing (a) subretinal (white arrow) and intraretinal (black arrow) fluid on presenta-
tion of acute VKH and (b) resolution of all fluid within 2 weeks of starting high-dose systemic 
corticosteroids
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chronic recurrent phases [28, 29]. Other characteristics of chronic VKH include 
subretinal fibrosis, epiretinal membrane, RPE atrophy, and associated neurosensory 
retina atrophy (Fig. 3).

In response to treatment with systemic corticosteroids, choroidal thickness can 
also see dramatic decrease of greater than 50% by 2 weeks [23, 24]. OCT imaging 
of the choroid can also be used as an indicator of disease recurrence with findings 
of choroidal folds or an increase in choroidal thickness [24, 26]. More recent studies 
have shown that choroidal thickening can be seen even 1 month prior to anterior 
chamber inflammation, emphasizing the importance of repeat OCT imaging in 
VKH patients, especially those with history of recurrent inflammation [30]. Thus, 
OCT can be used to evaluate the stage of disease as well as monitor for tailored 
treatment.

�Fluorescein Angiography (FA)

Fluorescein angiography (FA) is important for evaluating retinal and choroidal 
changes during the different stages of the disease, and it can help differentiate VKH 
from similar disease processes such as central serous chorioretinopathy (CSCR) or 
acute posterior multifocal placoid pigment epitheliopathy (APMPPE). The charac-
teristic findings of acute VKH on FA are multiple deep hyperfluorescent spots and 
late leakage as the dye fills within serous detachments (Fig. 4). There may be optic 
disc hyperfluorescence as well if papillitis is present. However, as the disease pro-
cess progresses to different phases, it may also reveal different findings on FA; thus, 
the phase of disease must be accounted for when interpreting these tests. The con-
valescent stage is marked by spotted hyper- and hypofluorescence and blockage of 
choroidal fluorescence due to retinal pigment epithelial migration. Additionally, 
there can be dot-like hyperfluorescence at the equator which clinically correlates 
with nummular white scars. In the chronic uveitic stage, the most common findings 

a b

Fig. 3  OCT of chronic VKH: (a) subretinal fibrosis and photoreceptor disruption; (b) choroidal 
thinning with associated neurosensory retina, RPE loss, and epiretinal membrane
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are spotted hyper- and hypofluorescence and optic disc hyperfluorescence with 
almost one-fifth of patients showing retinal vascular hyperfluorescence [31]. One 
study noted early pinpoint peripapillary hyperfluorescence on FA only in patients in 
the hyperacute phase (those imaged less than 14 days after onset of symptoms), and 
these patients had significantly higher frequency of disease resolution. It is possible 
that this is a valuable prognostic sign whereby patients who lack this finding may 
indicate a later stage in their disease course and requirement of longer and more 
aggressive treatment [32].

�Indocyanine Green Angiography (ICG)

As the choroid is affected early in VKH, indocyanine green angiography (ICG) can 
reveal diffuse delayed perfusion of the choroid as well as leakage, segmental 
hypercyanescence, and hypocyanescence areas which can be missed on FA (Fig. 5) 
[33, 34]. VKH, along with ocular sarcoidosis, tuberculosis, and birdshot chorioreti-
nopathy, can show similar ICG findings of fuzzy indistinct choroidal vessels and 

a

d

b c

Fig. 4  Fluorescein angiogram (FA) demonstrating characteristic (a–c) early hyperfluorescent 
spots and late leakage in acute VKH. (d) Diffuse pooling on widefield fluorescein angiogram
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diffuse choroidal hypercyanescence, indicating stromal inflammatory vasculopathy 
[35].

ICG can be used to help titrate and taper immunosuppression effectively by 
showing subclinical disease during the treatment course. Lesions not seen on clini-
cal exam or FA but seen on ICG can lead to earlier diagnosis and thus earlier treat-
ment, decreasing the chance of development of chronic recurrent disease [36]. 
Hypocyanescence dark dots can be seen and used as a sign of early recurrence 
when only the anterior segment is involved, and these dots lessen in response to 
treatment [37]. The finding of persistent choroidal inflammation can make the 
duration of immunosuppression longer but results in lower incidence of long-term 
sequelae such as sunset glow fundus [35, 38]. In patients who have high propensity 
of frequent and severe recurrent inflammation, ICG can be a useful tool for peri-
odic monitoring [37].

Fig. 5  Indocyanine green angiography (ICG) revealing fuzzy choroidal vessels and increased 
choroidal hypercyanescence in VKH
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�Fundus Autofluorescence (FAF)

Fundus autofluorescence (FAF) visualizes lipofuscin which accumulates in the reti-
nal pigment epithelium (RPE) and can non-invasively detail areas of RPE dysfunc-
tion and loss. It can be useful in evaluating abnormalities in VKH that are not visible 
on clinical examination, and wide field scans can document the extent of disease.

In the acute phase, FAF shows diffuse increased hyperautofluorescence corre-
sponding to the presence of exudative retinal detachments (Fig. 6a). These resolve 
in 6  months after treatment with high-dose intravenous steroids. However, in 
patients who present later in the acute phase, FAF shows a more diffuse and mottled 
hyperautofluorescence mixed with hypoautofluorescence, as well as lattice-like pat-
terns [39–41].

In the chronic phase, FAF shows both decreased and increased autofluorescence 
patterns. The decreased autofluorescence pattern is related to the loss of RPE and 
involvement of the outer retina in the disease process. Peripapillary atrophy mani-
fests as decreased autofluorescence as do nummular chorioretinal scars (Fig. 6b). 
An increased pattern is related to the development of cystoid macular edema, sub-
retinal fibrosis, and areas of RPE proliferation (Fig. 6c). The appearance of a sunset 

a

b c

Fig. 6  Fundus autofluorescence (FAF) showing (a) increased signal corresponding to areas of 
exudative retinal detachment in acute VKH. Chronic VKH can show both (b) hypoautofluores-
cence in the form of peripapillary atrophy and nummular scars and (c) hyperautofluorescence in 
subretinal fibrosis and RPE proliferation
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glow fundus does not correlate with abnormalities on FAF [11]. Since FAF can 
reflect the health of the RPE, recurrent bouts of inflammation and subclinical inflam-
mation can be evaluated quickly and non-invasively.

�Retinal Electrophysiologic Tests

Electroretinogram (ERG) can assess retinal function in acute and chronic VKH by 
showing diffusely diminished amplitudes and preserved implicit times [42]. 
Multifocal ERG (mfERG) can reveal recovery of macular function (i.e., improve-
ment in latency and amplitude) before treatment and after treatment. However, 
mfERG recovery lags behind visual acuity improvements during testing and macu-
lar function is still significantly decreased compared to normal controls after treat-
ment [43]. ERG may be useful in assessing retinal function in patients for which 
visual acuity cannot be obtained, but there have been no evidenced-based treatment 
regimens based on normalization of ERG.

�Lumbar Puncture

The role of lumbar puncture in the diagnosis of VKH has been controversial. 
Cerebrospinal fluid pleocytosis, a diagnosis possible only by lumbar puncture, was 
included as an original major criterion required for the diagnosis of VKH [44]. The 
revised diagnostic criteria put forth in 2001 required a finding of CSF pleocytosis 
only in the absence of neurological or auditory findings [45]. However, multiple 
studies since have shown that 20–30% of patients diagnosed with VKH do not have 
CSF pleocytosis [46, 47]. The presence of clinical features consistent with VKH, 
especially if characteristic FA findings are present (disc edema, pinpoint hyperfluo-
rescence, late leakage), suggests that CSF pleocytosis and lumbar puncture are not 
necessary for diagnosis but may be reserved for atypical presentations without the 
angiographic features. Finally, CSF pleocytosis cannot be used to differentiate 
among VKH, Lyme disease, neurosyphilis, multiple sclerosis, neurosarcoidosis, 
and Behcet’s disease [47]. The presence of melanin-laden macrophages in CSF, 
however, is a feature of acute VKH and can be used to help narrow the diagnosis in 
these cases [48].

�B-Scan Ultrasonography

When the view to the fundus is obscured by presence of dense vitritis, posterior 
synechiae, cataract, or corneal opacity, B-scan ultrasonography should be utilized to 
help make the diagnosis. The following features on ultrasound are noted to be con-
sistent with the diagnosis of VKH: (1) diffuse, low to medium reflective thickening 
of the choroid posteriorly; (2) serous retinal detachment located inferiorly or in the 
posterior pole; (3) mild vitreous opacities with no posterior vitreous detachment; 

Vogt-Koyanagi-Harada Disease and Sympathetic Ophthalmia



48

and (4) thickening of the sclera and/or episclera posteriorly [49]. Furthermore, 
ultrasonography can also be used to follow response to treatment in the absence of 
a direct view as resolution of these findings occurs with appropriate steroid and 
immunomodulatory treatment.

Ultrasonography, however, must be used carefully to distinguish between several 
different entities such as posterior scleritis, benign reactive lymphoid hyperplasia of 
the uvea, and diffuse melanoma of the choroid. Ultrasonographic features of VKH 
and sympathetic ophthalmia are the same with the distinguishing feature being the 
absence of prior intraocular surgery or ocular trauma in the former.

VKH can also present with elevated intraocular pressure and shallow anterior 
chamber mimicking acute angle-closure glaucoma. However, ultrasound biomi-
croscopy in these cases can demonstrate detachment of the ciliary body and periph-
eral choroidals which resolve with immunosuppressive therapy, thereby 
differentiating the disease process from angle-closure glaucoma [50].

�OCT-Angiography (OCT-A)

OCT-angiography (OCT-A) is a newer imaging modality that allows non-invasive 
viewing of retinochoroidal microvasculature through endoluminal flow changes. It 
is not yet widely available, and its clinical usefulness still being determined in vari-
ous diseases. However, there is recent evidence suggesting that OCT-A flow voids 
in the choriocapillaris are representative of inflammatory foci, which can be used to 
diagnose and follow patients in acute VKH [51]. Furthermore, these true flow voids 
can be differentiated from shadowing effects from overlying subretinal fluid and 
pigment epithelial detachment such as in central serous chorioretinopathy [52].

�Sympathetic Ophthalmia

As sympathetic ophthalmia (SO) is clinically nearly identical to VKH, they share 
many similar aspects in terms of multimodal imaging. Like VKH, SO reveals differ-
ent findings during the acute and chronic phases of disease. However, due to SO’s 
relative rarity, there are less studies and controlled trials examining imaging and 
response to treatment for this condition.

�Optical Coherence Tomography (OCT)

OCT advancements have enabled non-invasive high-resolution imaging of posterior 
structures as deep as the choroid, making it particularly useful for SO. SO in the 
acute phase will reveal serous retinal detachments seen as empty spaces between the 
neurosensory retina and underlying RPE on OCT. Similar to VKH, these spaces 
may contain hyperreflective septa which are unique to these two disease entities. 
Due to the disconnection between photoreceptors and RPE, outer segment shedding 
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can be interrupted resulting in photoreceptor outer segment elongation (Fig. 7a). 
Such alterations can regress and completely disappear if prompt therapy is started 
(Fig. 7b) [53]. Conversely, long-standing fluid can lead to cystoid macular edema 
formation and loss of photoreceptor function, similar to what is described in chronic 
central serous chorioretinopathy [53, 54].

OCT examination of the choroid also reveals changes resembling VKH: massive 
thickening, folds, and loss of the physiological architecture of the choroidal layers 
[55]. Dalen-Fuchs nodules can be captured and followed by OCT as they evolve, 
initially appearing as round hyperreflective areas located at the level of the outer 
retina and then regressing in response to therapy. Disruption of the RPE and outer 
retinal bands associated with the Dalen-Fuchs nodules may or may not recover with 
therapy [56]. During the chronic phase of SO, choroidal thinning and atrophy may 
be seen on OCT, but further studies are needed to confirm the reproducibility of 
these findings [57].

a

b

Fig. 7  OCT showing features of acute SO: (a) significant intraretinal fluid with elongation of 
photoreceptors (white arrow) and small pockets of subretinal fluid (black arrows). (b) Resolution 
of intraretinal fluid within 1 week of starting systemic corticosteroids but with residual subretinal 
fluid (black arrow)
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�Fluorescein Angiography (FA)

In the acute phase of SO, two distinct fluorescein angiography (FA) patterns are 
seen. The most frequent pattern is virtually identical to that of acute VKH with dif-
fuse pinpoint hyperfluorescent spots at the level of the RPE with late leakage 
(Fig. 8a). The spots may coalesce as the dye fills under focal serous retinal detach-
ments in severe cases, and there may be a hyperfluorescent disc even in the absence 
of clinically apparent papillitis [58]. In response to treatment, the hyperfluorescent 
spots are expected to see improvement. Additionally, disc leakage and petalloid 
leakage due to macular edema may also improve [59].

The second FA pattern is similar to what is seen in acute posterior multifocal plac-
oid pigment epitheliopathy (APMPPE) with hypofluorescent foci during the early 
phase that become hyperfluorescent and stain late (Fig.  7b). However, unlike 
APMPPE, these lesions are slightly elevated, may have a mottled appearance, and 
likely represent Dalen-Fuchs nodules or inflammatory cells extending from the cho-
roid [60, 61].

In the chronic phase of SO, FA findings are more variable depending on the pres-
ence of complications (Fig. 8b). Nummular scars and chorioretinal atrophy reveal 
window defects [61]. Subretinal fibrosis reflects proliferated metaplastic RPE which 
will hyperfluoresce and stain late [62]. Choroidal neovascularization is rare in 
chronic SO but would show dye leakage.

�Indocyanine Green Angiography (ICG)

Indocyanine green angiography (ICG) is a useful adjunct to FA as it better images 
the choroid, which is a primary site of involvement in SO. Most commonly, ICG 
will reveal multiple hypocyanescence spots that correspond to hypercyanescence 
spots on FA. But as the ICG study progresses into later phases, the hypocyanes-
cence spots may behave differently, giving clue to what type of lesions are involved. 
If the spots persist or become more prominent, they most likely represent areas of 
chorioretinal atrophy and cicatrization, which also correspond to yellow atrophic 
areas on fundus examination. On the other hand, if the hypofluorescent spots fade 
in the late phase, they are interpreted as areas of active choroiditis [63, 64]. 
Hypotheses of what these spots are include cellular infiltration, blockage from sub-
retinal fluid, or Dalen-Fuchs spots, the last of which has been correlated by histo-
pathology [65]. As such, these spots may attenuate or disappear after corticosteroid 
treatment [63, 64]. However, one study found that although the hypocyanescence 
spots disappear in the intermediate phase with corticosteroid treatment, they reap-
pear in the late phase of ICG, possibly due to atrophy showing through underneath 
the resolving Dalen-Fuchs nodules [66].
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�Fundus Autofluorescence (FAF)

In acute disease, FAF may show hyperautofluorescence in areas of serous retinal 
detachment, suggesting increased metabolic activity and dysfunction of RPE 
(Fig. 9). These areas may evolve into speckled areas of hyper- and hypoautofluores-
cence described as “leopard spots” after subretinal fluid resorbs [67]. In chronic 
cases of SO, one would expect mixed findings of hypo- and hyperautofluorescence 
as described in the VKH FAF section due to their clinical and histopathological 
similarities; however, there are limited studies reporting application of FAF in SO 
to support this. Herein are images of chronic SO developing increasing areas of 
hypoautofluorescence as peripapillary atrophy and nummular scars progress over 
5 years in the same eye (Fig. 10).

a

b

Fig. 8  Fluorescein angiogram (FA) patterns seen in acute SO include (a) multiple pinpoint hyper-
fluorescent dots and disc hyperfluorescence; and chronic SO may reveal (b) patchy areas of hypo-
fluorescence corresponding to chorioretinal atrophy
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Fig. 9  Fundus 
autofluorescence (FAF) of 
acute SO revealing 
hyperautofluorescence 
corresponding to areas of 
exudate retinal detachment

Fig. 10  Fundus 
autofluorescence (FAF) of 
chronic SO showing 
progression of 
hypoautofluorescent areas 
corresponding to 
peripapillary atrophy and 
nummular scars over 5 years 
in the same eye
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�B-Scan Ultrasonography

B-scan ultrasound can reveal diffuse choroidal thickening in the posterior pole due 
to choroidal inflammation and non-granulomatous infiltration [53]. It is particularly 
useful in cases where cataract, posterior synechiae, corneal opacities, and other 
pathologies preclude a view of the fundus.
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�Introduction

Multifocal choroiditis (MFC), acute posterior multifocal placoid pigment epitheli-
opathy (APMPPE), Punctate Inner Choroidopathy (PIC), multiple evanescent white 
dot syndrome (MEWDS), serpiginous choroiditis (SC), multifocal serpiginoid cho-
roiditis (MSC), birdshot retinochoroidopathy (BRC), and acute zonal occult outer 
retinopathy (AZOOR) are rare intraocular inflammatory disorders which are grouped 
under a clinical term of “white dot syndromes.” These syndromes manifest variably 
with repeated bouts of multifocal retinal and choroidal inflammation and a primary 
pathologic process that occurs at or near the choroid, the retinal pigment epithelium 
(RPE), and the outer retina. Their etiology is generally not known, but it is suggested 
to be either a vasculitic occlusion of the choriocapillaris with secondary ischemia or 
infarction of the overlying RPE and photoreceptors or an immunologic response 
directed at the RPE with secondary damage to adjacent choriocapillaris and outer 
retina. The immunologic trigger for such immune activations is generally unknown.

The lack of knowledge about the pathogenesis is reflected in the descriptive 
names of these entities. Despite overlapping clinical features, the unique pattern of 
chorioretinitis initiation and propagation, association with systemic or local inflam-
mations/infections, genetic predisposition, response to specific treatment modali-
ties, and long-term course of the disease help to subclassify white dot syndromes to 
unique clinical entities as MFC, APMPPE, PIC, MEWDS, SC, MSC, BRC, and 
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AZOOR. In this chapter, we will focus on more common clinical conditions with 
multifocal inflammatory lesions. Differentiation of these uveitis conditions is vital 
for preservation of vision as treatment approaches often vary drastically among 
them. A summary of clinical and imaging manifestations will be discussed (Tables 
1 and 2).

�Multifocal Choroiditis and Pan Uveitis

Clinical features and differential diagnosis. Multifocal choroiditis (MFC) is a bilat-
eral, chronic, recurrent posterior uveitis characterized by discrete round chorioreti-
nitis lesions at and around the macula in the absence of identifiable infectious 
(tuberculosis, syphilis, histoplasma capsulatum infection) or systemic inflammatory 
(sarcoidosis) condition. Patients are predominantly female and young who usually 
present with decreased vision and photopsia in one or both eyes. The clinical hall-
mark of MFC includes a variable number of 200–1000 μm, yellow-white chorioreti-
nal inflammation spots distributed in the posterior pole and the equatorial area, 
sometimes in a linear arrangement (Fig.  1) [1]. They usually appear in different 
stages of development and, when detected in the active stage, are usually at the level 
of RPE and surrounded by swelling of overlying retina. Healed lesions are sur-
rounded by variable pigmentation or subretinal fibrosis and appear atrophic or 
punched out. Anterior chamber and vitreous inflammation varies from mild to 
severe [2, 3]. Choroidal neovascularization arising from the lesions or optic nerve 
head occurs in about one third of the eyes and may be the presenting feature of the 
disease [4]. Permanent visual loss may develop if focal chorioretinitis lesions or 
secondary CNV involve the fovea (Fig. 2). Anecdotal reports indicated association 
with Epstein-Bar virus and sarcoidosis, but the underlying etiology remains 
elusive.

Episodes of active chorioretinitis lesions may resolve spontaneously or follow-
ing the administration of immunosuppressive agents [4]. General rules for the use of 
systemic immunosuppressive regimen in uveitis applies for the use of such medica-
tions in MFC: inflammation activity, frequency and distribution of the new lesions, 
and development of complications such as CNV direct systemic immunosuppres-
sive regimen.

Diagnosis. The diagnosis of MFC is based on the clinical presentation pattern 
and the distribution and the extent of the lesions. Imaging modalities define and 
document the extent of the disease and its complications such as foveal involvement 
and CNV. Laboratory tests to rule out infectious and systemic inflammatory causes 
of choroiditis should be requested. Clinical spectrum and respective prognosis may 
vary from patients with minimal vitreous inflammatory reaction and small punched 
out lesions (punctate inner choroidopathy – PIC) to patients with severe intraocular 
inflammation (multifocal choroiditis and panuveitis syndrome – MFCPU).

Imaging modalities. Color fundus photography is the traditional way to docu-
ment the healed scars and active new lesions. Widefield imaging modalities are 
now more often utilized (Fig. 3). New active lesions appear as a grayish-yellow 
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swollen retinal spot with or without surrounding edema and subretinal fluid. In 
fluorescein angiography (FA), active lesions are highlighted with their early 
hypofluorescence and late hyperfluorescence. The healed lesions, depending on 
the amount of atrophy or hyperpigmentation, is typically seen as window 
defects, blockage from pigment clumps, and late marginal staining. Examining 
FA images may be necessary for the diagnosis of CNV where leakage is noted. 

a b

c d

e f

Fig. 1  Idiopathic multifocal choroiditis (MFC) in a middle-aged white woman. Right and left eye 
color photographs (a and b) and corresponding fundus autofluorescence images (c and d) demon-
strate multiple, round, atrophic lesions associated with pigment alterations in the posterior pole. 
Unlike serpiginous choroiditis, lesions do not originate from peripapillary area. The size and dis-
tribution of the lesions further indicate MFC.  Spectral domain-optical coherence tomography 
scans (e and f) show outer retinal destruction and pigment migration to the outer retina correspond-
ing to healed chorioretinal lesions. (Part of the figure reproduced with permission from Nazari 
Khanamiri [6])
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Similarly, indocyanine green angiography (ICGA) identifies active lesions with 
initial hypocyanescence and late hypercyanescence. In addition, ICGA may 
reveal hypocyanescent patches of subclinical lesions that are not visible by reti-
nal fundus examination or FA.

a b

dc

e

Fig. 2  A 41-year-old male with idiopathic multifocal choroiditis (MFC) presented with an acute 
decrease in vision due to the development of subfoveal choroidal neovascular membrane (CNV). 
The patient was previously treated for wet age-related macular degeneration. Multifocal nature of 
the lesions is more easily seen in fundus autofluorescence (FAF-c and d) compared to color fundus 
photography (a and b). Subretinal blood (white arrow) indicates the development of CNV, and 
optical coherence tomography scan (e) revealed subfoveal hyperreflective material along with a 
small amount of subretinal fluid
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In optical coherence tomography (OCT), active lesions are identified as retinal 
ellipsoid zone disruption, subretinal infiltrations, sub-RPE elevations, dehiscence of 
the RPE, increased transmission of the OCT signal beyond the RPE band, and cho-
riocapillaris hyporeflectivity (better seen in enhanced depth-OCT – see below) [5]. 
It is noted that retinal hyperreflectivity is full thickness in MFC and partial thickness 
in SC, but this is likely related to the severity and depth of inflammation in relation 
to outer retinal layers. More severe inflammation closer to the RPE may cause full-
thickness retinal hyperreflectivity, and less severe inflammation may be only associ-
ated with outer retinal disturbances (Figs. 1 and 2) [6]. OCT is frequently used to 
monitor the evolution of active lesions as they heal and for the detection of compli-
cations such as CNV.  As active lesions heal, the reflectivity of overlying retinal 
inflammation decreases and becomes less homogeneous. Depending on the severity 
of initial inflammation and the sufficiency of anti-inflammatory treatment, outer 
retinal hyperreflectivity of active lesions may turn to (1) localized outer retinal atro-
phy and loss of ellipsoid zone or (2) reconstitution of normal outer retina.

The development of CNV is often corroborated by studying OCT, FA, and fun-
dus autofluorescence (FAF) (multimodal imaging). Typically, secondary CNV is 

a b

c d

Fig. 3  Widefield pseudocolor fundus photography (a and b) and widefield fundus autofluores-
cence imaging (c and d) of idiopathic multifocal choroiditis (MFC). Fundus autofluorescence 
more readily identifies the extent of atrophic lesion compared to fundus photography
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identified with early hyperfluorescence and late leakage in FA along with intra- or 
subretinal fluid adjacent to the lesion in OCT scans. In OCT scans, sub-RPE or 
subretinal hyperreflectivity may represent CNV. 

Enhanced depth-optical coherence tomography (EDI-OCT) allows detailed visu-
alization of choroidal morphology. EDI-OCT may not only increase the clinician’s 
insight into the process of uveitis involving the choroid, but it could also provide 
supportive information about the activity of the disease and guide the treatment and 
follow-up plan [7]. Choroidal vascular layer thickness and morphology including 
choriocapillaris structure and reflectivity, as seen in EDI-OCT, has been used as a 
proxy marker for blood flow and thus severity and/or activity of the choroidal 
inflammation. Correlation of EDI-OCT findings with ICGA has given a broader 
insight into the process of choriocapillaris inflammation and resulting ischemia in 
MFC and serpiginous choroiditis [7]. Choriocapillaris hypoperfusion seen in ICGA 
manifests as a thickened and hyporeflective choriocapillaris layer in EDI-OCT [7]. 
This may be accompanied by hyperreflectivity of the overlying retina depending on 
the severity of the hypoperfusion. Invernizzi et al. presented cases where lesions 
with overlying outer retina reflectivity resulted in outer retina atrophy but those 
without signs of inflammation of overlying retina recovered with no retina sequela 
in OCT [7]. The healing of active lesions with leaving an atrophic scar results on 
reconstitution of isoreflective choriocapillaris in EDI-OCT, but ICGA hypocyanes-
cence remains. However, in the lesions that heal with no scar (restitutio ad  inte-
grum), choriocapillaris flow (as seen in ICGA) returns to normal [7].

Fundus autofluorescence is a noninvasive imaging system that is mainly used to 
show the integrity and function of the RPE layer. FAF signals originate mostly 
from lipofuscin molecules in RPE. Active lesions of MFC show hyperautofluores-
cence about 2–5 days after the clinical appearance of the lesions. The autofluores-
cence of the lesions decreases gradually as they progress to atrophic scars and 
become less active (Figs. 3 and 4). While FAF is helpful in delineating the lesions, 
the diagnostic and prognostic utility of this information is not clear [8]. Patients 
with MFC may demonstrate an enlarged blind spot in visual field testing. 
Electroretinography (ERG) and electrooculography (EOG) signals are usually nor-
mal indicating the localized nature of multifocal choroiditis lesions. Quantification 
of retinal sensitivity and fixation pattern by microperimetry may offer new data 
about the impact of the disease on visual function [9].

Optical coherence tomography angiography (OCTA) is an evolving noninva-
sive imaging tool that allows visualization of the retinal and choroidal microvas-
culature. OCTA delineates vascular blood flow without any dye injection based on 
split-spectrum amplitude-decorrelation angiography and/or “en face” OCT-
derived techniques. Multiple recent publications have shown OCTA findings of 
chorioretinal inflammatory disease in correlation with other imaging modalities in 
the diagnosis and monitoring of active inflammatory lesions and their complica-
tions such as CNV.  Being a  noninvasive and dyeless rapid image acquisition 
method is the major advantage of OCTA compared to conventional angiography 
methods. In addition, stratification of retinal and choroidal vascular network that 
allows better localization of the plane of the lesion is possible with OCTA. Active 
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MFC lesions show loss of homogeneity of the choriocapillaris network in 
OCTA. The loss of the choriocapillaris network returns to normal with appropri-
ate treatment in about 4 weeks. Zahid et al. showed that 83% of the lesions in 
MFC contain CNV [5]. CNV was observed with higher frequency in subretinal 
lesions compared to sub-RPE lesions [5]. A limitation of current OCTA imaging 
systems is their inability to show the leakage. Thus, it is generally difficult to 
identify active leaking CNV lesions solely based on OCTA. Other limitations of 
the available OCTA devices include projection artifacts, poor signal strength, 
motion artifacts, segmentation errors, and flow masked by overlying material 
reducing signal penetration.

�Serpiginous Choroiditis

Clinical features and differential diagnosis. Serpiginous choroiditis (SC) is a poste-
rior uveitis characterized by a geographic pattern of choroiditis extending from the 
peripapillary area and spreading intermittently to the periphery [6]. SC usually 
involves both eyes of otherwise healthy, middle-aged individuals. There is no famil-
ial or ethnic predilection, though women are involved slightly more frequently. The 
disease may cause severe and permanent visual loss if inflammatory lesions involve 
the fovea [6].

a b c

d e f

Fig. 4  Montage color fundus photography (a and b) and widefield fundus autofluorescence imag-
ing (d and e) of the same patient with idiopathic multifocal choroiditis (MFC) shown in Fig. 3. c and 
f denotes magnified view of the area marked in b and d showing areas of RPE damage (black arrow)
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Pathogenesis of SC is unclear, but based on limited histopathologic studies showing 
inflammatory infiltrate in the choroid, favorable response to immunosuppressive treat-
ment, and the absence of association with systemic or local infectious or noninfectious 
diseases, an autoimmune inflammation directed at the RPE or choroidal vessels or both 
is the likely primary event. The underlying specific trigger for this inflammatory pro-
cess is unknown [6]. On the other hand, patients with a history of exposure to tubercu-
losis may present with fundus lesions simulating SC. The condition often referred as 
tuberculosis-associated multifocal serpiginoid choroiditis (TB-MSC) shows evidence 
of previous exposure to tuberculosis and/or the presence of mycobacterial DNA in the 
aqueous humor. Other infectious agents such as HSV, VZV, and syphilis may cause 
similar multifocal serpiginoid choroiditis (MSC) lesions. Chorioretinal lesions of MSC 
are more likely to be multifocal and originate or extend to the retinal periphery [6]. The 
distinction between SC and MSC is crucial as the treatment for the latter should include 
specific antimicrobial agents in addition to immunosuppressive treatment. As clinical 
features are often inconclusive and tissue diagnosis is not practical, identification of the 
pattern of retinal and choroidal involvement as seen by multimodal imaging studies 
along with specific laboratory tests to rule out infectious etiologies play a crucial role 
in the differentiation of SC and MSC. In addition, diagnostic and imaging modalities 
often help with early detection of the reactivation of inflammation and the development 
of complications such as CNV.

Diagnosis. Laboratory tests are often requested to differentiate SC from mimick-
ing MSC lesions in patients with a possibility of exposure to mycobacterium tuber-
culosis, HSV, VZV, and syphilis. Clinical and multimodal imaging patterns of 
chorioretinal lesions are indispensable for the differentiation and follow-up. SC 
may manifest with irregular serpentine or helicoid choroiditis, typically starting at 
the juxtapapillary area, grayish yellow discoloration of the retina, minimal vitreous 
inflammatory cells, and recurrences of the lesions at the margins of the healed scars 
(Fig. 5). Retina and RPE outside the areas of active or healed lesions appear normal, 
and examination of the other eye may show similar atrophic lesions. The intermit-
tently advancing choroiditis can usually be stopped with aggressive anti-
inflammatory treatment with corticosteroids and immunomodulatory agents.

FA delineates early hypofluorescence and late speckled hyperfluorescence of the 
active lesions that often develop at the borders of previously scarred areas. These 
atrophic inactive lesions show a well-defined patch of hypofluorescence caused by 
a combination of loss of retinal and choroidal vasculature and blockage from hyper-
pigmentation. Choroidal nonperfusion seen in ICGA indicates active or subclinical 
lesions that may be more extensive than clinically visible retinal lesions. As the 
choriocapillaris layer is the presumed site of inflammation, ICGA or OCTA may be 
the preferred imaging modality for following and monitoring the patients with SC 
[10, 11]. In ICGA and OCTA, choroidal nonperfusion of active lesions, seen as dark 
patches bordering atrophic areas, is usually larger than the corresponding retinal 
lesions [11]. In addition, subclinical lesions of inflammatory choriocapillaropathies 
maybe detectable with ICGA or OCTA even when signs of active inflammation are 
absent [11, 12]. In a study of six eyes with SC, OCTA showed choroidal hypoperfu-
sion in all eyes and helped to identify a CNV lesion that was not detected on FA 
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[13]. In another study of 18 eyes with TB-MSC, Mandadi et al. detected patches of 
choriocapillaris flow void suggestive of focal hypoperfusion, especially in the 
chronic phase [14]. The choriocapillaris hypoperfusion areas corresponded well 
with the hypocyanescent patches seen in ICGA.  The authors suggested that the 
areas of choriocapillaris atrophy appeared better defined on OCTA compared with 
ICGA. Choriocapillaris atrophy as seen by OCTA correlated well with EDI-OCT 
(Fig. 6) [14].

FAF is an excellent tool for evaluation of disease burden and extent of lesion. 
Widefield FAF is particularly valuable for showing the peripheral lesions. Active 
lesions may demonstrate hyperautofluorescence which usually appear few days 
after the earliest ICGA indications of a new lesion. These hyperautofluorescent 
areas usually appear at the edge of old scars. Healed lesions usually have a granular 
iso-/hypoautofluorescence appearance (Fig. 5) [6].

a b

c d

Fig. 5  Serpiginous choroiditis (SC). Note that the lesions originate from the peripapillary area and 
extend in a serpentine manner to macula and periphery (a and b). New activation (red arrow) starts 
at the margins of old scars (black arrow). Fundus autofluorescence (c and d) indicates the hyperau-
tofluorescence of active lesions (white arrow) in contrast to hypoautofluorescence of the old scars
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�Birdshot Retinochoroidopathy

Birdshot retinochoroidopathy is a chronic bilateral posterior uveitis with charac-
teristic retinal hypopigmented lesions, ¼–½ disc diameter in size and clustered 
around the optic nerve, radiating toward the periphery. The lesions almost always 
involve inferior and nasal peripapillary area (Fig. 7). The disease has a strong 
association with HLA-A29 and is thought to be due to autoimmunity to retinal S 
antigen. Most patients experience a gradual decline in visual acuity due to cys-
toid macular edema and retinal atrophy. Treatment includes immunomodulatory 
therapy for chronic disease and oral or intravitreal corticosteroids for acute 
flare-ups.

Fluorescein angiography features of active disease include disc hyperemia and 
an initially hypofluorescent lesions with subtle late staining (Fig. 7). In addition, 
cystoid macular edema and vasculitis may indicate active disease. ICGA may reveal 
more fundus lesions with early and late hypocyanescence (Fig. 7). Electrophysiology 
studies (30 Hz flicker implicit time in particular) are valuable for evaluating the 
adequacy of immunomodulatory treatment.

a

c d

b

Fig. 6  Fundus photography (a) and optical coherence tomography angiography (OCTA-b to d) of 
a patient with tuberculosis-related multifocal serpiginoid choroiditis (TB-MSC). While superficial 
(b) and middle (c) retinal vascular plexus are mostly undisturbed, choriocapillaris slab (d) shows 
patchy areas of choriocapillaris hypoperfusion. (Images courtesy of Dr. Debarshi Mustafi)
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a b

c d

e

g

f

Fig. 7  Birdshot retinochoroidopathy (BRC) is characterized by multiple round oval lesions com-
monly seen at least in inferior and inferonasal retina (a and b). FA (c and d) may show disc hyper-
fluorescence and peripheral vasculitis. ICGA (e) may show hypocyanescent spots as an indicator 
of subclinical lesions not detected by clinical examination and other diagnostic modalities. 
Widefield imaging (f) is indispensable for evaluating peripheral vasculitis. OCT scan (g) did not 
show cystoid macular edema (that may indicate disease activity) in this patient
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OCT may show retinal and choroidal thinning in individuals with active and 
inactive diseases. Active lesions in OCT present with thinning and loss of normal 
architecture of outer retina along with the presence of outer retinal hyperreflective 
foci [15]. Decreased choroidal reflectivity as seen in EDI-OCT may indicate disease 
activity in contrast to inactive disease that may show increased choroidal reflectivity 
[15]. In addition, focal hyperreflective foci, thinning or absence of Sattler’s layer, 
and generalized thinning may be seen in the choroid.

FAF abnormalities are present in about 80% and macular FAF lesions are pres-
ent in about 50% of the eyes with BRC suggesting FAF as a valuable tool for long-
term structure/function correlation in patients with BRC [16]. In addition, the 
presence of macular confluent hypoautofluorescence is shown to be associated with 
lower vision [16]. However, the utility of FAF signal changes in identifying active 
inflammation, disease progression, or monitoring of patient responses to therapy 
has not been clearly shown [16, 17].

In an OCTA analysis of 64 eyes from 32 patients with BRC, capillary loops 
(58%), telangiectatic vessels (44%), increased intercapillary spaces (52%), altered 
vascular architecture (53%), and rarefication of C-scans (63%) were detected in 
retinal layers. It was also shown that decreased retinal vascular density and altered 
vascular architecture in superficial and deep capillary layers significantly correlated 
with disease activity [18].

�Acute Posterior Multifocal Placoid Pigment Epitheliopathy 
(APMPPE)

Clinical features and differential diagnosis. Acute posterior multifocal placoid pig-
ment epitheliopathy (APMPPE) is another rare inflammatory choriocapillaropathy 
with unknown etiology that manifests with photopsia, decreased vision, paracentral 
scotoma, or metamorphopsia in an otherwise healthy middle-aged person [19]. 
Frequently, a flu-like prodrome precedes the ocular presentation. No gender or eth-
nic predilection is reported. Typically, anterior segment inflammation is minimal, 
and retinal examination reveals multiple creamy or yellow-white subretinal plaque-
like lesions with indistinct borders and ½–1 disc diameter in size [20]. The disease 
is usually self-limited, and visual recovery occurs in 4–8 weeks. Individual chorio-
retinal lesions fade in 1–2 weeks, and new lesions appear in a course of 3–4 weeks. 
Choroidal atrophy and RPE mottling and atrophy may be left in the wake of active 
lesions. Visual outcome is generally favorable with recovery of vision to baseline in 
most patients. In a small fraction of patients with foveal involvement or in the pres-
ence of complications such as CNV, visual loss may be permanent. Recurrences 
may be seen in almost half of the patients over time.

The retinochoroidal lesions of APMPPE are believed to be either (1) a focal 
inflammation at the level of the RPE associated with secondary inflammatory dam-
age to overlying outer retina and occlusion of underlying choriocapillaris or (2) a 
vasculitis process primarily involving terminal choriocapillaris lobules causing 
interruption of choroidal perfusion that results in an ischemic-inflammatory damage 
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to the overlying RPE and photoreceptors. The inciting source of these inflammatory 
processes is not known. Association with HLA-B7 and HLA-DR2 haplotypes in a 
fraction of patients supports an immune driven mechanism. In addition, infrequent 
associations with systemic vasculitis have been also reported [21, 22].

Clinical resolution can be observed in most cases without therapeutic interven-
tion. However, in cases with severe ocular inflammation/subretinal exudation or in 
the presence of neurologic manifestations (such as headache or focal neurologic 
deficits), systemic corticosteroids with gradual taper are shown to be beneficial.

Diagnosis. Diagnosis of APMPPE is suggested with typical clinical presentation 
and is supported with imaging studies. The disease is frequently bilateral, and 
lesions are typically seen in various stages of evolution. Active inflammatory lesions 
resolve in weeks leaving circumscribed areas of RPE alterations. Early-phase hypo-
fluorescence and late-phase staining lesions are typically seen in FA imaging of the 
acute lesions. Inactive lesions typically show hyperfluorescence resulting from win-
dow defect from RPE atrophy [23]. Active and healed lesions show hypocyanes-
cence in ICGA likely from disturbed perfusion in an inflamed capillary bed [24].

OCT demonstrates outer retinal inflammation with dome-shaped disruptions of 
the ellipsoid zone and hyperreflectance of the overlying retinal layers [25, 26]. As 
the lesions heal, outer retina dome-shaped lesions flatten, and hyperreflectivity 
gradually resolves leaving outer retina thinning [25]. In a few months, outer retina 
partially reconstitutes the ellipsoid band, but RPE often remains irregular.

FAF imaging shows isoautofluorescence or hypoautofluorescence corresponding 
to acute lesions. Hypoautofluorescent areas may be due to the blocking effect of 
overlying retinal edema or direct RPE damage with decreased lipofuscin produc-
tion. After resolution, lesions show irregular increased autofluorescence likely due 
to lipofuscin accumulation in the RPE and photoreceptor outer segments.

OCTA is a dyeless imaging tool to help to understand the pathophysiology of the 
disease and monitor retinochoroidal inflammation and response to treatment. 
Observing the evolution of lesions from acute to subacute and to healed stages with 
OCTA shows choriocapillaris and deep choroidal hypoperfusion in acute lesions [13, 
27] and choroidal reperfusion in subacute and healed stages of the lesions [13, 27–29]. 
Heiferman et al. showed that the choroidal perfusion in healed lesions shows distinct 
small vascular channels with intervening no-flow zones, which appeared differently 
compared with surrounding unaffected zones of the choriocapillaris [27]. The preser-
vation of medium-sized choroidal vessels in the choriocapillaris layer may explain 
recovery of vision in APMPPE [27]. In addition, choroidal hypoperfusion patches 
outside the clinically apparent chorioretinitis lesions are reported in APMPPE and 
BCR [27, 30]. This is unlike more limited choroidal hypoperfusion patterns seen only 
at the clinically evident lesions in MEWDS and POHS [30] and may indicate a more 
widespread inflammation in APMPPE and BCR. Superficial and deep retinal capil-
lary networks are less defined with OCTA, but retinal vascular density and diameter 
are shown to decrease in uveitic eyes compared to normal control retinas [31].

Adaptive optics scanning laser ophthalmoscopy (AOSLO) imaging systems cor-
rect for higher-order aberrations of the cornea and lens and improve the image reso-
lution of the retina up to 2–3  μm enabling visualization of individual cone 
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photoreceptors [32]. Roberts et al. studied the photoreceptor layer with AOSLO and 
SD-OCT in patients with APMPPE. AOSLO showed hyporeflectivities and loss of 
photoreceptor in subacute lesions. These hyporeflectivities corresponded to outer 
retinal irregularities seen in SD-OCT. Follow-up exams showed partial recovery of 
these hyporeflectivities along with the recovery of outer retinal layers in SD-OCT. In 
inactive lesions, diffuse hyper- and hyporeflective areas seen on AOSLO corre-
sponded to hyper- and hypopigmented areas observed clinically. In areas of pig-
mented scarring, AOSLO showed loss of visible photoreceptors [32].

�Multiple Evanescent White Dot Syndrome (MEWDS)

Clinical features and differential diagnosis. MEWDS is a white dot syndrome that 
often involves one eye in healthy female aged 15–50. Patients usually present with 
a prodrome of photopsia, dyschromatopsia, and temporal or paracentral scotoma 
before an acute painless drop in vision. The disease is typically self-limited, and 
complete visual recovery with no recurrence is a rule. Anterior segment inflamma-
tion is mild if present, and fundus examination shows 25–50 flat, gray-white lesions 
(100–200 micrometers - smaller than the lesions of APMPPE) at the level of outer 
retina and RPE in the posterior pole. The fovea typically appears granular, but the 
chorioretinal lesions do not usually involve the foveal center. Optic disc edema, 
mild posterior vitreous cells, retinal venous sheathing, and superficial retinal hem-
orrhages may be seen in some patients. Some patients may have a relative afferent 
pupillary defect and an enlarged blind spot. The pathogenesis of MEWDS is 
unknown. Infectious activation of the immune system may be the mechanism given 
that about one third of the patients report a viral prodrome. Hormonal status may 
contribute to the disease given female predominance.

MEWDS lesions resolve in 3–10  months, and patients recover their baseline 
visual acuity. Therefore, no treatment is recommended for patients with 
MEWDS. Retinal lesions usually resolve without visible scar. Scotoma and enlarged 
blind spot may persist longer and may not resolve in some patients. Recurrences 
rarely occur. A small proportion of patients may develop choroidal neovasculariza-
tion that needs treatment with intravitreal anti-vascular endothelial growth factor 
agents.

Diagnosis. Typical clinical presentation and imaging features of the retinal 
lesions support the diagnosis (Fig. 8). FA reveals early punctate hyperfluorescent 
lesions in a wreath-like pattern that stain in late phases. This is in differentiation to 
slightly larger lesions of APMPPE where early hypofluorescence is followed by late 
hyperfluorescence. Optic nerve head and retinal vascular staining maybe seen in 
some patients with MEWDS. Early and late hypocyanescence characterize acute 
lesions in ICGA [33]. These hypocyanescent spots may outnumber the clinical 
lesions.

Fundus autofluorescence (FAF) shows hyperautofluorescent dots corresponding 
to the lesions seen in fundus exam [33]. FAF may be the most practical ancillary test 
to follow the patients with MEWDS.
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Fig. 8  Multiple evanescent white dot syndrome (MEWDS) . (a) Color photography of the left eye 
showing temporal disc edema and multifocal white lesions in the temporal midperiphery. (b) 
Fundus autofluorescence showing multiple hyperautofluorescent areas. (c) Optical coherence 
tomography angiography showing areas of photoreceptor slab blackout corresponding to areas of 
ellipsoid zone disruption and, in the bottom left corner, the OCT B-scan showing OCTA segmenta-
tion lines. (d) En face OCT showing hyporeflective areas at the level of ellipsoid zone with hyper-
reflective dots in the outer nuclear layer. (e) SD-OCT demonstrating disruption of the ellipsoid 
zone and a subfoveal accumulation of a hyperreflective material. (Reproduced with permission 
from Veronese et al. [33])
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OCT reveals focal discontinuities of the ellipsoid zone and the deposition of 
refractile material between RPE and outer retina (Fig. 8). Recurrent episodes are 
rare and may show outer nuclear layer thinning.

OCTA shows patchy loss of the capillary plexus at the photoreceptor and chorio-
capillaris slabs (Fig. 8) [33]. In an observation by Veronese, the patchy loss of pho-
toreceptor and choriocapillaris vasculature corresponded with areas of ellipsoid 
zone disruption in OCT and choriocapillaris blackout areas in ICGA [33]. In a sepa-
rate observation, choriocapillaris hypoperfusion in OCTA correlated well with clin-
ically observed pathology in MEWDS, but in APMPPE and BCR, they were more 
widespread [30].

Acknowledgment  We would like to thank Austin Nakatsuka, MD for critically reviewing the 
manuscript.

Compliance with Ethical Requirements  Hossein Nazari Khanamiri, MD and Narsing Rao, MD 
declare that they have no conflict of interest.

No human studies were carried out by the authors for this article.
No animal studies were carried out by the authors for this article.

References

	 1.	Spaide RF, Yannuzzi LA, Freund KB. Linear streaks in multifocal choroiditis and panuveitis. 
Retina. 1991;11(2):229–31.

	 2.	Dreyer RF, Gass DJ. Multifocal choroiditis and panuveitis. A syndrome that mimics ocular 
histoplasmosis. Arch Ophthalmol. 1984;102(12):1776–84.

	 3.	Thorne JE, et al. Multifocal choroiditis with panuveitis incidence of ocular complications and 
of loss of visual acuity. Ophthalmology. 2006;113(12):2310–6.

	 4.	Morgan CM, Schatz H. Recurrent multifocal choroiditis. Ophthalmology. 1986;93(9):1138–47.
	 5.	Zahid S, et al. Optical coherence tomography angiography of chorioretinal lesions due to idio-

pathic multifocal choroiditis. Retina. 2017;37(8):1451–63.
	 6.	Nazari Khanamiri H, Rao NA. Serpiginous choroiditis and infectious multifocal serpiginoid 

choroiditis. Surv Ophthalmol. 2013;58(3):203–32.
	 7.	 Invernizzi A, et al. Enhanced depth imaging optical coherence tomography features in areas of 

choriocapillaris hypoperfusion. Retina. 2016;36(10):2013–21.
	 8.	Cardillo Piccolino F, Grosso A, Savini E. Fundus autofluorescence in serpiginous choroiditis. 

Graefes Arch Clin Exp Ophthalmol. 2009;247(2):179–85.
	 9.	Pilotto E, et  al. Retinal function in patients with serpiginous choroiditis: a microperimetry 

study. Graefes Arch Clin Exp Ophthalmol. 2010;248(9):1331–7.
	10.	De Luigi G, et  al. Tuberculosis-related choriocapillaritis (multifocal-serpiginous choroi-

ditis): follow-up and precise monitoring of therapy by indocyanine green angiography. Int 
Ophthalmol. 2012;32(1):55–60.

	11.	El Ameen A, Herbort CP. Serpiginous choroiditis imaged by optical coherence tomography 
angiography. Retin Cases Brief Rep. 2016;12(4):279–85.

	12.	Cimino L, Auer C, Herbort CP. Sensitivity of indocyanine green angiography for the follow-up 
of active inflammatory choriocapillaropathies. Ocul Immunol Inflamm. 2000;8(4):275–83.

	13.	Mangeon M, et al. Multimodal evaluation of patients with acute posterior multifocal placoid pig-
ment epitheliopathy and serpiginous choroiditis. Ocul Immunol Inflamm. 2018;26(8):1212–8.

	14.	Mandadi SKR, et al. Novel findings on optical coherence tomography angiography in patients 
with tubercular serpiginous-like choroiditis. Retina. 2017;37(9):1647–59.

H. Nazari Khanamiri and N. A. Rao



75

	15.	Dastiridou AI, et al. Choroidal imaging with swept-source optical coherence tomography in 
patients with birdshot chorioretinopathy: choroidal reflectivity and thickness. Ophthalmology. 
2017;124(8):1186–95.

	16.	Böni C, et al. Fundus autofluorescence findings in eyes with birdshot chorioretinitis. Invest 
Ophthalmol Vis Sci. 2017;58(10):4015–25.

	17.	Yeh S, et al. Fundus autofluorescence imaging of the white dot syndromes. Arch Ophthalmol. 
2010;128(1):46–56.

	18.	Pohlmann D, et al. Multimodal imaging in birdshot retinochoroiditis. Ocul Immunol Inflamm. 
2017;25(5):621–32.

	19.	Gass JD.  Acute posterior multifocal placoid pigment epitheliopathy. Arch Ophthalmol. 
1968;80(2):177–85.

	20.	Fiore T, et al. Acute posterior multifocal placoid pigment epitheliopathy: outcome and visual 
prognosis. Retina. 2009;29(7):994–1001.

	21.	Hsu CT, et  al. Acute posterior multifocal placoid pigment epitheliopathy associated with a 
systemic necrotizing vasculitis. Retina. 2003;23(1):64–8.

	22.	Chiquet C, et al. Acute posterior multifocal placoid pigment epitheliopathy associated with 
Wegener’s granulomatosis. Retina. 1999;19(4):309–13.

	23.	Jones NP.  Acute posterior multifocal placoid pigment epitheliopathy. Br J Ophthalmol. 
1995;79(4):384–9.

	24.	Howe LJ, et al. Choroidal hypoperfusion in acute posterior multifocal placoid pigment epithe-
liopathy. An indocyanine green angiography study. Ophthalmology. 1995;102(5):790–8.

	25.	Goldenberg D, et  al. Spectral domain optical coherence tomography classification of acute 
posterior multifocal placoid pigment epitheliopathy. Retina. 2012;32(7):1403–10.

	26.	Branisteanu D, Bilha A. Acute posterior multifocal placoid pigment epitheliopathy following 
influenza vaccination. Rom J Ophthalmol. 2015;59(1):52–8.

	27.	Heiferman MJ, et  al. Acute posterior multifocal placoid pigment epitheliopathy on optical 
coherence tomography angiography. Retina. 2017;37(11):2084–94.

	28.	Werner JU, et al. Multi-modal imaging including optical coherence tomography angiography 
in patients with posterior multifocal placoid pigment epitheliopathy. Ophthalmic Surg Lasers 
Imaging Retina. 2017;48(9):727–33.

	29.	Burke TR, et  al. Application of OCT-angiography to characterise the evolution of chorio-
retinal lesions in acute posterior multifocal placoid pigment epitheliopathy. Eye (Lond). 
2017;31(10):1399–408.

	30.	Wang JC, et  al. Distinguishing white dot syndromes with patterns of choroidal hypoperfu-
sion on optical coherence tomography angiography. Ophthalmic Surg Lasers Imaging Retina. 
2017;48(8):638–46.

	31.	Kim AY, et  al. Quantifying retinal microvascular changes in uveitis using spectral-domain 
optical coherence tomography angiography. Am J Ophthalmol. 2016;171:101–12.

	32.	Roberts PK, et al. Characterizing photoreceptor changes in acute posterior multifocal placoid 
pigment epitheliopathy using adaptive optics. Retina. 2018;38(1):39–48.

	33.	Veronese C, et  al. Bilateral multiple evanescent white dot syndrome. Int Ophthalmol. 
2017;38(5):2153–8.

Multifocal Choroiditis/Serpiginous Choroiditis and Related Entities



Part III

Infectious Posterior or Panuveitis



79© Springer Nature Switzerland AG 2019
N. A. Rao et al. (eds.), Posterior Uveitis, Essentials in Ophthalmology, 
https://doi.org/10.1007/978-3-030-03140-4_5

D. V. Vasconcelos-Santos (*) 
Universidade Federal de Minas Gerais, Faculdade de Medicina, Belo Horizonte, Brazil
e-mail: dvitor@ufmg.br

Ocular Toxoplasmosis
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�Introduction

Toxoplasmosis is an ubiquitous zoonosis that affects nearly one third of the human 
population [1]. Ocular involvement may be present in congenital or postnatally 
acquired disease but is more frequent and severe in the former [2]. Despite its self-
limited course in immunocompetent individuals, toxoplasmic retinochoroiditis may 
complicate with irreversible visual loss, particularly when the macula or optic nerve 
head is involved. Ocular disease is typically recurrent, and reactivation of intrareti-
nal Toxoplasma gondii cysts, with subsequent bouts of intraocular inflammation, 
may occur anytime in life [3–5].

�Etiology

T. gondii is an intracellular apicomplexan parasite, capable of establishing lifelong 
chronic infection of virtually any warm-blooded animal [6]. The parasite has three 
main evolving forms:

–– Tachyzoites: are the infective/proliferative form, involved in the active phase of 
the disease.

–– Bradyzoites: are the latent form, involved in the chronic phase of the disease. 
They constitute cysts that may be viable in muscular and neural tissue (retina and 
rest of the central nervous system) of intermediate hosts for decades.

–– Sporozoites: are formed by sexual reproduction in the intestine of felines (definite 
hosts), being eliminated in their feces and potentially contaminating soil, water, fruits, 
and vegetables. These sporozoites may be infective for up to 1 year in water or soil.
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Felines are infected by ingesting meat containing bradyzoites/tachyzoites of 
intermediate hosts or by ingestion of sporulated oocysts present in contaminated 
soil. Humans are mainly infected orally, through ingestion of contaminated water or 
fruits/vegetables contaminated by oocysts and of raw/undercooked meat containing 
tissue cysts [3, 6].

After crossing enterocytes, the parasite disseminates as tachyzoites through the 
bloodstream until an adaptive immune response is mounted to contain parasite replica-
tion/dissemination. Remaining parasites eventually encyst in tissues, establishing 
chronic lifelong infection mainly in skeletal muscle and CNS, including the retina. 
These T. gondii cysts are resistant to antiparasitic therapy and may later rupture, releas-
ing bradyzoites that convert to tachyzoites, locally reactivating the disease [3, 6].

Other modes of human infection include transplacental transmission, organ 
transplantation, blood transfusion, and laboratory accidents [1, 3, 6].

�Epidemiology

T. gondii is present in all continents but is more prevalent in tropical areas. In South 
America, including Brazil, prevalence rates may be as high as 80% [4, 5, 7].

Seroprevalence increases with age [3–5], with more frequent and early serocon-
version being identified in populations with poor sanitation or ingesting raw/under-
cooked meat, unwashed fruits/vegetables, and/or unfiltered water [4–6, 8].

Rates of ocular involvement in congenital toxoplasmosis may be as high as 80% 
[9]. Transplacental transmission typically occurs in the setting of recently acquired 
infection of pregnant women, being more frequent but less severe at the end of ges-
tation [1, 10, 11]. Even though postnatally acquired disease less frequently leads to 
ocular manifestations, recent studies have been reinforcing its importance world-
wide, especially in highly endemic areas [12, 13].

�Pathogenesis of Ocular Disease

Toxoplasmic retinochoroiditis results from a delicate balance between parasite and 
host factors [2, 14, 15]. In immunocompetent patients, an exuberant reactive granu-
lomatous response is frequently present, eventually controlling parasite replication 
but also potentially leading to local damage to the retina and adjacent structures [14].

Recent evidence suggests that different strains of T. gondii may lead to more 
severe systemic and even ocular disease [16–19]. Parasite genotype may also be 
determinant, at least in part, of response to antiparasitic drugs [2, 20]. The host 
immunoimmaturity in the neonatal period, or even immunosuppression in individu-
als with AIDS or under immunomodulatory therapy, may be associated with more 
frequent and severe systemic and ocular disease [1, 21].
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�Clinical Presentation

�Congenital Toxoplasmosis

Women with primary toxoplasmic infection during pregnancy can transmit the para-
site to the fetus, more frequently when seroconversion occurs later in pregnancy. 
Severity of fetal involvement, however, is greater in the first trimester and may 
include neurologic sequelae (microcephaly, hydrocephalus, and intracranial calcifi-
cations), anemia, thrombocytopenia, cutaneous rash, hepatitis, pneumonitis, myo-
carditis, encephalitis, and even abortion [1, 10, 11].

In the third trimester, subclinical forms are common, but ocular disease is fre-
quently present. Retinochoroiditis is the major clinical manifestation of congenital 
toxoplasmosis, being disclosed in up to 80% of infected newborns, either as retino-
choroidal scars, with macular tropism (Figs.  1 and 2), or even as active lesions 
(Fig. 3), mainly in offspring of previously untreated mothers. Bilateral lesions are 
also very frequent in this context [4, 5, 9, 10, 22].

New active foci of retinochoroiditis may develop anytime in life, accompanied 
by variable degree of vitritis, retinal and/or optic disc edema, periphlebitis, and 

Fig. 1  Typical “wagon-wheel scar” in the left macula of a child with congenital toxoplasmosis 
(top left). The lesion displays sharply demarcated decreased autofluorescence signal (top right) 
with correspondent colobomatous change involving the retina/choroid on spectral-domain optical 
coherence tomography (bottom)
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hemorrhages. This focus of reactivation may arise in the margins of a preexistent 
scar (so-called “satellite” lesion) (Fig. 4), or as an isolated focal lesion, distant to or 
even in the absence of other retinochoroidal scars (Fig. 5) [4, 5].

Ocular complications including cataract, vitreous bands, tractional/rhegmatoge-
nous retinal detachment, strabismus, nystagmus, and microphthalmia can also 
develop [4, 5, 9].

Fig. 2  Multiple bilateral retinochoroidal scars connected by epiretinal fibrotic bands in a child 
with congenital toxoplasmosis

Fig. 3  Active 
retinochoroiditis in the right 
macula of a newborn with 
congenital toxoplasmosis
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�Postnatally Acquired Toxoplasmosis

Immunocompetent individuals with postnatal toxoplasmosis are usually asymp-
tomatic. When present, symptoms are frequently non-specific, including fever, 
myalgia, cutaneous rash, and lymphadenopathy [1, 21]. More severe systemic 
involvement, characterized by hepatitis, pneumonitis, myocarditis, and even 
encephalitis, is rare in the absence of immunosuppression but may be associated 
with more virulent T. gondii strains [23]. Toxoplasmosis in immunosuppressed 
individuals is also more severe and may be progressive. In patients with AIDS, 
toxoplasmic encephalitis may precede, coincide with, or even follow ocular toxo-
plasmosis [24].

Fig. 4  Active focus of retinochoroiditis adjacent to preexistent scars. Vitreous haze and perivenu-
lar sheathing can also be seen

Fig. 5  Juxtadiscal focus of retinochoroiditis leading to neuroretinitis, with formation of an incom-
plete macular star in the right macula. An old pigmented scar is seen in the left eye
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Ocular involvement in postnatally acquired toxoplasmosis may take days to 
years to primarily infection. Retinochoroiditis early after seroconversion is present 
in only 2–20%, but up to 60% may develop rupture of intraretinal cysts later in life, 
leading to local reactivation of the disease (Fig. 6) [2, 4, 5, 13, 21, 25].

Individuals with active toxoplasmic retinochoroiditis often complain of decreased 
vision and/or floaters. Conjunctival hyperemia, photophobia, and ocular pain may 
be present in the setting of involvement of the anterior segment of the eye. In these 
cases, keratic precipitates (Fig.  7), anterior chamber cells/flare and even ocular 
hypo-/hypertension may be disclosed [4, 5, 21].

Active toxoplasmic retinochoroiditis is characterized by a focal white-yellowish 
exudate of variable size in the retina, typically with ill-defined borders (Fig. 8). It 
may initially affect the inner retina, often progressing to involve its full thickness. 
Reactive choroidal thickening is also frequently noted, as well as inflammatory 

Fig. 6  Recurrent toxoplasmic retinochoroiditis. First episode occurred soon after seroconversion, 
with involvement of the foveal center (left). Eleven months later, a new active lesion was detected 
temporal do the fovea (middle), eventually resolving after antiparasitic therapy, 5  weeks later 
(right)

Fig. 7  Direct and indirect slit-lamp illumination of keratic precipitates in active toxoplasmic 
retinochoroiditis
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exudation to the vitreous and macular and/or optic disc edema, depending on the 
location of the inflammatory focus. In the setting of more severe vitritis, the active 
lesion may assume a “headlight-in-the-fog” appearance (Fig. 9).

Inflammatory precipitates in the surface of the posterior hyaloid, as well as along 
retinal blood vessels, can also be noted [4, 5, 21, 26]. Perivenular sheathing, as well 
as Kyrieleis plaques (exudates overlying arteriolar wall), can also be appreciated. 
More rarely, vascular occlusion may also develop [4, 5, 21].

As intraocular inflammation resolves, a retinochoroidal scar is formed, often 
with some degree of pigmentation, associated with hyperplasia/hypertrophy of the 
retinal pigment epithelium (RPE). Atrophic/depigmented scars can also be formed.

Fig. 8  Clinical and tomographic aspect of active recurrent ocular toxoplasmosis. The active focus 
is indicated by green arrows. Posterior hyaloid is thickened and partially detached. Vitreous cells, 
as well as reactive inflammatory fusiform thickening of the underlying choroid, can also be 
appreciated

Fig. 9  Active toxoplasmic 
lesion displaying appearance 
of “headlight in the fog,” 
because of significant vitritis
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In the setting of reactivation of retinochoroiditis, the new active lesion frequently 
arises in the margins of a preexistent scar, and this “satellite lesion” is regarded as an 
important finding for the diagnosis of ocular toxoplasmosis [4, 5] (Figs. 4 and 8). A focal 
active lesion, in the absence of previous scarring, can also be observed (Figs. 6 and 9).

Atypical forms of ocular toxoplasmosis include [4, 5, 26, 27]:

–– Neuroretinitis, often when the active focus arises in the juxtadiscal retina, lead-
ing to edema of the optic disc and macular, culminating with formation of macu-
lar star (Fig. 10).

–– Punctate outer retinal toxoplasmosis, when the active lesion presumably affects 
the outer retina, leading to subretinal exudation and minimal vitritis (Fig. 11).

–– Extensive necrotizing lesions, single or multiple, which may resemble herpetic 
retinitis, predominantly occurring in immunosuppressed individuals, those of 
older age, as well as in the setting of recently postnatally acquired toxoplasmosis 
(Figs. 12 and 13). Prior inadvertent use of systemic and/or local corticosteroids 
without proper antibiotic coverage may also be another culprit.

Fig. 10  Aspect of active toxoplasmic lesion close to the optic disc leading to significant disc 
edema, macular exudates, and subretinal fluid (neuroretinitis). Fundus autofluorescence is not 
remarkable, except for the area of decreased signal surrounding the lesion (top right). Near-infrared 
guided (top middle)-optical coherence tomography shows dense vitreous inflammatory exudation, 
local hyper-reflectivity of the retina at the level of the active lesion (with deep shadowing), as well 
as fusiform thickening of the underlying choroid (bottom)
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Fig. 11  Aspect of punctate 
outer retinal toxoplasmosis, 
in which inflammatory 
exudation led to focal serous 
retinal detachment. Vitritis is 
also minimal

Fig. 12  Large exudative 
toxoplasmic lesion in the 
superotemporal arcade, 
simulating herpetic retinitis. 
Hemorrhages associated with 
venular occlusions, as well as 
Kyrieleis arteriolitis, are also 
seen
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–– Ocular toxoplasmosis in the absence of retinochoroiditis has also been reported, 
mostly in the context of recent seroconversion. Isolated iridocyclitis, papillitis, 
retinal vasculitis, and even vitritis have been rarely reported [4, 5, 27, 28].

�Diagnosis

Diagnosis of ocular toxoplasmosis is essentially clinical, based on the observation 
of focal necrotizing retinochoroiditis, typically in the presence of adjacent/distant 
retinochoroidal scarring [4, 5] (Figs. 6 and 8).

Serology may be supportive, but also help to exclude ocular toxoplasmosis, 
when specific antibodies (IgG and IgM) are absent [29, 30]. High titers of anti-T. 
gondii IgM and/or IgA, as well as IgG with low avidity, are suggestive of recently 
acquired toxoplasmosis. Residual IgM levels should be interpreted with caution, as 
they may persist months to years after seroconversion. Congenital toxoplasmosis is 
diagnosed by detection of specific IgM and/or IgA (that do not cross the placenta) 
in the neonatal period and/or persistently high levels of anti-T gondii IgG beyond 
12 months of life [9, 10].

In most cases of recurrent toxoplasmic retinochoroiditis, however, patients do 
only display anti-T. gondii IgG, denoting chronic infection. In these individuals, 
titers of IgG do not correlate to disease activity.

Other laboratory investigations may be important to exclude other infectious eti-
ologies, particularly syphilis and tuberculosis among others. HIV coinfection should 
also be investigated in the setting of more severe and even refractory toxoplasmic 
retinochoroiditis.

Fig. 13  Extensive hemorrhagic retinitis initially suspicious of herpetic etiology. PCR of aqueous 
humor was positive for T. gondii and negative for herpesviruses. HIV testing eventually came with 
positive results
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In atypical cases, invasive investigations such as intraocular fluid polymerase 
chain reaction (PCR) DNA analysis may be employed, not only to confirm toxoplas-
mosis but also to entertain other etiologies considered in the differential diagnosis 
[29, 31]. Detection of T. gondii DNA through PCR does confirm toxoplasmosis 
(Fig. 13), but a negative PCR result of aqueous humor is not able to exclude it. In this 
context, positivity of vitreous is usually greater than of aqueous samples [29, 31].

Intraocular antibody synthesis can be assessed by the Goldmann-Witmer coeffi-
cient, based on the correlation of specific antibody and total globulin titers in aque-
ous humor versus serum. A positive result (>3) indicates intraocular synthesis of 
anti-T. gondii antibodies, supporting the diagnosis of ocular toxoplasmosis [29].

�Imaging

Imaging modalities, including spectral-domain optical coherence tomography 
(SD-OCT), fluorescein angiography, fundus autofluorescence and reflectance, indo-
cyanine green angiography, and even B-scan, may be highly helpful to delineate 
vitreous, retinal, and choroidal changes, both at baseline and during follow-up. 
They may also be very relevant to the assessment of local complications, including 
macular edema, epiretinal membranes, vitreoretinal traction, vascular occlusions, 
and choroidal neovascularization, among others. The combination of these tech-
niques in the multimodal imaging approach clearly defines patterns of active, regres-
sive, and cicatricial lesions [2, 4, 5].

SD-OCT recapitulates histopathological changes in toxoplasmic retinochoroidi-
tis. The active focus is typically characterized by focal hyper-reflectivity/edema of 
the neurosensory retina, with posterior shadowing and focal elevation/detachment 
of the RPE.  SD-OCT also shows inflammatory exudation to the vitreous, local 
detachment of the posterior hyaloid and fusiform thickening of the underlying cho-
roid. Other local changes, such as retinal edema and even subretinal fluid, can also 
be promptly delineated by SD-OCT (Figs. 8, 10, and 14). After resolution, the reti-
nochoroidal lesion progressive flattens, leaving an area of focal disorganization or 
retinal layers and variable hyper-reflectivity associated with subretinal fibrosis 
(Fig. 14) [4, 5].

In fluorescein angiography, the retinochoroiditis focus is initially hypofluores-
cent, with progressive staining/leakage in the latter phases (Fig. 15). Fluorescein 
angiography is also valuable to assess vascular occlusions and choroidal neovascu-
larization. Cicatricial lesions may display hypofluorescence (blockage by RPE 
hypertrophy/hyperplasia) or hyperfluorescence (RPE atrophy leading to window 
defect of staining of subretinal fibrotic change) (Fig. 16).

Fundus autofluorescence is typically unremarkable in acute lesions but may indi-
cate their regression, signaled as increased autofluorescence. After complete scar-
ring, autofluorescence signal then decreases, eventually delineating the area of the 
scar (Figs. 16 and 17).
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In indocyanine green angiography, local or distant hypocyanesence is frequently 
seen, associated with inflammatory infiltration of the underlying choroid (Fig. 17). 
Multiple dark dots may indicate more diffuse choroidal involvement.

B-scan may reveal vitreous changes, notably inflammatory echoes, vitreous schi-
sis, vitreous detachment, and even vitreoretinal traction. At the level of the active 
lesion, focal retinochoroidal thickening can typically be appreciated on B-scan 
(Fig. 18). It is also particularly useful in the setting of severe vitritis, precluding 
fundus examination, as well as in the suspicion of retinal detachment.

Fig. 15  Angiographic aspect of active toxoplasmic retinochoroiditis. Fluorescein angiography 
discloses hypofluorescence of the active lesion, with leakage at the margins. Diffuse venular and 
disc leakage can also be seen, as well as arteriolar occlusion temporal to the active lesion

Fig. 14  Tomographic evidence of improvement before (top) and 5 weeks after triple therapy (bot-
tom) for the second recurrence of patient shown in Fig. 6. The infiltrated area progressively flat-
tens, and edema is completely resorbed; choroid also returns to normal thickness. A central scar is 
left, with disorganization of retinal layers. Partially detached and thickened hyaloid is also seen
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Fig. 16  Aspect of regressed toxoplasmic lesion. Decreased autofluorescence signal sharply 
demarcates the retinochoroidal scar (top middle). Mixed hypo-/hyperfluorescence is seen at the 
level of the scar (top right). Spectral-domain optical coherence tomography displays thickened 
posterior hyaloid partially attached to the scar, indicated by focal reflectivity with thinning/disor-
ganization of retinal layers (bottom)

Fig. 17  Aspect of recurrent focus of toxoplasmic retinochoroiditis (top left, green arrow). On fluores-
cein angiography (top middle), the hypofluorescence of this active focus is contiguous with the foveal 
avascular zone; preexistent scars show mixed hypo-/hyperfluorescence. On indocyanine green angiog-
raphy (ICG, top right), focal hypocyanescence is clearly seen at the level of the active lesion. ICG-
guided spectral-domain optical coherence tomography delineates the correspondence between the 
hypocyanescent focus and the fusiform thickening of the choroid underlying the active retinal lesion
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Fig. 18  Ultrasonographic 
aspect of a large active 
toxoplasmic lesion, with 
focal thickening of the 
retinochoroidal complex 
(arrow)

�Differential Diagnosis

In newborns suspected of congenital toxoplasmosis, other infections of the TORCHS 
acronym (toxoplasmosis, rubella, cytomegalovirus, herpes, syphilis) are to be con-
sidered [10]. More recently, congenital Zika virus infection has been associated 
with lesions in the retina and optic nerve, some of which may resemble toxoplasmic 
scars [32]. Retinocytoma, retinoblastoma, retinochoroidal coloboma, and persistent 
hyperplastic primary vitreous are also part of the differential diagnosis of ocular 
toxoplasmosis in the neonatal period [33].

In older children and in adults, toxoplasmic retinochoroiditis should be differen-
tiated from other infectious (bacteria, viruses, fungi, and protozoa), noninfectious, 
and even neoplastic conditions [33].

In immunosuppressed individuals, differential diagnosis includes acute retinal 
necrosis (ARN), progressive outer retinal necrosis (PORN), CMV retinitis, fungal 
infection, and even primary vitreoretinal lymphoma [4, 5, 21].

�Treatment

Because of its possibly self-limited course in immunocompetent patients, toxoplas-
mic retinochoroiditis may not initially demand treatment for all cases. Treatment 
however is frequently recommended to accelerate resolution of intraocular inflam-
mation, reducing extent of damage to the retina and the optic disc and minimizing 
structural complications [2, 4, 5, 34]. It is important to note that currently available 
antiparasitic drugs are not able to eliminate T. gondii tissue cysts, thus not prevent-
ing further reactivations of toxoplasmic retinochoroiditis, unless continuous chemo-
prophylaxis is employed (see below).
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Treatment decision should be individualized, based on several factors, 
including:

•	 Patient immune status
•	 Clinical course and visual acuity
•	 Location / size of the active lesion
•	 Degree of vitritis
•	 Macula and/or optic disc edema
•	 Vascular occlusion
•	 Special circumstances (newborns, pregnant women, drug allergy)

Side effects of the medications should also be considered and monitored for each 
case [2, 4, 5, 34, 35].

Treatment is based on a combination of antiparasitic drugs, as well as systemic 
corticosteroids, for a period of 5–8 weeks. Topical corticosteroids, mydriatic, and 
hypotensive agents are also employed as needed.

Different antiparasitic drugs and therapeutic regimens are available (Table 1) [4, 
5, 32]. Even though few controlled studies support the possible equivalence of some 
of these regimens, the combination of sulfadiazine and pyrimethamine (with folinic 
acid supplementation) is still regarded as the standard “classic therapy” (also called 
triple therapy), employed in critical situations, such as immunosuppressed patients 
and newborns with congenital toxoplasmosis. This is also supported by the superi-
ority of this regimen over alternative ones, not only in vitro but also in experimental 
models of toxoplasmosis [1, 2].

Table 1  Main therapeutic regimens for ocular toxoplasmosis

Regimen Observations
Sulfadiazine + pyrimethamine 
+ folinic acid

Known as classic/triple therapy
Well-reputed among specialists, it is the regimen of first 
choice in severe cases, in immunosuppressed individuals and 
for congenital toxoplasmosis

Sulfadiazine + pyrimethamine 
+ clindamycin + folinic acid

Known as quadruple therapy. The possible advantage of 
adding clindamycin apparently does not outweigh higher 
frequency of adverse effects

Azithromycin + pyrimethamine 
+ folinic acid

Better tolerated than triple therapy. Good option for 
individuals allergic to sulfa

Clindamycin + pyrimethamine 
+ folinic acid

Another alternative for individuals allergic to sulfa

Sulfamethoxazole/
trimethoprim

Better tolerated than triple therapy but possibly less 
efficacious for severe cases. Regimen of choice for primary/
secondary prophylaxis

Azithromycin Alternative for primary/secondary prophylaxis in individuals 
allergic to sulfa

Clindamycin Option for primary/secondary prophylaxis in individuals 
allergic to sulfa
Drug of choice for intravitreal therapy, in combination with 
dexamethasone
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Immunosuppressed patients with active lesions should invariably be treated, usu-
ally for 6 to up to 12 weeks, because of progressive nature of retinochoroiditis in 
these individuals, with high risk of complications and even loss of the eye. Newborns 
with congenital toxoplasmosis should also be always treated during their first year of 
life, regardless of the presence of retinochoroiditis. Pregnant women recently sero-
converting for toxoplasmosis also need therapy with spiramycin (regardless of reti-
nochoroiditis) to minimize risk of transplacental transmission. As spiramycin does 
not cross the placenta, when fetal infection is confirmed by PCR of amniotic fluid or 
suspected by ultrasound, other antiparasitic drugs are indicated to reach the fetus 
(avoiding pyrimethamine in the first trimester and sulfadiazine in the last 8 weeks of 
pregnancy) [1, 10, 36]. Because of the low risk of fetal infection, reactivation of reti-
nochoroiditis in a chronically infected immunocompetent woman during pregnancy 
may be initially followed, as long as the posterior pole is not threatened.

Oral corticosteroids (prednisone 0.5–1 mg/kg/day or equivalent) in a tapering 
regimen are frequently added to the antiparasitic regiment, to better control intra-
ocular inflammation and to possibly minimize risk of permanent visual-threatening 
damage to ocular structures [34, 35]. These systemic corticosteroids should how-
ever be deferred until proper differential diagnosis has been made with other infec-
tious etiologies (viral, bacterial [including syphilis], and even fungal). In uncertain 
cases, deferring the steroid until initial response to antiparasitic therapy is recom-
mended [4, 5].

Intravitreal injections of clindamycin and dexamethasone may also be used in 
selected cases, particularly in the setting of intolerance, contraindication, or even 
resistance to systemic therapy [35, 37]. Depot corticosteroids or even corticosteroid 
implants are contraindicated in ocular toxoplasmosis.

Laser photocoagulation may occasionally be attempted for active extramacular 
lesions with chronic exudation partially resistant to systemic therapy.

Pars plana vitrectomy may be needed for removal of persistent vitreous opaci-
ties, vitreoretinal traction, and/or epiretinal membranes. Rhegmatogenous retinal 
detachment is also another indication for PPV. Pre- and even postoperative antipara-
sitic treatment should be individualized, being usually not needed in the setting of 
inactive lesions [38].

It is very important to monitor treatment toxicity but also response. Resolution of 
retinochoroiditis is typically centripetal, with progressive flattening of the margins, 
absorption of retinal edema, and reduction of vitreal inflammatory infiltration [26, 
39] (Figs. 14 and 19). Lesion pigmentation is variable and may develop only late.

�Prophylaxis

Primary prophylaxis is recommended for immunosuppressed individuals and preg-
nant women (or those on pregnancy planning) not previously infected with T. gon-
dii, as follows:
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•	 Avoiding ingestion of undercooked/raw meat (freezing at −20 °C/−4 °F over-
night also destroys tissue cysts)

•	 Drinking only well-filtered/boiled water
•	 Carefully washing vegetables/fruits prior to consumption
•	 Using gloves and washing hands/kitchen utensils after manipulating meat/soil
•	 Avoiding contact with felines and their feces (even in soil/litter boxes)

Regular monthly serologic screening of susceptible pregnant women is also highly 
recommended, to allow prenatal treatment in case of seroconversion [1, 2, 10]:

Secondary prophylaxis with double-strength sulfamethoxazole/trimethoprim 
(800/160 mg 3x/week or every other day) has been shown to prevent recurrences of 
toxoplasmic retinochoroiditis in immunocompetent adults [40, 41]. This may be 
particularly helpful for individuals with multiple recurrences threatening the macula 
and is also employed in immunosuppressed patients. Ideal duration of such treat-
ment has however not been established.

�Prognosis

Despite being self-limited in immunocompetent patients, ocular toxoplasmosis is 
typically a recurrent disease, with new episodes being possible anytime in life. Risk 
of reactivation is especially greater in the first 12 months that follow the last episode 
of retinochoroiditis. Prognosis depends upon immune status of the individual, size, 
and location of active lesion. Presence of ocular complications is also critical to the 
visual prognosis, including persistent vitreous opacities, macular edema, epiretinal 
membranes, extensive retinochoroidal scarring, choroidal neovascularization, optic 
atrophy, and even retinal detachment [4, 5, 21, 42].

Conflict of Interest  The author declares that he does not have any conflict of interest.
No human studies were carried out by the author for this article.
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Fig. 19  Progressive resolution of a large active toxoplasmic lesion superior to the optic disc, over 
the course of triple therapy. Systemic corticosteroid was deferred until signs of initial response. 
PCR of aqueous humor for herpesviruses had negative results
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Ocular Syphilis

Francesco Pichi and Thomas A. Albini

Syphilis remains an important cause of uveitis [1, 2]. After reaching a peak annual 
incidence in the United States of 20.3 cases per 100,000 population in 1990 [3], 
rates of primary and secondary syphilis declined over the ensuing decade to a record 
low of 2.1 cases per 100,000 population in 2000, an 89.7% decrease [3]. Despite 
efforts by the Centers for Disease Control to eradicate syphilis, there has been an 
increase in primary and secondary syphilis rates over the past decade [4], reaching 
4.5 cases per 100,000 population in 2010 [5]. Reported syphilis diagnoses are on the 
rise, largely in young men who have sex with men (MSM) in the South and West of 
the United States. In 2014 (the last year with national data available), 63,450 total 
cases of syphilis were reported, which is a 12.3% increase from 2013, and the 
national syphilis rate increased to 6.3 cases per 100,000 population, the highest rate 
reported since 1994. The rate increase over time during 2000–2014 has been largely 
among MSM specifically [5].

�Pathogenesis

Syphilis is a chronic bacterial infection caused by Treponema pallidum, subspecies 
pallidum, a long thin (6–15 μm), slowly growing bacterium that cannot be cultured 
for clinical purposes. With the exception of congenital syphilis, syphilis is spread 
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mainly through direct lesion contact. Because of the organism’s slow growth, infec-
tion has a long incubation period, taking about 3 weeks from the time of inoculation 
to the appearance of initial (primary) lesions at the site of inoculation [6]. Without 
intervention, the organism then disseminates widely through the bloodstream and to 
the CNS where it might subsequently produce varying clinical manifestations.

The natural history of syphilis is one of a chronic infection that can cause a series 
of highly variable clinical manifestations during the first 2–3 years of infection, fol-
lowed by a typically prolonged latent stage that can evolve into a clinically apparent 
tertiary infection stage years or even decades after initial infection [6].

Primary syphilis [6] refers to the presence of a primary or initial lesion at the site 
of inoculation of infection. In primary syphilis, the main clinical manifestation is 
the presence of a painless, usually solitary, indurated, clean-based ulcerative lesion 
that typically appears about 2–3 weeks after direct contact with another person’s 
infectious lesion. The primary chancre can be accompanied by tender or non-tender 
regional lymphadenopathy. T. pallidum is present and might be demonstrable in 
specimens from the lesion base. Without treatment, after a period of 3–6 weeks, 
primary lesions spontaneously resolve without scarring. With treatment, lesions 
begin to resolve within a few days.

Secondary syphilis [6] results from hematogenous dissemination of infection. 
Although the classic manifestation of secondary syphilis is a painless, macular 
rash of 1–2 cm, reddish or copper colored, on the palms of the hands or soles of 
the feet (Fig. 1), symptoms such as malaise, myalgia, sore throat, headache, or 
low-grade fever are commonly detected. Without treatment, the lesions of sec-
ondary syphilis can spontaneously resolve without scarring. Resolution of 
untreated manifestations of secondary syphilis can typically take weeks to sev-
eral months.

After resolution of secondary manifestations, untreated syphilis enters a latent 
stage in which clinical manifestations are absent, and the infection can only be 
detected through serological testing [6]. Latent syphilis [6] is further divided into 
early and late latent syphilis, a differentiation that affects treatment decisions. After 
a period of years, about a third of people with untreated latent syphilis will have 
further clinical manifestations as either late neurosyphilis (general paresis or tabes 
dorsalis), cardiovascular syphilis, or gummatous syphilis.

Neurosyphilis can occur at any time [6] during the course of infection. T. pal-
lidum and cerebrospinal fluid (CSF) abnormalities can be detected in the CNS 
in a substantial proportion of patients with primary syphilis, many of whom do 
not have obvious neurological signs or symptoms. However, there is little evi-
dence that the presence of CSF abnormalities affects therapeutic outcomes for 
patients with primary syphilis treated with long-acting penicillin. In later stages, 
CSF abnormalities in asymptomatic infected individuals are believed to identify 
those at increased risk for clinical neurosyphilis who require more intensive 
therapy.
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�Ocular Manifestations

Unlike other infectious agents that have a predilection either for the retina (cyto-
megalovirus) or for the choroid (M. tuberculosis), treponemas seem to be able to 
thrive in all the layers of the eye [7–9], resulting in a wide variety of clinical mani-
festations: anterior uveitis, focal/multifocal chorioretinitis, acute posterior placoid 
chorioretinitis, necrotizing retinitis, retinal vasculitis, intermediate uveitis, and 
panuveitis.

a

c

b

Fig. 1  A patient with secondary syphilis that presented with macular rash on the palms of the hands 
(a) that resolved after penicillin therapy (b). A similar rash can be seen on the soles of the feet (c)
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�Syphilitic Posterior Uveitis

An important distinction is made between acute and chronic syphilitic posterior 
uveitis [10]. Acute syphilitic uveitic syndromes are usually florid, rapidly progres-
sive, and associated with secondary syphilis and syphilitic meningitis [11]. Retinal 
involvement is a predominant feature and may lead to chorioretinitis, retinocho-
roiditis, neuroretinitis, and retinal necrosis [10–12]. Vitritis is prominent, and asso-
ciated optic nerve swelling is seen in the majority of patients. Progressive visual 
loss is the rule [11], unless penicillin treatment is initiated that will clear inflamma-
tion in most patients. Chronic syphilitic posterior uveitis [10], a manifestation of 
tertiary syphilis, is often insidious and associated with subclinical neurosyphilis. 
Features common to all patients with chronic syphilitic posterior uveitis are a mild 
vitritis and a low-grade pigment epitheliitis. Multifocal choroiditis seen in some 
patients and mild retinal vasculitis observed in the majority are superimposed on 
this pattern.

	1.	 Syphilitic superficial retinal accumulations: Preretinal accumulations [13–15], 
or precipitates even if nothing is actually “precipitating,” overlying areas of 
active retinitis have been well described in the eyes with untreated syphilitic 
uveitis (Figs. 2, 3 and 4). Those unusual focal collections are probably white 
cells [13], as evidenced by the prominent concurrent vitritis and the fact that they 
quickly resolve after initiation of treatment [14]. They do not leave scars in the 
underlying retina. They are usually associated with retinal vasculitis [16] and 
mild, diffuse, adjacent retinal whitening. Retinal vasculitis tends to be vaso-
occlusive [17] in nature and may affect all retinal vessels. Arteriolar involvement 
can take the form of occlusive arteriolitis, frosted branch angiitis, and/or Kyrieleis 
plaques. Small vessels are often involved in the form of cystoid macular edema. 
Retinal phlebitis [18] (Fig.  5) is the most frequent retinal vascular finding in 
posterior syphilis and may lead to angiographic changes consistent with central 
or branch vein occlusion. The clinical spectrum can range from vascular staining 
evident only on fluorescein angiography to increased vascular tortuosity, exten-
sive perivascular exudation, and obliteration of vessels from an occlusive vascu-
litis [16–18].

Fluorescein angiography and optical coherence tomography of these lesions 
have provided evidence for a focal accumulation of inflammatory material on the 
surface of the retina. On FA, the superficial retinal precipitates block fluores-
cence early and neither stain nor leak in late frames.

	2.	 Syphilitic multifocal retinitis: Multiple reports have documented the occurrence 
of a distinctive multifocal retinitis in the eyes with syphilitic uveitis after admin-
istration of systemic or, more commonly, intravitreal corticosteroids in the 
absence of appropriate anti-treponemal therapy [19]. The intraretinal location of 
the foci of retinitis can be confirmed by SD-OCT and distinguishes these lesions 
from the previously described superficial retinal precipitates. The intraretinal 
location of these lesions may explain the limited recovery of vision in the eyes 
with macular involvement [19]. It is possible that corticosteroid exposure in the 
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absence of antibiotic coverage can lead to treponemal infestation of the retina. 
Prompt penicillin therapy is essential to treat the retinal infection and limit per-
manent vision loss.

	3.	 Syphilitic retinochoroiditis: There are two main forms of syphilitic chorioretini-
tis, confluent and placoid.
•	 The confluent form presents with large, confluent areas of retinal whitening 

[20], which may resemble acute herpetic retinitis (Fig. 6) [21]. The confluent 
cases are typically “ground glass” in appearance, by which it is meant that the 
retinitis is not as densely necrotic as herpetic or toxoplasmic retinochoroidi-
tis. There are, however, reports of denser, ARN- or toxo-like retinitis due to 
syphilis. Confluent retinochoroiditis is often in a triangular distribution and 
frequently associated with both vasculitis and overlying accumulations 
(Fig. 3a and b).

•	 Acute syphilitic posterior placoid chorioretinitis. Gass et al. [22] coined the 
term ASPPC to describe a large, yellowish, circular, or oval placoid lesion at 
the level of the retinal pigment epithelium (RPE) in or near the macular 
(Fig. 7). This particular appearance, more common but not exclusive of HIV 

a

c d

b

Fig. 2  Fundus photography (a) of the right eye and (b) of the left eye of a patient with superficial 
retinal accumulations. These findings resolve after penicillin therapy (c, d)
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a

c

b

Fig. 3  A patient with bilateral syphilitic retinochoroiditis (a, b) with a ground-glass appearance 
(a) and a typical triangular distribution (b). OCT (c) reveals the presence of superficial retinal 
accumulations

a b

Fig. 4  An extensive focus of necrotic retinochoroiditis (a) with leakage of the margins in FA (b). 
On FA (b) multiple hypofluorescent spots correspond to superficial retinal accumulations (yellow 
square)

patients [23], is due to the fact that circulating T. pallidum organisms enter the 
choroidal circulation and gain access to the outer retina where the choroidal 
vascular supply is greatest—specifically the macula [24].

Fluorescein angiography shows early central hypofluorescence followed 
by progressive hyperfluorescence in the area of the lesion [24, 25]. This 
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hyperfluorescence may be associated with an active leading edge, identified 
angiographically as increased late leakage [25]. Occasionally a punctate 
hypofluorescence in a classic “leopard spot” pattern can be observed [25]. 
Indocyanine green angiography shows variable hypofluorescence in the area 
of the lesions suggesting either local choroidal hypoperfusion and/or block-
age of the choroidal fluorescence by the overlying infected RPE [24].

On fundus autofluorescence, “geographic” hyperautofluorescence corre-
sponding to the affected area can be noted, sometimes associated with punc-
tate hyperautofluorescent spots suggestive of subretinal deposition of 
RPE-photoreceptor complex material and incomplete phagocytosis of outer 
segments [23, 26].

SD-OCT scans performed in the hyperacute phase (1–2 days) reveal [25] 
the uniform presence of a small amount of fluid under the fovea with no ELM 
disruption observed. Acute infection of the outer retina probably leads to dis-
ruption of the outer blood-ocular barrier producing variable amounts of 

a b

Fig. 5  Vasculitis in the right eye of a patient with syphilis uveitis. On color photography (a)
Kyrieleis plaques are visible in the nasal periphery, but the diffuse extent of the vasculitis can be 
truly appreciated on FA (b)

a b

Fig. 6  A focus of necrotic retinochoroiditis (a) more “solid” in its appearance compared to Fig. 3. 
This aspect is less typical for syphilis and more common in acute retinal necrosis or toxoplasma 
retinitis. Following treatment there is resolution of inflammation (b)
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SRF. The finding of SRF is transient, resolving quickly before the initiation of 
treatment. At 1 week after presentation, SD-OCT scans demonstrate an irreg-
ular hyperreflectivity with nodular elevations at the junction of the photore-
ceptors and the RPE. This is associated with segmental loss of the ellipsoid 
band. The irregularities of the RPE correspond to the hyperautofluorescent 
dots seen with FAF, suggesting the presence of lipofuscin accumulation or 
incomplete phagocytosis of outer segments. The ELM continues to appear 
intact at this time point. Spectral domain OCT scans taken at 1 month after 
therapy show complete resolution of the pathologic findings of the macula, 
with restoration of the ellipsoid zone and the RPE [25].

�Syphilitic Optic Neuropathy

Although inflammatory conditions of the optic nerve are more common in the sec-
ondary stage, they may occur in tertiary syphilis as well [27].

Acute meningitis occurs in 1–2% of patients with secondary syphilis, and this 
can cause increased intracranial pressure and papilledema [28]. In pure papilledema, 

a

d e f

b

c

Fig. 7  Color photograph (a) of a patient with syphilitic placoid chorioretinitis showing an active, non-
elevated, placoid yellowish outer retinal lesion involving the macula. SD-OCT shows an irregular 
thickening of the RPE layer with small nodular elevations along with a loss of the IS/OS junction and 
areas of punctate hyperreflectivity in the choroid (b). After therapy for neurosyphilis was completed, 
the SD-OCT showed complete restoration of the IS/OS junction and normalization of the contour of 
the RPE layer (c). Fundus autofluorescence (d) is punctate in the area of the lesion. Fluorescein angi-
ography shows localized hyperfluorescence (e) with leakage from the area of the lesion (f)
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there is enlargement of the blind spot but no signs of inflammatory cells in the vitre-
ous. Papilledema should be differentiated from inflammatory optic disc edema due 
to optic neuritis, papillitis, or neuroretinitis. In papillitis [29], there is a swollen disc 
with intraretinal exudates and perivasculitis around it. When the inflammatory 
changes extend into the peripapillary retina resulting in hard exudates, the condition 
qualifies as neuroretinitis (Fig. 8).

The latter patients have marked loss of visual acuity and display central and 
cecocentral scotomas, or nerve fiber-bundle defects, and often have signs of vitreous 
inflammation.

Retrobulbar [30] syphilitic neuritis is associated with a funduscopically normal 
optic nerve or with minimal effacement of the edges.

Finally, syphilis can present as an optic perineuritis, which generally produces a 
concentric visual field defect and respects the visual acuity.

�Laboratory Evaluation

Two different types of serologic tests are used [31], typically in sequence, one to 
identify individuals with possible infection and then a second unrelated confirma-
tory test to validate results and reduce false positives.

a

d

b

c

Fig. 8  Optic disc involvement in syphilitic uveitis (a) with papillitis presenting as centro-cecal 
scotoma. FA shows leakage from the swollen disc (b), and SD-OCT reveals subretinal fluid (c), 
confirming the diagnosis of neuroretinitis secondary to syphilis. Penicillin therapy resolves the 
inflammation of the nerve (d) with associated improvement of the visual field
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�Traditional Algorithm Testing

So-called non-treponemal tests for syphilis are based on antigens extracted from 
normal mammalian tissues reacting with antibodies produced in response to T. pal-
lidum infection [32]. Cardiolipin from beef heart allows the detection of anti-lipid 
IgG and IgM formed in the patient in response to lipoidal material released from 
cells damaged by the infection, as well as to lipids in the surface of T. pallidum. 
Prototypic non-treponemal tests include the rapid plasma reagin (RPR) and vene-
real disease research laboratory (VDRL) tests, which detect both IgG and IgM anti-
bodies [33]. Non-treponemal antigen test results should be given quantitatively (i.e., 
titers, e.g., 1:16, 1:32). It should be emphasized that the titers of non-treponemal 
antigen tests correlate with the disease activity. Non-treponemal antibody titers 
decline as a result of treatment. A fourfold reduction in antibody titer of the same 
non-treponemal test is considered a significant response to treatment. Lack of 
expected reduction in titer or an increase in titer suggests treatment failure or rein-
fection [34].

Moreover, non-treponemal tests may be negative in as many as 30% of patients 
during the late latent or tertiary stages [32]. For this reason, if only one test can be 
obtained as an initial screening test for uveitis patients, a treponemal test is pre-
ferred. Ideally, a specific treponema antibody assay is obtained concurrently with 
the non-treponemal tests in all cases of suspected disease [33]; however, healthcare 
regulators and third-party payers are increasingly insisting on a single test for initial 
screening. Treponemal tests, which detect antibodies to treponemal antigens, 
include fluorescent treponemal antibody adsorbed (FTA-ABS) tests and Treponema 
pallidum particle agglutination (TPPA), but cheaper, easier to perform, and auto-
matable treponemal tests such as enzyme immunoassays have become far more 
widely used. Irrespective, treponemal tests tend to be qualitative, rather than quan-
titative, but often remain positive for life, despite successful therapy and, therefore, 
are not helpful for evaluation of response to therapy.

�Reverse Algorithm Testing

As the costs have decreased and the ease of treponemal tests has increased, so-
called reverse algorithm testing has become more widely used in which a trepone-
mal test is used as the initial screening test (typically IgG detection by EIA) [35]. It 
has been shown that in the general population, false-positive treponemal tests occur 
less frequently than false-positive non-treponemal tests, and starting with a trepone-
mal test significantly reduces costs of the diagnostic procedure. Persons with a posi-
tive treponemal screening test should have a standard non-treponemal test performed 
(RPR). If the non-treponemal test is negative, then the laboratory should perform a 
different treponemal test (preferably one based on different antigens than the origi-
nal test) to confirm the results of the initial test. If a second treponemal test is posi-
tive, persons with a history of previous treatment will require no further management 
(unless sexual history suggests likelihood of re-exposure). Those without a history 
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of treatment for syphilis should be offered treatment. If the second treponemal test 
is negative, further evaluation or treatment is not indicated.

This reverse screening algorithm for syphilis testing strategy will identify both 
persons with previous treatment for syphilis and persons with untreated or incom-
pletely treated syphilis, as well as some persons with false-positive results [36].

This approach has proven highly effective for screening low-prevalence popu-
lations, but a single head-to-head comparison of the reverse sequence algorithm 
with the traditional algorithm showed that the former would yield 6 false-positive 
results for each 1000 tests performed compared with none for the traditional algo-
rithm [35, 36].

The CDC continues to recommend the use of the traditional RPR-based screen-
ing algorithm.

�Cerebrospinal Fluid

Because neurosyphilis can be asymptomatic or present in many different ways, 
analysis of CSF is often helpful to confirm its presence. However, according to the 
CDC, only the following patients should have a lumbar puncture at diagnosis of 
syphilis [37]: those with neurologic, ophthalmic, or otologic signs or symptoms; 
evidence of active tertiary syphilitic disease; or treatment failure (defined as a sus-
tained fourfold increase in VDRL or RPR or high (>1:32) RPR titer that does not 
decline 2 titers over 6–12 months in early syphilis or 12–24 months in latent syphi-
lis). While a presumptive diagnosis of ocular syphilis can be made without a lumbar 
puncture, a lumbar puncture can confirm the diagnosis and provide guidance to the 
clinician in the case that the patient’s symptoms do not resolve after treatment. The 
CDC recommends lumbar puncture in all patients with ocular syphilis to detect 
neurosyphilis, but there is debate whether this procedure is justified in patients with 
isolated anterior segment inflammation [37].

The standard serologic test for cerebrospinal fluid (CSF) is VDRL [31, 37]. 
Noteworthy, the other non-treponemal tests such as RPR and USR are not recom-
mended for CSF. It is emphasized that the VDRL in CSF is highly specific. A posi-
tive result, in the absence of CSF contamination with blood, confirms the diagnosis. 
However, a negative result does not exclude neurosyphilis. CSF-VDRL may be 
negative in 30–70% of neurosyphilis cases. Both the IUSTI and CDC highlight that 
in the cases of the negative CSF-VDRL, other tests should be taken into consider-
ation, such as treponemal assays, CSF cell count, and protein and glucose levels. 
Treponemal tests performed in CSF (TPHA, FTA-ABS, EIA) are highly sensitive 
but nonspecific for the neurosyphilis diagnosis. This means that the negative results 
exclude neurosyphilis, but the positive result does not confirm the diagnosis. The 
CSF white cell count cutoff values, which may suggest neurosyphilis, have been 
established on the ≥5 cells/mm3 in immunocompetent patients with syphilis 
and ≥ 20 cells/mm3 in HIV-positive patients. Neurosyphilis may be also associated 
with the CSF protein concentration higher than 45 mg/dl and the CSF glucose levels 
of less than 2.72 mmol/l.
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Additionally, all patients with a new diagnosis of ocular syphilis should be tested 
for HIV infection as well as screening for other common STDs, especially gonor-
rhea and chlamydia. All patients with a new diagnosis of HIV should be screened 
for syphilis.

�Treatment

Ocular syphilis is treated in exactly the same way as neurosyphilis [38]. Since ben-
zathine penicillin does not penetrate the blood-ocular barrier, aqueous penicillin G 
or procaine penicillin G plus probenecid should be given [39]. For patients with 
neurosyphilis, recommended treatment is higher doses (18–24 million units per day 
in divided doses) of intravenous aqueous penicillin G administered every 4 h for 
10–14 days, and some experts recommend two to three doses of benzathine benzyl-
penicillin after completion of intravenous therapy to mirror the duration of therapy 
for late infections [39].

Treatment of patients with syphilis who have a proven penicillin allergy can be 
challenging [40, 41]. Fluoroquinolone, sulfonamides, and aminoglycoside antibiot-
ics are not effective. The data on doxycycline suggest that it is an acceptable alter-
nate agent for early and late latent syphilis when penicillin therapy is not feasible 
[39–42]. Azithromycin as a single 2-g oral dose has been effective for treating early 
syphilis in some settings [40]. However, T. pallidum chromosomal mutations asso-
ciated with azithromycin (and other macrolide) resistance and treatment failures 
have been documented in multiple geographical areas in the United States. 
Accordingly, azithromycin should be used with caution only when treatment with 
penicillin or doxycycline is not feasible. Azithromycin should not be used in MSM 
or pregnant women. Careful follow-up of patients receiving any alternative thera-
pies is essential. There are no recommendations to modify therapy for pregnant 
women or for patients with HIV infection.

There is certainly a place for adjunctive corticosteroid therapy in the manage-
ment of syphilitic eye disease. Topical steroids are of benefit as an adjunctive treat-
ment in syphilitic keratitis, scleritis, and anterior uveitis. Systemic steroids always 
in combination with appropriate antibiotic therapy have a role in the treatment of 
posterior uveitis and optic nerve inflammation [38].

The current CDC guidelines recommend 6- and 12-month follow-up for HIV-
uninfected persons and 3-, 6-, 9-, and 12-month follow-up visits for HIV-infected per-
sons with early syphilis (to maximize the probability of follow-up at some time) [39].

After syphilis treatment, 30–50% of treated patients have a Jarisch-Herxheimer 
reaction, an acute febrile illness with headache, myalgia, chills, and rigors that 
occur within 24 h of the initiation of treatment for ocular syphilis, probably as a 
result of endotoxin release and cytokine elevation [41]. Typically, patients have 
been described as having a rapid loss of vision after the first adequate dose of peni-
cillin. Systemic steroids may dampen but not completely prevent the Jarisch-
Herxheimer reaction. Antitumor necrosis factor antibodies seem to be more effective 
than steroids.
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Response to therapy is indicated by a two fold or greater dilution decline in non-
treponemal serological test titers or, if initial titers are positive at a 1:1 or 1:2 dilu-
tion, by becoming nonreactive [39, 42]. A meaningful serological response to 
therapy is more likely if patients are younger, have earlier stages of disease, have 
higher serological test titers at the time of diagnosis, or experience a Jarisch-
Herxheimer reaction.

Monitoring of response to therapy in neurosyphilis can be challenging, and there 
have been few formal studies of its efficacy because of difficulties in getting follow-
up lumbar punctures. A serological response to therapy using the rapid plasma 
reagin test is highly predictive of resolution of both neurological and CSF abnor-
malities. The CDC recommends repeating a lumbar puncture if CSF pleocytosis 
was present initially (and recommends considering repeating an LP if the CSF-
VDRL or CSF protein evaluations were abnormal) every 6 months until the cell 
count has normalized. If the cell count has not decreased after 6 months, or CSF cell 
count or protein has not normalized after 6 months, retreatment should be consid-
ered. When follow-up CSF studies are available, the white blood cell count is the 
earliest variable to respond, whereas a reactive CSF-VDRL test can take years to 
change and additionally could be slower in individuals with HIV. CSF protein deter-
mination in individuals with neurosyphilis is both nonspecific and can be slow to 
resolve.

Compliance with Ethical Requirements  Francesco Pichi and Thomas A. Albini declare that 
they have no conflict of interest. No human or animal studies were carried out by the authors for 
this chapter.
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Ocular Tuberculosis

Soumyava Basu

�Introduction, Clinical Features, Differential Diagnosis, 
and Treatment

Mycobacterium tuberculosis has been associated with a wide variety of intraocular 
inflammation, especially in tuberculosis (TB)-endemic countries [1]. Even in non-
endemic countries with significant migrant populations [2], it remains one of the 
important differentials for a variety of uveitis presentations. The disease is diag-
nosed on the basis of suggestive clinical signs; presence of ancillary evidence of TB 
such as tuberculin skin test (TST), interferon gamma release assays (IGRA), or 
radiological signs of TB; and exclusion of non-TB entities. Microbiological evi-
dence of M. tuberculosis is rarely found in ocular fluid samples.

Clinical features of intraocular TB can manifest in any tissue of the eye, except 
the crystalline lens. However, isolated anterior uveitis (granulomatous or non-
granulomatous) or intermediate uveitis are relatively uncommon in intraocular 
TB. The disease more commonly manifests in the posterior segment of the eye. The 
“classic” posterior segment manifestations such as choroidal tubercles, choroidal or 
optic nerve tuberculoma, and subretinal abscess are generally associated with sys-
temic TB, relatively easy to diagnose but rare in ophthalmology practice. More 
commonly, patients present with retinal vasculitis (with or without focal chorioreti-
nitis overlying blood vessels), multifocal choroiditis, or serpiginous-like choroiditis 
[3]. Here ocular imaging plays a crucial role in identification of specific patterns 
that have been associated with intraocular TB. These include fundus photography, 
fluorescein and indocyanine green angiography, autofluorescence, optical coher-
ence tomography (OCT) and OCT-angiography, or multimodal imaging involving 
several of the above techniques [4]. Ancillary tests such as TST, IGRA, and chest 
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radiography provide evidence for systemic mycobacterial infection, but neither are 
they positive confirmatory tests for intraocular TB, nor do negative tests completely 
rule out the condition. In addition to the above ancillary tests, patients often require 
specific laboratory investigations for exclusion of different infectious and noninfec-
tious etiologies.

Differential diagnosis of intraocular TB depends on the clinical presentation of 
the disease. Thus, for anterior uveitis, it could vary from sarcoidosis to HLA-B27-
associated uveitis, while for serpiginous-like choroiditis, it could be autoimmune 
serpiginous choroidopathy or one of the several infections that can cause a similar 
clinical appearance. Conversely, TB should be ruled out in any form of uveitis in 
case there is no conclusive evidence of a specific etiological diagnosis and there is 
history of exposure to TB-endemic populations.

The treatment of intraocular TB requires a combination of anti-TB therapy and 
corticosteroid therapy. The World Health Organization (WHO) guidelines for anti-
TB therapy (ATT) are summarized in Table 1. While there are no specific WHO 
guidelines for intraocular TB, generally anti-TB therapy is initiated with 4-drug 
therapy for 2  months and followed with 2-drug therapy for 4–7  months [5]. 
Concomitant corticosteroid therapy can be given topically, locally, or systemically 
depending on the degree and primary location of inflammation. Paradoxical wors-
ening of ocular inflammatory lesions can be seen after initiation of ATT – these are 

Table 1  World Health Organization (WHO) recommendations for first-line treatment of tubercu-
losis (2010, 4th ed.)

Drug Daily dosage (mg/kg body weight) Side effects (common)
Rifampicin (R) 5 (4–6), maximum 300 mg Gastrointestinal upset, drug 

interactions, hepatitis, flu-like 
symptoms

Isoniazid (H) 10 (8–12), maximum 600 mg Rash, hepatitis, peripheral 
neuropathy

Pyrazinamide 
(Z)

25 (20–30) Hepatitis, rash, 
gastrointestinal upset, 
hyperuricemia

Ethambutol (E) 15 (15–20) Optic neuritis, rash
Standard 
regimen

2 months of HRZE and 4 months of HR (there is no recommendation yet on 
duration for ocular TB, although longer duration has been advised for 
central nervous system, bone, and joint TB). WHO no longer recommends 
omission of ethambutol during the intensive phase of treatment for patients 
with non-cavitary, smear-negative PTB or EPTB who are known to be 
HIV-negative

Treatment of 
latent TB

Recommended in the following groups: people living with HIV, adult and 
child contacts of pulmonary TB cases, patients initiating anti-TNF 
treatment, patients receiving dialysis, patients preparing for organ or 
hematologic transplantation, and patients with silicosis. Various regimens 
have been suggested, most commonly isoniazid monotherapy for 
6–9 months

PTB pulmonary tuberculosis, EPTB extrapulmonary tuberculosis, HIV human immunodeficiency 
virus, TNF tumor necrosis factor
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usually managed by increasing corticosteroid dosage while continuing ATT. Since 
microbiological evidence of M. tuberculosis infection is lacking in nearly all cases 
of intraocular TB, serial ocular imaging is critical during the follow-up period to 
evaluate efficacy of treatment and possible recurrences.

�Widefield Color Fundus Photo, Fluorescein Angiography, 
and ICG Angiography

Fundus photography helps in accurately documenting chorioretinal lesions in pos-
terior and panuveitis. Serial fundus photographs during the course of treatment can 
help in documenting resolution or progression of existing lesions or the appearance 
of new lesions (Fig.  1). Recently, widefield and ultra-widefield photography has 
been applied for acquiring images of the peripheral fundus that are usually missed 
by conventional imaging [6]. It also has the advantage of rapidly imaging the entire 
fundus with minimal discomfort to the patient.

Fluorescein angiography has two important applications in intraocular TB: dem-
onstration of specific patterns in different posterior segment presentations and 
detection of post-inflammatory complications. Thus, choroidal lesions such as 
serpiginous-like choroiditis or choroidal granuloma would reveal early hypo- and 
late hyperfluorescence, at the active sites (Fig. 2a–c). Tubercular retinal vasculitis is 
typically associated with large areas of capillary non-perfusion, which is generally 
not seen in sarcoidosis. At a later stage, such retinal ischemia can lead to neovascu-
larization of the retina or disc. Rarely, healed or even active choroiditis lesions may 

a b

Fig. 1  (a, b) Color montage photograph of right and left fundus, respectively, of a 22-year-old 
female, with multifocal areas of confluent, serpigenoid choroiditis. Active lesions appear as bright 
yellow (stars), while healing lesions have various degrees of pigmentation
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be associated with choroidal neovascularization, which needs to be differentiated 
from choroidal inflammation, for initiation of anti-angiogenic therapy. Widefield 
and ultra-widefield fluorescein angiography can reveal additional information on 
extent of vasculitis or choroiditis lesions, simultaneously imaging both central and 
peripheral fundus [7, 8].

ICG angiography has a special role in diagnosis of intraocular TB, as a large 
number of lesions originate either in the outer retina-choriocapillaris complex 
(serpiginous-like choroiditis) or entirely within the choroid (choroidal tubercle). 
Serpiginous-like choroiditis is associated with multifocal areas of choriocapillaris 
occlusion [9, 10]. These appear hypocyanescent in the initial frames of the ICG 
angiogram and remain so even in the late stages, unlike in fluorescein angiography 
where active lesions become hyperfluorescent due to staining in late stages (Fig. 2d–
f). Purely choroidal lesions are also hypocyanescent in the early stages. However, 
partial-thickness lesions become isocyanescent in the later stages, while full-
thickness lesions remain hypocyanescent, due to the mass effect.

�Autofluorescence

Fundus autofluorescence is a noninvasive technique for delineating chorioretinal 
lesions in posterior and panuveitis. The autofluorescence is derived from lipofuscin 
accumulated in the cytosol of retinal pigment epithelium (RPE). Experimental 
models have revealed mitochondrial oxidative damage to photoreceptors following 

a b c

d e f

Fig. 2  (a) Color fundus photograph of the right eye of a 32-year-old female with TB-associated 
serpiginous-like choroiditis. (b, c) Fluorescein angiogram of the same eye with hypofluorescence 
corresponding to active lesions that later became hyperfluorescent due to staining of lesions. (d) 
Color fundus photograph of the right eye of a 28-year-old male, with serpiginous-like choroiditis 
involving the superior vascular arcade. (e, f) Indocyanine green angiogram of the above patient 
showing hypocyanescence in the early stage that persists in the late stage
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inflammatory stimulus, leading to the accumulation of lipofuscin in RPE [11]. This 
happens before infiltration of inflammatory cells into the retina/choroid and prob-
ably represents the earliest clinical sign of inflammation. Fundus autofluorescence 
is most commonly used for studying the pattern, progression, and response to treat-
ment in serpiginous-like choroiditis [12–14]. Active inflammation appears as 
hyperautofluorescence, while complete resolution typically leads to hypoautofluo-
rescence (Fig. 3). Intermediate stages of resolution appear as increasing dots of 
hypoautofluorescence within earlier areas of hyperautofluorescence [13]. The few 
remaining punctate areas of hyperautofluorescence tend to persist for up to 
3 months during the chronic phase of the disease. Thus, autofluorescence could be 
one of the earliest signs of disease activity and also one of the last to disappear, 
following initiation of therapy.

�OCT

OCT has been used for evaluation of various retinal layers including the RPE, as 
well as the choroid. It has applications in identification of disease pattern, progres-
sion as well as various complications of intraocular TB (Fig. 4). The outer retina – 
RPE – choriocapillaris complex is typically imaged in serpiginous-like choroiditis, 
where hyper-reflective bumps are seen corresponding to the areas of hyperautofluo-
rescence [4, 12]. The histological basis of these OCT features was recently revealed 
in a patient with serpiginous-like choroiditis, in whom chorioretinal biopsy of the 
lesions was performed following poor response to treatment [15]. The biopsy 

a b

Fig. 3  (a, b) Fundus autofluorescence photographs of the left and right eyes of a patient in Fig. 1, 
showing varying degrees of activity. New, active lesions (mostly in the periphery) show diffuse 
hyperautofluorescence (star). As the lesions heal, they develop gradual increase in mottling (initially 
hyper- and later hypoautofluorescence mottling) till they become uniformly hypoautofluorescent
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showed granulomatous inflammation with caseous necrosis of the inner choroid that 
was accompanied by photoreceptor disruption, focal loss, and necrosis of the RPE.

As lesions heal and hypoautofluorescence gradually appears, these hyper-
reflective bumps on OCT are replaced by thinning of the outer retina. Rarely, ana-
tomical restoration of the outer retina is seen instead of atrophy. The choroid also 
regains normal thickness in these rare cases.

Enhanced depth imaging OCT (EDI-OCT) is used for visualization of the cho-
roid and inner sclera. Choroidal imaging is vital as it is central to the pathogenesis 
of intraocular TB, either as the primary site of infection or from being contiguous to 
infection originating in the RPE and retina. EDI-OCT can be used for anatomical 
localization of the lesions as well as assessing changes in choroidal thickness after 
initiation of treatment. Recent studies have shown that choroidal thickness is sig-
nificantly increased in active disease and decreases with resolution of inflammation, 
with or without atrophy of the choriocapillaris [16]. Interestingly, similar thickening 
is seen in ocular sarcoidosis as well, but here the medium vessel Sattler’s layer is 
found to be disproportionately enlarged. EDI-OCT also provides insights into the 
morphological changes in the choroid, corresponding to the focal lesions seen in 
intraocular TB [17]. The active chorioretinitis lesions that appear as choriocapillaris 
hypoperfusion on ICG have been associated with areas of increased choroidal 

a b

c d

Fig. 4  (a, b) Fundus autofluorescence photograph of a patient with serpiginous-like choroiditis, 
and the corresponding EDI-OCT scan showing hyper-reflective bumps in the outer retina (block 
arrows) through areas of hyperautofluorescence (arrows). The underlying choroid is thickened and 
shows areas of increased choroidal homogeneity (stars) that are hypodense and suggestive of a 
granuloma. However, increased choroidal transmittance through the lesions, as reported earlier, 
was not seen in the scan. Greater transmittance is seen through the adjacent luminal structures that 
represent choroidal vessels. (c, d) Healed lesions in the same patient showing hypoautofluores-
cence and disappearance of outer retinal hyper-reflectivity in the corresponding EDI-OCT scan 
(dashed arrows). The choroidal thickness also appears to have reduced, and the homogenous areas 
reduced in size
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homogeneity on EDI-OCT that could be hypo- or isodense, representative of a 
tubercular granuloma (Fig. 4b, d). These homogenous areas can be differentiated 
from large choroidal vessels by increased transmittance through the lesion. They 
regain the normal heterogenous pattern on resolution of inflammation.

�Evolving Imaging Modalities

New treatment modalities have emerged in the last few years that provide valuable 
insight into morphology and likely patho-mechanisms of intraocular TB. Prominent 
among these is OCT-angiography (OCT-A) – a noninvasive imaging tool for vascu-
lar networks in the retina and choroid. The OCT-A features in serpiginous-like cho-
roiditis have been well characterized (Fig. 5). During active inflammation, flow void 
areas are seen in the choriocapillaris layer that correspond to hypoperfusion seen on 
ICG angiography and hyperautofluorescence [4]. As the lesions heal, the flow void 
areas are gradually replaced by an irregular meshwork of choriocapillaris that per-
sist even after the lesions have healed completely. OCT-A changes appear to occur 
earlier that that seen on autofluorescence and correspond better to subjective 
improvement reported by patients [18]. OCT-A can also be useful in demonstration 
of choroidal neovascularization and non-neovascular tufts in the choriocapillaris 
layer and capillary non-perfusion in the retinal vasculature in eyes with retinal 
vasculitis.

a b c

d e f

Fig. 5  (a–c) Active serpiginous-like choroiditis (inset) in the left eye, showing “flow void areas” 
in the choriocapillaris layer on OCT-angiography, corresponding to areas of hyperautofluores-
cence. (d–f) As the lesions heal, the flow void areas are replaced by a tangled meshwork of vessels, 
whose arrangement is different from the surrounding choriocapillaris. This change may appear 
even though parts of the lesion continue to be hyperautofluorescent
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Retromode imaging is another noninvasive imaging technique that uses confocal 
scanning laser ophthalmoscopy to create shadows for pseudo-three-dimensional 
imaging of the outer retina and RPE. This technique has been successfully used in 
other uveitis entities such as Vogt-Koyanagi-Harada disease [19] and should be use-
ful in intraocular TB as well, especially serpiginous-like choroiditis.

Multimodal imaging collates all the above imaging techniques to provide infor-
mation on the following: anatomical location of lesion, disease activity, response to 
treatment, and post-inflammatory complications [4]. Thus, for example, autofluo-
rescence, OCT-A, and EDI-OCT can provide complimentary information regarding 
disease activity, location, and treatment response in a patient with serpiginous-like 
choroiditis, without the need for invasive techniques such as FFA and ICG angiog-
raphy. The multimodal imaging characteristics of TB-associated serpiginous-like 
choroiditis are summarized in Table 2.

�Response to Treatment Imaging

Imaging has a critical role after initiation of treatment for intraocular TB. As men-
tioned above, microbiological evidence of M. tuberculosis infection is rarely found 
in ocular samples, and serial imaging becomes vital in documentation of resolution 
of inflammation. Second, intraocular TB, particularly serpiginous-like choroiditis, 
is often associated with paradoxical worsening after initiating anti-TB therapy [20]. 
This is best diagnosed on serial imaging, especially extrafoveal increase in size of 
lesions that is asymptomatic and can be missed on clinical examination. Finally, 
complications such as retinal or choroidal neovascularization, epiretinal mem-
branes, or cystoid macular edema can also develop during course of treatment and 
are best detected by an appropriate imaging technique.

Acknowledgment  The author would like to acknowledge Krushna Gopal Panda, optometrist at L 
V Prasad Eye Institute, Bhubaneswar, for painstakingly acquiring and preparing all the images.

Table 2  Imaging characteristics of TB-associated serpiginous-like choroiditis in active and 
healed stages

Active Healed
FAF Diffuse hyperautofluorescence Gradual mottling during healing, finally 

leading to complete hypoautofluorescence
EDI-
OCT

“Bumpy” hyper-reflectivity in outer 
retina and retinal pigment epithelium 
(RPE)

Atrophy of outer retina and RPE – disruption 
of ellipsoid, myoid layers, and external 
limiting membrane

FFA Early hypofluorescence and late 
hyperfluorescence

Early and late hyperfluorescence due to RPE 
transmission defect

ICGA Hypocyancescence in early phase, 
which persists in late phases

Same as in active stage

FAF fundus autofluorescence, EDI-OCT enhanced depth imaging-optical coherence tomography, 
FFA fundus fluorescein angiography, ICGA indocyanine green angiography

S. Basu



123

Compliance with Ethical Requirements  Soumyava Basu declares no conflict of interest. No 
human or animal studies were carried out by the authors for this article.

References

	 1.	Gupta V, Gupta A, Rao NA.  Intraocular tuberculosis—an update. Surv Ophthalmol. 
2007;52(6):561–87.

	 2.	Hong BK, Khanamiri HN, Bababeygy SR, Rao NA. The utility of routine tuberculosis screen-
ing in county hospital patients with uveitis. Br J Ophthalmol. 2014;98(8):1091–5.

	 3.	Balne PK, Modi RR, Choudhury N, Mohan N, Barik MR, Padhi TR, Sharma S, Panigrahi SR, 
Basu S. Factors influencing polymerase chain reaction outcomes in patients with clinically 
suspected ocular tuberculosis. J Ophthalmic Inflamm Infect. 2014;4(1):10.

	 4.	Agarwal A, Mahajan S, Khairallah M, Mahendradas P, Gupta A, Gupta V. Multimodal imaging 
in ocular tuberculosis. Ocul Immunol Inflamm. 2016;11:1–12.

	 5.	Kee AR, Gonzalez-Lopez JJ, Al-Hity A, Gupta B, Lee CS, Gunasekeran DV, Jayabalan N, 
Grant R, Kon OM, Gupta V, Westcott M. Anti-tubercular therapy for intraocular tuberculosis: 
a systematic review and meta-analysis. Surv Ophthalmol. 2016;61(5):628–53.

	 6.	Aggarwal K, Mulkutkar S, Mahajan S, Singh R, Sharma A, Bansal R, Gupta V, Gupta A. Role 
of ultra-wide field imaging in the management of tubercular posterior uveitis. Ocul Immunol 
Inflamm. 2016;6:1–6.

	 7.	Kaines A, Tsui I, Sarraf D, Schwartz S. The use of ultra widefield fluorescein angiography in 
evaluation and management of uveitis. Semin Ophthalmol. 2009;24(1):19–24.

	 8.	Nicholson BP, Nigam D, Miller D, Agron E, Dalal M, Jacobs-El N, et al. Comparison of wide-
field fluorescein angiography and 9-field montage angiography in uveitis. Am J Ophthalmol. 
2014;157(3):673–7.

	 9.	Herbort CP. Indocyanine green angiography. In: Gupta A, Gupta V, Herbort CP, Khairallah M, 
editors. Uveitis: text and Imaging. New Delhi: Jaypee Brothers; 2009. p. 88–144.

	10.	Bansal R, Gupta A, Gupta V. Imaging in the diagnosis and management of serpiginous choroi-
ditis. Int Ophthalmol Clin. 2012;52:229–36.

	11.	Rajendran R, Saraswathy S, Rao NA. Photoreceptor mitochondrial oxidative stress in early 
experimental autoimmune uveitis. Br J Ophthalmol. 2007;91:531–7.

	12.	Bansal R, Kulkarni P, Gupta A, Gupta V, Dogra MR. High-resolution spectral domain optical 
coherence tomography and fundus autofluorescence correlation in tuberculosis in tubercular 
serpiginous like choroiditis. J Ophthalmic Inflamm Infect. 2011;4:157–63.

	13.	Gupta A, Bansal R, Gupta V, Sharma A. Fundus autofluorescence in serpiginous-like choroidi-
tis. Retina. 2012;32:814–25.

	14.	Khanamiri HN, Rao NA. Serpiginous choroiditis and infectious multifocal serpiginoid choroi-
ditis. Surv Ophthalmol. 2013;58:203–32.

	15.	Kawali A, Emerson GG, Naik NK, Sharma K, Mahendradas P, Rao NA. Clinicopathologic 
features of tuberculous serpiginous-like choroiditis. JAMA Ophthalmol. 2018;136(2):219–21.

	16.	Mehta H, Sim DA, Keane PA, Zarranz-Ventura J, Gallagher K, Egan CA, Westcott M, Lee 
RW4, Tufail A, Pavesio CE. Structural changes of the choroid in sarcoid- and tuberculosis-
related granulomatous uveitis. Eye (Lond). 2015;29(8):1060–8.

	17.	 Invernizzi A1, Mapelli C, Viola F, Cigada M, Cimino L, Ratiglia R, Staurenghi G, Gupta 
A. Choroidal granulomas visualized by enhanced depth imaging optical coherence tomogra-
phy. Retina. 2015;35(3):525–31.

	18.	Jain L, Panda KG, Basu S.  Clinical outcomes of adjunctive sustained-release intravitreal 
dexamethasone implants in tuberculosis-associated multifocal serpigenoid choroiditis. Ocul 
Immunol Inflamm. 2018;26(6):877–83.

Ocular Tuberculosis



124

	19.	Kinoshita T, Imaizumi H, Miyamoto H, Katome T, Mitamura Y. Detection of choroidal folds 
in patients with Vogt–Koyanagi–Harada disease by retromode scanning laser ophthalmoscopy. 
Retin Cases Brief Rep. 2016;10(2):160–4.

	20.	Basu S, Nayak S, Padhi TR, Das T. Progressive ocular inflammation following anti-tubercular 
therapy for presumed ocular tuberculosis in a high-endemic setting. Eye. 2013;27(5):657–62.

S. Basu



125© Springer Nature Switzerland AG 2019
N. A. Rao et al. (eds.), Posterior Uveitis, Essentials in Ophthalmology, 
https://doi.org/10.1007/978-3-030-03140-4_8

D. Y. Darwish · M. Zhou · A.-M. Lobo (*) 
Illinois Eye and Ear Infirmary, University of Illinois at Chicago, Department of 
Ophthalmology and Visual Sciences, Chicago, IL, USA
e-mail: alobo2@uic.edu

Viral Retinitis

Dana Yousef Darwish, Mei Zhou, and Ann-Marie Lobo

�Necrotizing Herpetic Retinitis

Necrotizing herpetic retinitis defines a spectrum of disease secondary to herpes 
viruses, specifically herpes simplex virus 1 and 2 (HSV-1 and HSV-2), varicella 
zoster virus (VZV), and cytomegalovirus (CMV).

�Acute Retinal Necrosis

�Background

Acute retinal necrosis (ARN) is an ocular inflammatory syndrome typically seen in 
immunocompetent patients. Urayama first reported a constellation of findings 
including acute necrotizing retinitis, retinal arteritis, and subsequent retinal detach-
ment [65]. The association of herpes viruses with ARN was first confirmed with the 
isolation of VZV, HSV-1, and HSV-2 from tissue cultures of vitreous and aqueous 
specimens and immunocytology [13, 14, 55]. Although ARN is a clinical syndrome, 
polymerase chain reaction (PCR) of the vitreous and aqueous specimens is sensitive 
and specific for confirming the causative viral agent.

�Clinical Features and Diagnostic Criteria

Patients typically present with findings of ocular pain, photophobia, redness, blurred 
vision, and floaters [59]. The 1994 American Uveitis Society guidelines specify the 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-03140-4_8&domain=pdf
mailto:alobo2@uic.edu


126

following five clinical features for the diagnosis of ARN: (1) focal well-demarcated 
area of retinal necrosis in peripheral retina, (2) rapid progression of disease without 
antiviral therapy, (3) circumferential progression of necrosis, (4) occlusive vascu-
lopathy, and (5) prominent inflammatory reaction in vitreous and anterior chamber 
[28]. There is a slight predilection to males, and it typically affects patients aged 
20–60 [15, 16]. Anterior segment findings include conjunctival injection, fine or 
granulomatous keratic precipitates, and anterior chamber and vitreous cells. 
Posterior segment findings include vitreous cell and haze, areas of retinal whiten-
ing/necrosis, arteriole narrowing and sheathing of large retinal vessels, and scat-
tered hemorrhages [15, 16]. The disease tends to progress rapidly within days to 
weeks from the periphery to the macula. The affected areas become thin and atro-
phic, frequently complicated by full thickness retinal holes. Expectedly, rates of 
retinal detachment are as high as 80% in some studies and are both rhegmatogenous 
and tractional in nature [41].

�Progressive Outer Retinal Necrosis

Progressive outer retinal necrosis (PORN) is characterized by deep, multifocal, 
white/yellow retinal lesions which progress rapidly [18, 20]. The condition is exclu-
sively seen in immunocompromised patients, particularly those with HIV/AIDS 
and CD4 counts less than 50 cells/uL. VZV antigen has been isolated from chorio-
retinal and vitreous specimens of patients affected with PORN [46]. The etiology is 
similar to ARN, involving reactivation of a latent herpes infection, but there are 
distinguishing clinical features.

�Clinical Features

Patients initially present with painless disturbance in peripheral vision. On exami-
nation, intraocular inflammation is typically absent. Fundus exam shows areas of 
multifocal retinal necrosis with opacification in the outer retina [20]. Without ther-
apy, the necrosis rapidly progresses to involve the entire retina in a circumferential 
fashion. Resolution during this process may present with perivenous clearing within 
areas of retinal whitening with a “cracked mud appearance” [18]. Retinal detach-
ments frequently occur secondary to thin necrotic retina.

�PORN Versus ARN

ARN and PORN represent a spectrum of herpetic retinitis (Table 1). ARN is associ-
ated with an exuberant inflammatory response, whereas in PORN, there is little 
intraocular inflammation. In PORN, macular involvement tends to be earlier, with 
rapid progression starting centrally and spreading in a nonspecific pattern in direct 
contrast to ARN’s circumferential spread from the periphery. Furthermore, PORN 
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tends to be a multifocal disease without granular borders, whereas ARN tends to 
have discrete borders [18].

�Differential Diagnoses

The differential for necrotizing herpetic retinitis should include any diseases that 
cause retinal whitening. Infectious possibilities include CMV retinitis, toxoplasma 
chorioretinitis, and ocular syphilis. Autoimmune diseases include Behcet’s disease, 
acute multifocal hemorrhagic retinal vasculitis, and sarcoidosis. Neoplastic and vas-
cular etiologies include intraocular lymphoma, retinal artery occlusion, and retino-
blastoma [16].

�Imaging

�Fluorescein Angiography/Indocyanine Green Angiography

Fluorescein (FA) and indocyanine green (ICG) angiography is not necessary for diag-
nosis of acute retinal necrosis, and has limited utility in cases with severe vitritis, but 
can be helpful in delineating the extent of disease (Table 2). During active disease, 
capillary non-perfusion is noted in affected areas as well as leakage of the few perfused 

Table 1  Clinical features of necrotizing herpetic retinitis

ARN PORN CMVR
Symptoms Eye pain

Redness
Decreased 
peripheral vision
Floaters
Photophobia

Painless
Decreased peripheral vision

Painless
Decreased peripheral or 
central vision
May be asymptomatic

Clinical 
features

Peripheral retinal 
whitening
Vasculitis
Vitritis

Multifocal deep retinal 
white lesions that become 
confluent
Early posterior pole 
involvement

Perivascular retinitis
Hemorrhages
Granular borders

Immune 
status

Immunocompetent Immunocompromised Immunocompromised

Focus Multifocal Multifocal Single focus
Vasculitis Yes No Variable
Vitritis Common Uncommon Less common
Progression Rapid Rapid Slow
Pattern of 
progression

Circumferential 
from periphery

Central and nonspecific Perivascular

Management Systemic antiviral
Intravitreal antiviral
Prednisone

Systemic antiviral
Intravitreal antiviral
HAART

Systemic antiviral
Intravitreal antiviral
HAART
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major vessels [71]. Obstruction of the central retinal artery or one of its branches has 
been reported [16]. Areas of acute retinitis show an abrupt demarcation in perfusion of 
both arteries and veins (Fig. 1) [16]. Other findings include late staining of the optic 
disc during the recirculation phase and perifoveal leakage [16]. After disease resolu-
tion, window defects may be seen in previously affected areas due to RPE abnormali-
ties [16]. ICG leakage from retinal vessels was much more limited [63].

Table 2  Imaging features in viral retinitis

FA ICG OCT FAF
ARN: 
active 
disease

Capillary 
non-perfusion 
and leakage of 
major vessels
Vascular 
occlusion
Abrupt 
demarcation in 
perfusion
Late optic disc 
staining

Limited leakage 
of retinal vessels

Inner retina 
hyperreflectivity
Macula edema/
exudates
Retinal traction

Hyperfluorescent 
border

ARN: 
treated

Window defects Retinal thinning/
atrophy
Loss of ellipsoid 
in macula 
disease

PORN: 
active 
disease

Early blockage/
late staining
Retinal leakage 
in areas of retinal 
whitening

Outer retinal 
thickening and 
hyporeflectivity

Hypoautofluorescence

PORN: 
treated

Widespread late 
leakage of 
choriocapillaris

Retinal thinning/
atrophy
RPE irregularity

Stippled 
hyperfluorescence with 
retinal atrophy

CMVR: 
active 
disease

Microaneurysms
Blocking in areas 
of hemorrhage
Leaking or 
non-perfusion of 
vessels in 
affected areas

Hypocyanescence 
in areas of retinal 
edema/
inflammation

Full thickness 
retinal edema
Foveal and 
parafoveal inner 
retina reflectivity

Hyperautofluorescence 
of active borders
Hypofluorescence in 
areas of full thickness 
retinitis

CMVR: 
treated

Staining due to 
window defects

Staining due to 
window defects

Retinal thinning, 
choroid 
hyperreflectivity
Cystoid macula 
edema from 
immune-
recovery uveitis
Epiretinal 
membrane/
vitreoretinal 
traction

Mottled hyper and 
hypoautofluorescence 
in healing
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In progressive outer retinal necrosis, FA has provided insights into disease evolu-
tion. Early in the course of disease, the multifocal peripheral lesions display early 
blockage and late staining [20, 46]. Beyond these areas of punctate retinal whiten-
ing, however, extensive retinal microvascular alterations (capillary loss and micro-
aneurysms) of the equatorial and peripheral retina have also been noted [67]. Larger 
more confluent areas of retinal whitening displayed retinal leakage. Despite treat-
ment with parenteral antivirals, the disease can progress with extensive damage to 
the RPE manifesting as widespread late leakage of the choriocapillaris on fluores-
cein angiography. As the disease reactivates, a “brush-fire” pattern of leakage from 
the choriocapillaris at the border of normal and affected retina appears [67].

a

c

d

b

Fig. 1  Acute retinal necrosis. (a) Acute retinal necrosis with significant vitritis, peripheral areas 
of hemorrhage, and retinitis. (b) Follow up image after pars plana vitrectomy with 360 degrees of 
retinitis and hemorrhage. (c) Fluorescein angiogram showing extensive retinal ischemia and block-
age from hemorrhages. (d) SD-OCT with inner retinal hyperreflectivity. (Figures courtesy of Dr. 
William Mieler)
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�Optical Coherence Tomography

Optical coherence tomography (OCT) is an imaging technique that provides visual-
ization of optical cross-sectional images of the ocular tissues using low coherence 
interferometry [32]. Suzuki et  al. described time domain OCT findings in seven 
eyes in seven patients with ARN [62]. Acutely, in areas of retinal whitening, OCT 
showed highly reflective inner retina lesions and obscuration of the retinal architec-
ture. This has also been noted in spectral domain (SD) and swept source (SS) OCT 
[51]. Macular edema and exudates have also been noted in the acute phase [50]. 
SD-OCT has also been used outside of the macula to image areas of peripheral reti-
nitis with findings of full thickness retinal hyperreflectivity and intraretinal and sub-
retinal cysts [40]. With initiation of antiviral treatment and normalization of the 
retina appearance clinically, OCT shows marked retinal thinning and atrophy [50, 
51, 62]. In patients with macular disease at presentation, the ellipsoid layer did not 
recover despite disease regression and visual acuity remained poor [51]. With wors-
ening of intraocular inflammation, SD-OCT findings of inflammatory retinal trac-
tion and eventual development of combination tractional/rhegmatogenous 
detachment have been reported [40].

Time domain OCT of HIV-positive patients with VZV-related PORN show acute 
findings of outer retina thickening and hyporeflectivity [3, 7, 11]. After treatment, 
the areas which appear atrophic on clinical exam demonstrate thinning, loss of iden-
tifiable retinal structures, and RPE irregularity on OCT (Fig.  2) [3, 11]. Several 
months after treatment, OCT demonstrated full thickness neurosensory atrophy of 
the central macula [7]. The authors feel that the disease presents as an outer retinal 
disease but will eventually involve the full thickness of the retina [7]. This notion 

a

c
d

b

Fig. 2  Progressive outer retinal necrosis. (a) Right eye and. (b) Left eye showing multifocal, deep 
retinal lesions in the periphery and perivascular whitening. (c) SD-OCT macula of right eye with 
retinal hyperreflectivity and thinning in areas of retinitis. (d) SD-OCT macula of left eye with sub-
retinal deposits, full thickness retinal hyperreflectivity. (Figures courtesy of Dr. Felix Chau)

D. Y. Darwish et al.



131

has recently been debated as histological studies of early PORN show relative spar-
ing of the outer retina [45]. Others have proposed that PORN begins with deep 
capillary ischemia [72]. Further imaging studies with high-resolution OCT and 
OCT angiography may provide more insights into the disease process.

�Fundus Autofluorescence

Fundus autofluorescence (FAF) imaging allows for a topographic map of lipofuscin 
accumulation in the RPE, and autofluorescence is thought to precede frank photore-
ceptor degeneration. Patients with PORN acutely show areas of hypofluorescence 
due to obscuration by retinal opacification which later become stippled with hyper-
fluorescence as these opacified areas atrophy on funduscopy [11]. FAF changes in 
progressive outer retinal necrosis are delayed compared to clinical findings and 
appear subsequent to lipofuscin accumulation in areas of retinal inflammation. FAF 
offers higher contrast delineation of ARN lesions with a hyperfluorescent border 
which may assist in monitoring of disease progression [68].

�Treatment

Systemic antiviral therapy was first shown to be effective for the treatment of her-
petic retinitis in the 1980s with intravenous acyclovir [8, 27]. Since then, newer anti-
viral agents such as valacyclovir (acyclovir prodrug) and famciclovir (prodrug of 
penciclovir) which can achieve systemic levels similar to that of intravenous acyclo-
vir obviated the need for patients to be hospitalized [1, 5, 17]. Additionally, oral 
antivirals were shown to be beneficial for preventing fellow eye involvement [52].

�Adjunctive Therapy with Intravitreal Antiviral Injections

The addition of intravitreal antiviral agents was first shown to be effective in HIV-
positive patients with PORN [57]. Subsequently, successful results with adjunctive 
therapy with intravitreal antivirals in patients with ARN were described in several 
series [38, 44, 64]. Combination systemic and intravitreal antiviral therapy is now 
considered the standard of care for necrotizing herpetic retinitis. Patients receiving 
combination systemic and intravitreal antiviral therapy are more likely to have 
improvement in visual acuity and lower incidence of retinal detachment than those 
treated with systemic therapy alone [19].

�Laser

Prophylactic laser to uninvolved retina adjacent to diseased retina can decrease the 
rates of progression to retinal detachment, although this remains controversial [25, 
61]. More severe cases tend to be treated with laser but also have higher rates of reti-
nal detachment [53].
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�Role of Surgery

Retinal breaks and rhegmatogenous retinal detachment are a frequent complication 
of herpetic retinitis, in up to 50–80% of cases [12, 24, 41]. Although retinal detach-
ment repair with pars plana vitrectomy, scleral buckle, long-acting gas, or silicone 
oil tamponade has been successful, many patients require more than one surgery, 
and visual acuity may remain poor after surgery despite successful reattachment [2, 
12, 48, 60]. Early or prophylactic vitrectomy by removing inflammation and pre-
venting detachment has been explored but remains controversial [6, 33, 43].

�CMV Retinitis

Cytomegalovirus (CMV) retinitis is seen exclusively in immunocompromised 
patients, particularly in HIV/AIDS, or as a result of congenital infection. Risk fac-
tors for CMV retinitis include CD4 T cell counts <50 cells/uL and presence of one 
or more opportunistic infections [39]. However, CMV retinitis may also occur after 
solid organ or allogeneic bone marrow transplantation especially in the case of 
CMV-negative patients and CMV-positive donors [34].

�Clinical Findings

Unlike necrotizing retinopathies caused by HSV and VZV, CMV retinitis is a more 
slowly progressive disease [29–31]. Patients may be asymptomatic or present with 
decreased visual acuity. Vitritis is usually absent. There are variations in presenta-
tion of CMV retinitis, including (1) hemorrhagic retinitis within the posterior pole 
distributed along retinal vasculature; (2) a granular, indolent form with active retini-
tis at borders of the lesion; and (3) a perivascular or frosted branch angiitis [10, 21].

�Imaging

Ultrawide-field fundus imaging (UWF) which captures approximately 200° of the 
retina has been used to monitor disease progression in CMV retinitis (Fig. 3). In one 
study comparing UWF imaging with the Optos system to standard montage fundus 
photography, UWF imaging captured 40% more CMV affected areas compared to 
standard photography [49]. UWF provides improved monitoring of peripheral 
lesions and response to treatment.

Fluorescein angiography highlights vascular abnormalities such as enlarged 
foveal avascular zone, microaneurysms, hypofluorescence in areas of retinal edema 
and inflammation, as well as marked vascular leakage [22].

SD-OCT findings in three patients with active CMV retinitis showed full thick-
ness retinal edema and disruption of retinal architecture in affected areas of retina 
(Fig. 4) [40]. As the lesions healed with treatment with antivirals, retina thinning 
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Fig. 3  CMV retinitis. (a) Ultrawide-field image demonstrating perivascular distribution of fluffy 
white retinal infiltration and small areas of hemorrhage along superior arcade. (b) Fluorescein 
angiogram demonstrating extensive retinal ischemia. (c) SD-OCT macula showing loss of retinal 
tissue in areas of retinal whitening. (Figures courtesy of Dr. Lawrence Ulanski)

a b

Fig. 4  CMV retinitis. (a) Focal area of hemorrhage and perivascular infiltrate. (b) SD-OCT show-
ing disruption of retinal architecture and full thickness retinal hyperreflectivity in affected area. 
(Figures courtesy of Dr. Felix Chau)
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and choroid hyperreflectivity secondary to RPE atrophy were apparent on OCT 
[40]. An additional finding is that of cystoid macular edema, thought to be second-
ary to immune-recovery uveitis. SD-OCT can help distinguish retinitis from a cot-
ton wool spot which can also be seen in patients with HIV and only affects the inner 
retina [40]. Inner retinal hyperreflectivity, corresponding to areas of retinal ischemia 
on FA, has also been seen. With treatment, there is reduction in retinal thickness [4].

SD-OCT has also been used to study the vitreoretinal interface. In 42 eyes from 
21 patients with healed CMV retinitis scars, a majority had abnormalities including 
epiretinal membrane and vitreoretinal gliosis, which may provide further explana-
tion for high rates of retinal detachment in patients with CMV retinitis [9].

FAF imaging in active CMV retinitis demonstrates hyperautofluorescence at the 
active borders of affected areas, while areas of full thickness retinitis in the posterior 
pole were hypoautofluorescent (Fig. 5) [70]. Mottled regions of hyper- and hypoau-
tofluorescence corresponded to either RPE atrophy or various stages of healing. In 
this series, FAF was particularly helpful for patients with subtle findings of disease 
activity on clinical exam by highlighting disease recurrence with hyperautofluores-
cence at the active borders in patients previously affected by CMV on chronic anti-
viral therapy [70]. With treatment of CMV retinitis, the hyperautofluorescent 
borders seemed to decrease.

�Treatment

The use of highly active antiretroviral therapy (HAART) significantly reduced the 
incidence and severity of a number of opportunistic infections in HIV/AIDS 

a

d

b c

Fig. 5  CMV retinitis. (a) Frosted branch angiitis with extensive perivascular infiltrates and hem-
orrhage. (b) Autofluorescence image with hypoautofluorescence in areas of perivascular infiltrates. 
(c) Resolving perivascular infiltrates and hemorrhages. (d) SD-OCT showing inner retina hyper-
reflectivity and retinal edema in area of active retinitis and atrophy, loss of retinal architecture in 
inactive or resolving areas. (Figures courtesy of Dr. Yannek Leiderman)
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patients, including CMV retinitis. Anti-CMV therapy, however, still plays a critical 
role for treatment of CMV retinitis in the HAART era. Intravenous antiviral treat-
ment options include ganciclovir, foscarnet, and cidofovir. Oral antivirals include 
valganciclovir, a prodrug of ganciclovir. Intraocular agents include intravitreal gan-
ciclovir and foscarnet and a long-acting ganciclovir implant. Systemic antiviral 
therapy prevents dissemination of the virus either to the second eye or elsewhere in 
the body. Anti-CMV therapy improved mortality for HIV-infected patients, even 
with the widespread use of HAART therapy [35]. Combination systemic and intra-
vitreal therapy, as well as treatment of HIV with HAART, is considered to be the 
standard approach for treatment of HIV-positive CMV retinitis patients [35].

�Epstein-Barr Virus and Ebola Virus

Epstein-Barr virus (EBV) has been implicated in cases of bilateral uveitis, keratitis, 
conjunctivitis, and ARN following viral reactivation [47, 69]. However, EBV is pres-
ent ubiquitously in mucosal tissue, and the pathogenesis of EBV in viral retinitis is 
unclear. Most cases that have isolated EBV in diseased eyes reported coinfection with 
VZV [26, 41], and therefore its role as a causative agent in ocular pathology is difficult 
to discern. Two recent case studies have reported EBV as a sole causative agent of 
ARN by immunohistopathologic confirmation of positive EBV titers [23, 56].

The recent outbreak of Ebola has led to reports of Ebola-related ocular disease. 
Although the pathogenesis of Ebola-related uveitis is unclear, anterior uveitis and 
panuveitis have developed during the convalescent stage in Ebola survivor patients 
[66]. 21 out of 96 Ebola survivors developed an Ebola virus disease-related uveitis 
[58]. Patients present with eye pain, photophobia, and visual loss [42] with clinical 
findings of keratic precipitates, vitritis, peripheral chorioretinal scars, and elevated 
intraocular pressure as the uveitis progresses [58]. Ebola virus has been found 
within the ocular fluid even after clearance of viremia [66]. Whether the uveitis is 
caused by active viral replication, viral persistence in the eye, or immunological 
reaction to the virus is unclear and needs further investigation.

�Imaging

One case report of EBV-associated retinitis described the use of FA, which high-
lighted disc leakage and retinal vasculitis at disease onset. With 4 weeks of antiviral 
therapy, disc edema and phlebitis improved. By 3 months of treatment, these find-
ings had resolved [36].

�Treatment

EBV lacks a virus-specific thymidine kinase; however, acyclovir has 100 times 
more affinity for EBV DNA polymerase than that of the human host [37]. In a meta-
analysis of 45 immunocompetent patients with manifestations of infectious 
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mononucleosis, acyclovir was the most commonly prescribed antiviral although the 
role of antivirals in what is a typically self-limited viral disease has been questioned 
[54]. In ocular disease, the use of systemic and topical acyclovir has been described 
[23, 69]. Early diagnostic vitrectomy, focal panretinal photocoagulation in areas of 
retinal ischemia, and intravitreal antivirals have also been used as treatment in EBV-
associated ocular infection [36, 56].

The treatment of Ebola-related uveitis is largely experimental. Intraocular 
inflammation is treated with topical, periocular, and systemic steroids [66]. Use of 
favipiravir, an experimental antiviral drug, has also been employed.
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Intraocular Lymphoma: A Posterior 
Uveitis Masquerade Syndrome

Brian K. Do, Jesse L. Berry, and Damien C. Rodger

�Types of Ocular Lymphoma

Ocular and adnexal lymphomas are rare and have varied presentations and signifi-
cantly different prognoses. They can be classified by site of origin/involvement and 
whether the disease is primarily in the eye or secondary to systemic lymphoma. The 
nomenclature can be as varied as the diagnoses, and there are many overlapping 
terms. Ocular lymphoma can be classified as primary intraocular lymphoma (PIOL) 
(also known as primary vitreoretinal lymphoma (PVRL)), primary uveal lymphoma, 
primary ocular adnexal lymphoma which has overlap with uveal lymphoma, and 
secondary lymphoma from systemic disease. PVRL/PIOL is the most aggressive of 
the subtypes.
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�Primary Intraocular/Vitreoretinal Lymphoma

Primary intraocular lymphoma (PIOL) is thought to be a subset of primary central 
nervous system lymphoma (PCNSL) [1]; this is because PCNSL has a predilection for 
brain, leptomeningeal, and ocular tissues. CNS disease may occur prior to, concur-
rently with, or subsequent to the diagnosis of ocular disease or sometimes not at all. 
Bilateral involvement is seen 80% of the time. Approximately 25% of patients with 
PCNSL will have PVRL and upwards of 80% of patients with present with PIOL or 
PVRL will go on to develop CNS disease [2]. This is considered the most aggressive 
of the ocular lymphomas. It is a non-Hodgkin, diffuse large B-cell lymphoma (DLBCL). 
The vitreoretinal type is differentiated from the uveal type, which is an extremely rare 
uveal reactive hyperproliferation of essentially normal B-cells thought to correspond to 
a very low-grade malignancy, and these are further differentiated from a secondary 
process from systemic lymphoma [3]. Primary intraocular lymphoma simulates a 
chronic uveitis, and as such, its diagnosis is often very elusive. However, the difference 
is that the disorder is not primarily inflammatory; rather, inflammation is secondary to 
neoplastic, degenerative retinal change, or from ocular ischemia from B-cell hyperpro-
liferation. As such, vitreous aspirates will be an admixture of both the primary neoplas-
tic cells and the inflammatory cells resultant to the primary process.

�Diagnosis

PIOL is known as a “masquerade syndrome” precisely because it simulates many 
other causes of uveitis and a delay in diagnosis is common with this disease entity. 
On clinical examination there are generally fine vitreous cells, vitreous haze, and 
subretinal pigmented epithelium (sub-RPE) deposits that may be focal or diffuse 
and may involve the choroid (see Fig. 1). The classic teaching is to consider PIOL in 
cases of idiopathic uveitis (usually intermediate [4] or posterior) that do not respond 
well to steroids. There can sometimes be an initial improvement; however the 
inflammation usually will then worsen even without a corticosteroid taper. While the 
secondary inflammatory component may respond modestly, the primary neoplastic 
process is usually unremitting in the face of steroids. As a result, this remains one 
of the most important considerations in helping to make the diagnosis. Of course, 
ocular imaging studies can provide clues as to the possibility of PIOL and should 
help key one in to the diagnosis. The most important diagnostic study once PIOL/
PVRL is on the differential diagnosis is to investigate for other CNS involvement. 
Usually, this consists of brain imaging with magnetic resonance imaging (MRI) 
with gadolinium, looking for lesions that enhance with contrast typically in contact 
with subarachnoid cerebrospinal fluid spaces [5] or leptomeningeal enhancement. 
A lumbar puncture is also typically performed to acquire CSF for cytology, immu-
nophenotyping, as well as gene rearrangement studies. Immunophenotyping helps 
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to identify the cluster designation (CD) of cells and establish whether there exists 
a clonal population of CD20-positive B-cells in a sample with identical kappa or 
lambda light chains. Gene rearrangement heavy chain and kappa light chain PCR 
studies can also be performed to identify clonality. These CSF tests can be very 
helpful as oncologists usually desire a tissue diagnosis prior to initiating treatment. 
If all of these studies still remain negative, the patient should undergo typically 
staged vitreoretinal surgical procedures where first a standard vitrectomy is per-
formed and the fluid sent for the same types of studies as for the CSF [4, 6] as well 
as for the IL-10 to IL-6 ratio which should be >1 in PIOL and PCNSL and < 1 in 
cases of uveitis [7–10]. If these studies are not revealing, and suspicion is still high, 
the last step is the more aggressive chorioretinal biopsy that is sent for pathologic 
analysis for cell morphology, immunofluorescence, and immunohistochemistry to 
determine a diagnosis [11, 12].

�Treatment and Prognosis

The treatment paradigms for PIOL and PCNSL are beyond the scope of this chapter. 
In general, high-dose intravenous methotrexate is given for PCNSL. If there is ocu-
lar involvement, intravitreal injections of methotrexate or rituximab or external 
beam radiotherapy are usually employed in the disease [13]. Needless to say, when 
and if intraocular lymphoma is diagnosed, it is critically important to rule out CNS 
or systemic involvement, as this changes the necessary treatment. Unfortunately, 
PIOL carries with it a guarded prognosis, as the likelihood of eventual CNS involve-
ment is upwards of 80% and portends a poor outcome [13].

Fig. 1  Color fundus 
photograph demonstrating 
hazy media and retinal 
infiltrates in the setting of 
active PIOL/PVRL
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�Uveal Lymphoma

As expected, uveal lymphoma can be divided into choroidal, iridal, and ciliary body 
lymphoma. The choroid is the most frequent site of involvement. The most common 
histopathologic subtype is also a non-Hodgkin B-cell lymphoma but generally is a 
low-grade, extranodal marginal zone (EMZL) variety with a fairly indolent course, 
although more aggressive B-cell and T-cell origins have been described. Reactive 
lymphoid hyperplasia also falls into the spectrum of uveal lymphoma and is no 
longer considered a benign process but rather a low-grade B-cell lymphoma [14].

�Diagnosis

As with PVRL, primary uveal lymphoma is also known to masquerade and may 
even do so more frequently – but is discussed less often – due in part both to the 
rarity of the disease and its indolent nature. This type of ocular lymphoma classi-
cally presents in patients between 50 and 70 years of age with a slow decrease in 
vision. Clinical exam reveals scattered creamy, yellow subretinal and choroidal 
infiltrates (see Fig. 2). These tend to be less focal and less “punched-out” than what 
is seen in PVRL, and while there may be associated exudative retinal detachment, 
there is minimal to no inflammation. As the disease progresses, there will be diffuse 
swaths of choroidal thickening which may extend extraocularly and, if anteriorly, 
will present with a “salmon patch” which can easily be biopsied to confirm the 
diagnosis; if this is not present, there may be posterior extrascleral lesions, or a 
chorioretinal biopsy may be required. Rarely, ciliary body and iris involvement in 
advanced uveal disease may lead to secondary angle-closure glaucoma, with associ-
ated pain and severe vision loss [15].

Fig. 2  Color fundus photographs of both the right and left eye in an individual with bilateral uveal 
lymphoma with choroidal involvement. Note the creamy, yellow-orange choroidal infiltrates in 
both eyes, as well as pigmentary changes in the left eye
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�Treatment and Prognosis

The treatment for uveal lymphoma, like other lymphomas, depends most critically 
on the level of systemic involvement. A work-up with PET CT scan should be done 
and primary therapy targeted to systemic disease. Ocular involvement may respond 
to systemic therapy, particularly monoclonal antibody therapy (e.g., rituximab); 
uveal lymphoma is otherwise typically radiosensitive. Uveal lymphoma is often 
localized to the eye, and given its indolent nature, it responds very well to external 
beam radiotherapy (EBRT). In fact, while the classic teaching is that a dose in the 
range of 24 Gy is needed, de-escalation studies such as the FORT trial have shown 
non-inferiority, and the authors of this chapter have seen impressive response to 
significantly lower doses of radiation therapy [16].

�Ocular Adnexal Lymphoma

By definition, primary ocular adnexal lymphoma (OAL) involves the eyelids, con-
junctiva, lacrimal gland, and orbit in the absence of systemic disease (see Fig. 3). 
OAL accounts for 1% of lymphomas [17]. It also has overlap with primary uveal 
lymphoma [18].

�Diagnosis

Diagnosis of OAL is varied by site. Classically the patient will present with a slow-
growing, painless, orange-red “salmon patch” mass lesion which is a collection of lym-
phoproliferative cells (see Fig. 3); however presentation with an orbitopathy is also a 
hallmark of disease when the orbit is primarily involved. Tissue diagnosis is key. 
Histopathologically, OAL is of the low-grade non-Hodgkins B-cell EMZL/MALT sub-
type. However, more aggressive forms like follicular, mantle, lymphoplasmocytic, and 
DLBCL variants are known. Rarely, OAL may arise from T cells or NK cells.

Fig. 3  External color 
photograph exhibiting 
conjunctival involvement 
(note the salmon patch 
lesion) in a patient with 
ocular adnexal lymphoma
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�Treatment and Prognosis

As OAL and uveal lymphoma are considered overlapping entities, the treatment 
modalities are the same. It should be noted that even for rare localized conjunctival 
disease, this is not considered an entity that is managed by simple surgical excision, 
and other systemic modalities or radiotherapy are key. Prognosis in OAL varies 
more widely simply based on cell type; 80% that are MALT lymphomas tend to 
respond, while the more rare and aggressive subtypes, such as DLBCL, have a 
poorer prognosis.

�Ophthalmic Imaging in Ocular Lymphoma

�Slit Lamp Photography

In the setting of active PIOL/PVRL, keratic precipitates, anterior chamber cells, and 
flare, and, in rare circumstances, a pseudohypopyon may be visible at the slit lamp 
and photographable [19]. Rates at which iritis and keratic precipitates are seen vary 
widely, ranging from 25% in a study by the Japanese collaborative group [20], vs. 
75% of a cohort of 53 French patients with PIOL [21]. Additionally, when attempt-
ing to differentiate lymphoma from non-lymphoma patients, anterior chamber flare 
and posterior synechiae are reportedly found with significantly lower frequency in 
those with lymphoma [21].

An astute clinician may also be able to detect subtle iris nodules [22]. These find-
ings, as well as the retinal and choroidal findings documented below, are nonspe-
cific, are nondiagnostic, and may be present in various other infectious and 
noninfectious inflammatory conditions of the eye.

In uveal lymphoma, the anterior chamber and vitreous tend to remain clear and 
absent of cellular infiltration, unlike in PIOL. In the exceedingly rare iridal lym-
phoma secondary to systemic non-Hodgkin lymphoma, however, iris nodules may 
be present on examination and photography [23]. Extraocular, transscleral epibulbar 
extensions of uveal lymphoma may be seen anteriorly and manifest as a visible 
subconjunctival, sub-Tenon’s pink “salmon patch” mass. Present in as many as 34% 
of cases [24], these anterior extensions of uveal disease may be an important clue to 
the correct diagnosis [25–32].

�Fundus Photography

While fundus photography may have some interference from generally hazy media, 
the retinal findings visible on color fundus imaging or wide-field fundus imaging 
are important clues as to the diagnosis of PIOL and are important to document treat-
ment and must be looked for carefully.

The presence of vitreous cells is the hallmark of PIOL/PVRL, although yellow-
ish retinal and subretinal infiltrates are also characteristic. Less commonly, vascular 
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sheathing, exudates, retinal hemorrhages, thickened-appearing retina with a gray-
white color, and optic nerve edema can also be seen [33]. Multifocal “punched-out” 
lesions at the level of the retinal pigment epithelium (RPE) [34] and optic atrophy 
[35] have also been described in certain cases. Infiltration of tumor cells into the 
retina can cause areas of focal whitening of the retina as well [36]. Over time, exu-
dative retinal detachments can rarely occur and would be most easily imaged on 
wide-field photography. These lesions can be photographed over time to assess for 
improvement with treatment.

Especially in the setting of retinal infiltrates, perivasculitis, retinal hemorrhages, 
and significant vitreous cells, PIOL/PVRL can masquerade as acute retinal necrosis 
(ARN) syndrome, a rapidly progressive necrotizing retinitis caused by the herpesvi-
rus family that tends to affect the retinal periphery in immunocompetent patients 
(see Fig. 4). Certain diffuse forms of retinochoroidal toxoplasmosis, which occur 
largely in immunocompromised patients, may be difficult to differentiate from 
PIOL; this is especially true in the presence of RPE alterations, which may mimic 
toxoplasmosis scars [37, 38].

In uveal lymphoma, multifocal creamy-yellow choroidal patches are likely the 
most helpful funduscopic feature in establishing the diagnosis and may be seen in 
approximately half of the eyes [24]. Similar lesions may be seen in PIOL/PVRL, 
although these lesions are located between the RPE and Bruch’s membrane [39]. 
The use of additional testing modalities to determine the location of these infiltrates 
will be discussed in subsequent sections. Other clinical features of uveal lymphoma 
that may be present and visible on fundus photography include subretinal fluid, 
which has been reported to be present in as many as 48% of affected eyes [24], and 
obscuration of choroidal vessels by diffuse choroidal infiltrates [25, 40]. Less com-
mon findings include choroidal folds [25, 32, 41, 42], lipofuscin clumps (which 
manifest as orange pigment), and optic disc swelling [24].

Fig. 4  Wide-field color 
fundus photograph of an eye 
with PIOL/PVRL previously 
and incorrectly diagnosed 
with acute retinal necrosis. 
Note the hazy media, patches 
of retinal whitening/
infiltrates, and retinal 
hemorrhages
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�Fluorescein Angiography

Fluorescein angiography (FA) will likely give additional clues as to the diagnosis of 
PIOL. Classically described as a leopard spot, granular pattern of hyperfluorescence 
[43, 44], the findings on FA can be variable, with some authors describing hypofluo-
rescent spots persistent from early to late frames of the angiogram [19, 21]. This is 
thought to be due to the fact that the collections of active tumor cells which accu-
mulate between Bruch’s membrane and the RPE have a cytoplasm that can not 
absorb fluorescein dye due to an intact overlying cell membrane [45]. The clusters 
of small, round, hypofluorescent lesions have been reported to be present in as many 
as 45% of PIOL/PVRL patients in a study by Fardeau et al. [21]; on the other hand, 
they were present in only 2% of non-lymphoma cases included in the same study. 
These spots were found to correlate with small, white punctate lesions observed 
clinically on ophthalmoscopy.

Confusing the matter, hyperfluorescent window defects can also be present if the 
overlying RPE is damaged and lead to the overarching granular pattern (see Fig. 5). 
Staining of the infiltrates can also occur if the cells die and enable dye accumulation 
[19]. Large blocking lesions can also stain in later phases of the angiogram [46]. 
Pigment epithelial detachments found in the disease can show early hyperfluores-
cence and show progressive pooling in late stages of the angiogram if mostly serous 
in nature or alternatively can block underlying choroidal fluorescence if densely 
packed with tumor cells and show relative hypofluorescence [44]. Further, in areas 
of tumor infiltration into the retina, bright and uniform hyperfluorescence with 
occasional mild leakage can be seen. This finding is thought to be the result of exu-
dates or fluid within the retina around the diffuse invasion of tumor cells above the 
RPE [47].

Fig. 5  Wide-field fluorescein angiography of the right and left eyes demonstrating findings in a 
patient with bilateral PIOL/PVRL.  Of note are disc leakage notable in the left eye, numerous 
hyperfluorescent spots within the posterior poles of both eyes (window defects in areas of RPE 
atrophy following regression of sub-RPE lesions in the affected areas), and mild late vascular 
leakage
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Finally, although less common, other inflammatory stigmata may also be pres-
ent, including optic disc hyperfluorescence, macular leakage, and vascular leakage 
[19]. However, commonly the FA may not reveal any significant abnormalities in 
PIOL/PVRL, leading to the need for other testing modalities or an overall high 
index of suspicion.

In eyes with uveal lymphoma, the fluorescein findings can be contradictory and 
variable between patients. Fluorescein angiography may demonstrate early hypo-
fluorescence with multiple foci of hyperfluorescence and staining in the late phase 
[15]. However, another study conducted by Aronow et al. described high rates of 
early hyperfluorescence (78.6%), as well as choroidal folds and hypofluorescent 
spots [48]. As is the case with PIOL/PVRL, there is no “classic” presentation of 
uveal lymphoma on fluorescein angiography, the manifestations of which can vary 
broadly depending on the extent of disease.

�Indocyanine Green Angiography (ICG)

On ICG angiography, the classic finding in PIOL/PVRL, if any, is the prevalence of 
hypocyanescent spots that fade in the later phases of the angiogram [21]. These 
lesions appear to be less numerous than the lesions seen on FA. This likely corre-
sponds to blockage from the tumor cells, which then is overcome due to the wide-
spread choroidal filling later in the angiogram. If there are large choroidal or 
sub-RPE infiltrates, these may block throughout the entire angiogram. It has also 
been suggested that the lesions seen on ICG may represent a lymphocytic response 
within the choroid [49, 50]. Fardeau et al. noted that these hypocyanescent lesions 
were observed in 26% of individuals with PIOL/PVRL, compared with only 9% of 
those with nonlymphomatous cases [21].

Especially in cases of suspected primary uveal lymphoma with choroidal involve-
ment or secondary choroidal lymphoma in the setting of systemic lymphoma, ICG 
angiography provides superior characterization of the choroidal vasculature in com-
parison to fluorescein angiography. Multiple, round, hypocyanescent lesions are typi-
cally present, and correspond to areas of nonperfusion secondary to space-occupying 
choroidal infiltrates. These lesions have been reported in up to 100% of cases of cho-
roidal lymphoma, even more so when wide-field angiography is employed [48].

�Fundus Autofluorescence

Fundus autofluorescence (FAF) is a noninvasive way to visualize RPE function. 
Damaged or deranged RPE typically causes a hyperautofluorescent signal due to 
accumulation of lipofuscin, whereas areas of RPE loss or destruction and corre-
sponding photoreceptor death demonstrate hypoautofluorescence [51]. FAF is 
not routinely used in the diagnosis of PIOL/PVRL, but may highlight several 
clinical features, and helps somewhat to explain the pathophysiologic mecha-
nisms behind them.
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The autofluorescence findings in PIOL depend on the level of the tumor cells in 
the retina [52]. Malignant cells in their normal location, between Bruch’s membrane 
and the RPE, cause overlying RPE derangement, resulting in hyperautofluores-
cence. In a small series of five eyes, sub-RPE infiltrates demonstrated weak hyper-
autofluorescence, whereas the brown clumps of pigment on the surface of these 
lesions exhibited brighter autofluorescence [47]. However, if the tumor cells find a 
way through the RPE, they can rest subretinally or intraretinally and block the nor-
mal autofluorescence of the RPE and result in spots of hypoautofluorescence [53]. 
Finally, when the RPE dies and the overlying photoreceptors are also destroyed, the 
result is another type of hypoautofluorescent lesion [43, 47, 53] (See Fig. 6). As 
such, authors generally describe an “inversion” of findings on FAF from the FA 
findings, where lesions that are hypofluorescent on FA may demonstrate hyperauto-
fluorescence on FAF. However, this is far from universal.

Unfortunately, no significant consensus on the FAF findings in either primary or 
secondary choroidal lymphoma exist at this time.

�Optical Coherence Tomography (OCT)

OCT is the imaging modality which provides the highest resolution of microana-
tomical retinal details [54]. The advent of enhanced-depth imaging (EDI) OCT, 
along with other developments to improve resolution and analysis of choroidal and 
scleral anatomy, has made it possible to visualize deeper structures at a submillime-
ter level [55]. The resolution of modern iterations of this technology has been 
reported to be as high as 4 μm [56]. As is the case with other ophthalmic imaging 
modalities, however, OCT findings in both PIOL/PVRL and choroidal lymphoma 
(whether primary or secondary) are nondiagnostic. They may provide, though, clues 
to diagnosis and help differentiate these entities from other uveitic conditions. 
Additionally, EDI-OCT may provide additional information on the effects of these 
lesions on overlying retina, visual outcome, and tumor behavior [57–60].

In one series, hyperreflective, nodular RPE lesions were reported in 42% of 
patients with PIOL/PVRL, in comparison to 15% of those with nonlymphomatous 
conditions [21]. These OCT findings, which have been described in other series 
[47], are compatible with histopathologic examination of autopsy of the eyes from 
patients with PIOL/PVRL, which has demonstrated clusters of malignant cells in 
the space between the RPE and Bruch’s membrane [61–63] (See Fig. 7).

OCT of the macula in PIOL/PVRL eyes also typically reveals a near-normal 
macular thickness (mean: 231 μm, SD: 45 μm), as opposed to the increased foveal 
thickness (mean: 327 μm, SD: 114 μm) seen in uveitic processes, a difference which 
is presumably secondary to the presence of inflammatory edema in nonlymphoma-
tous cases [21]. A small series of patients with PIOL/PVRL demonstrated small 
pigment epithelial detachments (PEDs) and exudates above the RPE, which may be 
difficult, if not impossible, to detect on clinical examination or with other imaging 
modalities [47].
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Several cases of secondary intraocular/vitreoretinal lymphoma in the setting of 
systemic lymphoma have also been reported, in which OCT demonstrated irregu-
larities at the level of the RPE, as well as retinal and subretinal infiltrates [3].

With regard to OCT findings in uveal lymphoma, a case series describing clinical 
and imaging data from 14 eyes of 13 patients described by Shields and colleagues 
showed evidence of tumor infiltration on EDI-OCT that varied with the extent of 
choroidal involvement [54]. Tumors were classified as demonstrating smooth, rip-
pled, or undulating inner choroidal surfaces on OCT, with the thickest and most 
diffuse tumors being associated with the most irregular choroidal contours on OCT, 
and with chorioretinal folds clinically [54] (See Fig. 8).

Fig. 6  Fundus autofluorescence early (top) and later within the clinical course (bottom) of a 
patient with bilateral PIOL/PVRL. The bottom photos were taken on the same visit as the fluores-
cein angiogram depicted in Fig. 5. Note a mild speckling of the autofluorescence pattern in the 
upper photos, in contrast to the multiple hypoautofluorescent lesions seen in both eyes in the lower 
photos
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Not surprisingly, in eyes in which choroidal thickness was measurable (9 of 14 
eyes), subfoveal choroidal thickness in affected eyes (484  μm) measured 81% 
greater than that in unaffected eyes (267  μm). Mean choroidal thickness in the 
affected eyes of 8 individuals in whom maximum tumor thickness was available 
(602 μm) was 2.17 times greater than a mean choroidal thickness of 278 μm in the 
unaffected fellow eyes [54].

One notable limitation of EDI-OCT in the imaging of these tumors is an inability 
to resolve sclerochoroidal details beyond a choroidal/tumor thickness of 2  mm. 
Ultrasonography is capable of measuring tumor thickness in these situations but 
may significantly overestimate values when compared to EDI-OCT; in eyes with 
choroidal lymphoma in which ultrasonography and EDI-OCT were both performed, 
ultrasonography measured mean tumor thickness as 1762 μm, compared to 602 μm 
by OCT [54].

�B-Scan Ultrasonography

While ultrasonography likely has little utility in the diagnosis and monitoring of 
treatment response in PIOL/PVRL save for if significant vitritis precludes view to 
the retina, this technology can provide valuable diagnostic information when uveal 

a b

Fig. 7  Spectral-domain ocular coherence tomography (SD-OCT) of the macula in a patient with 
PIOL/PVRL. (a) Sub-RPE infiltrate (yellow arrow) and irregularities at the level of the RPE. (b) 
After regression of the lesions, note the resultant transmission defect (red arrows)

Fig. 8  Spectral-domain 
ocular coherence tomography 
(SD-OCT) of the macula in a 
patient with uveal lymphoma, 
with choroidal involvement. 
Note the undulating 
appearance of the inner 
choroidal contour, as well as 
serous subretinal fluid
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lymphoma is suspected. This is especially true when one may have limited access to 
EDI-OCT or dye-based angiography.

B-scan ultrasonography of eyes with uveal lymphoma will typically reveal marked 
uveal thickening with low echogenicity [15]. Additionally, examination may reveal 
acoustically hollow extrascleral extension posteriorly in anywhere from 50% to 76% 
of eyes with evidence of disease, providing further clues in the diagnosis of choroi-
dal/uveal lymphoma [24, 48]. Subretinal fluid may also be seen ultrasonographically 
in a small percentage of eyes with choroidal involvement [48] (See Fig. 9).

�Conclusions

The difficulty and delay in diagnosing these syndromes often lie in the clinical course 
seen in these subtypes of lymphoma. Therefore, a practitioner’s suspicion should be 
raised in the setting of an incomplete response or rebound inflammation following 
corticosteroid therapy, especially with characteristic chorioretinal lesions and/or vit-
ritis without other evidence of inflammatory sequelae. The findings seen with the 
types of ophthalmic imaging described in this chapter may provide ophthalmologists 
with additional information, which may help to arrive at the correct diagnosis.

Ultimately, while various types of ophthalmic imaging may provide some aid in 
the diagnosis of masquerade syndromes, diagnosis and treatment must be guided by 
adequate clinical suspicion and the appropriate testing. The diagnosis of both vit-
reoretinal and uveal forms of lymphoma requires a cellular specimen and, once 
confirmed, should prompt the practitioner to initiate or continue further work-up for 
extraocular disease.

Fig. 9  B-scan ultrasonography of an eye with uveal lymphoma, demonstrating acoustically hol-
low extrascleral extension (yellow arrows), as well as significant choroidal thickening (red arrow)
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Corticosteroids, specifically glucocorticoids, are both a natural compound made by 
the adrenal glands and synthetic exogenous medications that serve as an important 
form of immunosuppression to treat inflammatory disease. Corticosteroids serve as 
an essential and necessary component to the treatment of patients with uveitis and 
uveitis-associated cystoid macular edema (CME). They are able to improve inflam-
mation by inhibiting important steps in the inflammatory cascade [1]. Corticosteroids 
act through the glucocorticoid receptor where its actions allow for the upregulation 
of anti-inflammatory proteins and downregulation of the expression of pro-
inflammatory proteins [1–3]. Corticosteroids improve inflammation by suppressing 
cellular infiltration, reducing capillary dilation, reducing proliferation of fibroblasts, 
and limiting collagen deposition. These activities are responsible for corticoste-
roid’s powerful immunosuppressive effect. Corticosteroids are used broadly in 
medicine to treat inflammatory conditions other than uveitis as well [4–6].

For the treatment of uveitis, corticosteroids can be given both systemically and 
locally. Local treatment includes topical therapy, periocular and intravitreal inject-
able steroids and injectable implants, as well as surgically placed steroid implants. 
The spectrum of available local steroid therapy has diversified over the recent years. 
The various options available provide us with opportunities to treat with different 
durations of action and potency.

The glucocorticoid receptor is involved in many signaling pathways, and there-
fore long-term exposure or high doses of corticosteroids can lead to side effects 
unrelated to resolution or reduction of inflammation [1]. There can be both local 
ocular side effects from systemic and local corticosteroids and significant systemic 
side effects from oral or intravenous corticosteroids. One of the well-known local 
side effects of corticosteroids is elevation of intraocular pressure. Studies have 
shown that the mechanism of intraocular pressure rise is due to effects of 
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glucocorticoids on the trabecular meshwork and myocilin gene expression. Aqueous 
humor outflow is reduced by increasing extracellular matrix in the trabecular mesh-
work as well as by limiting extracellular matrix degradation [7]. In addition there 
may be cross-linking of actin fibers in the trabecular meshwork [7]. Corticosteroids 
can also lead to cataract formation. This is thought to occur due to effects they have 
on changing protein structure of lens proteins [1].

This chapter will discuss both systemic and local steroids, including topical ste-
roids, periocular injections, intravitreal steroid injections and implants, as well as 
surgical steroid implants for the treatment of uveitis and cystoid macular edema 
secondary to uveitis.

�Systemic Corticosteroids

Oral corticosteroids are a widely used treatment for an initial or subsequent flare of 
noninfectious intermediate, posterior, and panuveitis. In certain cases of severe 
anterior uveitis that do not respond to topical therapy, especially HLA-B27-
associated anterior uveitis, oral corticosteroids are often an important adjunctive 
therapy. Oral steroids are also used in the setting of some forms of infectious uveitis 
but only in the setting of concurrent treatment of the infectious etiology. While 
some patients may remain on long-term low-dose oral steroids, high-dose oral ste-
roids are not an accepted long-term therapy due to systemic side effects, and instead 
other steroid-sparing immunosuppressive agents or local therapies are used [8].

Prednisone is the most commonly prescribed oral steroid. Other options are 
available including prednisolone for those patients with liver dysfunction. 
Methylprednisolone dose packs are not typically used for the treatment of uveitis 
due to their low dose and short duration of treatment. When used, oral prednisone is 
typically initially prescribed at 1  mg/kg/day. In the setting of severe vision-
threatening diseases that require higher doses of systemic steroids, intravenous 
methylprednisolone sodium (SOLU-MEDROL, Pfizer, New York City, New York) 
can be given. Commonly intravenous methylprednisolone is dosed at 1 gram daily 
for 3 consecutive days followed by oral prednisone [8]. There are no widely accepted 
rules to how corticosteroids are to be tapered, but expert panels have recommended 
that high-dose steroids are not to be used for more than 1 month. Oral steroids are 
then tapered over a period of time, depending on severity of disease and risk of 
vision loss. Because corticosteroids suppress the hypothalamic-pituitary-adrenal 
axis, patients are at risk of Addison’s crisis if tapered too quickly [6]. If patients 
require long-term prednisone therapy, the accepted goal is to keep that dose below 
10 mg daily [8].

While beneficial in treating uveitis and helping to bring resolution of a flare, oral 
steroids have both significant short-term and long-term side effects [8]. Long-term 
systemic corticosteroid use is associated with diabetes, hypertension, hypercholes-
terolemia, myopathy, and osteoporosis [9]. Given the significant impact prednisone 
can have on bone density, often vitamin D and calcium are recommended in con-
junction with steroids. The use of corticosteroids is associated with weight gain, 
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Cushingoid changes, acne, and mood changes as well [9]. Patients can easily bruise 
and have poor wound healing with use of steroids. In addition, due to gastric side 
effects of prednisone, some physicians recommend to take an antacid such as a 
proton pump inhibitor along with use of prednisone. Previous publications however 
have suggested this may not be necessary [8]. Ocular side effects include glaucoma 
and cataracts; however, oral steroids typically have less ocular side effects relative 
to local therapy.

�Topical Steroids

Topical steroids are most commonly used to treat anterior chamber inflammation 
[6]. They are not typically used for the treatment of intermediate or posterior uveitis 
[9]. Topical corticosteroids reduce inflammation and scarring by reducing inflam-
matory cell infiltration, fibroblast proliferation, and collagen deposition [6]. Topical 
steroids successfully improve the redness, photophobia, and pain associated with 
anterior chamber inflammation [10].

The most commonly used topical steroids for the treatment of uveitis are pred-
nisolone acetate 1% and difluprednate 0.05%. Prednisolone acetate is prescribed as 
Pred Forte® (Allergan Pharmaceuticals, Irvine, CA) or as generic prednisolone 
acetate 1% [11]. Difluprednate ophthalmic emulsion 0.05% (Durezol; Alcon 
Research, Ltd., Fort Worth, TX) became FDA approved in 2008 [12, 13]. 
Difluprednate has increased corticosteroid potency and better penetration, therefore 
increasing the anti-inflammatory effect [14]. Difluprednate 0.05% can therefore be 
dosed less frequently than prednisolone acetate 1%. While prednisolone acetate 
treats anterior chamber inflammation, difluprednate has greater penetration, and a 
study has shown radioactive-labeled difluprednate penetration into posterior retina 
and choroid [15].

A phase 3 randomized control trial was performed comparing prednisolone ace-
tate 1% to difluprednate 0.05% for noninfectious anterior uveitis. Patients in the 
prednisolone acetate 1% group were treated eight times a day, while the diflupred-
nate 0.05% group was treated four times a day. The study found that difluprednate 
0.05% four times daily was non-inferior to prednisolone acetate 1% eight times 
daily for the treatment of anterior uveitis [14]. Improvement in anterior chamber 
cell grade occurred in both groups in the study. Less frequent need for drops would 
likely increase compliance of medication with patients. An important concern with 
difluprednate is rise in intraocular pressure; however, infrequently in the study did 
intraocular pressure rise above 21 [14]. There was no difference between the two 
groups regarding IOP rise. Cataracts were not discussed [16].

Due to difluprednate’s increase potency compared to prednisolone acetate, it has 
been used for treatment of some cases of intermediate and posterior uveitis. Case 
reports of serous detachments from Vogt-Koyanagi-Harada disease resolving with 
difluprednate have been published [17, 18]. A case report with use of difluprednate 
in the treatment of pars planitis has been published as well [19]. While this is not 
standard of care, use of difluprednate might be beneficial in some cases of uveitis 
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other than isolated anterior uveitis. More studies are needed however to better 
understand its role in the treatment of intermediate, posterior, and panuveitis.

Loteprednol etabonate 0.5% (Lotemax; Bausch & Lomb, Rochester, NY), a 
weaker steroid, is an ester corticosteroid that has good anti-inflammatory effect with 
an improved safety over other available corticosteroids. It is much less likely to 
induce elevation in IOP compared to other available corticosteroids such as pred-
nisolone acetate [20]. Two randomized controlled trials were performed comparing 
prednisolone acetate 1% to loteprednol etabonate 0.5% at reducing the ocular signs 
and symptoms associated with anterior uveitis. Both treatments successfully 
decreased cell, flare, pain, and photophobia after 28 days of treatment. In the first 
study, however, more patients in the prednisolone group reached zero active inflam-
mation. While both corticosteroids in the study were effective, prednisolone acetate 
was more effective overall, but loteprednol etabonate did have a lower side effect 
profile [10]. Loteprednol is therefore less commonly used in the treatment of uve-
itis. Another weak steroid, fluorometholone 0.1% (FML; Allergan, Parsippany, NJ) 
while used in other ophthalmic conditions, is also not typically used in the treatment 
of uveitis.

A vision-threatening complication of uveitis is cystoid macular edema [21]. 
Depending on the anatomic location of the inflammation that led to the macular 
edema, it can be treated in various ways. If the macular edema is secondary to ante-
rior uveitis, often resolution of anterior inflammation leads to resolution of the 
CME.  The effect of topical corticosteroids in the treatment of cystoid macular 
edema depends on their ability to penetrate to the macula. Difluprednate 0.05% has 
higher potency than other topical steroids available, and therefore studies have 
shown difluprednate has the potency to treat uveitic macular edema as well as macu-
lar edema from other causes such as pseudophakic cystoid macular edema 
[21–23].

Topical steroids can have local side effects, most commonly rise in IOP and pro-
gression of cataracts. Topical steroids are more likely to cause elevation of IOP than 
systemic steroids [24]. Difluprednate must be used with caution as it has more local 
side effects than prednisolone acetate; however these are much greater in pediatric 
patients than adult patients. In a study of 3488 adult patients who were on diflupred-
nate postoperatively for cataract surgery, the mean IOP increase over baseline was 
within ±2 mmHg and reduced back to baseline 3–6 weeks after surgery. The odds 
ratio of IOP ≥21 mmHg or ≥10 mmHg from baseline 5 to 10 days after surgery in 
those receiving difluprednate was 1.84 [25]. Slabaugh et al. published a retrospec-
tive case series regarding the use of difluprednate 0.5% in pediatric patients with 
uveitis and cystoid macular edema. While very successful at treating inflammation 
and reducing cystoid macular edema, there was a severe IOP response in this pedi-
atric population. An IOP response >10mmgHg above baseline and IOP >24 were 
seen in 50% of the eyes. Three of 26 eyes required glaucoma surgery. There was a 
high rate of cataract development as well, as 10 of 26 eyes developed a visually 
significant cataract and 5 of the 26 eyes underwent cataract surgery [26]. If used, 
difluprednate must be used with extreme caution in children.
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�Regional/Periocular

Many methods of periocular injection have been described. Triamcinolone aceton-
ide (Kenalog-40, Bristol-Myers Squibb, New York City, New York) is the drug 
most often used for periocular injections [9]. Overall, compared to intravitreal 
injections, periocular injections are less effective due to decreased penetration 
through the sclera and the choroid but can have great benefit and utility in the treat-
ment of uveitis [27].

Steroids can be injected into the subconjunctival space; however this method is 
not used for the treatment of uveitis. Instead, subconjunctival injections are most 
commonly used after intraocular surgery to deliver the short-acting steroid, dexa-
methasone. Posterior subtenon’s injections, trans-tenon’s retrobulbar injections, and 
orbital floor injections have been described as well [28]. Moorfields Eye Hospital 
performed a study that compared injection of posterior subtenon’s triamcinolone to 
orbital floor methylprednisolone. Both methods were found to be beneficial in treat-
ing vitritis and uveitic cystoid macular edema. No difference was found between the 
two in percentage of eyes that achieved ≥2 lines of improvement [29]. Another 
study found no difference between posterior subtenon’s corticosteroid from retro-
bulbar corticosteroid [30]. Posterior subtenon’s has however been adopted as the 
most frequently performed periocular injection.

While performing posterior subtenon’s injections, the drug is most commonly 
injected superotemporally. A study with ultrasound found that superotemporal 
injections were more likely to result in placement of the drug into the subtenon’s 
space. In addition, gravity helps the drug move over the macula, an important site 
for it to be delivered in the treatment of cystoid macular edema [31].

After a posterior subtenon’s triamcinolone injection, it is possible to see an 
improvement in inflammation within days to weeks with improvement in macular 
edema following. Sen et al. published the largest study to date looking at patients 
who had received at least one periocular injection for uveitis. Included were 914 
patients and 1192 eyes. Within 6 months of injection 72.7% of eyes had complete 
resolution of their inflammation. The eyes that responded best were those with 
anterior uveitis. In those with anterior uveitis, 88.29% were controlled at 6 months, 
66.9% with intermediate uveitis had resolution of activity, and 63.6% of patients 
with posterior or panuveitis were fully controlled [32]. Resolution of macular 
edema was similar regardless if the patient had anterior, intermediate, pan-, or 
posterior uveitis. This is likely due to placement of steroid into space near the 
macula which is independent of where the inflammation originates [32]. Factors 
that led to lower likelihood of response were duration of uveitis with a 3% decrease 
in odds of improvement for each additional year since the patient was diagnosed 
with uveitis [32].

Regarding duration of action, Tanner et al. published a paper of a series of 28 
posterior subtenon’s Kenalog injections in 13 patients with intermediate uveitis. 
None of the patients in the study required a second injection before 3 months, and 
all patients decreased or stopped their immunosuppression after their posterior 
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subtenon’s triamcinolone injection [24]. In clinical practice, injections typically 
need to be repeated every 2–4 months for the treatment of uveitis [9].

Not all studies published of posterior subtenon’s corticosteroids have had as suc-
cessful results as Sen’s and Tanner’s publications. Helm et  al. showed a 67% 
response rate to a single subtenon’s triamcinolone injection with 78% response with 
one or two injections with improvement of at least two Snellen lines on visual acuity 
testing [33]. Salek et al. published a retrospective study of 109 eyes in 81 patients 
who underwent periocular corticosteroid injections for the treatment of uveitis. 
Only 36% had resolution of inflammation at 1 month and 48% at 3 months. Overall 
18% of eyes needed more than one injection to bring inflammation under control 
[34]. Approximately one third of eyes had halving of visual angle which is lower 
than reported in some other studies [34].

In addition to using posterior subtenon’s steroids for the treatment of the inflam-
mation associated with uveitis, they are often used for the treatment of cystoid mac-
ular edema secondary to uveitis. Leder et  al. published a retrospective study 
evaluating 156 eyes of 126 patients who underwent periocular steroid injections for 
the treatment of cystoid macular edema secondary to uveitis. Following the first 
injection, at 1 month 53% of patients had resolution of their CME, and at 3 months 
57% had resolution. Of those who had resolution at 1 month, none had recurrence 
of their CME at 3 months. The 40 eyes that had CME remaining at 1 month under-
went repeat injections with some patients receiving greater than 2 additional injec-
tions. Higher resolution of CME was seen with greater number of injections. If 
resolved after first injection, median time to resolution was 3.7 weeks [35]. Of eyes 
that had resolution of their CME, 53% had recurrence of their edema at 1 year. The 
mean time to recurrence was 20.2 weeks from resolution. Therefore while benefi-
cial for treating CME, near half the time patients required multiple injections to 
reach resolution [35].

Posterior subtenon’s steroid injections carry the risk of intraocular pressure rise 
as do other forms of steroid therapy for uveitis [32]. Posterior subtenon’s injections 
are however less associated with glaucoma than anterior subtenon’s injection likely 
due to proximity of the drug to the trabecular meshwork [33]. Not many studies are 
published on this topic, and therefore rates of IOP rise vary significantly. Like with 
topical difluprednate, young age has been shown to be associated with higher risk of 
IOP elevation [36]. Patients receiving more injections are likely to be more at risk 
of intraocular pressure-related issues as well [33]. In a 1972 study, Nozik et  al. 
reported only 3 of 175 patients with uveitis had an intraocular pressure rise with 
periocular steroid injections [37]. In the Sen et al. publication of 914 patients, at 
12 months 34.0% of patients had an IOP ≥ 24 mmHg, and 15.0% had ≥30 mmHg. 
Only 2.4% of patients had glaucoma surgery by month 12 [32]. A French study 
evaluated 61 patients who received 1 or more subtenon’s injections of triamcinolone 
acetonide for uveitis. Thirteen of 61 patients (21.3%) experienced a rise in IOP. They 
were unable to control intraocular pressure in 3 of the 13 patients. Instead of glau-
coma surgery, however, they performed surgical excision of the steroid which was 
successful in lowering intraocular pressure [38].
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Iwao et al. published a study of 115 patients who underwent posterior subtenon’s 
triamcinolone injections and had a slow increase in mean IOP from the time of 
injection reaching its peak at 2 months. After 2 months the IOP decreased slowly, 
and the minimum IOP was seen at 12 months. The mean number of intraocular pres-
sure lowering drops given during the follow-up period was 1.5. The study found if 
injections were repeated within 6 months, then the IOP with second injection was 
statistically significantly higher than with the first, but this was not the case if they 
were not within 6 months of each other [36].

The Iwao study showed 15% risk of cataract development with posterior sub-
tenon’s triamcinolone injections [36]. Sen et al. found that within 12 months, of 
phakic eyes that were initially 20/40 or better, the rate of reduction in visual acuity 
to less than 20/40 due to cataract was 20.2%. At 12 months 13.8% of phakic eyes 
had undergone cataract surgery [32]. Besides direct effects of steroids creating cata-
ract and intraocular pressure rise, periocular injections carry risks associated with 
the injection themselves including globe perforation, ptosis, cutaneous hypopig-
mentation, orbital fat atrophy, and very rarely vascular occlusion [39–43].

While beneficial in treating uveitis and macular edema in children, a study 
showed 21% of their patients had posterior subcapsular cataract formation and 
underwent cataract surgery [44]. Cataracts can induce amblyopia in children and 
therefore can be of significant consequence. Cataract surgery creates loss of accom-
modation which is of great consequence in children. The impact of cataracts and 
cataract surgery need to be considered strongly before proceeding with periocular 
injections in children [44].

�Intravitreal Triamcinolone

Both triamcinolone in the form of Kenalog-40 (Bristol-Myers Squibb, New York 
City, New York) and TRIESENCE (Alcon, Fort Worth, TX, USA) have been used 
for the treatment of uveitis and cystoid macular edema associated with uveitis. 
While TRIESENCE is preservative-free, the preservative present in Kenalog-40 is 
0.99% benzyl alcohol. There is debate regarding the intraocular toxicity of triam-
cinolone acetonide containing preservatives [24]. Present on the packaging of 
Kenalog-40 is now a label reporting the drug is not for intraocular use [45]. The 
FDA-approved drug for the treatment of uveitis is TRIESENCE® (triamcinolone 
acetonide injectable suspension) 40 mg/mL. It was approved by the FDA in 2007 
for treatment of sympathetic ophthalmia, temporal arteritis, uveitis, and ocular 
inflammatory conditions unresponsive to topical corticosteroids [46]. Since triam-
cinolone was initially FDA approved in 1957, TRIESENCE did not require phase 3 
trials for approval for the treatment of uveitis. The effect is limited, lasting approxi-
mately 3 months [12].

No controlled trials have been performed, but retrospective studies have been 
published which show the benefit of intravitreal triamcinolone at a dose of 2–4 mg 
in 0.05–0.10 ml for the treatment of uveitis and uveitis-associated cystoid macular 

Noninfectious Uveitis: Systemic and Local Corticosteroids



166

edema [47]. Studies have shown that the suppression of inflammation occurs rapidly 
and successfully with intravitreal triamcinolone acetonide [43].

The use of intravitreal triamcinolone for posterior and panuveitis secondary to 
Behcet’s disease was studied by Un Chul Park et al. Forty-nine eyes of 49 patients 
with Behcet’s were injected with intravitreal TRIESENCE. Besides improvement 
in vision, change in fluorescein angiographic evidence of activity was evaluated in 
32 of the 49 eyes. Prior to injection, all eyes had vascular leakage and 71.9% of 
eyes had disc leakage. Angiography after injection showed resolution of all leak-
age in 25% of eyes, and 68.8% showed incomplete resolution of leakage. Cystoid 
macular edema on angiography was seen in 62.5% of the patients, and 85% of 
them had complete or partial resolution of that angiographic CME [48]. Intravitreal 
triamcinolone was an effective treatment for rapid improvement in inflammation 
and vision. Like other studies, however, vision gain was limited by cataract devel-
opment [48].

As seen in the above study, other studies have shown intravitreal triamcino-
lone’s ability to successfully treat cystoid macular edema. Kok et al. published a 
retrospective case series of 65 eyes in 54 patients with uveitis-associated cystoid 
macular edema. The presence of cystoid macular edema was confirmed by fluo-
rescein angiography or OCT. The patients had been previously treated with oral 
steroids or periocular steroids without complete response. Patients received 4 mg 
in 0.1 ml intravitreal injection of triamcinolone. The patients had a mean follow-
up period of 8 months. Visual acuity was best at a mean of 4 weeks post injection. 
Eighty-three percent of eyes had an improvement in visual acuity, with 51% gain-
ing two lines on the Snellen visual acuity chart. Seventeen percent of eyes had 
no change in vision despite improvement in cystoid macular edema due to foveal 
damage from previous chronic cystoid macular edema. Those eyes with cystoid 
macular edema for less than 12 months had greatest improvement in visual acu-
ity. In 7 of 17 patients on oral prednisone prior to enrollment, the dose was able 
to be reduced by greater than 5 mg after treatment. Sixteen patients were on both 
prednisone and another immunosuppressive agent at baseline. After intravitreal 
triamcinolone 51% of those patients reduced or stopped their second-line immu-
nosuppressive agent [49].

Regarding duration of action, Steeples et  al. published a retrospective cohort 
study of 66 injections of triamcinolone acetate to 44 eyes of 40 patients. Sixty-eight 
percent of patients underwent only a single injection, while 18% of patients received 
two injections, and 13% received three or more injections. Mean time to the second 
injection was 25.5 weeks and to the third injection was 52.7 weeks [50].

The side effects of intravitreal triamcinolone are similar to those of other ste-
roids. The systemic side effects of intravitreal triamcinolone are minimal. The drug 
is limited to the eye and the serum level of the drug is not significant [51]. Patients 
experienced the expected side effects associated with local steroids including intra-
ocular pressure rise and cataract formation. Previous studies have shown that the 
rate of cataract development is 15–30% after one injection of intravitreal steroid 
[47]. The rate of cataract progression has been shown to be increased fivefold, and 
rate of cataract formation increases with repeat injections of triamcinolone [52].
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In the study published by Kok et al., after intravitreal injection of triamcinolone, 
42 eyes (64%) had an IOP rise >5  mmHg, and 28 eyes (43%) had an IOP rise 
>10 mmHg. Severe IOP response was seen with 22 (34%) eyes having an IOP rise 
to greater than 30 and 7 eyes (11%) with an IOP greater than 40. Thirty-three eyes 
(51%) needed topical drops to lower intraocular pressure, while no patients needed 
incisional glaucoma surgery [49]. In the study by Steeples et al., 46% of patients 
had worsening of their cataract, and 45% had an IOP greater than 21 mmHg [50].

With intravitreal injections of triamcinolone, cases of infectious and noninfec-
tious sterile inflammation can occur [53]. Moshfeghi et al. published a study where 
0.87%, or 8 of 922 eyes, developed infectious endophthalmitis after intravitreal 
injection of triamcinolone. Three of the cases resulted in no light perception vision, 
and one patient underwent an enucleation [54]. Besides infectious endophthalmitis, 
pseudo-endophthalmitis can occur as a sterile inflammation. White triamcinolone 
crystals have been seen in the anterior chamber of patients and can create a pseudo-
hypopyon [53]. Other patients can develop a significant anterior chamber inflamma-
tory reaction with vitritis. This inflammatory debris is different than the 
pseudohypopyon of triamcinolone acetonide crystals. The inflammatory response 
that can develop may be in response to a component of the drug or to bacterial tox-
ins that may be in sterile solutions [24]. Other complications associated with intra-
vitreal injections, not unique to steroid, can occur including retinal detachment and 
vitreous hemorrhage [43].

�Dexamethasone Implant

The dexamethasone implant (Ozurdex; Allergan, Inc., Irvine, California) is a bio-
erodible injectable steroid implant that releases 0.7  mg of dexamethasone. In 
September 2010, the FDA approved if for the treatment of noninfectious uveitis 
involving the posterior segment [9]. It is delivered with a prefilled auto-injector 
through a 22-gauge needle and can be injected in the office [55]. The drug is mar-
keted to last up to 6 months [56].

In the HURON trial, eyes with noninfectious intermediate or posterior uveitis 
were randomized to a single treatment with a 0.7-mg dexamethasone implant, 0.35-
mg dexamethasone implant, or sham procedure [57]. It was a 26-week, prospective, 
multicenter, masked, randomized, parallel-group, sham-controlled clinical trial. The 
primary outcome measure of the study was amount of vitreous haze that obscured 
visualization and the proportion of patients with a vitreous haze score of 0. A total of 
229 patients were enrolled in the study, 77 received the 0.7  mg dexamethasone 
implant, 76 received the 0.35 mg implant, and 76 had sham injection [57]. At the 
initiation of the HURON study, the mean vitreous haze score was approximately 2 in 
all three randomization groups. At week 8, the percentage of eyes with a vitreous 
haze score of 0 was 47% in the 0.7 mg group, 36% in the 0.35 mg group, and only 
12% in the sham group. Between weeks 6 and 26, the percentage of eyes with a vitre-
ous haze score of 0 was statistically significantly higher in the 0.7 mg group vs. 
sham. There was not however a statistically significant difference between the two 
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doses of dexamethasone [57]. The mean improvement from baseline BCVA was sta-
tistically significantly higher in the dexamethasone implant groups compared to 
sham. This difference was statistically significant for the 0.7-mg implant group at all 
time points and for the 0.35 mg at all time points except for week 26 [57]. Both the 
0.35 mg and 0.7 mg groups had statistically significant improvement in OCT thick-
ness compared to baseline. There was no statistically significant difference in OCT 
thickness from baseline in the sham group [57]. The beneficial effect on uveitis 
allowed for FDA approval of the dexamethasone implant for the treatment of nonin-
fectious uveitis of the posterior segment.

For the treatment of uveitic macular edema Tomkins-Netzer et al. published a 
retrospective study of 38 eyes from 27 patients from Moorfields Eye Hospital of 
which 92.1% of patients received dexamethasone implants for the treatment of mac-
ular edema from uveitis. Three eyes in the study were treated for vitritis alone 
(7.89%). The average follow-up in the study was 17.3  months. Of the 38 eyes, 
36.9% of eyes had a single implant, while 24 eyes (63.1%) had multiple implants. 
After the first injection, visual acuity improved significantly from 20/60 to 20/37 at 
2-month follow-up. It decreased to 20/54 by 6 months. Central retinal thickness also 
decreased by 264 + − 33 micrometers at 1 month. Twenty-four of 38 eyes received 
repeat dexamethasone implants. In this study the median time to relapse was 
6 months after the first injection, and overall 69% of eyes relapsed. Thirty-three 
eyes of 21 patients did not require a second injection. The study found that repeated 
dexamethasone implants led to a continuation of improvement in visual acuity and 
improvement and then stabilization of the retinal thickness [58].

Clinically, in patients not taking systemic immunosuppressive therapy, often the 
dexamethasone implant is not felt to last the 6 months marketed. Frequency of rein-
jection of the dexamethasone implant has been discussed in publications, but many 
patients are taking concurrent immunosuppression. There is not data on frequency 
of reinjection of the dexamethasone implant as monotherapy. Literature however 
does provided a sense of how immunosuppressive therapy can be adjusted when 
dexamethasone implants are used.

Eighty-two eyes in 63 patients received 142 implant injections over 35 months in 
a study by Zarranz-Ventura et al. At the time of enrollment in the study, 53.9% of 
the 63 patients were on a form of systemic immunosuppressive therapy. This 
included 14.3% of patients on prednisolone, 9.5% on one steroid-sparing immuno-
suppressive agent, 30.1% on a combination of prednisolone and another immuno-
suppressive agent, and 9.5% on triple therapy. The patients received a mean number 
of 1.7 injections over a mean follow-up period of 15.4 months. Over half, 52.4% of 
eyes received a single injection, 29.3% received two injections, and 18.2% under-
went three or more injections. At 6 months 26% of patients had a second injection, 
at 9 months 51% had undergone their second injection, and at 12 months 51% had 
received their second implant [56]. At 1 month, 36% of patients were able to reduce 
the dose of steroid or immunosuppressive therapy, 42% were able to at 3 months, 
and 46% were able to at 6 months. At 12  months 62% of patients were able to 
reduce their dose of steroids or immunosuppression. The likelihood of stopping 
steroids was 8% at 1 and 3 months, 11% at 6 months, and 36% at 12 months [56].
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As seen with other forms of steroids during the HURON trial, 5% of eyes had an 
intraocular pressure of >35 mmHg after injection with the dexamethasone implant. 
Less than 10% of patients had a pressure of 25 mmHg or higher, and in total, 23% of 
patients required topical drops to lower intraocular pressure. No patients required 
glaucoma surgery or laser. In the Tomkins-Netzer publication, patients who had previ-
ously been known as steroid responders did not have intraocular pressure response to 
the dexamethasone implant. No patients required incisional glaucoma surgery [58].

Regarding cataract development, 15% of patients in the 0.7 mg dexamethasone 
implant group of the HURON trial developed cataracts [57]. In the Tomkins-Netzer 
study, only one patient developed a cataract. The second eye developed a cataract 
after the third implant [58]. Other complications include endophthalmitis, which 
has been rarely reported for the dexamethasone implant [59]. Intravitreal injections 
carry the risk of retinal detachments as well. The HURON trial had two retinal 
detachments in the 0.7 mg group but also had two in the sham group [57].

�Fluocinolone Implant/RETISERT

The fluocinolone acetonide 0.59  mg intravitreal implant (RETISERT; Bausch & 
Lomb, Rochester, NY) was approved by the FDA in 2005 for the treatment of non-
infectious uveitis. It is a surgically placed implant that releases drug over a 3-year 
period. The Multicenter Uveitis Steroid Treatment (MUST) trial conducted a ran-
domized, controlled comparative effectiveness trial to compare the outcomes of 
patients with fluocinolone implants versus systemic therapy. A total of 255 patients 
(479 eyes) were enrolled in the trial. While there was an advantage of visual acuity 
at 6 months for the implant group, at 2 years there was not a statistically significant 
difference between the two groups [60]. At each time point during the study, the 
fluocinolone implant group did have better control of inflammation however [60]. A 
subsequent publication evaluated 54-month follow-up of the MUST trial. At 
54 months there was no statistically significant difference between the mean BCVA 
of the two groups, but the implant continued to control inflammation better over the 
54-month period compared to systemic therapy. The implant also resolved macular 
edema faster than systemic therapy, but the percentage of patients who still had 
macular edema in the implant arm was similar to that of the systemic group after 
36 months, and therefore at 54 months, there was no statistically significant differ-
ence between the two groups [61].

While acuity and macular edema were not statistically significantly different 
between the two groups, at 54 months it was likely the crossovers between treat-
ment arms may have reduced the differences between the two groups. Most patients 
in the systemic therapy arm remained on systemic therapy; however approximately 
20% of the systemic therapy arm had a fluocinolone implant placed. Only approxi-
mately 20% of the implant group was started on systemic therapy at the end of the 
study, and only 10% of the patients received two or more implants [61].

The fluocinolone implant had more associated ocular complications compared to 
systemic treatment. Those with an implant underwent more cataract and glaucoma 
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surgeries than patients in the systemic therapy arm. In the first 2 years of the study, 
the incidence of glaucoma surgery was 31.1% vs. 4.5% (HR, 8.1) for the implant vs. 
systemic therapy. After 24 months, however, there was not a statistically significant 
difference in the incidence of glaucoma surgery between the two groups [62]. The 
54-month incidence of initiation of IOP-lowering medications between the implant 
group and systemic therapy (77.9% vs. 34.0%; hazard ratio [HR], 3.9) was signifi-
cantly higher in the implant group [62].

The risk of cataract development was high in both groups, but at 54-month fol-
low-up, 98.9% of eyes in the implant group had a cataract, while 77.3% of the eyes 
in the systemic therapy group had a cataract [62]. Phakic eyes underwent cataract 
surgery at an approximate rate 4 times higher in the implant group. At the 54-month 
follow-up, 87.7% of eyes in the implant group had undergone cataract surgery, while 
only 43% of those in the systemic therapy arm underwent cataract surgery [62].

A Cochrane review was performed looking at corticosteroid implants compared 
to standard of care therapy. Only two randomized control trials were included which 
showed that the fluocinolone implant likely prevents recurrence of uveitis better 
than standard of care treatment with a relative risk of 0.29. It concluded that there 
was an increased rate of cataract surgery (RR 2.98) and glaucoma surgery (RR 7.48) 
in the patients receiving the implant compared to those who received standard of 
care therapy [44].

Both groups maintained good quality of life measures; however the fluocinolone 
group did tend to have a small advantage on vision-related quality of life and health-
related quality of life measures at 12 months. At 24 months this became borderline 
significant [62]. There was a low rate of systemic complications from systemic 
therapy. The study concluded that if immunosuppression is given appropriately, 
then complications are not commonly seen [62]. The study made the conclusion that 
for bilateral cases systemic therapy is more cost-effective, but the implant is a rea-
sonable option in patients who have unilateral disease or for those who do not toler-
ate systemic therapy [61].

In September 2014 the fluocinolone injectable implant (ILUVIEN; Alimera 
Sciences, Alpharetta, Georgia) became FDA approved for the treatment of diabetic 
macular edema. A similar unanchored nondegradable fluocinolone intravitreal 
implant (Medidur, pSivida Corp, Watertown, MA) is currently in phase 3 trials for 
the treatment of posterior uveitis. This implant is 0.19 mg compared to 0.59 mg in 
the RETISERT implant. If the results are favorable, it will seek FDA approval [55].

Jaffe et al. performed a small non-comparative prospective investigator-sponsored 
trial of the drug [63]. They evaluated implants with two different initial release 
rates. The lower release rate implant is thought to last 3 years, while the higher 
release rate implant lasts 1.5  years. Eleven eyes were treated in a 1:1 ratio. No 
patients had a flare of their uveitis during the follow-up period. At the start of the 
study, ten patients were on systemic prednisone, and at 24-month follow-up, six 
were still on prednisone, but the dose was decreased in four patients. Steroid-sparing 
immunosuppression was used in six patients and was reduced or stopped in four of 
the six patients. Visual acuity stabilized and improved in all patients at 12 and 
24 months. At 12 months 50% of eyes had gained three lines, and at 24 months 73% 
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of eyes had gained three lines in vision. Visual acuity improved due to control of 
intraocular inflammation and improvement in cystoid macular edema [63]. Two 
eyes suffered hypotony during the follow-up period, and two eyes had glaucoma 
filtering surgery. Only one eye was phakic at time of implantation, and that patient 
did undergo cataract surgery during the study period [63]. The results of the phase 
3 trials are still pending.

The fluocinolone implant is an important option for long-term control of intra-
ocular inflammation. If the results from the fluocinolone injectable implant are 
promising, it remains to be seen whether or not this replaces the surgically placed 
fluocinolone implant despite significantly lower dose of the drug.

Compliance with Ethical Requirements  Ashleigh Levison is a consultant for Santen 
Pharmaceutical and serves on the speaker’s bureau for AbbVie. No human or animal studies were 
carried out by the author for this article.

References

	 1.	Comstock TL, Decory HH.  Advances in corticosteroid therapy for ocular inflammation: 
loteprednol etabonate. Int J Inflam. 2012;2012:789623. https://doi.org/10.1155/2012/789623 
[published Online First: Epub Date].

	 2.	Rhen T, Cidlowski JA. Antiinflammatory action of glucocorticoids—new mechanisms for old 
drugs. N Engl J Med. 2005;353(16):1711–23. https://doi.org/10.1056/NEJMra050541 [pub-
lished Online First: Epub Date].

	 3.	Stahn C, Buttgereit F. Genomic and nongenomic effects of glucocorticoids. Nat Clin Pract 
Rheumatol. 2008;4(10):525–33. https://doi.org/10.1038/ncprheum0898 [published Online 
First: Epub Date].

	 4.	Karim R, Sykakis E, Lightman S, Fraser-Bell S.  Interventions for the treatment of uveitic 
macular edema: a systematic review and meta-analysis. Clin Ophthalmol. 2013;7:1109–44. 
https://doi.org/10.2147/OPTH.S40268 [published Online First: Epub Date].

	 5.	Lee K, Bajwa A, Freitas-Neto CA, Metzinger JL, Wentworth BA, Foster CS. A comprehensive 
review and update on the non-biologic treatment of adult noninfectious uveitis: part I. Expert 
Opin Pharmacother. 2014;15(15):2141–54. https://doi.org/10.1517/14656566.2014.948417 
[published Online First: Epub Date].

	 6.	Pavesio CE, Decory HH. Treatment of ocular inflammatory conditions with loteprednol eta-
bonate. Br J Ophthalmol. 2008;92(4):455–9. https://doi.org/10.1136/bjo.2007.132621 [pub-
lished Online First: Epub Date].

	 7.	Kersey JP, Broadway DC. Corticosteroid-induced glaucoma: a review of the literature. Eye (Lond). 
2006;20(4):407–16. https://doi.org/10.1038/sj.eye.6701895 [published Online First: Epub Date].

	 8.	 Jabs DA, Rosenbaum JT, Foster CS, et al. Guidelines for the use of immunosuppressive drugs 
in patients with ocular inflammatory disorders: recommendations of an expert panel. Am J 
Ophthalmol. 2000;130(4):492–513.

	 9.	Saraiya NV, Goldstein DA.  Dexamethasone for ocular inflammation. Expert Opin 
Pharmacother. 2011;12(7):1127–31. https://doi.org/10.1517/14656566.2011.571209 [pub-
lished Online First: Epub Date].

	10.	Controlled evaluation of loteprednol etabonate and prednisolone acetate in the treatment of 
acute anterior uveitis. Loteprednol Etabonate US Uveitis Study Group. Am J Ophthalmol. 
1999;127(5):537–44.

	11.	Samudre SS, Lattanzio FA, Williams PB, Sheppard JD. Comparison of topical steroids for 
acute anterior uveitis. J Ocul Pharmacol Ther. 2004;20(6):533–47. https://doi.org/10.1089/
jop.2004.20.533 [published Online First: Epub Date].

Noninfectious Uveitis: Systemic and Local Corticosteroids

https://doi.org/10.1155/2012/789623
https://doi.org/10.1056/NEJMra050541
https://doi.org/10.1038/ncprheum0898
https://doi.org/10.2147/OPTH.S40268
https://doi.org/10.1517/14656566.2014.948417
https://doi.org/10.1136/bjo.2007.132621
https://doi.org/10.1038/sj.eye.6701895
https://doi.org/10.1517/14656566.2011.571209
https://doi.org/10.1089/jop.2004.20.533
https://doi.org/10.1089/jop.2004.20.533


172

	12.	Siddique SS, Shah R, Suelves AM, Foster CS. Road to remission: a comprehensive review of 
therapy in uveitis. Expert Opin Investig Drugs. 2011;20(11):1497–515. https://doi.org/10.151
7/13543784.2011.617741 [published Online First: Epub Date].

	13.	Mulki L, Foster CS.  Difluprednate for inflammatory eye disorders. Drugs Today (Barc). 
2011;47(5):327–33. https://doi.org/10.1358/dot.2011.47.5.1590791 [published Online First: 
Epub Date].

	14.	Sheppard JD, Toyos MM, Kempen JH, Kaur P, Foster CS. Difluprednate 0.05% versus pred-
nisolone acetate 1% for endogenous anterior uveitis: a phase III, multicenter, randomized 
study. Invest Ophthalmol Vis Sci. 2014;55(5):2993–3002. https://doi.org/10.1167/iovs.13-
12660. [published Online First: Epub Date].

	15.	Tajika T, Isowaki A, Sakaki H. Ocular distribution of difluprednate ophthalmic emulsion 0.05% 
in rabbits. J Ocul Pharmacol Ther. 2011;27(1):43–9. https://doi.org/10.1089/jop.2010.0093 
[published Online First: Epub Date].

	16.	Foster CS, Davanzo R, Flynn TE, McLeod K, Vogel R, Crockett RS. Durezol (Difluprednate 
Ophthalmic Emulsion 0.05%) compared with Pred Forte 1% ophthalmic suspension in the 
treatment of endogenous anterior uveitis. J Ocul Pharmacol Ther. 2010;26(5):475–83. https://
doi.org/10.1089/jop.2010.0059 [published Online First: Epub Date].

	17.	Lu S, Taban M. Topical difluprednate for treatment of serous retinal detachment and panuveitis 
associated with Vogt-Koyanagi-Harada disease. Digit J Ophthalmol. 2016;22(2):54–7. https://
doi.org/10.5693/djo.02.2015.05.004 [published Online First: Epub Date].

	18.	Onishi SM, Asahi MG, Chou C, Gallemore RP.  Topical difluprednate for the treatment of 
Harada’s disease. Clin Ophthalmol. 2015;9:157–67. https://doi.org/10.2147/OPTH.S72955 
[published Online First: Epub Date].

	19.	Kurz PA, Chheda LV, Kurz DE. Effects of twice-daily topical difluprednate 0.05% emulsion in 
a child with pars planitis. Ocul Immunol Inflamm. 2011;19(1):84–5. https://doi.org/10.3109/0
9273948.2010.512993 [published Online First: Epub Date].

	20.	Bartlett JD, Horwitz B, Laibovitz R, Howes JF. Intraocular pressure response to loteprednol 
etabonate in known steroid responders. J Ocul Pharmacol. 1993;9(2):157–65.

	21.	Feiler DL, Srivastava SK, Pichi F, Bena J, Lowder CY. Resolution of noninfectious uveitic 
cystoid macular edema with topical difluprednate. Retina. 2016. https://doi.org/10.1097/
IAE.0000000000001243 [published Online First: Epub Date].

	22.	Symes RJ, Forooghian F. Topical difluprednate monotherapy for uveitic macular edema. Can 
J Ophthalmol 2016;51(1):47–9. https://doi.org/10.1016/j.jcjo.2015.10.007 [published Online 
First: Epub Date].

	23.	Chalam K, Khetpal V, Patel CJ. Spectral domain optical coherence tomography documented 
rapid resolution of pseudophakic cystoid macular edema with topical difluprednate. Clin 
Ophthalmol. 2012;6:155–8. https://doi.org/10.2147/OPTH.S28151 [published Online First: 
Epub Date].

	24.	Jermak CM, Dellacroce JT, Heffez J, Peyman GA. Triamcinolone acetonide in ocular therapeu-
tics. Surv Ophthalmol. 2007;52(5):503–22. https://doi.org/10.1016/j.survophthal.2007.06.004 
[published Online First: Epub Date].

	25.	Kusne Y, Kang P, Fintelmann RE. A retrospective analysis of intraocular pressure changes 
after cataract surgery with the use of prednisolone acetate 1% versus difluprednate 0.05%. Clin 
Ophthalmol. 2016;10:2329–36. https://doi.org/10.2147/OPTH.S121849 [published Online 
First: Epub Date].

	26.	Slabaugh MA, Herlihy E, Ongchin S, van Gelder RN. Efficacy and potential complications 
of difluprednate use for pediatric uveitis. Am J Ophthalmol. 2012;153(5):932–8. https://doi.
org/10.1016/j.ajo.2011.10.008 [published Online First: Epub Date].

	27.	Vedantham V.  Periocular corticosteroid therapy: comments. Br J Ophthalmol. 
2004;88(5):724–5.

	28.	Okada AA, Wakabayashi T, Morimura Y, et al. Trans-Tenon’s retrobulbar triamcinolone infu-
sion for the treatment of uveitis. Br J Ophthalmol. 2003;87(8):968–71.

	29.	Ferrante P, Ramsey A, Bunce C, Lightman S. Clinical trial to compare efficacy and side-effects 
of injection of posterior sub-Tenon triamcinolone versus orbital floor methylprednisolone in 

A. L. Levison

https://doi.org/10.1517/13543784.2011.617741
https://doi.org/10.1517/13543784.2011.617741
https://doi.org/10.1358/dot.2011.47.5.1590791
https://doi.org/10.1167/iovs.13-12660
https://doi.org/10.1167/iovs.13-12660
https://doi.org/10.1089/jop.2010.0093
https://doi.org/10.1089/jop.2010.0059
https://doi.org/10.1089/jop.2010.0059
https://doi.org/10.5693/djo.02.2015.05.004
https://doi.org/10.5693/djo.02.2015.05.004
https://doi.org/10.2147/OPTH.S72955
https://doi.org/10.3109/09273948.2010.512993
https://doi.org/10.3109/09273948.2010.512993
https://doi.org/10.1097/IAE.0000000000001243
https://doi.org/10.1097/IAE.0000000000001243
https://doi.org/10.1016/j.jcjo.2015.10.007
https://doi.org/10.2147/OPTH.S28151
https://doi.org/10.1016/j.survophthal.2007.06.004
https://doi.org/10.2147/OPTH.S121849
https://doi.org/10.1016/j.ajo.2011.10.008
https://doi.org/10.1016/j.ajo.2011.10.008


173

the management of posterior uveitis. Clin Exp Ophthalmol. 2004;32(6):563–8. https://doi.
org/10.1111/j.1442-9071.2004.00902.x [published Online First: Epub Date].

	30.	Thach AB, Dugel PU, Flindall RJ, Sipperley JO, Sneed SR. A comparison of retrobulbar ver-
sus sub-Tenon’s corticosteroid therapy for cystoid macular edema refractory to topical medica-
tions. Ophthalmology. 1997;104(12):2003–8.

	31.	Freeman WR, Green RL, Smith RE. Echographic localization of corticosteroids after periocu-
lar injection. Am J Ophthalmol. 1987;103(3 Pt 1):281–8.

	32.	Sen HN, Vitale S, Gangaputra SS, et al. Periocular corticosteroid injections in uveitis: effects 
and complications. Ophthalmology. 2014;121(11):2275–86. https://doi.org/10.1016/j.oph-
tha.2014.05.021 [published Online First: Epub Date].

	33.	Helm CJ, Holland GN. The effects of posterior subtenon injection of triamcinolone acetonide 
in patients with intermediate uveitis. Am J Ophthalmol. 1995;120(1):55–64.

	34.	Salek SS, Leder HA, Butler NJ, Gan TJ, Dunn JP, Thorne JE. Periocular triamcinolone aceton-
ide injections for control of intraocular inflammation associated with uveitis. Ocul Immunol 
Inflamm. 2013;21(4):257–63. https://doi.org/10.3109/09273948.2013.767353 [published 
Online First: Epub Date].

	35.	Leder HA, Jabs DA, Galor A, Dunn JP, Thorne JE. Periocular triamcinolone acetonide injec-
tions for cystoid macular edema complicating noninfectious uveitis. Am J Ophthalmol. 
2011;152(3):441–48.e2. https://doi.org/10.1016/j.ajo.2011.02.009 [published Online First: 
Epub Date].

	36.	 Iwao K, Inatani M, Kawaji T, Koga T, Mawatari Y, Tanihara H. Frequency and risk factors 
for intraocular pressure elevation after posterior sub-Tenon capsule triamcinolone acetonide 
injection. J Glaucoma. 2007;16(2):251–6. https://doi.org/10.1097/IJG.0b013e31802d696f 
[published Online First: Epub Date].

	37.	Nozik RA.  Periocular injection of steroids. Trans Am Acad Ophthalmol Otolaryngol. 
1972;76(3):695–705.

	38.	Bui Quoc E, Bodaghi B, Adam R, et al. Intraocular pressure elevation after subtenon injection 
of triamcinolone acetonide during uveitis. J Fr Ophtalmol. 2002;25(10):1048–56.

	39.	Giles CL. Bulbar perforation during periocular injection of corticosteroids. Am J Ophthalmol. 
1974;77(4):438–41.

	40.	 Ideta S, Noda M, Kawamura R, et al. Dehiscence of levator aponeurosis in ptosis after sub-
Tenon injection of triamcinolone acetonide. Can J Ophthalmol. 2009;44(6):668–72. https://
doi.org/10.3129/i09-188 [published Online First: Epub Date].

	41.	Nozik RA. Orbital rim fat atrophy after repository periocular corticosteroid injection. Am J 
Ophthalmol. 1976;82(6):928–30.

	42.	Byun YS, Park YH. Complications and safety profile of posterior subtenon injection of tri-
amcinolone acetonide. J Ocul Pharmacol Ther. 2009;25(2):159–62. https://doi.org/10.1089/
jop.2008.0087 [published Online First: Epub Date].

	43.	Ozkiris A.  Intravitreal triamcinolone acetonide injection for the treatment of posterior uve-
itis. Ocul Immunol Inflamm. 2006;14(4):233–8. https://doi.org/10.1080/09273940600826604 
[published Online First: Epub Date].

	44.	Habot-Wilner Z, Sallam A, Roufas A, et al. Periocular corticosteroid injection in the manage-
ment of uveitis in children. Acta Ophthalmol. 2010;88(8):e299–304. https://doi.org/10.1111/
j.1755-3768.2010.02025.x [published Online First: Epub Date].

	45.	Spitzer MS, Ziemssen F, Yörük E, Bartz-Schmidt KU, Schultheiss M, Szurman P. Preservative-
free triamcinolone versus purified triamcinolone preparations. Klin Monatsbl Augenheilkd. 
2011;228(7):626–30. https://doi.org/10.1055/s-0029-1245621 [published Online First: Epub 
Date].

	46.	Couch SM, Bakri SJ. Intravitreal triamcinolone for intraocular inflammation and associated 
macular edema. Clin Ophthalmol. 2009;3:41–7.

	47.	Sallam A, Taylor SR, Lightman S.  Review and update of intraocular therapy in nonin-
fectious uveitis. Curr Opin Ophthalmol. 2011;22(6):517–22. https://doi.org/10.1097/
ICU.0b013e32834bbd68 [published Online First: Epub Date].

Noninfectious Uveitis: Systemic and Local Corticosteroids

https://doi.org/10.1111/j.1442-9071.2004.00902.x
https://doi.org/10.1111/j.1442-9071.2004.00902.x
https://doi.org/10.1016/j.ophtha.2014.05.021
https://doi.org/10.1016/j.ophtha.2014.05.021
https://doi.org/10.3109/09273948.2013.767353
https://doi.org/10.1016/j.ajo.2011.02.009
https://doi.org/10.1097/IJG.0b013e31802d696f
https://doi.org/10.3129/i09-188
https://doi.org/10.3129/i09-188
https://doi.org/10.1089/jop.2008.0087
https://doi.org/10.1089/jop.2008.0087
https://doi.org/10.1080/09273940600826604
https://doi.org/10.1111/j.1755-3768.2010.02025.x
https://doi.org/10.1111/j.1755-3768.2010.02025.x
https://doi.org/10.1055/s-0029-1245621
https://doi.org/10.1097/ICU.0b013e32834bbd68
https://doi.org/10.1097/ICU.0b013e32834bbd68


174

	48.	Park UC, Park JH, Yu HG. Long-term outcome of intravitreal triamcinolone acetonide injection 
for the treatment of uveitis attacks in Behçet disease. Ocul Immunol Inflamm. 2014;22(1):27–
33. https://doi.org/10.3109/09273948.2013.829109 [published Online First: Epub Date].

	49.	Kok H, Lau C, Maycock N, McCluskey P, Lightman S. Outcome of intravitreal triamcino-
lone in uveitis. Ophthalmology. 2005;112(11):1916.e1–7. https://doi.org/10.1016/j.oph-
tha.2005.06.009 [published Online First: Epub Date].

	50.	Steeples LR, Anand N, Moraji J, Jones NP. Clinical Outcomes of Intravitreal Preservative-Free 
Triamcinolone Preparation (Triesence®) for Cystoid Macular Oedema and Inflammation in 
Patients with Uveitis. Ocul Immunol Inflamm. 2017:1–8. https://doi.org/10.1080/09273948.2
017.1294185 [published Online First: Epub Date].

	51.	Kiernan DF, Mieler WF. The use of intraocular corticosteroids. Expert Opin Pharmacother. 
2009;10(15):2511–25. https://doi.org/10.1517/14656560903160671 [published Online First: 
Epub Date].

	52.	Sallam A, Taylor SR, Habot-Wilner Z, et  al. Repeat intravitreal triamcinolone acetonide 
injections in uveitic macular oedema. Acta Ophthalmol 2012;90(4):e323–5. https://doi.
org/10.1111/j.1755-3768.2011.02247.x [published Online First: Epub Date].

	53.	Tay-Kearney ML.  Intravitreal triamcinolone acetonide injection for the treat-
ment of posterior uveitis. Ocul Immunol Inflamm. 2006;14(4):201–2. https://doi.
org/10.1080/09273940600940926 [published Online First: Epub Date].

	54.	Moshfeghi DM, Kaiser PK, Scott IU, et al. Acute endophthalmitis following intravitreal triam-
cinolone acetonide injection. Am J Ophthalmol. 2003;136(5):791–6.

	55.	Cunningham ET, de Smet MD, Yeh S, Albini TA, Zierhut M. Sustained-release corticosteroids 
for uveitis. Ocul Immunol Inflamm. 2015;23(6):421–4. https://doi.org/10.3109/09273948.201
5.1114778 [published Online First: Epub Date].

	56.	Zarranz-Ventura J, Carreño E, Johnston RL, et al. Multicenter study of intravitreal dexametha-
sone implant in noninfectious uveitis: indications, outcomes, and reinjection frequency. Am 
J Ophthalmol. 2014;158(6):1136–45.e5. https://doi.org/10.1016/j.ajo.2014.09.003 [published 
Online First: Epub Date].

	57.	Lowder C, Belfort R, Lightman S, et  al. Dexamethasone intravitreal implant for noninfec-
tious intermediate or posterior uveitis. Arch Ophthalmol. 2011;129(5):545–53. https://doi.
org/10.1001/archophthalmol.2010.339 [published Online First: Epub Date].

	58.	Tomkins-Netzer O, Lightman S, Drye L, et al. Outcome of treatment of uveitic macular edema: 
the multicenter uveitis steroid treatment trial 2-year results. Ophthalmology. 2015;122(11):2351–
9. https://doi.org/10.1016/j.ophtha.2015.07.036 [published Online First: Epub Date].

	59.	Goel N. Acute bacterial endophthalmitis following intravitreal dexamethasone implant: a case 
report and review of literature. Saudi J Ophthalmol. 2017;31(1):51–4. https://doi.org/10.1016/j.
sjopt.2016.12.003 [published Online First: Epub Date].

	60.	Kempen JH, Altaweel MM, Holbrook JT, et  al. Randomized comparison of systemic anti-
inflammatory therapy versus fluocinolone acetonide implant for intermediate, posterior, and 
panuveitis: the multicenter uveitis steroid treatment trial. Ophthalmology. 2011;118(10):1916–
26. https://doi.org/10.1016/j.ophtha.2011.07.027 [published Online First: Epub Date].

	61.	Kempen JH, Altaweel MM, Drye LT, et al. Benefits of systemic anti-inflammatory therapy 
versus fluocinolone acetonide intraocular implant for intermediate uveitis, posterior uveitis, 
and panuveitis: fifty-four-month results of the Multicenter Uveitis Steroid Treatment (MUST) 
trial and follow-up study. Ophthalmology. 2015;122(10):1967–75. https://doi.org/10.1016/j.
ophtha.2015.06.042 [published Online First: Epub Date].

	62.	Group MUSTMTF-uSR. Quality of life and risks associated with systemic anti-inflammatory 
therapy versus fluocinolone acetonide intraocular implant for intermediate uveitis, posterior 
uveitis, or panuveitis: fifty-four-month results of the Multicenter Uveitis Steroid Treatment 
Trial and Follow-up Study. Ophthalmology. 2015;122(10):1976–86. https://doi.org/10.1016/j.
ophtha.2015.06.043 [published Online First: Epub Date].

	63.	Jaffe GJ, Lin P, Keenan RT, Ashton P, Skalak C, Stinnett SS.  Injectable fluocinolone ace-
tonide long-acting implant for noninfectious intermediate uveitis, posterior uveitis, and 
panuveitis: two-year results. Ophthalmology. 2016;123(9):1940–8. https://doi.org/10.1016/j.
ophtha.2016.05.025 [published Online First: Epub Date].

A. L. Levison

https://doi.org/10.3109/09273948.2013.829109
https://doi.org/10.1016/j.ophtha.2005.06.009
https://doi.org/10.1016/j.ophtha.2005.06.009
https://doi.org/10.1080/09273948.2017.1294185
https://doi.org/10.1080/09273948.2017.1294185
https://doi.org/10.1517/14656560903160671
https://doi.org/10.1111/j.1755-3768.2011.02247.x
https://doi.org/10.1111/j.1755-3768.2011.02247.x
https://doi.org/10.1080/09273940600940926
https://doi.org/10.1080/09273940600940926
https://doi.org/10.3109/09273948.2015.1114778
https://doi.org/10.3109/09273948.2015.1114778
https://doi.org/10.1016/j.ajo.2014.09.003
https://doi.org/10.1001/archophthalmol.2010.339
https://doi.org/10.1001/archophthalmol.2010.339
https://doi.org/10.1016/j.ophtha.2015.07.036
https://doi.org/10.1016/j.sjopt.2016.12.003
https://doi.org/10.1016/j.sjopt.2016.12.003
https://doi.org/10.1016/j.ophtha.2011.07.027
https://doi.org/10.1016/j.ophtha.2015.06.042
https://doi.org/10.1016/j.ophtha.2015.06.042
https://doi.org/10.1016/j.ophtha.2015.06.043
https://doi.org/10.1016/j.ophtha.2015.06.043
https://doi.org/10.1016/j.ophtha.2016.05.025
https://doi.org/10.1016/j.ophtha.2016.05.025


175© Springer Nature Switzerland AG 2019
N. A. Rao et al. (eds.), Posterior Uveitis, Essentials in Ophthalmology, 
https://doi.org/10.1007/978-3-030-03140-4_11

J. A. Gonzales (*) · N. Acharya
F.I. Proctor Foundation, University of California, San Francisco, San Francisco, CA, USA
e-mail: John.Gonzales@ucsf.edu; Nisha.Acharya@ucsf.edu 

Noninfectious Uveitis: 
Immunomodulatory Agents 
and Biologicals
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�Antimetabolites

Corticosteroids remain the usual first-line agents in managing noninfectious uveitis. 
Whether administered in topical, oral, parenteral, periocular, or intraocular forms, 
they can be effective and, particularly when used for short periods of time, safe. 
However, corticosteroids have important side effects. While many of the side effects 
of steroids resolve after discontinuation, chronic uveitis requires chronic manage-
ment, and the use of moderate to high doses of corticosteroids should be avoided. 
This is where corticosteroid-sparing immunomodulatory agents come into play. 
They provide a means to manage the uveitis while having a better side effect profile 
than high-dose or frequent administration of corticosteroids. Recently, there has 
been an impressive expansion in the therapeutics available to treat autoimmune dis-
eases. Naturally, interest in using these medications that have indications in the 
realm of immunology and rheumatology for the management of uveitis has grown. 
Some of these medications, including the newer biologics, have very specific targets 
involved in inflammatory pathways. Antimetabolites, however, are still considered 
first-line therapy when corticosteroid-sparing management of uveitis is needed. 
Most uveitis specialists have extensive training and familiarity with the antimetabo-
lites, and it makes sense from this perspective in utilizing them as one would an old 
friend.
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Interfering with metabolic pathways that are essential for cellular growth and 
involved in producing inflammatory mediators, the term “antimetabolites” are 
appropriately earned by this group of medications. In rheumatology, antimetabo-
lites are commonly known as disease-modifying antirheumatic drugs (DMARDs). 
Antimetabolites have an even earlier history of being employed as chemotherapy 
for malignancies and organ transplant rejection prevention.

Much of our knowledge about the use of antimetabolites comes in the form of 
retrospective studies. Retrospective studies, however, have their limitations, includ-
ing bias with respect to indications for using one particular antimetabolite over 
another (including bias of the treating center or physician), incomplete follow-up, 
and missing data (including reasons for discontinuing therapy). To date, there has 
been only one randomized clinical trial evaluating the efficacy of one particular 
antimetabolite compared to another for the management of uveitis [1]. Do uveitis 
specialists prefer one antimetabolite to another? Insight into the preferences and 
beliefs of uveitis specialists with respect to treatment can be seen in the responses 
provided by members of the American Uveitis Society. Members were surveyed 
about their practice patterns with 92% of respondents using methotrexate as their 
initial immunomodulatory agent for anterior uveitis. Only 5% used mycophenolate 
[2]. Other antimetabolites, such as azathioprine, were not as routinely used. For 
intermediate uveitis, 58% of the members responding commenced treatment with 
methotrexate, while 25% relied upon mycophenolate mofetil. Azathioprine was uti-
lized by 3% of respondents in such a scenario. For posterior and panuveitis, 47% of 
respondents noted they would start with methotrexate, while an increasing number 
of specialists (27%) would use mycophenolate mofetil. However, the issue was not 
necessarily that members felt methotrexate was more effective than mycophenolate 
mofetil. Instead, when the AUS members were queried as to why they would not 
prescribe a particular medication, 47% noted lack of effectiveness was a reason not 
to prescribe methotrexate, while only 9% considered mycophenolate mofetil to 
ineffective. Mycophenolate mofetil was considered to be prohibitively expensive as 
first-line therapeutic.

Antimetabolites are a mainstay of corticosteroid-sparing therapy for uveitis. 
They are well tolerated by patients and represent, in general, the first line of medica-
tions that are utilized for chronic uveitis.

�Azathioprine

6-Mercaptopurine was found to be effective in murine models of lymphoma [3]. 
6-MP, however, is extensively metabolized, so efforts were made to synthesize 
derivatives with modified metabolism, thereby improving efficacy – azathioprine 
was the result of this labor [4].

�Pharmacology and Pharmacokinetics
Azathioprine is a prodrug (an imidazolyl derivative of 6-mercaptopurine, 6-MP). 
Glutathione S-transferase activity in red blood cells converts azathioprine 
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approximately 88% of azathioprine to 6-MP [5]. As a purine nucleoside analogue, 
6-MP is then metabolized by hypoxanthine guanine phosphoribosyl transferase 
resulting in two active metabolites, thioinosinic and thioguanylic acid. The active 
metabolites then block purine metabolism and halt DNA synthesis. The enzyme 
thiopurine S-methyltransferase (TPMT) metabolizes 6-MP to the inactive metabo-
lite, 6-methyl-mercaptopurine, as well as metabolizing the active metabolites (thio-
inosinic and thioguanylic acid). However, polymorphisms of the TPMT gene exist. 
In patients with homozygous mutations of TPMT, the enzyme is functionally inac-
tive, which can lead to drug toxicity. In patients with heterozygous mutations of 
TPMT, the enzyme is partially functional, and a reduced dose of azathioprine should 
be used. An assay for homo- or heterozygosity of TPMT should be performed prior 
to instituting therapy with azathioprine. Those that are homozygous for TPMT defi-
ciency should not be considered for azathioprine therapy as bone marrow toxicity 
with resultant cytopenias can occur early in the commencement of therapy. 
Heterozygous individuals may be dosed lower than in those homozygous for TPMT 
activity. In Han Chinese patients, TPMT mutations are not frequently encountered. 
However, side effects in this group of patients, particularly leukopenia, may be 
related to a genotype that leads to higher glutathione S-transferase activity [6].

Azathioprine is absorbed in the stomach and duodenum. Peak plasma levels 
(ranging from 27% to 83%) [5] are reached within 2 h of oral administration and 
taken up into cells with only 30% being protein bound. Up to 45% of azathioprine is 
excreted into the urine, while the remainder is converted to 6-MP in red blood cells.

�Studies
A retrospective study of azathioprine’s use in 34 patients with retinal vasculitis from 
a single center revealed that 56% of eyes exhibited a decrease in ocular inflamma-
tion and 64% of eyes either maintained or improved their visual acuities [7]. Relapse 
of ocular inflammation was also decreased in 10 patients who had data available 
prior to treatment with azathioprine. Patients who did not require an increase in their 
dose of prednisone were also considered treatment successes.

In the largest retrospective cohort studies evaluating azathioprine’s use for treat-
ing noninfectious ocular inflammatory diseases involving 4 uveitis centers, 63% of 
patients (91 patients) had uveitis [8]. More patients with intermediate uveitis 
(90.3%) achieved inactive uveitis using the standardization of uveitis nomenclature 
(SUN) criteria [9] compared to anterior (51.4%) and posterior/panuveitis (74.4%). 
Additionally, corticosteroid-sparing control (less than 10 mg PO daily of predni-
sone) with azathioprine was most frequent in the setting of intermediate uveitis 
(adjusted hazard ratio 4.75 CI 1.23 to 13.58) compared to anterior uveitis. Posterior/
panuveitis had less frequent corticosteroid-sparing control than intermediate uveitis 
when compared to anterior uveitis (adjusted HR 2.52, CI 0.64 to 9.86).

In the realm of pediatric, uveitis, a study of 40 children taking a variety of immu-
nomodulatory agents over 5 years revealed that azathioprine was associated with a 
61% improvement in visual acuity, which was lower than mycophenolate mofetil 
(91% improvement in visual acuity) [10]. Children were also on systemic cortico-
steroids in conjunction with their immunomodulatory medication. Similarly, 
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Arellanes-Garcia et  al. performed a retrospective study of 160 Mexican children 
seen in her uveitis clinic. Her group found that azathioprine (in conjunction with 
systemic corticosteroids) was associated with a 61% improvement in visual activity 
in 34 patients with pars planitis [11].

The first study assessing azathioprine’s efficacy in managing uveitis came in 
1969 [12]. Mathews and colleagues enrolled a total of 16 patients with chronic ante-
rior uveitis, and half were randomized by the pharmacist to receive azathioprine 
100 mg PO daily or placebo daily, and the subjects were followed for 3 months. 
Interestingly, three patients from the placebo group (who had their data included 
with the other placebo group subjects) were crossed over to the azathioprine group, 
and their outcomes were included in the azathioprine group. Statistically speaking, 
these maneuvers are not typically performed today. The SUN criteria had not been 
developed during Mathews et al.’s assessment, and they used a scoring system in 
which a higher score was assigned to less cell and less flare. Additionally, they 
assessed patients’ subjectively reported improvement or worsening of their vision. 
There was a trend toward improvement in both patient’s reported vision and objec-
tive features (visual acuity, cell, and flare), but there was no statistically significant 
difference between the two groups.

More recently, azathioprine was used in a prospective clinical trial evaluating its 
efficacy in controlling Behçet’s disease-related uveitis in 48 patients compared to 
placebo [13]. Mean visual acuity remained stable in the azathioprine group com-
pared to a statistically significant decline in vision in the placebo group. Additionally, 
there were statistically significantly less occurrences of hypopyon uveitis in the aza-
thioprine group compared to the placebo group. Moreover, in 25 patients without 
ocular disease at enrollment, 8 developed newly diagnosed uveitis in the placebo 
group compared to 1 in the azathioprine group, a statistically significant difference. 
In assessing long-term outcomes of the patients randomized to placebo or azathio-
prine [13], becoming blind and experiencing a two-line drop in visual acuity occurred 
more frequently in the placebo group compared to the azathioprine group [14].

�Comparison with Other Antimetabolites and Immunomodulatory 
Therapies
A non-randomized trial was conducted utilizing azathioprine or chlorambucil in 
anterior uveitis [15]. In the 1970s, azathioprine was considered to be a cytotoxic 
agent by some [16], and the goal of this particular trial was to compare the relative 
efficacy of these two “cytotoxic” agents for chronic anterior endogenous (noninfec-
tious) uveitis. Of the 25 patients enrolled, 22 received azathioprine, while 3 received 
chlorambucil. All patients were on doses of prednisone ranging from 10 to 15 mg 
daily. All but two patients were noted to manifest a response to azathioprine, but this 
included patients that would, by today’s standards, still be considered to have active 
uveitis. For example, patients with 1+ anterior chamber cell were still considered to 
be responsive to azathioprine since such patients had exhibited more anterior cham-
ber cell prior to enrollment. While this study did not fit the mold for an RCT, the 
authors recognized that long-term therapy with azathioprine was essential for pre-
venting relapses of uveitis.
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�Side Effects
Side effects of azathioprine include gastrointestinal upset, cytopenias due to bone 
marrow suppression (leukopenia and thrombocytopenia in particular). Testing for 
TPMT activity is essential prior to utilizing azathioprine in a patient. Azathioprine 
is a pregnancy class D medication. As such, there is evidence of human fetal risk. 
Breastfeeding is considered reasonable in lactating mothers taking azathioprine 
with very low levels of the medication being found in breast milk [17].

�Considerations
While azathioprine has been better at controlling inflammation than placebo [13], 
azathioprine may be the most effective for intermediate uveitis [8]. Compared to 
methotrexate and mycophenolate mofetil, azathioprine was associated with a longer 
time (6.5 months) for treatment success (control of uveitis with prednisone 10 mg 
PO daily or less) and a higher rate of side effects and discontinuation due to side 
effects [18]. Azathioprine has been combined with T-cell inhibitors and corticoste-
roids to achieve control of noninfectious uveitis, including serpiginous choroiditis 
[19] and sympathetic ophthalmia [20–23].

�Leflunomide

The chemical name for leflunomide is 5-methyl-N-{4-(trifluoromethyl)phenyl]-
1,2-oxazole-4-carboxamide. Its molecular formula is C12H9F3N2O2.

Leflunomide is a synthetic isoxazole derivative, which is converted to its 
active metabolite A77 1726 in the liver. Leflunomide was synthesized during the 
1980s and ultimately approved by the FDA for the treatment of rheumatoid 
arthritis in the 1990s. Leflunomide has been shown to modulate inflammation via 
antagonizing lymphoproliferation by inhibiting dihydroorotate dehydrogenase, 
which leads to a reduction in the de novo synthesis of pyrimidines. A lack of 
pyrimidines results in halting of DNA synthesis and has particular effect on rap-
idly proliferating cells, including activated CD4+ T cells that are important in 
mediating inflammation. Specifically, proliferating cells are halted in G1 phase. 
Moreover, leflunomide has been shown to have an effect on B-cell autoantibody 
synthesis [24]. A77 1726 modulates inflammation via other mechanisms as well. 
For example, it inhibits tyrosine kinase, which is important in mediating the pro-
gression of cells from G0 phase to G1 phase as well as activating the IL-2 recep-
tor, which is involved in inflammation. Additionally, A77 1726 prevents 
degradation of IΚB, which is the inhibitor of NF-ΚB [25]. Without activation, 
NF-ΚB is unable to translocate into the nucleus to result in transcription of genes 
that mediate inflammation.

The bioavailability of A77 1726 is not affected by the presence of food in the 
stomach or intestines. It is extensively bound to plasma proteins, and, as a result, 
its half-life is between 15 and 18  days [25]. Most of leflunomide is eliminated 
equally in urine and feces. Because of leflunomide’s metabolism by the liver and 
its reliance upon enterohepatic recirculation for its clearance, those with hepatic 
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dysfunction are not ideal candidates for leflunomide. The long half-life of lefluno-
mide means that it can take up to 5  months for it to reach steady-state plasma 
concentration.

�Efficacy
Leflunomide has been shown to be effective at decreasing ocular inflammation in 
murine models of uveitis [26, 27].

�Comparison with Other Antimetabolites
While leflunomide has been used in the treatment of uveitis [28–30], it has been 
associated with more frequent rates of recurrences compared to methotrexate when 
used in the chronic anterior uveitis associated with juvenile idiopathic arthritis (JIA) 
[31]. Others have shown that leflunomide has been effective at managing the chronic 
anterior uveitis associated with JIA. Molina and colleagues performed a retrospec-
tive review of 13 patients with JIA-associated uveitis using leflunomide for at least 
7  months [30]. They classified the uveitis response to leflunomide as having no 
response, improvement, complete remission, and persistent remission. They found 
that 50% of patients achieved and maintained complete remission, 25% showed 
improvement, 25% exhibited persistent remission, and 38.5% showed no response 
to leflunomide. Thus, overall, 61% of the cohort exhibited a favorable response to 
leflunomide.

�Combination with Other Antimetabolites
Leflunomide has been used effectively in combination with methotrexate, particu-
larly in rheumatoid arthritis [32]. While A77 1726 affects pyrimidine synthesis, 
methotrexate inhibits purine synthesis [33], thereby having a synergistic effect. 
While antimetabolites are typically used with the biologic infliximab, to prevent 
human anti-chimeric antibody (HACA) formation, using leflunomide with inflix-
imab is associated with frequent adverse reactions [34]. Use of leflunomide with 
infliximab is, therefore, not recommended.

�Side Effects
Side effects include nausea, diarrhea, rash, and reversible alopecia. Less frequent 
side effects include hypertension [35], upper respiratory tract infections, and hepa-
totoxicity. Additionally, there has been an association with increasing total choles-
terol and LDL cholesterol with increasing length of time patients take leflunomide.

�Other Considerations
Leflunomide has been used as a cheaper alternative to treatment cytomegalovirus 
(CMV). Additionally, leflunomide has been shown to be effective in the treatment 
of CMV that is resistant to its typical antiviral agents [36] (ganciclovir, foscarnet, 
and cidofovir) in organ transplant recipients [37–39]. Leflunomide affects the matu-
ration of CMV’s capsid [40], which is different than the inhibition of viral DNA 
polymerase that is employed by antivirals.
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�Methotrexate

The chemical name for methotrexate is N-{4-[[(2,4-diamino-6-pteridinyl)methyl]
methylamino]benzoyl]-L-glutamic acid. Its empirical formula is C20H22N8O5.

Methotrexate is often employed as first-line corticosteroid-sparing therapy 
because it is relatively easy to take (once a week by mouth or subcutaneous injec-
tion) and relatively well tolerated. Methotrexate (previously known as amethop-
terin) is one of the newer antimetabolites, being synthesized in the 1940s. Initially, 
there was hope that folic acid (a water soluble B vitamin) and folate conjugates 
could be used in treating acute leukemia, but the use of these potential therapeutics 
actually potentiated the development of this hematologic malignancy. Deficiency in 
folate, however, was noted to effectively decrease peripheral leukemic cell count 
[41]. Thus began methotrexate’s use a chemotherapeutic. Methotrexate proved to be 
effective in the 1950s for psoriasis (first-line therapies besides coal tar and ultravio-
let light often included arsenic and mercury compounds). Cress and Deaver 
described a 27-year-old man with psoriatic arthritis [42]. He proved to be recalci-
trant to numerous therapies, so methotrexate was commenced and not only did his 
psoriasis improve but his arthritis did as well. Methotrexate’s use was then extended 
to rheumatoid arthritis in case reports during the 1960s [43–45]. A pilot study in the 
treatment of rheumatoid arthritis involving 32 patients demonstrated its efficacy in 
the majority of subjects [46, 47] and cemented its role not only in the treatment of 
rheumatoid arthritis but other rheumatologic conditions as well.

The enzyme dihydrofolate reductase (DHFR) has long been an attractive target 
for antibiotics, chemotherapeutics, and immunosuppressives given its importance in 
purine (adenine and guanine) and thymidylate synthesis. For example, trimethoprim 
is an antibiotic that targets bacterial DHFR. Methotrexate, on the other hand, targets 
mammalian DHFR. Cells that are rapidly growing and dividing, then, utilize DHFR 
more frequently than cells that are more senescent. In the case of methotrexate, 
there will be a more profound effect on cancer or inflammatory cells. However, side 
effects will manifest in other tissues that are not malignant or involved with immune 
function. For example, the stomach and small intestine epithelium have turnover 
rates ranging from 2 to 10 days. Neutrophils have turnover rates of 1–5 days, and 
cervical epithelium turns over every 5–6 days. Lymphomas have higher turnover 
rates [47, 48] so they can be particularly sensitive to folate antagonists.

�Pharmacology and Pharmacokinetics
Methotrexate is polyglutamated after entering the cell, which has several functions. 
One is that it allows for the accumulation of intracellular methotrexate (as the con-
centration of monoglutamate methotrexate outside of the cell is much lower than 
inside) [49]. Additionally, the polyglutamation of methotrexate increases its intra-
cellular life. Finally, polyglutamation enhances methotrexate’s enzyme inhibitory 
potency. Methotrexate inhibits DHFR, an enzyme that reduces dihydrofolic acid to 
tetrahydrofolic acid, which can be converted to cofactors utilized in one-carbon 
transfer chemistry (one carbon units include methyl, methylene, and formate). 
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Tetrahydrofolate is required for the de novo synthesis of purines (important for 
nucleic acid synthesis) [33], thymidylic acid, and certain amino acids. These mole-
cules are, in turn, required for cell growth and proliferation. Moreover, methotrexate 
inhibits thymidylate synthase, which is involved in the de novo synthesis of pyrimi-
dines. Since methotrexate primarily enters the cells that make up various tissues, it 
is minimally bound to plasma proteins. In addition to disrupting purine synthesis, 
methotrexate exhibits other actions that can be therapeutic. Methotrexate inhibits 
transmethylation reactions [50, 51], important in metabolism, and inhibits the for-
mation of polyamines [52]. Polyamines play a role in inflammation as seen in the 
synovial fluid and tissues in patients with rheumatoid arthritis [53]. Additionally, 
methotrexate promotes adenosine release [54], which can have anti-inflammatory 
effects [55, 56].

After oral consumption, methotrexate is absorbed from the proximal jejunum, 
and peak serum levels are attained in 1 to 2 h. The bioavailability of methotrexate is 
approximately 60–80%. Food does not affect the absorption of methotrexate [57], 
but it can delay absorption and reduce peak concentration. When administered par-
enterally (e.g., intramuscularly and subcutaneously), complete absorption occurs, 
and peak serum concentrations are attained in under an hour. The half-life of metho-
trexate varies from 3 to 10 h. Methotrexate is eliminated by the renal glomerular 
filtration and active tubular secretion so use in those with renal dysfunction should 
be adjusted according to the creatinine clearance. Delayed drug clearance is a major 
factor influencing methotrexate toxicity.

�Studies
In a retrospective cohort study of 384 patients commenced on methotrexate for 
corticosteroid-sparing monotherapy of ocular inflammation (including uveitis, scle-
ritis, and ocular cicatricial pemphigoid), 66% of patients were able to achieve inac-
tivity of ocular inflammation that was sustained for at least 4 weeks within 1 year of 
therapy [58]. Approximately 58% of patients were able to achieve corticosteroid-
sparing control of inflammation (being on 10 mg or less of daily oral prednisone).

Methotrexate is extensively used in the setting of JIA-associated uveitis. In the 
past, children with juvenile idiopathic arthritis (JIA)-associated uveitis were noted 
to achieve control of their ocular inflammation with systemic corticosteroids but 
also exhibited significant steroid-related side effects. Foster’s group performed a 
retrospective review of children with JIA-associated uveitis from the late 1970s to 
late 1980s [59]. Of twenty-six JIA patients, 8 had used systemic immunomodula-
tory therapy, including 3 taking methotrexate with doses ranging from 5 to 15 mg 
PO weekly and 1 patient taking both methotrexate and azathioprine. Two of three 
patients taking methotrexate achieved control of inflammation, while the patient 
taking both methotrexate and azathioprine did not achieve control. This was a small 
study but important in demonstrating the use and good tolerance of methotrexate in 
the pediatric uveitis population. In a later retrospective study, Weiss et al. reported 
that six of seven children requiring advancement to methotrexate due to active uve-
itis despite topical corticosteroids or occurrence of corticosteroid-related side effect 
were associated with improvement of uveitis [60]. Later, Foeldvari and Wierk 

J. A. Gonzales and N. Acharya



183

showed that methotrexate was effective in treating JIA-associated uveitis in 84% of 
their cohort after an average of 4.5 months [61]. The mean dose of methotrexate 
used in this cohort was 15.6 mg/m2. Malik and Pavesio also demonstrated that meth-
otrexate was effective in the management of JIA-associated uveitis in 10 children 
[62]. More recently, Heiligenhaus and colleagues assessed 31 patients with JIA-
associated uveitis with 21 (67.7%) achieving control of inflammation (with or with-
out the use of concomitant topical corticosteroids) [63].

If ocular inflammation is not responding to oral methotrexate, consideration 
should be made, if indicated, for subcutaneous administration. Extrapolating from 
the rheumatoid arthritis literature [64], switching from oral administration to subcu-
taneous administration of methotrexate may result in more satisfactory control of 
uveitis.

�Methotrexate Resistance
Resistance to methotrexate has been noted in conditions ranging from the rheuma-
tologic (as in rheumatoid arthritis) [65–67] to the ophthalmologic (in the case of 
primary vitreoretinal lymphoma) [68]. Such resistance mediates lack of control of 
inflammation or tumor proliferation. Additionally, in methotrexate resistance has 
been suggested to be responsible for the side effects experienced by some patients 
[69]. In the future, it may become practice to assess each patient’s potential response 
to different immunomodulatory agents based upon their gene expression of proteins 
involved in therapeutic responses.

�Side Effects
Methotrexate can be hepatotoxic, causing fibrosis and cirrhosis. For this reason, 
liver transaminases (including aspartate aminotransferase and alanine aminotrans-
ferase) should be routinely monitored. In psoriasis, liver fibrosis and cirrhosis can 
occur without overt abnormalities in serologically assessed liver transaminases. For 
this reason, some recommend performing liver biopsies periodically to evaluate for 
histologic evidence of hepatitis. In the rheumatoid arthritis literature, age when 
methotrexate was commenced, duration of use, and cumulative dose have been risk 
factors identified for liver damage [70, 71]. Methotrexate can rarely cause a direct 
toxic effect to lung parenchymal tissue, characterized by a nonproductive cough and 
wheezing. Patients should be assessed for pulmonary symptoms while on metho-
trexate and, should complaints arise, be examined with auscultation of the lungs and 
consideration for pulmonary radiographic imaging, which can reveal a diffuse inter-
stitial pattern [72]. An ulcerative stomatitis/mucositis can occur [73].

Folic acid or folinic acid (leucovorin) is typically administered to abrogate or 
abolish the side effects of methotrexate without affecting methotrexate’s efficacy 
[74–76]. Folic acid is typically dosed at 1 mg orally each day. Some specialists will 
hold folic acid on the day that methotrexate is administered, but there is no data that 
suggests that taking folic acid on the day of methotrexate administration decreases 
the efficacy of methotrexate. If side effects continue to persist, then the dose of folic 
acid may be increased to 3–5 mg daily. Folinic acid may be administered for espe-
cially recalcitrant side effects (10  mg orally taken 12  h after methotrexate 
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administration). Methotrexate is absolutely contraindicated in pregnancy (preg-
nancy class X) and can induce teratogenic effects and induce fetal death when taken 
by a pregnant woman. In fact, methotrexate is used in high doses as an abortive 
medication. Typically women wishing to conceive are recommended to wait 
3 months after cessation of methotrexate. Methotrexate can be detected in human 
breast milk, and breastfeeding should cease if a mother is utilizing methotrexate. 
Occasionally, fatal opportunistic infections (Pneumocystis jirovecii pneumonia) 
have occurred with methotrexate. Caution should be practiced when using metho-
trexate in patients experiencing an active infection. Additionally, methotrexate can 
be contraindicated in some patients with immunodeficiencies (whether acquired or 
primary).

�Mycophenolate Mofetil

Mycophenolate mofetil, synthesized in the late 1980s [77], was shown to be effec-
tive in preventing organ allograft rejection in animal models [78–80], and this dis-
covery ultimately leads to trials involving reversal of human allograft rejection [81].

�Pharmacology and Pharmacokinetics
After oral administration, mycophenolate mofetil is absorbed in the small intestine 
and metabolized to mycophenolic acid, which then undergoes glucuronidation via 
glucuronyl transferase to yield the phenolic glucuronide of mycophenolic acid 
(MPAG). MPAG is converted to mycophenolic acid during enterohepatic recircula-
tion. As the morpholinoethyl ester of mycophenolic acid, mycophenolate mofetil 
exhibits more bioavailability than mycophenolic acid [77], which ranges up to 94% 
[82]. Carboxylesterases in the small intestine then convert mycophenolate mofetil 
to mycophenolic acid [82]. As a noncompetitive and reversible inhibitor of inosine 
monophosphate dehydrogenase, mycophenolate acid blocks de novo purine synthe-
sis, thereby hindering DNA synthesis, affecting proliferation of lymphocytes.

Mycophenolic acid is metabolized by glucuronyl transferase to yield mycophe-
nolic acid glucuronide (which has no pharmacologic activity) and is then eliminated 
in the urine.

Food consumption with mycophenolate mofetil can result in a lower peak con-
centration. Thus, it is recommended that mycophenolate be taken on an empty 
stomach. Mycophenolic acid is 97% bound to serum albumin, and the mean half-
life is approximately 18  h. Most of the medication is excreted in the urine as 
MPAG.  Renal insufficiency can result in a higher bioavailability, which has the 
potential to lead to more untoward side effects.

�Studies
The largest retrospective study involving the use of mycophenolate mofetil in uve-
itis comes from Siepmann and colleagues in Germany [83]. Of 106 patients studied, 
92 (nearly 87%) experienced less than or equal to one recurrence of uveitis. 
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Follow-up in this cohort ranged from 6 months to 41 months. Visual acuity was 
particularly well preserved in patients with anterior and intermediate uveitis (vision 
was either stable or improved). Only four patients exhibited a lack of control of their 
uveitis with mycophenolate mofetil. Another study from Germany, involving 60 
noninfectious uveitis patients, revealed that corticosteroid-sparing control (defined 
as ≤10 mg PO daily of prednisolone) of uveitis was achieved in 72% of patients 
after 1  year of treatment [84]. Relapses, while occurring in 50% of the cohort, 
exhibited a rate of only 0.23 relapses/year during the treatment period, and most 
were managed with either increasing the dose of prednisone, mycophenolate, or 
both. This particular cohort had a large component made up of intermediate uveitis 
patients (70%), and 32% of these patients failed mycophenolate mofetil due to effi-
cacy, in particular most often due to uveitic macular edema.

Another large retrospective study involved a cohort of patients from North 
America at the Wilmer Eye Institute [85]. Fifty-one patients with noninfectious uve-
itis were included in the study. Most patients achieved control of uveitis with a total 
daily dose of 2 g. Most patients who did not achieve control with 2 g daily did so 
with 3 g daily. The median time to treatment success with mycophenolate mofetil 
2 g daily was 3.5 months. In those patients requiring 3 g daily, the median time to 
treatment success was 4.7 months, though this was not statistically different from 
the lower dosage.

A more recent study involving exclusively Hispanic patients (including 21 with 
uveitis) revealed that most patients achieved control of ocular inflammation at 
6 months after previously failing other immunomodulatory medications [86]. Five 
patients (23.8%) had active uveitis at 6 months’ follow-up. Control of ocular inflam-
mation in general (patients with uveitis only were not independently assessed 
though they made up the majority of cases) was achieved with doses of 10 mg daily 
or less.

Mycophenolate mofetil is not used as frequently as methotrexate for uveitis in 
children. However, mycophenolate demonstrates effective control of pediatric sys-
temic autoimmune diseases including systemic lupus erythematosus [87]. 
Mycophenolate is typically dosed in children similar to that used in renal transplan-
tation: 600 mg/m2 PO BID. In one of the largest retrospective studies evaluating the 
use of mycophenolate mofetil in the setting of pediatric uveitis [88], 17 children that 
were commenced on mycophenolate mofetil, 88% were able to achieve ≤5 mg PO 
daily of prednisolone. While only 24% of patients during a mean follow-up of 
3 years exhibited no relapses, all patients exhibited a reduction in relapses com-
pared to the number experienced prior to starting mycophenolate mofetil.

Mycophenolate mofetil has also been effective in controlling uveitis in patients 
failing methotrexate. Sobrin and colleagues performed a retrospective review of 
their patients with noninfectious ocular inflammation failing methotrexate (either 
due to efficacy or due to intolerance) [89]. Approximately half of their patients were 
able to achieve control of inflammation with mycophenolate. However, the odds of 
control of uveitis in patients with JIA-associated uveitis were lower than for those 
patients without this type of ocular inflammation.
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�Side Effects
The most common side effects of mycophenolate mofetil are gastrointestinal in 
nature and include gastric pain, diarrhea, and nausea [83]. Fatigue and pruritus are 
other common side effects. Gastrointestinal bleeding and perforations are rarely 
encountered. These cases have typically occurred in the organ transplantation litera-
ture. Additionally, infections involving opportunistic organisms as well as herpetic 
viral infections are more frequent than in azathioprine, but again, these have been 
encountered in organ transplant patients. There is an increased risk of malignancy, 
particularly skin cancers, in transplant patients taking mycophenolate mofetil.

Fetal loss and congenital malformations are noted with mycophenolate. 
Consequently, contraception must be practiced while taking mycophenolate mofetil. 
Additionally, patients taking oral contraceptives should be made aware that myco-
phenolate mofetil can decrease the serum levels of contraceptive hormones with a 
theoretically reduced efficacy of the contraceptive.

�Other Considerations
The use of proton-pump inhibitors (PPI)  for peptic ulcer disease and gastroesopha-
geal reflux disease decreases both the serum concentration and bioavailability of 
mycophenolate mofetil. Patients who are on a PPI who are to commence mycophe-
nolate mofetil for their uveitis management should be considered to switch to a 
histamine-2 receptor antagonist (e.g., famotidine).

�Mycophenolic Acid

Mycophenolic acid was originally recognized to have antibiotic properties. 
Penicillium brevicompactum, a mold (recall that the Greek root word “myco” means 
fungus), was noted to secrete a substance (mycophenolic acid) that inhibited the 
growth of Staphylococcus aureus. Bartolomeo Gosio, an Italian physician, is cred-
ited with this discovery [90]. Gosio was looking to implicate different molds as a 
cause of niacin deficiency (pellagra).

�Pharmacology and Pharmacokinetics
After oral consumption, mycophenolic acid is absorbed into the small intestine. 
Because mycophenolic acid is enteric-coated, it often exhibits better gastrointesti-
nal tolerability than mycophenolate mofetil [91]. Mycophenolic acid inhibits ino-
sine 5’-monophosphate dehydrogenase. After oral consumption, the bioavailability 
of mycophenolic acid is 72%. As noted for mycophenolate mofetil (which is con-
verted to mycophenolic acid), 97% of mycophenolic acid is bound to albumin. 
Mycophenolic acid’s mechanism of action, metabolism, and excretion is the same 
as that for mycophenolate mofetil.

�Use in Uveitis
Mycophenolic acid has been suggested as a possible therapy for intraocular use, but 
this continues to be entirely experimental and is not being utilized in humans. 
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However, toxicity of human retinal pigment epithelium and Müller cells was not 
seen for doses of mycophenolic acid lower than 50 μg/mL or less [92].

There is a Phase 3 clinical trial aimed at determining the efficacy, safety, and 
tolerability of mycophenolic acid in patients with intermediate uveitis (ClinicalTrials.
gov Identifier NCT01092533).

�Sulfasalazine

While sulfasalazine is not an antimetabolite, it bears mentioning since it has cer-
tainly been used as a DMARD in rheumatology and has been used occasionally in 
the treatment of uveitis. The IUPAC name for sulfasalazine is 2-Hydroxy-5-[[4-(2-
pyridinylsulfamoyl)phenyl]diazenyl]benzoic acid. Its molecular formula is 
C18H14N4O5S.

�Pharmacology and Pharmacokinetics
Sulfasalazine is either absorbed in the upper gastrointestinal system (up to 30% of 
the intact drug) or is cleaved into sulfapyridine and 5-amino salicylate by colonic 
bacteria. The cleavage products are thought to be involved in inhibiting folate 
absorption and metabolism [93–95]. Additionally, sulfasalazine and 5-amino salicy-
late inhibit in vitro leukocyte motility [96].

�Placebo-Controlled Trials
In a small placebo-controlled trial, 22 patients with ankylosing spondylitis-
associated recurrent anterior uveitis were randomized either to sulfasalazine (10 
patients) or placebo (12 patients) and followed for 3  years. Uveitis activity was 
assessed by fluorophotometry. The number of recurrences was less than one for 
each year in the patients taking sulfasalazine (with the highest number of mean 
recurrences during year two with 0.6 +/−0.84 recurrences). In the placebo group, 
the number of recurrences was statistically significantly higher (with the highest 
recurrences occurring during the first year of follow up at 1.33 +/−1.23 recur-
rences). Additionally, the formation of posterior synechiae was less frequently 
encountered in the sulfasalazine group.

�Studies
Ten patients with recurrent anterior uveitis were commenced on sulfasalazine and 
followed for 1 year [97]. In the year prior to the institution of sulfasalazine, there 
was a mean of 3.4 flares, which was statistically significantly less during the year 
the patients were on the DMARD (less than 1 flare).

In a study involving chronic uveitis, four Taiwanese children with JIA- or ankylos-
ing spondylitis-related were committed to sulfasalazine due to failing to taper off of 
steroid drops as well as exhibiting a lack of uveitis control with oral nonsteroidal anti-
inflammatory drugs. Two children with JIA-associated uveitis and the child with anky-
losing spondylitis-associated uveitis showed improvement in their anterior chamber 
cell and visual acuity. The medication was tolerated well by all four children.
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�Side Effects
Common side effects include gastrointestinal discomfort and rash. Stevens-Johnson 
and neutropenia are less frequent but serious side effects.

�General Considerations with the Antimetabolites

In a large retrospective study in which patients with noninfectious ocular inflam-
matory diseases were assessed, three of the most commonly used antimetabolites 
to control ocular inflammation (including uveitis) were assessed [18]. The median 
time to treatment success (on ≤10 mg prednisone PO daily) with methotrexate 
was 6.5 months compared to that of mycophenolate mofetil (4 months) and aza-
thioprine (4.8 months). It was noted that methotrexate was frequently started at a 
low dose and increased over time, whereas mycophenolate mofetil and azathio-
prine were typically started at more therapeutic doses. After 6 months of therapy, 
the proportion of all ocular inflammation patients achieving treatment success 
with mycophenolate was 70% compared to 42% of those on methotrexate and 
48% of those taking azathioprine. While these results are intriguing, there still 
remains the issue of determining the best antimetabolite to use as first-line therapy 
for corticosteroid-sparing control of uveitis. To address this important issue, 
Acharya and colleagues compared methotrexate and mycophenolate mofetil (two 
of the most commonly used antimetabolites) for initial corticosteroid-sparing 
control of noninfectious intermediate, posterior, and panuveitis. While past retro-
spective studies have suggested that mycophenolate mofetil may be more effec-
tive in the management of uveitis, Acharya’s RCT found that a higher proportion 
of those randomized to methotrexate achieved control of their uveitis compared to 
those randomized to mycophenolate mofetil [1]. Control of uveitis was defined as 
less than 1+ anterior chamber cell or vitreous haze or inactive retinal or choroidal 
lesions. However, while the maximum dose of methotrexate was used (25 mg PO 
weekly), the maximum dose for mycophenolate mofetil in the trial was 1 g PO 
BID rather than the typical maximum dose of 1.5 g PO BID. To address this issue, 
Acharya is currently conducting a National Eye Institute-sponsored randomized 
controlled trial, which is powered to detect a smaller difference (20%) between 
the two randomization groups and utilizing the typical maximum doses of these 
medications. The data gathered from this pivotal study will provide uveitis spe-
cialists with much needed evidence to support the initial use of either methotrex-
ate or mycophenolate mofetil as initial corticosteroid-sparing therapy.

In general, as with all other immunomodulatory agents, live vaccines should not 
be administered to those taking antimetabolites. Additionally, patients considering 
vaccinations with killed agents may proceed but should be informed that they may 
mount a truncated immune response due to the iatrogenic immunosuppression.

Contraception should be practiced while on antimetabolites. Developing fetuses 
with their rapid cell turnover are especially vulnerable to the effects of antimetabo-
lites that affect nucleic acid synthesis. In fact, high-dose methotrexate is utilized as 
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an abortive agent. It is recommended that in those wishing to become pregnant, 
discontinue use and wait at least 3 months prior to conceiving.

Antimetabolites can be used in conjunction with other immunomodulatory 
agents, particularly from other classes such as the T-cell inhibitors (e.g., cyclospo-
rine [98, 99]) or with biologics. In the case of biologics, antimetabolites may help 
decrease the frequency of developing antibodies (e.g., human anti-chimeric anti-
bodies, HACAs) against monoclonal antibodies (e.g., rituximab, infliximab, 
adalimumab).

Much of the information regarding cancer and systemic immunomodulatory 
therapy with antimetabolites comes from the transplant literature. For example, 
renal transplant patients on azathioprine have 50- to 100-fold increase in the relative 
risk of malignancy. However, it has been noted that rheumatoid arthritis carries a 
background risk of cancer development compared to patients without rheumatoid 
arthritis. Rheumatoid arthritis patients have been noted to have a fivefold increase in 
cancer compared to the general population. Azathioprine-treated RA patients have 
a tenfold increase in cancer compared to the general population [100]. The most 
common neoplasias include squamous cell carcinoma of the skin, non-Hodgkin’s 
lymphoma, and Kaposi’s sarcoma [101].

In a retrospective cohort study evaluating nearly 8000 patients with ocular 
inflammatory diseases (1155 patients with uveitis), the antimetabolites were not 
associated with an increased risk in overall mortality and were not associated with 
an increased risk in cancer-related mortality [102]. Conveying this information to 
patients or the parents of patients can do much to mollify their concerns about start-
ing antimetabolite therapy. Oftentimes in uveitis, advancement to systemic immu-
nomodulatory therapy must be made, and the knowledge that these medications are 
not only effective, but also safe, can do much to treat the mind and body of the 
person in the uveitis specialist’s examination chair.

�Calcineurin Inhibitors

Calcineurin is a phosphatase, an enzyme that is involved in the phosphorylation of 
the nuclear factor of activated T cells (NFAT), allowing this transcription factor to 
translocate from the cytosol into the nucleus of T cells. In the nucleus, NFAT can 
then transcribe mRNA to be utilized in the production of lymphokines including 
interleukin 2 and others.

�Cyclosporine

While cyclosporine proved its efficacy in the world of organ transplantation, it made 
its debut in the realm of uveitis when Nussenblatt and colleagues used it in the man-
agement of experimental autoimmune uveitis utilizing retinal S antigen in a murine 
model [103].
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�Pharmacology and Pharmacokinetics
Cyclosporine binds to cyclophilin, which is an intracellular cytoplasmic protein 
in T cells. It is metabolized by the CYP3A4 hepatic enzymatic system. Thus, it 
is important not to consume grapefruit juice when taking oral cyclosporine as 
grapefruit juice inhibits CYP3A4, which would increase bioavailability. The 
metabolites of cyclosporine (none of which have immunosuppressive effects) are 
excreted mainly in the bile. Cyclosporine is not very soluble in water. The micro-
emulsion form of the original cyclosporine (Sandimmune, Novartis) known as 
Neoral (from Novartis) has more consistent absorption rates and, thus, 
bioavailability.

�Studies
Nussenblatt and colleagues’ results in the murine model were so encouraging that 
his group used cyclosporine for the first time to treat uveitis in eight humans [104]. 
They noted that most patients had a relatively abrupt response (less than 2 weeks) in 
terms of improvement in inflammation and visual acuity.

The Systemic Immunosuppressive Therapy for Eye Diseases (SITE) cohort eval-
uated cyclosporine’s efficacy in noninfectious ocular inflammation (including uve-
itis and scleritis). One definition of control of inflammation used by the SITE study 
was no inflammation (as defined by the SUN criteria) on ≤10 mg PO daily of pred-
nisone. Using this definition, SITE found that inflammation was controlled in 22.1% 
of cohort participants (95% CI: 17.7 to 27.3) at 6 months and 36.1% of cohort par-
ticipants (95% CI: 30.5 to 42.2) at 12 months [105].

�Side Effects
Common side effects with cyclosporine include fatigue, paresthesias, tremors, 
headaches, gum hyperplasia, and nausea [105, 106]. Nephrotoxicity can be an issue, 
though in the SITE study, only 10.7% discontinued cyclosporine in the first year of 
starting the medication due to nephrotoxicity [105]. Additionally, the SITE study 
evaluating cyclosporine showed that patients older than 55 years of age were sever-
alfold more likely to develop side effects limiting the use of cyclosporine compared 
to those aged 18–39 years.

�Tacrolimus

Tacrolimus was born from a desire for an immunosuppressive and naturally occur-
ring compound that could be used for transplant medicine. The Fujisawa 
Pharmaceutical Company Ltd. in Japan isolated a macrolide antibiotic from the 
fermentation broth of Streptomyces tsukubaensis “strain no. 9993, in a 2-ton tank” 
[107]. Tacrolimus was initially designated FK506 because it (as well as rapamycin) 
binds to the immunophilin family member, FK-binding protein (FKBP), which 
functions as a protein folding chaperone. Tacrolimus suppressed human and murine 
cytotoxic T-cell generation in cell cultures at concentrations lower than 
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cyclosporine. Thus, tacrolimus was noted to be more potent than cyclosporine, to 
suppress immune responses and suppress the expression of IL-2, IL-3, and IFN-
gamma [108]. Like cyclosporine, tacrolimus suppresses T-cell activity.

�Pharmacology and Pharmacokinetics
Tacrolimus is incompletely and erratically absorbed from the gut reaching peak 
plasma concentrations in 1–4 h. The mean half-life is around 9 h (though this is 
calculated from intravenous administration in humans), though it is prolonged when 
there is liver dysfunction (as it is extensively metabolized by the CYP450 enzymatic 
system). Its mean bioavailability is 27%, and most of tacrolimus is excreted in the 
feces [109]. For uveitis, the oral dosing ranges from 0.15 to 0.3 mg/kg daily.

�Studies
Shortly after tacrolimus found its utility in transplant medicine, Mochizuki and col-
leagues studied tacrolimus and found it to be effective in the management posterior 
uveitis in 53 patients [110].

Hogan et  al. evaluated tacrolimus in their retrospective study of 62 patients 
with uveitis [111]. All required steroid-sparing therapy, over half had failed alter-
native systemic immunomodulatory therapy, and nearly a third of patients had 
failed a second systemic immunomodulatory medication. Control of uveitis was 
achieved in over half of patients (such that tacrolimus was continued or allowed 
for discontinuation of medication). Others noted that tacrolimus was an effective 
and reliable medication, particularly when uveitis patients had failed with cyclo-
sporine [112, 113].

�Side Effects
Hypercholesterolemia, hypertension, and nephrotoxicity are the most common side 
effects of tacrolimus.

�Tacrolimus Versus Cyclosporine

In an unmasked randomized trial comparing tacrolimus (19 patients) to cyclospo-
rine (18 patients) in noninfectious posterior uveitis, Murphy and colleagues found 
that the efficacy of cyclosporine and tacrolimus was comparable [106]. Control of 
uveitis and improvement in visual acuity was found in 67% of the cyclosporine 
patients and 68% of the tacrolimus patients. Additionally failure with the random-
ized T-cell inhibitor mediation was similar between the two groups, though tacroli-
mus would have been slightly lower than cyclosporine when one considers that one 
of the patients randomized to tacrolimus was ultimately diagnosed with intraocular 
lymphoma. Cyclosporine was associated with more side effects than tacrolimus. 
Hypercholesterolemia and hypertension were less frequent with tacrolimus com-
pared to cyclosporine. This group also assessed quality of life by using question-
naires for vision and health. Interestingly, there was no significant change in quality 

Noninfectious Uveitis: Immunomodulatory Agents and Biologicals



192

of life measures in either treatment group suggesting that while therapies in uveitis 
can be effective, there are still factors, possibly associated with side effects or the 
fact of having a chronic disease that need to be addressed. These issues are not 
unique to tacrolimus or cyclosporine, however, and are germane to any immunosup-
pressive agent used to treat uveitis.

�Alkylating Agents

Intense research on the mustard gases (most of which were actually liquids) during 
World War II. It was found that the nitrogen mustards were as mutagenic in the fruit 
fly (Drosophila melanogaster) as were X-rays [114]. The alkylation of DNA lead-
ing to its cross-linking results in inhibition of DNA synthesis. This feature proved 
useful in the treatment of cancers, but it was readily recognized that they were use-
ful in rheumatologic diseases [115, 116].

�Cyclophosphamide

Brock described his time as head of the Pharmacological Department at ASTA 
Werke AG in the late 1940s. ASTA Werke’s original claim to fame in pharmacology 
was the pain medication Quadronal. The Brock group’s goal, however, was to fur-
ther the development of cancer chemotherapeutic drugs. Cyclophosphamide was 
originally known as B 518-ASTA.

Cyclophosphamide is an oxazaphosphorine and represents a prodrug of nitrogen 
mustard that is activated by the liver enzyme cytochrome P450 [117]. Interestingly, 
the idea of a “prodrug” or “latent drug,” a form of a drug that is not chemically 
active, but can later be activated once administered, was coined by H. Druckrey, a 
member of the Brock group.

�Pharmacology and Pharmacokinetics
When administered orally, cyclophosphamide is absorbed in the gut. It is metabo-
lized by the liver’s cytochrome P450 system yielding compounds with alkylating 
properties.

Monthly intravenous administration of cyclophosphamide can also be utilized at 
0.75–1 g/m2 of body surface area with the dose titrated to a white blood cell count 
between 1500 to 3000/μL. Mesna, which conjugates to toxic metabolites of cyclo-
phosphamide, can help decrease hemorrhagic cystitis. Hydration is also important 
when taking cyclophosphamide.

�Studies
In the retrospective SITE study of cyclophosphamide used to treat ocular inflamma-
tion (including uveitis), 76% of patients achieved control of inflammatory activity 
[118]. Most patients were also able to achieve a corticosteroid-sparing dose of 
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prednisone (less than 10 mg daily of oral prednisone). Ocular inflammatory disease 
remission can be a benefit of cyclophosphamide treatment (at a rate of 0.32/person-
year in the SITE study), but cyclophosphamide is typically reserved for especially 
sight-threatening inflammation given its significant side effect profile (discontinued 
by 33.5% of patients within 1 year).

�Side Effects
Side effects include gastrointestinal upset, myelosuppression with resultant cytope-
nias, gonadal failure, susceptibility for infections, hemorrhagic cystitis, and bladder 
cancer [119].

�Chlorambucil

Similar to cyclophosphamide, chlorambucil works by replacing a hydrogen ion for 
an alkyl group. The resultant alkylated DNA is unable to be replicated.

�Pharmacology and Pharmacokinetics
Chlorambucil is metabolized by the livers CYP450 enzyme system to phenylacetic 
acid mustard [120]. Food consumption with chlorambucil slightly increases the 
time to reach maximum plasma concentration compared to the fasting state, but 
does not decrease its bioavailability [121].

�Studies
Chlorambucil’s use has been typically reserved for uveitis in which blindness is 
imminent, particularly in the setting of Behçet’s disease and sympathetic ophthal-
mia. Because of its side effect profile, a preference has been to use it for a relatively 
short period of time [122, 123]. Nonetheless, chlorambucil has proven effective 
especially when uveitis patients have failed numerous other therapies (particularly 
prior to the availability of biologic agents for the treatment of uveitis) [124].

�Side Effects
Gonadal dysfunction, secondary amenorrhea, and myelosuppression are important 
side effects.

�Biologics

Immune responses are initiated, propagated, and terminated by a variety of cell 
signaling proteins. Biologics are themselves proteins that are engineered to modu-
late the immune system in ways that tend to have more specific targets than anti-
metabolites, alkylating agents, and even calcineurin inhibitors. The biologics are 
made up of a variety of medications including monoclonal antibodies and fusion 
proteins.
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�Tumor Necrosis Factor Inhibitors

The cytokine tumor necrosis factor is produced by macrophages and lymphocytes 
and is important mediator of inflammation, septic shock, and cytotoxicity. When 
TNF is aberrantly expresses, as in autoimmune disease, it can mediate the produc-
tion of more proinflammatory cytokines such as leukotrienes and prostaglandins 
[125, 126]. TNF inhibition, then, have been a source of intense investigation for 
pharmaceutical companies developing clinical indications for autoimmune dis-
eases. Most of the TNF inhibitors are aimed at treating rheumatic diseases, but there 
has been significant interest in their use in uveitis. Indeed, TNF inhibitors have been 
shown to not only effective for adults with uveitis but children as well [127].

�Adalimumab
Adalimumab is the only nonsteroid medication that is approved by the US Food and 
Drug Administration for noninfectious intermediate, posterior, and panuveitis. With 
a half-life of 15–19 days, adalimumab is effective when administered every 14 days. 
The half-life of adalimumab is longer than chimeric or artificially fused human 
peptides because its structure and function are the same as naturally occurring 
human immunoglobulin G1. Naturally occurring immunoglobulin has a life span of 
approximately 2 weeks [128, 129].

Studies
Adalimumab (Humira, AbbVie Inc.) is a fully humanized monoclonal antibody tar-
geting TNF-alpha. A prospective multicenter open label examining the benefits of 
adalimumab in refractory (unable to taper off steroids and one other immunomodu-
latory agent or intolerant to such therapy) noninfectious uveitis in adults found that 
68% of participants achieved control at 10 weeks and 39% maintained durable con-
trol at 1 year [130]. This study, however, did not include a loading dose (of 80 mg); 
to address the utility of such a loading dose, a multicenter clinical trial recently 
concluded with the results pending.

Uveitis associated with JIA has been shown to respond to adalimumab as well as 
65.3–88% in some studies [131, 132]. However, such successes are not experienced 
by all JIA cases, and consideration for other agents should be made should there be 
a lack of adequate response to adalimumab [133].

While one study examined the use of intravitreal adalimumab in eight patients 
with uveitic macular edema without demonstration of efficacy [134], other studies 
using intravitreal TNF inhibitors have been far more sobering [135, 136]. Intravitreal 
injections of TNF inhibitors are not recommended.

Side Effects
Upper respiratory tract infection, rash, injection site reaction, transaminitis, and 
headache are more common reactions. Less common but serious reactions include 
lymphoproliferative disorders (lymphoma and leukemia), reactivation of hepatitis B 
or latent tuberculosis, and opportunistic or non-opportunistic infections.
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�Infliximab
Infliximab (Remicade, Janssen Biotech, Inc.) is a chimeric monoclonal antibody 
that targets TNF-alpha. Fusion of the TNF-alpha binding site on the murine anti-
body A2 to the constant region of human IgG1 kappa immunoglobulin leads to the 
formation of the chimeric monoclonal antibody, infliximab. Chimeric monoclonal 
antibodies can be distinguished by the nomenclature utilized for the biologics. For 
monoclonal antibodies, the generic name will end in “mab” (as in infliximab). The 
“x” in the generic name of a monoclonal antibody identifies it as a chimeric anti-
body (from the Greek letter χ (chi), which looks similar to the Latin letter X). 
Infliximab’s serum concentrations are proportional to the dose of medication admin-
istered. The half-life of infliximab is 8–9 days.

Studies
In a prospective study examining the use of infliximab in noninfectious uveitis refrac-
tory to systemic corticosteroids and at least one other immunomodulatory agent (or 
intolerance to such therapy), control of uveitis was achieved in 78% effect at 10 weeks 
and 48% at 1 year [137, 138]. In sarcoid uveitis failing conventional therapy with 
antimetabolites, TNF inhibitors (infliximab, adalimumab, or golimumab) showed 
efficacy in achieving improvements in features of inflammation and macular edema 
[139]. Infliximab has been useful in JIA-associated uveitis as well [140, 141].

�Final Words on Adalimumab and Infliximab
An expert panel has suggested using either adalimumab or infliximab as first-line 
therapy for the uveitis associated with Behçet’s disease and as second-line therapy 
for the uveitis associated with juvenile inflammatory arthritis [142]. The French 
Uveitis Network has reported that adalimumab and infliximab exhibit similar effi-
cacy in the management of uveitis. The multicenter network performed an observa-
tional study in which uveitis patients who had failed conventional therapies were 
treated with either adalimumab or infliximab. The complete response rate (anterior 
chamber and vitreous haze scores of 0, regression of retinal vasculitis, resolution of 
macular edema, and ≤10 mg/day of corticosteroids) was 26% at 6 months and 28% 
at 12 months (though overall response rates at 6 and 12 months were 87% and 93%, 
respectively, when considering improvement in inflammation or macular edema by 
at least 50%, and reduction of initial corticosteroid dose) [143]. Randomized pro-
spective trials comparing these two important players are needed.

�Golimumab
There are small case reports that golimumab (Simponi, Janssen Biotech, Inc.) sug-
gesting efficacy in uveitis. Golimumab has shown to be effective in patients with 
refractory recurrent anterior uveitis in the setting of ankylosing spondyloarthropa-
thies with most patients achieving improvement or remission of uveitis [144, 145]. 
While in some cases patients had not previously tried infliximab, in other cases 
many patients had actually failed infliximab but showed improvement in inflamma-
tion with golimumab [146].
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�Etanercept
The fusion protein etanercept (Enbrel, Amgen, Inc., and Pfizer Inc.) targets both 
TNF-alpha and TNF-beta. Etanercept, however, exhibits minimal efficacy in ocular 
inflammation [147]. Historically, there was the thought that, unlike adalimumab and 
infliximab, etanercept did not bind membrane-bound (cell surface) TNF nor did it 
activate complement. In vitro studies have shown that while etanercept has superior 
binding of soluble TNF compared to adalimumab and infliximab, all three agents 
exhibit similar affinity for membrane TNF [148]. Additionally, none of these agents 
were able to induce complement-dependent cytotoxicity in vitro [148]. Instead, the 
ability of one monoclonal antibody (either infliximab or adalimumab) to bind numer-
ous membrane-bound TNF results in pro-apoptotic signaling that is not achieved 
when a single etanercept molecule binds to only one membrane TNF [149].

Side Effects
The TNF inhibitors have a 4–5% risk of serious infection (including reactivation of 
tuberculosis, fulminant hepatitis B, or fungal infections) as well as approximately a 
1/1000 risk of lymphoma. There is at least a 15% risk of skin reaction, which is usu-
ally manageable with topical therapy. As these are antibodies, there is a risk of 
developing anti-drug antibodies (particularly with the chimeric antibodies) and 
increased clearance of the drug, which can lead to reduced effectiveness of the med-
ication and possible side effects. In such cases, combining these medications with 
an antimetabolite can help decrease such reactions.

�Interferon
Interferons are cytokines originally found in the late 1950s that are produced by 
host cells in the setting of viral infections. Their name comes from the fact that they 
exhibit the ability to interfere with viral replication (originally studied with influ-
enza virus A) [150].

Pegylated interferon alpha is produced by recombinant DNA vector technology; 
it is produced gene expression in bacterial cells. There are two types of interferons, 
type I and type II. Interferon alpha-2a and -2b belong to the type 1 family. Dendritic 
cells are major producers of interferon alpha in the setting of certain viral infections 
and tumor genesis inhibiting these destructive processes from progressing [151, 
152]. However, when interferon is aberrantly expressed, autoimmune diseases, such 
as systemic lupus erythematosus to rheumatoid arthritis, may result [153, 154].

Studies
Interferon alpha was shown to be effective in animal models of experimental auto-
immune uveitis, which lead to its consideration for use in uveitis in humans 
[155–157].

In a Parisian study, interferon alpha-2a was used for uveitis patients experiencing 
a relapse on their prednisone/immunomodulatory combination. Behçet’s disease-
related uveitis made up just over half of the patients studied with 82.6% of cases 
exhibiting control after administration of interferon alpha-2a. Those with uveitis 
other than Behçet’s in the study group exhibited control of their uveitis to the tune 
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of 59% [158]. This same group has noted that interferon alpha-2a is especially 
effective for Behçet’s disease uveitis [159], and in Turkey and Korea, interferon 
alpha-2a is useful in decreasing flare-ups of Behçet’s disease uveitis when first-line 
immunomodulatory therapy has failed [160, 161]. Interferon alpha-2b has also been 
utilized for Behçet’s disease, ocular sarcoidosis, and has demonstrated efficacy for 
refractory uveitic macular edema [162–164].

Side Effects
Side effects of interferon therapy can commonly include flu-like symptoms, abdom-
inal pain and diarrhea, headache, and rash. Less common, but more severe reactions 
include cardiomyopathy, myelosuppression, depression, psychosis, lupus-like reac-
tions, and a severe skin reaction that resembles pemphigus [165, 166].

�Anti-CD20
Uveitis has traditionally been thought of as a primarily T-cell-mediated process. 
This knowledge comes from the study of other autoimmune diseases as well as 
knowledge from studies of uveitis including experimental autoimmune uveitis 
[167–169]. However, B cells are important players in many types of inflammatory 
conditions. Insight into the potential for B-cell-directed therapy is reflected in the 
case of a boy with refractory JIA-associated uveitis who was tried and failed on 
numerous medications from antimetabolites to TNF inhibitors. Unfortunately, one 
of his eyes became phthisical and required enucleation. Histopathology performed 
by Narsing Rao showed that there was a predominance of a B-cell infiltrate (charac-
terized by such activity that Russell bodies were clearly identified) [170].

Rituximab (Rituxan, Genentech) is a chimeric (human and murine) monoclonal 
antibody that was developed at the National Institutes of Health (NIH) National 
Cancer Institute (NCI) to treat B-cell non-Hodgkin’s lymphoma (NHL). Given that 
B cells express CD20, this was a prime target for developing therapy that specifically 
targeted B-cell lymphoproliferative processes. Rituximab (originally developed by 
Biogen Idec) has been a major playing in improving outcomes in NHL [171].

Studies
Rituximab demonstrated it effectiveness in the setting of scleritis and orbital inflam-
mation in granulomatosis with polyangiitis [172], but rituximab has also been effec-
tive in a group of patients with especially refractory posterior uveitis [173, 174]. 
Harkening back to the infiltration of B cells in the enucleated eye of the boy with JIA, 
rituximab has found utility in treating severe and refractory uveitis in JIA [175, 176].

�Anti-IL-2
Daclizumab (Zinbryta, Biogen, Inc.), introduced in 1997 under the work of Thomas 
Waldman, MD at the NIH NCI (and at that time known under the trade name 
Zenapax), is a humanized monoclonal antibody that targets the “Tac” portion of the 
IL-2 receptor. It was originally developed to prevent allograft transplant rejection. 
Shortly after its introduction, daclizumab’s potential utility in uveitis was recog-
nized. Collaborating with Laboratory of Immunology at the National Eye Institute, 
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daclizumab was found to be effective in managing experimental autoimmune uveo-
retinitis in a primate model [177]. Shortly thereafter, Dr. Waldmann collaborated 
with Robert Nussenblatt, MD at National Eye Institute to use it in uveitis patients 
demonstrating its safety and efficacy [178, 179]. Daclizumab has been effective in 
preventing the onward march of visual decline that has dogged the treatment of 
birdshot chorioretinopathy in a small study [180]. Interestingly, when daclizumab 
or placebo added to pre-existing standard immunosuppression in a small study of 
Behçet’s disease-related uveitis, daclizumab was not any more effective than the 
placebo. However, both groups (and, in particular, the placebo group) had very 
infrequent uveitis flare-ups during the study [181].

Daclizumab was pulled off the market in 2009 because it was not performing 
well commercially as other biologics began to populate the market. However, dacli-
zumab has reemerged, and studies will assess its efficacy in uveitis once again.

�Anti-IL-6
Tocilizumab (Actemra, Genentech) is an interleukin (IL)-6 inhibitor. Inflammatory 
cells that mediate uveitis express IL-6 in high concentrations [182, 183].

Studies
Tocilizumab (Actemra, Genentech, Inc.) has been prospectively studied in the set-
ting of JIA-associated uveitis refractory to biologic therapy including TNF inhibi-
tors, T-cell costimulatory blockers, and anti-CD20 therapy [184]. After 6 months, 
most patients showed improvement in anterior chamber cell with even more patients 
showing improvement at 1 year. Seventy-six percent of patients attained remission 
in this study. Tocilizumab has also been effective in managing uveitic CME refrac-
tory to other therapies. In one retrospective study, eight eyes in five patients who had 
failed other biologic therapy achieved improvement of CME as well as remission of 
their uveitis [185].

�T-cell Costimulatory Blockade
Abatacept (Orencia, Bristol-Myers Squibb Co.) is a fusion protein that inhibits the 
CD28 co-stimulatory molecule, which results in T-cell inactivation [186, 187]. 
Abatacept has been shown to be effective when used as either first-line or second-
line (after failing TNF inhibitors) therapy in refractory JIA-associated uveitis [188].

�A Word on the Biosimilars
A biosimilar or follow-on biologic is similar to an original biologic medication and 
can be colloquially thought of as a “generic” version of the original biologic. In 2015, 
it was reported that there were over 700 biosimilars in various stages of development 
[189]. The creation of biosimilars to adalimumab, infliximab, and rituximab is espe-
cially popular [190]. There is great potential for biosimilars to possibly take the place 
of some biologics for managing chronic inflammatory disorders. However, develop-
ing clinical, US FDA-approved indications for biologics (let alone biosimilars) in uve-
itis remains an important obstacle. Insurance companies will typically look to 
FDA-approved indications prior to approving a medicine for a patient, particularly 
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when the medication is as expensive as a biologic. Despite the potential for biosimi-
lars to be alternative, cheaper therapies, it will be important to demonstrate that they 
are at least just as effective as the original biologic and have a similar side effect pro-
file. Randomized controlled trials will be needed to make these comparisons.

Compliance with Ethical Requirements  John Gonzales and Nisha Acharya declare that they 
have no conflict of interest. No human or animal studies were carried out by the authors for this 
chapter.
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�Introduction

Few would argue that our current tools for managing uveitis are perfect. Although 
the current armamentarium of antimetabolite, biologic, and steroid therapies is able 
to treat the vast majority of noninfectious uveitis cases, the incidence of serious and 
occasionally vision- or life-threatening side effects remains stubbornly high. The 
perfect treatment – one able to simply flip the pro-inflammatory switch in uveitis to 
“off” – remains in the future. However, the new generation of therapies promises 
better, more targeted inflammatory control while minimizing ocular and systemic 
side effects.

The next generation of uveitic therapies clusters into two areas. The first is novel 
biologic and small-molecule drugs that are specifically targeted to the dysregulated 
immune system, and the second is bioengineered drug delivery systems that prom-
ise targeted delivery to the eye while sparing systemic side effects.

�Novel Drug Approaches

The road to uveitis therapy is littered with phase III clinical trials that have yielded 
disappointing results with novel biologics after having promising phase I/II trials. 
Gevokizumab [1], targeting IL-1β, and secukinumab [2] (trade name Cosentyx®), 
targeted at IL-17, have failed to meet their primary endpoints in large, well-
constructed trials, and daclizumab [3] (trade name Zinbryta®), targeting the IL-2 
receptor, likewise had disappointing results in a trial for Behcet’s disease with 
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uveitis. Fortunately, there are many more therapies in the pipeline. As our knowl-
edge of the inflammatory mediators involved in the complex inflammatory cascade 
improves, more targets are becoming available for potential therapeutic develop-
ment. These have already yielded multiple medications that are approved for non-
uveitic disease but have potential activity in uveitis.

�Biologics

Biologic drugs remain an active area of investigation for systemic immune-mediated 
inflammatory diseases. Multiple trials are currently in process, and approvals of 
new drugs are occurring at a record rate.

As IL-17 has been implicated as a major cytokine in multiple inflammatory dis-
eases, there are several anti-IL-17 antibodies and IL-17 receptor blockers that are 
currently under investigation [4]. In addition to secukinumab, ixekizumab and bime-
kizumab are both anti-1L-17 antibodies that have been under investigation and have 
proven efficacy in treating psoriasis and psoriatic arthritis [5, 6]. Secukinumab, how-
ever, has shown only moderate efficacy in rheumatoid arthritis and actually caused 
worsening of Crohn’s disease in a well-constructed clinical trial [7]. An IL-17 recep-
tor blocker, brodalumab, has likewise shown good efficacy in psoriasis but was not 
effective for rheumatoid arthritis [8, 9]. With the exception of secukinumab, which 
did not meet its primary endpoint in phase III trials for uveitis [2], none of these have 
been tested in uveitis. Unfortunately, the IL-17-blocking antibodies have yielded 
somewhat disappointing results except in treating psoriasis, demonstrating the chal-
lenges as we try to understand complexities of the immune system.

The differentiation of CD4 + T cells to Th17 cells is a major step in the genesis 
of the inflammatory response. Ustekinumab, trade name Stelara®, is active against 
IL-12 and IL-23, both of which are central to Th17 differentiation. It is approved for 
the treatment of psoriasis, psoriatic arthritis, and Crohn’s disease, and although it 
has theoretic benefit in uveitis, current evidence is scant [10]. Unexpectedly, it has 
been shown to be inferior to secukinumab in the treatment of psoriasis [11].

The interferon (IFN) signaling pathway is a pro-inflammatory pathway active 
during viral infections and has been shown to be upregulated in multiple autoim-
mune diseases including lupus and rheumatoid arthritis [12]. As such, it has become 
a target for immunomodulatory therapies. Of the three subtypes of IFN, type I 
(which includes IFN-α and IFN-β, as well as IFN-ε, IFN-κ, IFN-ω) seems to be the 
biggest player in autoimmunity, and efforts to modulate the IFN receptor system 
have been targeted toward this. An anti-IFN-α antibody, sifalimumab, has shown 
promise for the treatment of systemic lupus erythematosus (SLE) and dermatomyo-
sitis but was ineffective for psoriasis [4, 13]. A different anti-IFN-α antibody, ron-
talizumab, did not achieve its primary endpoint in trials for SLE [14]. A receptor 
blocker for IFN-α, anifrolumab, is also under investigation and was recently shown 
to be effective in treating SLE [15]. A major side effect of this class of biologics is 
viral infections, in particular herpes zoster, which occurred in all studies. Earlier 
preclinical and phase I studies are being conducted to look at other modes of IFN 
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blockage, including blocking type II IFN and downregulating dendritic cells which 
are involved in IFN trafficking [4].

Although not a true biologic, a vaccine-type approach to inducing autoimmunity 
against IFN-α is also undergoing. In this, inactivated IFN-α is coupled to an activa-
tor, keyhole limpet hemocyanin, in order to induce autoantibodies against IFN-α. In 
a phase I/II dose escalation trial, the vaccine was successful in inducing the autoan-
tibodies [16]. Further studies are needed to establish the role of this approach.

Given the success of rituximab in treating autoimmune disorders, multiple bio-
logics are in development directed against B cells. Currently approved for SLE, 
belimumab (Benlysta®) is targeted against soluble B-cell activating factor (BAFF) 
[17]. However, two other anti-BAFFs, tabalumab and blisibimod, did not meet their 
endpoints in phase III trials, and BAFFs have been ineffective in rheumatoid arthri-
tis [4, 18]. Ocrelizumab (trade name Ocrevus®), like rituximab, is an anti-CD20 
antibody and has demonstrated efficacy in multiple sclerosis [19]. Trials in psoriasis 
and SLE were terminated due to a high rate of adverse events [4].

Although no therapeutics are currently in clinical use, an intriguing area of 
research is directed toward encouraging the development of regulatory T cells 
(Treg), which downregulate inflammatory responses and help to restore homeosta-
sis. Any approach which is able to re-induce homeostasis carries the possibility of 
inducing long-term remission of inflammatory disease, which is a very worthy goal. 
Low-dose IL-2 infusions selectively promote Treg cell differentiation and have 
shown efficacy in small studies in graft-versus-host disease, SLE, and type I diabe-
tes mellitus [20–22]. Pursuing this pathway is not without risk, however. A phase I 
trial of TGN-1412, a CD-28 agonist, precipitated a life-threatening cytokine storm 
in volunteers, which was not anticipated based on the preclinical animal trials, and 
raised numerous questions on the safe conduct of clinical trials [23]. However, this 
approach is currently undergoing renewed interest, as it can induce Treg differentia-
tion under much lower dosing conditions [24, 25]. Also under investigation are 
highly conserved protein sequences on IgG antibodies that induce a Treg response, 
so-called Tregitopes [26]. Although not currently in human studies, they have shown 
promise in preclinical animal models.

�Small Molecules

Multiple small molecules and peptides are under investigation as potential therapeu-
tics, either in preclinical studies or early clinical studies (Table 1). Some, such as 
tofacitinib (trade name Xeljanz®), are well-known treatments for rheumatologic 
disease [27]; others are novel molecules designed to target important parts of the 
inflammatory cascade. The common thread that runs among them is the increasing 
understanding of the complex interplay of the regulatory mechanisms of the immune 
system and the progressively eloquent methods being devised to redirect the inflam-
matory pathway.

The molecule furthest along in development in this category is sirolimus. On the 
back of favorable phase II results, a large phase III trial of intravitreal sirolimus was 
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conducted. The SAKURA trial demonstrated statistically increase in number of 
patients reaching the primary endpoint (vitreous haze grade of 0) at 6 months in the 
440 μg injection group as compared to the active control and the higher-dose 880 μg 
group. Despite this, the Food and Drug Administration (FDA) recently requested 
further proof of effectiveness prior to approval, and further studies are ongoing [28]. 

Table 1  Small molecules and peptides currently under investigation for the treatment of uveitis

Class Drug Mechanism Status

α-4 integrin inhibitors 
[33]

α-4api Inhibit T-cell adhesion Preclinical studies

Aldolase reductase 
inhibitors [58–60]

Zopolrestat
Fidarestat
Epalrestat
BF-5M

Block oxidative stress 
molecular signaling, 
NF-κB

Fidarestat – phase III trials 
for diabetic neuropathy
BF-5M – preclinical

JAK (Janus kinase) 
inhibitors [41]

Tofacitinib
Baricitinib

Prevent activation of 
JAK and subsequent 
intracellular signaling 
pathway via STAT

Tofacitinib – Approved for 
use in rheumatoid arthritis
Baricitinib – under review 
for FDA approval for 
rheumatoid arthritis

STAT3 inhibitors 
[42–44]

ORLL-
NIH001

Suppress CD4+ T cell 
into TH17 
differentiation

Preclinical studies

AMPK (adenosine 
monophosphate-
activated protein 
kinase) analogs [61]

AICAR Inhibition of 
JAK-STAT signaling, 
inhibition of NF-κB, 
inhibition of leukocyte 
infiltration

Preclinical studies

PDE4 
(phosphodiesterase 4) 
inhibitors [50, 51]

Dipyridamole
Rolipram
Apremilast

Intracellular 
accumulation of 
CAMP in leukocytes 
resulting in 
downregulation of 
inflammatory response

Dipyridamole – approved 
for use in combination 
with warfarin in prevention 
of thromboembolism from 
cardiac valve replacement
Apremilast – approved for 
use in psoriasis
Rolipram – preclinical 
uveitis studies, initially 
developed as an 
antidepressant but 
discontinued

S1P (sphingosine-1) 
antagonists [35, 36]

Fingolimod Block T-cell migration Approved for use in 
multiple sclerosis [37], 
preclinical uveitis studies

DHODH 
(dihydroorotate 
dehydrogenase 
inhibitor) [49]

Leflunomide
Teriflunomide
PP-001

Pyrimidine synthesis 
inhibitor

Leflunomide and 
teriflunomide approved for 
use in rheumatoid arthritis 
and psoriasis, PP-001 in 
phase I intravitreal 
injection trial

mTOR inhibitor [62] Sirolimus T-cell activation 
inhibitor

Phase III clinical trials
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Ultimately, the role of sirolimus in the treatment of uveitis has yet to be 
determined.

The inhibition of T-cell migration is a potential target for therapeutics that is 
under investigation. The process of T-cell migration involves complex signaling 
through multiple cellular adhesion molecules, the integrins. Recently, a topical anti-
T-cell adhesion molecule that blocks LFA-1, lifitegrast, trade name Xiidra®, was 
approved for the treatment of dry eye disease, but its use has not been investigated 
in uveitis [29–31]. A different intracellular adhesion blocker, the α-4 integrin inhibi-
tors disrupt binding of α-4 integrin to VCAM-1 and thus impair T-cell migration 
[32]. In a mouse model of EAU, α-4api, a small peptide α-4 integrin blocker, dem-
onstrated a significant reduction in inflammation as compared to control [33]. The 
integrin-blocking monoclonal antibody natalizumab (trade name Tysabri®) has 
been found to carry the risk of increased incidence of progressive multifocal leuko-
encephalopathy, which makes local administration of this class of drugs much more 
attractive [34].

The sphingosine-1 (SP-1) antagonist, fingolimod, causes retention of T cells 
within lymphoid organs, preventing them from migrating out to affect the end 
actions of the disease. It is currently approved for use in multiple sclerosis and is 
marketed under the trade name Gilenya® by Novartis. In models of EAU, it sup-
presses intraocular inflammation but does not induce remission [35, 36]. When used 
systemically as a treatment for multiple sclerosis, it carries the notable side effect of 
drug-induced cystoid macular edema, which is estimated to occur in up to 1% of 
cases and appears to be dose-dependent [37].

Another active area of inquiry is the JAK-STAT pathway. This pathway regulates 
the external reception of inflammatory signals via JAK (Janus kinase) and transmits 
them to the nucleus for transcription via STAT (signal transducers and activation of 
transcription) [38]. Two JAK inhibitors are currently in clinical use for the treatment 
of rheumatoid arthritis. Tofacitinib (trade name Xeljanz®) [39] is currently approved 
for use in the United States, and baricitinib [40] (trade name Incyte®) is currently 
under review by the FDA. Ample evidence supports these drugs as being effective 
for the treatment of rheumatoid arthritis. Data in the treatment of uveitis, however, 
is scanty and limited to demonstration of effectiveness in EAU that was presented in 
an ARVO poster [41]. Further investigation, particularly in rheumatoid arthritis-
related ocular inflammation, would be much welcome.

A STAT-3 inhibitor is also currently under investigation. STAT-3 is responsible 
for enabling differentiation of CD4+ T cells into Th-17 cells, and blocking this 
pathway has been shown to inhibit the development of EAU in experimental models 
[42, 43]. A novel STAT-3 blocker, ORLL-NIH001, has had promising results in 
preclinical studies [44].

Dihydroorotate dehydrogenase (DHODH) is responsible for a necessary step in 
pyrimidine synthesis pathway. Two currently available DHODH inhibitors, lefluno-
mide (Arava®) and teriflunomide (Aubagio®), are in use for treatment of rheuma-
toid arthritis and psoriasis [45]. There is data to support the use of leflunomide as an 
effective treatment in juvenile idiopathic arthritis [46]; however there is some con-
cern that it may be less effective than methotrexate [47]. Modes of EAU have 
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demonstrated improvement with leflunomide administration [48]. A novel DHODH, 
PP-001, has been shown to decrease relapse rate in EAU [49] and is under develop-
ment by a pharmaceutical company for use in humans.

Phosphodiesterase inhibitors may have some role in uveitis treatment. 
Phosphodiesterase-4 (PDE-4) is expressed mainly in inflammatory cells and is 
responsible for the degradation of cyclic AMP and cyclic GMP [50]. Inhibitors of 
this enzyme, including rolipram and apremilast, have been shown to be effective in 
treating models of EAU [50, 51]. Apremilast (trade name Otezla®) is currently in 
use for the treatment of psoriasis and psoriatic arthritis [52].

Oxidative stress has been implicated in potentiating autoimmunity and worsen-
ing inflammatory conditions [53]. Oxidative mitochondrial stress is one of the first 
events to occur in models of EAU [54, 55]. Cellular destruction and death lead to the 
release of oxidized lipids, which act as pro-inflammatory signals through activation 
of the nuclear factor κB pathway [56, 57]. Based upon this, aldolase reductase 
inhibitors have been studied for utility in uveitis. Aldolase reductase generates lipid 
aldehydes in cells that are subjected to oxidative stress, which then activate the 
nuclear factor κB pathway that leads to an inflammatory signaling cascade. Multiple 
aldolase reductase inhibitors have been studied in models of EAU (Table 1), as well 
as in other entities [58–60].

�Adjuvant Therapies

A number of drugs have been investigated as adjuvants to immunosuppressive ther-
apies for uveitis (Table 2). These drugs are either approved for other uses (statins 
and diltiazem) or, in the case of curcumin and plant flavonoids, come from tradi-
tional medicine approaches. The statins and diltiazem have been subjected to rigor-
ous studies when undergoing evaluation for their approved indications; however, 
plant extracts and curcumin have not been subjected to the same degree of rigor. 
Thus, it is important to advise patients who may be interested in these “alternative 
medicine” therapies that, although there is some evidence to suggest that they may 
have a benefit, the full side effect profile and dosing are unknown.

�Novel Drug Delivery Systems

Noninfectious uveitis without systemic involvement is an ideal target for sustained, 
localized drug delivery systems that can provide local immunosuppression while 
sparing systemic toxicity and side effects. An ideal delivery system would be easy 
to implant or place, deliver stable dissolution kinetics over its lifetime, have mini-
mal ocular side effects, and leave no residue inside the eye. Some of the most prom-
ising advances in therapeutics for noninfectious uveitis are likely to come from this 
arena.
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�Reservoir Systems

The first generation of sustained release drug delivery systems was based on a pellet 
or reservoir of drug in a nondissolvable container and was developed for corticoste-
roid delivery. The first available device, the Retisert, a sustained fluocinolone ace-
tonide intravitreal implant, delivers a stable dose of 0.59 μg/day over the course of 
30 months [66]. After elution of the steroid, the plastic plinth and cup remain in the 
eye, and a new device must be placed for further treatment. Ample evidence, 
reviewed in detail in the chapter on corticosteroids, supports the Retisert as effective 
for noninfectious uveitis. There have been reports of dislocations of the empty ste-
roid cup from the plinth, which is estimated to occur in up to 5% of eyes after an 
average of 5 years of follow-up [67].

The sustained release intravitreal fluocinolone acetonide pellet, the Iluvien, pro-
vides 0.2 μg per day of fluocinolone acetonide [68]. The implant is a cylindrical 
non-biodegradable shell filled with 0.19 mg of fluocinolone acetonide. One end is 
capped with a permeable polyvinyl alcohol membrane that allows for steady release 
of the steroid into the vitreous for a duration of 3 years. It is implanted through an 
in-office injection through the pars plana on a 25 g needle [68]. Much like other 
corticosteroid preparations, the risk for cataract and intraocular pressure elevation is 

Table 2  Adjuvant therapies for uveitis treatment

Drug Mechanism Dose Evidence Design
Curcumin 
[63]

Inhibition of 
NF-κB

1200 mg of curcumin-
phosphatidylcholine 
complex twice a day

Statistically 
significant 
reduction in 
anterior uveitis 
flares

Prospective, 
open label

Statins 
[64]

3-Hydroxy-3-
methylglutaryl 
coenzyme A 
reductase inhibitor 
with unknown 
anti-inflammatory 
effect

Simvastatin, 40 mg/
day

Patients treated 
with simvastatin 
had significantly 
higher rates of 
steroid-sparing 
uveitis control 
than control 
group

Randomized, 
non-masked 
clinical trial

Diltiazem 
[65]

Calcium channel 
blocker, inhibition 
of metabolism of 
cyclosporine

30–60 mg/day, 
weight-dependent

Patients treated 
with diltiazem 
required lower 
dose of oral 
cyclosporine to 
achieve uveitis 
control

Randomized, 
open-label 
trial

Plant 
flavonoids 
[53]

Prevention of 
oxidative stress

Varies Multiple models 
of experimental 
autoimmune 
uveitis
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increased with the implant [68]. Although approved for the treatment of diabetic 
macular edema, it is currently not approved for the treatment of noninfectious uve-
itis. Early evidence in uveitis suggests that the implant may be effective for uveitic 
macular edema [69]. A larger, 11-person trial comparing a low-dose (0.2 μg per day 
release) implant to a high-dose (0.5 μg per day release) implant demonstrated that 
both were effective uveitis control [70]. In this study, patients had improvement in 
best-corrected visual acuity and a decrease in the need for topical corticosteroids 
and systemic immunosuppressive therapy at 2 years after implantation. Altogether, 
results of the injectable fluocinolone implant are promising but need further study 
to ultimately verify its effectiveness.

A refillable subconjunctival micro pump reservoir device connected to a pars plana 
infusion cannula (the Posterior MicroPump, Replenish Inc., Pasadena, CA) has been 
developed and implanted in human eyes to deliver ranibizumab for the treatment of 
diabetic macular edema [71]. The device utilizes a controlled electrolysis reaction to 
convert water to hydrogen and oxygen gas and increase pressure in the reservoir to 
expel the expected dose of the medication. It is controlled through a telemetry system 
that can modulate the dose and timing of drug delivery, providing a potentially widely 
adaptable and customizable interface. It is currently in early clinical trials and holds 
great promise for conditions requiring repeated intravitreal injections. Another refill-
able port delivery system held by Genentech for ranibizumab is currently in clinical 
trials for the treatment of age-related macular edema [72].

�Dissolvible Polymers

Biodegradable polymers with embedded medications are particularly attractive as a 
method of drug delivery. The polymers are composed of repeats of nontoxic com-
ponents of the poly-α-hydroxy acid family and include polylactic acid (PLA), a 
poly[D,L- lactic-co-glycolide] (PLGA), or poly[d,l-lactide-co-ε-caprolactone] 
(PLC) [73, 74]. The therapeutic drug of choice is embedded in to the polymer, 
which can then be shaped as desired, including into a pellet shape or a sheet, for 
implantation and delivery. The polymers undergo hydrolysis, which releases the 
encapsulated drugs, and themselves are broken down into their monomer compo-
nents, which are then broken down via the Krebs cycle. There is some indication, at 
least in the case of PLGA polymers, that the size and shape of the implant can have 
an effect on the toxicity of the device, with microspheres ranging from 3 to 100 μm 
inducing an inflammatory response in rabbit eyes but rods of the same mass induc-
ing no inflammatory response [75].

The intravitreal dexamethasone sustained release pellet (Ozurdex) is the most 
widely known example of the biodegradable polymer delivery system. It consists of 
a PLGA polymer embedded with 0.7 mg of dexamethasone, which provides stable 
release of dexamethasone over a period of 60 days, and can have continued release 
up to 6 months [76, 77]. Dissolution of the carrier enables release of the dexametha-
sone, and the carrier is entirely broken down and absorbed, with no residual mate-
rial left inside the eye. The pellet is delivered via a 22-gauge needle through the pars 

J. Schallhorn



217

plana and can be placed with topical anesthesia in clinic. It is approved for the treat-
ment of noninfectious intermediate and posterior uveitis, as well as cystoid macular 
edema, and the clinical impression has been very favorable. Clinical results with 
this device are covered in the chapter on Steroids.

Multiple studies have been conducted looking at incorporating T-cell inhibitors, 
such as cyclosporine and tacrolimus, into biodegradable polymers for sustained 
delivery. Intravitreal or intrascleral PLGA or PLC implants embedded with tacroli-
mus [78, 79] and cyclosporine [80, 81] have been developed and tested in animal 
models with good tolerability; however human studies are lacking at this time. A 
subconjunctival pellet PLC cyclosporine delivery system has been developed and 
tested in corneal graft rejection in humans [82]. It is able to deliver inhibitory levels 
of cyclosporine over a 1-year time frame. Although promising in animal models and 
in early studies looking at corneal transplant graft rejection [82, 83], it ultimately 
failed to prevent neovascularization of high-risk corneal grafts [84], and its future 
remains uncertain.

Polymers of PLC have been formulated into microfilms for subconjunctival 
placement [74]. These microfilms have been embedded with prednisolone acetate as 
well as tacrolimus and have been shown to deliver therapeutic levels of drug over a 
6-week time period. The biofilms were effective at preventing corneal allograft 
rejection (prednisolone) [85] and for the treatment of allergic conjunctivitis (tacro-
limus) [86] but have not been evaluated in the setting of uveitis.

A novel delivery system for methotrexate involving chitosan-methotrexate fibrils 
coated in PLA has been developed and evaluated in a rabbit model [87]. In this sys-
tem, PLA acts as a barrier for the rapid dissolution of methotrexate, which is extremely 
hydrophilic and rapidly dissolves and is cleared from the vitreous. The chitosan is 
lysosomally degraded into its component sugars. In the animal model, the implant 
was able to sustain therapeutic release of methotrexate over a 1-month time period 
[88]. Studies in animal models of uveitis and humans are yet to be conducted.

A proprietary dissolvable non-polymer-based drug delivery system, Verisome® 
from Icon Bioscience, Newark, NJ, is currently in clinical or preclinical trials with 
multiple drugs, including nonsteroidals and anti-inflammatories. There is little avail-
able information as to how the platform functions, and no published outcomes data, so 
its utility and future applicability remains unknown at the time of this printing [89].

�Nanoparticles

Nanoparticles are a novel approach to drug delivery designed to overcome the 
absorption barriers of the ocular surface to allow improved intraocular delivery. The 
target drug is linked to or packaged within the particle, which then navigates entry 
into the eye through the ocular surface and is able to deliver its contents. Currently, 
all nanoparticle delivery systems are preclinical [90]. For a comprehensive over-
view of the current state of ocular nanoparticle development, consult Janagam et al., 
“Nanoparticles for drug delivery to the anterior segment of the eye” in Advanced 
Drug Delivery Reviews, 2017, Volume 122.
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Self-assembling cubosomes of monoolein, water, and dexamethasone have been 
formulated which resulted in an eightfold increase in intraocular delivery of the 
dexamethasone as compared to a standard solution [91]. A similar cubosome-
containing flurbiprofen has also been formulated, which likewise resulted in 
enhanced intraocular penetration [92].

A different cationic nanoparticle platform consisting of poly[ethylacrylate, 
methyl-methacrylate, and chlorotrimethyl-ammonioethyl methacrylate], known 
commercially as Eudragit® [93], has been studied as a carrier for nonsteroidals [94] 
including piroxicam [95] and naproxen [93] as well as methylprednisolone [96]. In 
models of rabbit experimental autoimmune uveitis (EAU), the methylprednisolone 
and piroxicam preparations demonstrated superiority in calming inflammation over 
the standard suspensions of each. This platform is used in multiple targeted drug 
delivery systems beyond the eye.

Non-PLA-encapsulated chitosan has been successfully used to formulate 
nanoparticle carriers for cyclosporine [97] and indomethacin [98] that result in 
increased intraocular permeability of the topical solutions as well as increased dwell 
time on the ocular surface [99]. Besides being cationic, chitosan has the advantage 
of being able to transiently open tight junctions between epithelial cells, increasing 
permeability [100]. Chitosan is also being investigated as a carrier for multiple other 
ophthalmic medications [100].

Curcumin, a spice, has been demonstrated to have anti-inflammatory activity and 
to have potential as an adjuvant for the suppression of inflammation in uveitis, as 
discussed previously. However, it has poor bioavailability and a rapid half-life when 
administered orally or topically. Recently, a calix[4]arene–curcumin nano aggregate 
has been described that has good intraocular penetration and was able to avert 
lipopolysaccharide-induced EAU in a rat model [101]. Human studies have not 
been undertaken, to date.

�Liposomes

Liposomes function differently than nanoparticles in that their main purpose is to 
increase drug dwell time inside the eye rather than to enhance permeability. Many 
drugs are rapidly cleared from the intraocular space, requiring frequent repeat dos-
ing to maintain therapeutic levels. Liposomes are an approach to overcome this 
problem. Liposomal drug preparations result in a central, aqueous phase containing 
the therapeutic agent surrounded by an amphiphilic shell of lipid molecules. The 
exterior lipophilic portion of the shell prevents rapid clearance of the therapeutic 
agent and results in longer-term release. There are multiple currently available med-
ications for systemic administration that come in liposomal preparations, including 
one notable ocular drug. Verteporfin, used in photodynamic therapy, is a liposomal 
preparation of a photoactive benzoporphyrin derivative that is given systemically 
and activated with 689 nm wavelength light shined upon the area of treatment [102].

Prior to the development of highly active antiretroviral therapy (HAART) for the 
human immunodeficiency virus (HIV), cytomegalovirus (CMV) retinitis was an 
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insidious and all-too-frequent cause of loss of vision. Given the rapid clearance of 
foscarnet and ganciclovir from the intravitreal space and the frequent need for 
repeat injection, a significant amount of work was done on developing liposomal 
formulations of anti-CMV drugs for intravitreal delivery. These yielded stable lipo-
somal preparations of cidofovir [103] and ganciclovir [104, 105], the latter of which 
was tested in early phase clinical trials. Interestingly, this era also yielded the novel 
antisense antiviral drug fomivirsen, which was the first in its class to win FDA 
approval [106]. The advent of HAART and the dramatic reduction in CMV retinitis 
burden resulted in the discontinuation of this line of inquiry for the anti-CMV treat-
ments; however, the building blocks established have the potential to be applied to 
the current challenges in uveitis.

Preclinical experiments with EAU in a rat model demonstrated a significant 
reduction in inflammatory activity with intravitreal injection of liposomal-
encapsulated infliximab as compared to bare infliximab [107]. Likewise, liposomal 
tacrolimus demonstrated a more rapid resolution of EAU in a mouse model as com-
pared to bare tacrolimus, with no intraocular toxicity [107].

In addition to potentially improved delivery of anti-inflammatory medications that 
are currently used in uveitis, liposomal encapsulation provides the possibility of the 
introduction of novel anti-inflammatory mediators. Vasoactive intestinal peptide encap-
sulated in liposomes and injected intravitreally has been shown to downregulate EAU 
in a rat model [108, 109]. Transduction of liposomally delivered plasmid DNA has 
been demonstrated with β-galactosidase gene transfer via intravitreal injection in rats 
[110]. Although this work was a proof of concept without specific uveitic applications, 
it opens the door to a potential transient gene therapy approach to inflammation.

�Iontophoresis

Iontophoresis utilizes an ionic charge gradient generated by an annular electrode 
applied to the ocular surface to drive charged particles through the ocular surface 
and into the eye [111]. This can, in theory, work with multiple different charged 
molecules, but its utility has been demonstrated only with dexamethasone phos-
phate. The advantage of this treatment is that it can achieve very high concentrations 
of steroid within the eye with a single treatment, eliminating or reducing the need 
for topical steroid drop application. A phase I/II trial demonstrated resolution of all 
anterior chamber cell in 60% of patients after a single treatment [111]; phase III 
trials are currently pending. There is only a single iontophoresis device available on 
the market, the Eyegate II from Eyegate Pharma, Waltham, MA.

�Suprachoroidal Delivery

The suprachoroidal space has recently demonstrated promise as an effective route 
for corticosteroid delivery. First proposed as a surgical procedure in 2006 [112], the 
technique has been refined and a disposable injector developed to enable repeatable, 
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nonsurgical delivery of triamcinolone to the suprachoroidal space [113]. This tech-
nique caries the advantage of targeted posterior segment steroid delivery. Animal 
studies in rabbits have demonstrated that, after a suprachoroidal injection, triam-
cinolone levels in the retina are over 500,000 times greater than in the aqueous and 
25,000 times greater than systemically [114].

A series of phase I through III trials have investigated the safety and efficacy of 
a suprachoroidal injection of 4  mg of triamcinolone for the treatment of uveitic 
macular edema associated with noninfectious uveitis and have yielded promising 
results [113, 115]. The phase III PEACHTREE trial demonstrated a significantly 
greater proportion of patients gaining three or more lines of vision in the treatment 
arm than the sham arm (47% vs 16%, respectively), meeting the primary endpoint 
of the study [115]. The trial also met its secondary endpoint, with a significant 
reduction in central retinal thickness from baseline to the 24-week endpoint in the 
treatment group versus the sham (157 vs 19 microns, respectively) [115].

Compliance with Ethical Requirements  Julie Schallhorn declares she does not have any con-
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were carried out by the authors of this book.
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