
 

Case Rep Ophthalmol 2016;7:54–60 

DOI: 10.1159/000443697 
Published online: January 21, 2016 

© 2016 The Author(s) 
Published by S. Karger AG, Basel 
1663‒2699/16/0071‒0054$39.50/0 
www.karger.com/cop 

This article is licensed under the Creative Commons Attribution-NonCommercial 4.0 

International License (CC BY-NC) (http://www.karger.com/Services/OpenAccessLicense). 

Usage and distribution for commercial purposes requires written permission. 
 

 

           
 

 Dr Olya Pokrovskaya 
Department of Ophthalmology 
Mater Misericordiae University Hospital 
Eccles Street, Dublin 7 (Ireland) 
E-Mail olya.pokrovskaya@gmail.com 

 

 

 

What’s in a Gene? Pseudoexfoliation 
Syndrome and Pigment Dispersion 
Syndrome in the Same Patient 

Olya Pokrovskaya    Colm O’Brien 

Department of Ophthalmology, Mater Misericordiae University Hospital, and School of 

Medicine and Medical Sciences, University College Dublin, Dublin, Ireland 

Key Words 

Pseudoexfoliation · Pigment dispersion · Glaucoma · LOXL1 

Abstract 

Pseudoexfoliation syndrome (PXS) and pigment dispersion syndrome (PDS) are two of the 

commonest disorders to produce secondary open-angle glaucoma through trabecular 

meshwork blockage. Each is a defined clinical entity, and while genetics likely play a signifi-

cant role in the pathogenesis of both, the specific genes involved appear to be distinct. There 

is surprisingly little published in the literature regarding the coexistence of PDS and PXS in 

the same patient. We present the intriguing case of a patient who developed PDS in one eye 

and PXS in the other. This unusual case acts as a platform for an interesting discussion of the 

genomics of PXS and PDS. © 2016 The Author(s) 

 Published by S. Karger AG, Basel 

Introduction 

Pseudoexfoliation syndrome (PXS) and pigment dispersion syndrome (PDS) are com-
mon causes of raised intraocular pressure (IOP) and secondary glaucoma. PXS tends to affect 
an older population, whereas PDS is more likely to be seen in a younger, myopic patient co-
hort. PXS is a generalised disorder of the extracellular matrix characterised by the produc-
tion and accumulation of fibrillar extracellular material in many ocular tissues, but is also 
associated with several systemic disorders including hearing loss, Alzheimer’s disease, and 
vascular disease [1]. Recent genomic research has identified single nucleotide polymor-
phisms (SNPs) in the LOXL1 gene to be implicated in exfoliation syndrome and exfoliation 
glaucoma [2]. PDS is recognised as an autosomal dominant disorder, mapped to the 7q35–
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q36 locus by linkage analysis, although the candidate gene is yet to be identified. Recent 
studies reveal that the exfoliation syndrome-associated LOXL1 gene variations are not in-
volved in PDS, and there is also no evidence of linkage to the primary open-angle glaucoma 
(POAG)-associated 1q21–q31 locus, suggesting the presence of other yet uncharacterised 
loci in PDS [3]. 

Simultaneous diagnosis of PDS and PXS is rare, with only a handful of reports published 
in the literature. In the following case, we describe a patient who presented with PDS and 
subsequently developed PXS in her other eye. We present an up-to-date discussion of the 
current literature regarding the genomics of PDS and PXS. 

Case Report 

A 77-year-old Caucasian female presented to the glaucoma services at the Mater Miseri-
cordiae Hospital in 2007 for assessment of her anterior segment findings, first noted by an 
optometrist. She was a moderate myope, and best corrected visual acuity on the Snellen 
chart was 6/6 in both eyes with spectacle correction. Examination of her right eye revealed 
typical corneal Krukenberg spindle, pigment cells in the anterior chamber, and peripheral 
iris transillumination defects (fig. 1a–c). On gonioscopy, the iridocorneal angle was wide 
open with a heavily pigmented trabecular meshwork (TM) visible. Examination of the left 
anterior segment was unremarkable – with a clear cornea, no cells in the anterior chamber, 
and no iris transillumination defects seen. Iridocorneal angles were open on gonioscopy, 
with lesser pigmentation of the TM of the left than the right eye. IOP was 16 mm Hg on the 
right and 14 mm Hg on the left. Fundal examination revealed healthy looking tilted optic 
discs bilaterally, and normal macula, retina, and retinal vasculature. A diagnosis was made of 
right PDS, no treatment was indicated at this stage, and the patient was followed up on an 
annual basis. 

Upon routine examination 7 years later, she had the same signs of PDS in her right eye, 
but had now developed evidence of PXS in her left eye. Pseudoexfoliative material was visi-
ble at the pupillary rim and on the anterior lens capsule in the left eye only (fig. 2c). There 
was corneal endothelial pigment dusting, and no iris transillumination defects were seen 
(fig. 2a, b). IOP was 14 mm Hg in both eyes, and optic disc appearance was unchanged, with 
tilted optic discs and a healthy neuroretinal rim bilaterally. 

Discussion 

While at present this patient does not present a therapeutic management dilemma, she 
is certainly an intriguing puzzle for the real glaucoma and genetics enthusiasts. In order to 
further understand the nature of this rare combination, it is helpful to first discuss the typi-
cal features of both PDS and PXS (table 1). 

The two conditions differ in terms of their epidemiology. PDS is more common in 
younger, myopic patients in their third and fourth decades of life, and may undergo remis-
sion in the fifth and sixth decades [4]. Men and women are equally disposed to developing 
PDS; however, pigmentary glaucoma is two to three times more common in men. PXS does 
not appear to have a gender predilection, and the incidence increases with greater age [5]. 
Pseudoexfoliation glaucoma is more prevalent in men. There is also a geographic component 
– PXS is more common in Scandinavian countries. PDS is a bilateral condition in 90% of cas-
es, whereas PXS is bilateral in 30%. 



56 
 

Case Rep Ophthalmol 2016;7:54–60 

DOI: 10.1159/000443697 
 

© 2016 The Author(s). Published by S. Karger AG, Basel 
www.karger.com/cop 

Pokrovskaya and O’Brien: What’s in a Gene? Pseudoexfoliation Syndrome and 

Pigment Dispersion Syndrome in the Same Patient 

 

 

 

In terms of the pathophysiology, PDS is characterised by a concave posterior iris surface 
continuously rubbing against zonular fibres (reverse pupil block). This results in release of 
iris pigment granules into the anterior chamber, and characteristic slit-like transillumination 
defects in the iris mid-periphery. These pigment granules are then dispersed throughout the 
anterior chamber by aqueous convection currents, resulting in the classic corneal Kruken-
berg spindle and heavily pigmented TM. Deposition of pigment in the TM can cause impair-
ment to normal aqueous humour outflow and increased IOP, leading to glaucoma. 

Unlike PDS, which is confined to the eye, PXS is a systemic disease. PXS is best described 
as an age-related fibrillopathy of unknown aetiology, characterised by progressive accumu-
lation of abnormal fibrillar extracellular material in many ocular and extraocular tissues, 
including skin and visceral organs. PXS is therefore associated with a higher incidence of 
ischaemic heart disease, myocardial infarction, transient ischaemic attacks, and stroke. Amy-
loid-like material is secreted into the anterior chamber and can be deposited on the zonules, 
anterior lens and the TM. The resultant weak zonules can increase the risk of lens subluxa-
tion and complicated cataract surgery. Friction occurs between the iris and the anterior lens, 
hence disrupting the iris pigment epithelium in the sphincter region. The consequent iris 
atrophy at the edge of the pupil margin results in the characteristic moth-eaten transillumi-
nation defects. Both pigment particles and dispersed exfoliation material can accumulate at 
the TM, blocking aqueous humour outflow. Hence, both PDS and PXS can cause secondary 
glaucoma with trabecular blockage, but via different mechanisms. On gonioscopic examina-
tion, PDS is characterised by a heavily pigmented wide open angle. In PXS, Sampaolesi’s line 
is evident – a pigmented line anterior to Schwalbe’s line. Trabecular pigment in PDS may 
clear over time, and IOP may return towards normal. Pigment clearance may occur more 
rapidly from the inferior than the superior angle, resulting in what has been described as a 
pigment reversal sign – often the only sign suggestive of previous PDS in older patients. 

The lifetime risk of developing glaucoma with PDS is estimated to be 35–50% [6]. With 
PXS, the risk is approximately 1% per year – i.e. 5% at 5 years, 15% at 15 years. Manage-
ment of both conditions should be tailored to the underlying pathology. Similar to POAG, 
initial medical treatment for both conditions is the usual course of action. Because of the 
increased pigmentation of the TM in both conditions, argon laser trabeculoplasty is generally 
considered to be more effective than in POAG; however, this is still usually not a long-term 
solution. There may be a role for pilocarpine and YAG laser peripheral iridotomy in PDS in 
view of the reverse pupil block. With regard to surgical management, trabeculectomy is the 
preferred method amongst most clinicians. 

Because both PDS and PXS are reasonably common disorders, one would expect to en-
counter more patients with both conditions. This combination, however, is surprisingly rare 
and sparsely documented in the literature. The first published description of such patients 
was not until 1990, when Dr William Layden and colleagues [7] described a series of five 
patients who had PDS, and who subsequently developed PXS. One of the patients had typical 
signs of both exfoliation and pigmentary dispersion present in the same eye – with charac-
teristic iris transillumination defects of both conditions present concurrently. All patients 
had increasingly uncontrollable IOP in one eye, had PXS in that eye, and were then found to 
have previously unrecognised PDS bilaterally (except for one monocular patient). 

The next time that this intriguing combination emerged in the published literature was 
not until 1999, when a group from the New York Eye and Ear Infirmary described a larger 
series of 26 patients (by means of a clinic-based, cross-sectional study) who all had both a 
diagnosis of PDS and PXS [8]. The term overlap syndrome was introduced to describe the 
sequential appearance over time of two or more risk factors for glaucomatous damage. The 
appearance of a new risk factor in a patient whose condition had been previously stable may 
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lead to a change in the IOP control and altered disease course. All patients had bilateral PDS, 
and bilateral PXS was present in 9 of 26 patients. 

With so little previously published data on this elusive combination, there are many as 
yet unanswered questions. We are particularly intrigued by the potential genetic associa-
tions of both conditions individually, and more interesting still, of the combination syn-
drome. 

It is widely recognised that both PXS and PDS have a strong hereditary component. Fam-
ily studies have consistently supported a role for genetic risk factors in PXS; however, the 
pattern of inheritance is uncertain [9]. Perhaps this is due to incomplete penetrance and the 
late onset of the disease. PDS is considered an autosomal dominant condition. In 1996, Ritch 
[10] attempted to tie together the various previous findings, drawing the conclusion that the 
likely gene involved was responsible for some aspect of the development of the middle third 
of the eye early in the third trimester. This may explain the association of PDS with lattice 
retinal degeneration [11] and retinal tears. The incidence of retinal detachment in individu-
als with PDS is estimated to be 12% [12]. 

The numerous genome-wide association studies which have been completed worldwide 
aid us in identifying risk alleles for various complex disorders, including ocular diseases such 
as age-related macular degeneration, glaucoma, diabetic retinopathy and myopia. Recently, 
several SNPs identified lysil oxidase 1 (LOXL1) as a major genetic risk factor for PXS [2]. 
LOXL1 is a gene responsible for the cross-linking of collagen and elastin in the body – hence, 
altered LOXL1 expression in disease may result in compromised elastic structures in the eye. 
A strong association was demonstrated between two non-synonymous SNPs in exon 1 of 
LOXL1 and PXS in an Icelandic and Swedish population [2]. This finding was later replicated 
across multiple populations worldwide [13, 14]. 

A genome-wide linkage analysis completed by Andersen and colleagues [15] in 1997 in-
cluded 4 pedigrees of Irish and Western-European ethnic background and concluded that a 
gene responsible for PDS maps to the telomere of the long arm of chromosome 7 (7q35–
q36). This study further supported the autosomal dominant inheritance of the trait. The 
specific gene involved has yet to be identified. 

Reports have also suggested an association between the myocilin (MYOC) gene and 
pigmentary glaucoma [16]. While the exact role of myocilin in glaucoma is unclear, it is 
thought to affect aqueous outflow by interacting with the extracellular matrix of the TM. An 
established association exists between MYOC mutations and POAG; however, the rare find-
ing of these mutations in individuals with PDS may be a chance occurrence. 

Several studies have investigated the possible associations between genetic loci at-
tributed to various types of secondary glaucoma. However, no link has been established to 
date between the genetics of PDS and PXS which could explain the simultaneous existence of 
both syndromes in the same patient. No evidence of linkage has been found of PDS to the 
POAG-associated 1q21–q31 locus, suggesting that there may be other candidate loci yet un-
characterised [17]. Furthermore, several SNPs in the LOXL1 gene which are linked to PXS 
showed no association with PDS [3]. This strengthens the argument that these SNPs are spe-
cific to PXS and may not be involved with other secondary glaucomas. 

Conclusion 

While PDS and PXS share some clinical features, they do appear to be distinct clinical 
and likely genetic entities. It may be the case that the rare combination syndrome whereby 
PDS and PXS exist in the same patient is due to the coexistence of two separate mutations. 
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Table 1. Clinical features of PDS and PXS 

   
   
 PDS PXS 

   
   
Age of onset Young Elderly 

Inheritance Autosomal dominant Undefined 

Cornea Krukenberg spindle Occasional endothelial pigment 

Iris Mid-peripheral iris transillumination defects Transillumination at pupillary border 

Anterior chamber Floating pigment Quiet 

Iridocorneal angle Wide open, posterior iris bowing Open 

Exfoliation material None Yes – visible on pupillary border and anterior lens 

Lens Normal Exfoliation material, weak zonules 
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Fig. 1. Clinical findings of PDS in the right eye. a Krukenberg spindle. b Mid-peripheral iris transillumina-

tion defects. c No evidence of pseudoexfoliation on dilated examination. 
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Fig. 2. Clinical findings of PXS in the left eye. a Mild corneal endothelial pigment dusting. b No significant 

iris transillumination defects. c Typical pseudoexfoliation material seen on the anterior lens. 
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