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Abstract: 
          Pseudoexfoliation syndrome (PEX) is an age-related, worldwide, the multisystemic disease 
has significant variations in prevalence in a different race, lifestyle, and geographic area.  It is di-
agnosed by the appearance of grayish-white fibrilla granular material on several extraocular and 
ocular tissues, including lens surface, iris surface, pupillary magrin, zonules,  corneal endotheli-
um, trabecular meshwork, and ciliary process.  Ocular hypertension, glaucoma, and cataracts are 
more frequently present in patients with PEX. 
 In this article, the prevalence of PEX in different aged groups and population, its clinical 
presentation, related complications are presented.
Keywords: Pseudoexfoliation syndrome, pseudoexfoliative material, glaucoma, cataract, OCT, 
EDI-OCT, OCTA  

Introduction:
 Pseudoexfoliation syndrome (PEX) is 
an age-related complex multisystemic disease 
characterized by the production and progres-
sive accumulation of abnormal extracellular 
fibrilla-granular deposition.   Pseudoexfoliative 
material  (PEM ) is detected in all ocular and 
several other extraocular tissues in visceral 
organs such as the heart, lungs, liver, kidneys, 
cerebral meninges, gallbladder, vessel walls, 
optic nerve and skin. PEX are strongly associ-
ated with systemic comorbidities or comortal-
ities, including cardiovascular diseases, such as 
aortic aneurysms and cerebrovascular diseases 
such as dementia. In eyes, PEM can be detected 
on the lens, iris surface, pupillary margin, cor-
neal endothelium, furthermore, zonules, cili-
ary processes, vitreous face,  even on vitreous 
strands if the anterior hyaloid is ruptured. (1-7)
 Lindberg (8) was first described exfolia-
tion syndrome in 1917, as the presence of small 
whitish-gray material deposited on the pupil-
lary margin, later in 1926, Vogt (9) named this 
disorder  “capsular glaucoma” and explained

 that presence of whitish material on the pu-
pillary border could come from peeling of the 
anterior lens capsule. Subsequently, in 1954 
Dvorak-Theobald (10)  used the term “pseu-
doexfoliation syndrome,” after observing the 
presence of PEM on the anterior lens capsule, 
zonules, and ciliary body.
 PEM has been proposed a kind of elas-
tosis that results from excessive production of 
elastic microfibrillar components, and/or in-
sufficient breakdown of the basement mem-
brane.  PEM  is composed of the amyloid-beta 
peptide, laminin, collagen,  fibrillin, elastin, and 
other elastic fibers evaluated by both unique 
light-microscopy and ultrastructural examina-
tion. (11-16)
 The exact pathogenesis  and etiology of 
PEX are not fully explained, and multiple epide-
miological factors play a role in the pathogen-
esis of PEX, including environmental and geo-
graphic factors such as increased sun exposure, 
living in lower latitudes,  lifestyle, and dietary 
factors, genetic predisposition,  and aging have 
been postulated. (1-3,7,16)
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Prevalence :
 Even PEX  was used to be known as “Vi-
king disease”, because it frequently presents in 
northern European countries, especially Scan-
dinavians, it has been reported in all countries 
and different races. (7,14,15)
 Several population-based studies 
showed that the prevalence of PES across the 
globe, varying from 0%  to nearly  40%. The 
prevalence of PES  has been shown to vary sig-
nificantly between several ethnic populations 
and geographic localization, due to differences 
in examination methods such as with or with-
out pupillary dilatation in addition to inclusion 
criteria.
 Epidemiological studies have reported 
that the PEX occurs 0% in Eskimos, 1–2%  in 
the United States, 1.5% in Northern Nigeria, 
2.1% in the Chinese population,1.87-9.7 % in 
India, 3.8 - 4.14% in Upper Egypt, 4.5% in Ma-
lays, 4.7% in Australians, 6.45% in Pakistan, 
11% in Turkey, 19.53% in Yemen, 25% in the 
Scandinavian countries, and 38% in Navajo In-
dians. (17-29)
Age and PEX:
 PEX  is an age-related disease, and its 
prevalence increases markedly with aging that 
more commonly presents after the age of 60 
years. Forsius et al. (30) reported that the inci-
dence of this syndrome doubled every decade 
after the age of 50 years. The occurrence of PEX  
is negligible in the middle-aged population,  
such as  0.7%  younger than the age of 50, but 
it increases to 22.2% in the subjects above the 
age of 80 years in Saudis. (15) Similarly, in the  
Tanjong Pagar survey, the prevalence of PEX 
was reported by 0.2% in the age of  40 years 
that rose to 0.7% in subjects over 60 years of 
age in Chinese Singaporean. (19)  Jonas et al. 
( 31 )  reported that the prevalence of PEX is  
0.95% at Central Indian populations at the age 
of  30 and above. The prevalence was reported  
5% in Americans aged between 75–85 years 
and  6.25% in Australians aged 85 years or old-
er. (25) In the Reykjavik Eye Study reported that 
the overall 12-year incidence increased from 
6.5% in aged 50–59 years at baseline to 10.6% 
in the subject at   70–79 years of age in Iceland. 
(32) Govetto et al. (33) reported that  PEX was 
not observed in patients younger than 50 years. 
However,  the prevalence is progressively

 increased with the aging that it presents 6.1% 
between 50 - 60 years old, 7.3% between 60- 70 
years old, 19.1% between 70 - 80 years old, and 
31.7% over 80 years old subjects among the pa-
tients scheduled for cataract surgery. Similarly,  
Al-Shaer et (28) observed  PEX  in 10.1% of pa-
tients aged between 41 and 50 years and 28.8%  
over the 81 years old.  Joshi and  Singanwad (5) 
found  PEX  in 4.42%  cases of 51–60  year-age 
group, which further increased to 35.8% in sub-
jects older than the 81-year-age group.
Gender Distribution:
 In the literature, there are conflicting 
studies presented about the gender-wise distri-
bution of PEX, but most of the reports showed 
no sex predominance. In the series of Al-Saleh 
et al. (15),  the prevalence of the disease among 
males was 3.7%, while  3.4% in females.  It was 
reported that the male to female ratio of PEX 
was 1:1.27 in India.  Similarly,  Moreno et al. (34)  
reported an equal frequency of PEX among men 
and women in the Spanish population. Howev-
er, female predominance was observed in the 
Reykjavik study. (29)
 In contrast, exfoliation syndrome was 
more common in men in some series.  includ-
ing Australians, Indians, Turkish,  and   Yugo-
slavs. (15) In a series reported from China, PEX 
prevalence is 0.4% in males, and no cases were 
observed in females, while in Nepal,  its preva-
lence among males was more than four times 
higher than that of females.(35,36)  The exact 
mechanism of the  higher rate of PEX in males is 
not  well explained but, it has been attributed to 
the fact that men are   longer  outdoor working  
that may  cause more exposed the provoking 
climatic conditions.(1)
Laterality in PEX:
 Even the PEX is a systemic disease, and it 
may present with unilateral as well as bilateral 
involvement.  Joshi and  Singanwad (5)  observed 
bilateral involvement in 38.1%,  whereas unilat-
eral involvement in 62% of cases. In contrast to 
their observation,   Gelaw and Tibebu (37) report-
ed that 33.3% of unilateral involvement, where-
as 66.7% of bilateral involvement. Similarly,  
52% of unilateral and 48% of bilateral PEX  cas-
es were reported in The Blue Mountains study. 
(14 )  Several researches  observed high conver-
sion rates from  unilateral to bilateral cases in 
time, such as in the Reykjavik study, 
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in which  70% case converted to the bilateral 
case in 12 years (29,32) Puska and coworkers 
(38)  have reported that 32% conversion from 
unilateral to bilateral PEX.
 Vesti et al. (39) stated that the  PEX  is nev-
er strictly unilateral; the no exfoliative fellow 
eyes also show some similar morphological al-
terations and demonstrate exfoliative material 
on the immune histochemical study.  Similarly, 
ultrastructural studies by electron microscopy 
demonstrated the presence of PEM  in the clin-
ically normal fellow eye of unilateral cases.  A 
classic slit-lamp finding of grayish-white fibril-
lar depositions on the anterior lens capsule rep-
resents a late stage of this syndrome, which is 
preceded by a chronic, progressive preclinical 
course. (1,12,13,40)
Ophthalmic features in PEX:
 Correct diagnosis of PEX  can be made 
only by observing pathognomonic gray-
ish-white fibrillar exfoliative material on the 
different parts of anterior segment structures 
such as lens surface after pupillary dilatation, 
iris surface and pupillary border by slit-lamp 
examination.
Lens and Cataract:
 Chronic progressive accumulation of 
PEM on the anterior lens capsule increased 
both the precapsular layer of the lens and iri-
do-lenticular contact. Continuously rubbing of 
the iris over the lens surface during pupillary 
movement cause typical focal defects on the 
mid-peripheral zone of the precapsular layer 
of the lens.  This hallmark of the characteristic 
pattern consists of three distinct zones of PEM;  
the most central disk- shaped zone correspond-
ing nearly to the pupil diameter,  the peripheral 
zone can only become visible after the full pu-
pillary dilatation,  a clear intermediate zone in 
between two zones.  Idakwo et al. (18) observed 
that all patients had the PEM on the peripher-
al zones of the lens.  Several studies reported 
a similar feature that PEM can be observed in 
almost all cases, while the central disk is report-
ed not to be present in 20%–60% of cases with 
PES. (1,12,13,16,41,42)  [Fig 1-3]

Fig 1: Pseudoexfoliation material on the central  disk 
shaped zone

Fig 2: Fibrillo granular deposition of  Pseudoexfolia-
tive material  in midperiheral zone

Fig 3: Pseudoexfoliative material   in peripheral zone
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 PEM may also appear on the intraocular 
lens surface, on the posterior capsule, anterior 
hyaloid surface, and lens zonules. The deposi-
tion of PEM leads to zonules become more frag-
ile, wreaked, and reduced zonular integrity is 
clinically presented with phacodonesis with eye 
movements and a reduction in cornea lenticu-
lar distance, owing to a forward shift of the lens 
with unstable zonules. In some advanced cases, 
zonular fragility increases the risk of zonular di-
alysis, lens subluxation, or dislocation.  Zonular 
dialysis occurs up to 10 times more frequently 
in eyes with PEX comparing to normal eyes.The 
incidence of spontaneous lens subluxation or 
phacodonesis  is changing from 8.4% to 10% in 
eyes  with PEX.(41-44)
 A cataract is frequently present in this 
disease.  Al-Saleh et al. (15) reported the cataract 
in 26% of their subjects. Joshi et al. (5) report-
ed the 22.1%  of PEX in patients scheduled for 
cataract surgery. In their study, the frequency 
of cataract type was reported as 11.5%  nu-
clear, 11.1% cortical cataract, whereas 43.4%  
hyper mature cataract,  among the eyes with 
PEX. Grade VI cataract based on Lens Opacity 
Classification System III (LOCS-III) was report-
ed 41.3% in their patient. They reported that a 
high prevalence of hyper mature cataracts with 
advanced grade is due to the late presentation 
of patients for surgery in rural India.
 Population-based with long  follow-up 
studies showed  that PEX was a strong predic-
tor of cataract development, that increased risk 
2 -3 fold in multivariate analysis.(45)
Iris:
 As a result of abrasive movements of 
the iris over the anterior lens surface, a dan-
druff-like PEM  over the pupillary margin,  loss 
of pupillary ruff, iris sphincter transillumina-
tion, as well as patchy iris depigentation were 
seen as common appearance of PES.  Al-Saleh 
et al. (15) study flakes on the pupil margin were 
reported in 62.3% of the eyes with PEX contrast 
to their report the Joshi and  Singanwad  (5) ob-
served  PEM   distribution on the pupillary mar-
gin is only 15.9% eyes while its  accumulation 
on combination  of  the iris, pupil, and lens in 
30.9% of eyes in PEX. [Fig 4]

Fig 4: Dandruff like Pseudoexfoliative   over the pu-
pillary margine

 Increased pigment dispersion in the an-
terior chamber after pupillary dilation,  cause   
pigment accumulation on the iris surface as well 
as trabecular meshwork and corneal endoteli-
um. Iris vascular abnormalities such as blood–
aqueous barrier dysfunction, degenerated, nar-
rowed, and even completely  obliterated vessels 
due to  intravascular aggregates of PEM with 
large molecular weight proteins are common  
clinical features  in advanced stages of PEX. Pu-
pil ruff atrophy and patchy iris depigmentation  
may also  caused by recurrent  ischemic attacks 
combined with  mechanical disruption due to 
irido-lenticular contact.  Due to accumulation 
of flakes on the pupil  margin combined with 
atrophy cause poor pupillary dilatation in more 
than 40% of cases. (1,5,15,46)
Cornea:
 Diffuse, scattered flakes of  PEM on the 
corneal  endothelial surface frequently be ob-
served. Relatively homogeneous pigment par-
ticle accumulation on the central endothelium 
may  cause the Krukenberg spindle pattern 
in some cases. Direct involvement of corneal 
endothelial cells by PEM and pigment parti-
cles, slowly progressing accumulation of ex-
tracellular matrix, fibroblastic alternation in 
the endothelium, hypoxic changes in the an-
terior chamber, cause  a decrement  of corne-
al endothelium density evaluated by specular 
microscopy studies. PEX associated corneal 
endotheliopathies  are increased the risk of en-
dothelial decomposition and corneal
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edema even after minimally invasive surgical 
manipulations and  only  with moderate rises 
in IOP. Decreased  corneal stroma  and corneal 
basal epithelial cells cause  thinning of  corneal 
thickness as another morphologic alteration of 
disease. (47-49)  Besides, a decreased  in  sub-
basal neural integrity   has been correlated with 
the decreased in corneal sensitivity and im-
paired tear film stability. (16)
Anterior Chamber Angle and Glaucoma :
 An early sign of PES, dispersed melanin 
pigment  accumulate on the peripheral cornea, 
anterior to Schwalbe’s line,  present with undu-
lating dark  pigmented lines named as Sampaol-
esi line. Moderate to excessive pigmentation ob-
served on trabecular meshwork in 56% of  PEX 
is a   prominent  feature of  clinically evident  
cases. (1,3,5,21)
 In addition to the slit-lamp examination, 
Ultrasound-biomicroscopic evaluation shows  
several other  morphological alterations such 
as increase lens thickness,  decreased central 
anterior chamber depth, abnormalities of the 
zonules, and  occludable angles. Optical coher-
ence tomography (OCT) investigations of ante-
rior segment demonstrated, decreased anterior 
chamber angle,  increased iris convexity  during 
pupillary dilatation, narrower angle widening, 
and increased irido-lenticular contact.  In cas-
es  diagnosed unilateral PEX with the slit-lamp 
examination, have  similar  features to some 
degree in clinically normal fellow eyes, demon-
strated either by Ultrasound-biomicroscopy or 
OCT. (42,43,50,51)
 A strong correlation  between increased 
intraocular pressure and PEX has been reported 
by several reports. In the Blue Mountain study, 
eyes  with PEX in either eye have a two- to a 
threefold higher risk of glaucoma.(14)  In Thes-
saloniki Eye Study, glaucoma  was observed 
15.2% of eyes with PEX,  which was higher than 
that of  in eyes without  PEX (4.7%).(3)  The 
high rate of pseudoexfoliative glaucoma (PXG) 
was reported in different  other series such 
as 16.7% in Govetto et al. (34) series, similarly 
16.7% in South Indian study, 26% in Yildirim et 
al. (28),  30.3% in Shazly et al. (28), 34%in  Sood et 
al. (52) report.  Different types of glaucoma can 
be  present  among the  eyes with  PEX;  PXG was 
reported 14% and Ocular Hyper Tension  (OHT)  
9% in  eyes with PEX, 

according to   the Blue Mountains Eye Study. 
(14)    Rao and coworkers (51) observed glau-
coma in 25% and  OHT in 20% of unilateral cas-
es   while more  than 50% (675 of 1250 eyes)   
glaucoma  in bilateral cases with PEX.
 Even the mechanism  of  increased in-
traocular pressure in PEX has been evaluated 
by  numerous investigators,  it is not exactly 
explained.  It has been suggested that accumu-
lation of  PEX material may block normal  tra-
becular drainage of  aqueous humor, which in 
turn results in increase intraocular pressure.  
Pigment dispersion  from iris-pigment epitheli-
um during pupillary movement and its accumu-
lation in the anterior chamber angle is anoth-
er mechanism for increased IOP and glaucoma 
development. Besides,  increased lens thickness 
may cause Lens induced  and Primary Angle Clo-
sure Glaucoma (PACG). In the  series of Rao et al. 
(51)   PACG was observed in  13.7%, Lens induced 
in 3.7%, and Normo Tension glaucoma in 0.8% 
in eyes with PEX. PEX progress  continuously  
from a milder form to more severe forms, with 
eventually develop  glaucomatous optic  nerve 
damage, and  vision loses. Visual field defects 
are  more severe at the time of diagnosis and 
progress  more rapidly with frequent vascular 
ischemic episodes in PXG compared with non- 
exfoliative  glaucoma. PXG is difficult to treat  
with medication and more prone to have com-
plications at the time of surgery. (3,14,15,28)
Posterior Segment Involvement evaluation 
by different diagnostic methods:
 Hemodynamic  and   vascular structures   
are significantly effected in PEX eyes, which are 
demonstrated by various imaging methods.
 The PEX material accumulation in the 
vascular structures  may damage the  vessel 
walls, then  disrupt the  normal perfusion and 
cause hypoxia  or even recurrent  silent ischem-
ic attacks in both anterior and posterior seg-
ments. Yüksel et al. (53) reported a significant 
reduction in peak systolic and diastolic flow 
in  the ophthalmic artery, central retinal artery,  
and short posterior ciliary arteries in eyes with 
PEX. Several hemodynamic studies evaluated by  
color Doppler ultrasound showed an increase 
in vascular resistance and a decrease in flow in 
the optic nerve head and peripapillary area  in  
eyes with PEX in. Several studies reported that   
mainly ischemic Central Retinal Vein Occlusion 



Cite this article: Review of pseudoexfoliation syndrome: Prevalence, Ocular clinical profile and related  
complications evaluated by different diagnostic methods: Amer J Opth Glau. 2020; 2(2): 01-09.

 (CRVO) and Branch Retinal Vein Occlusion risk 
increased  due to disruption of retrobulbar cir-
culation in eyes with PEX. (54-56)
 The superficial retinal vascular plexus 
is  the main vascular supply for the ganglion 
cells in the retinal nerve fiber layer (RNFL). El-
tutar et al.(57)  observed  the  significant RNFL 
and superficial retinal layer thinning in eyes 
with  PEX comparing to healthy non-PEX eyes 
by OCT  evaluation, as an indirect evidence of 
the reduced  blood flow and vessel density in 
the superficial retinal layers.  Rao (58) found that 
Significant RNFL thinning in one  or two  quad-
rants in 48 of 59 bilateral and 18 of 32 unilateral 
eyes with PEX. The fellow eyes of patients with 
unilateral PEX have prominent  RNFL thinning 
even in the absence of PEM anywhere in the eye 
as  an indicator of early glaucoma.
 Besides, the superficial retinal thinning, 
a significant reduction in choroidal thickness 
was demonstrated by  enhanced depth imag-
ing-OCT(EDI-OCT) in eyes with PEM comparing 
to healthy eyes. According to several compar-
ative studies, these EDI-OCT findings may be 
caused by ischemia due to  a reduction in the 
choroidal blood flow from existing vasculopa-
thy by the PEM. (59,60)
 Optical coherence tomography angiog-
raphy (OCTA) is a recently developed  imaging 
modality that evaluates retinal and choroidal 
microvascular structures without the using a 
contrast agent. OCTA as a non-invasive angi-
ography  obtained the images by  measuring 
the red blood cell velocity. To date, it has been 
used in the diagnosis of  various retinal vascular 
pathologies. (61,62)
 Park and Yoo (62) showed  a significantly 
lower peripapillary vessel density in patients 
with PXG comparing to primary open-angle 
glaucoma (POAG) even without any  significant 
difference in terms of RNFL  thickness. Similarly, 
Rebolleda et al. (63) observed significantly lower 
capillary density in PXG  compared to that in 
POAG with the similar glaucoma damage levels. 
These findings supported the  other  authors’ 
studies  by OCTA, suggest that the  indirect evi-
dence of  damage caused by PEM, particularly in 
the endothelium of the peripapillary small ves-
sels. (61,62, 64)

 In addition, to a decrease in peripapillary 
vessel density, decrement macular foveal vessel 
density with  avascular zone enlargement was 
reported.  In OCTA measurements,  both the su-
perficial capillary plexus and  the deep capillary 
plexus  were enlarge in PEX eyes compared   to 
healthy eyes.  (61,62, 64)
 Çınar  et al. (61) reported  that the OCTA 
measurements showed  significantly lower flow 
in the total, parafoveal, and foveal area  both 
in foveal superficial and deep capillary plexus 
in PEX eyes than that in healthy eyes. Further, 
more  vessel densities were significantly low-
er in these areas both in foveal superficial and 
deep capillary plexus in  PEX eyes comparing to 
healthy eyes. At the same time, the differences 
were not significant between  PEX eyes and fel-
low non-PEX eyes.  These results showed that 
the PEX-related vascular pathology starts be-
fore the clinically detected PEM accumulation. 
OCT and OCTA  are very useful diagnostic tools 
for identifying the development of PEX-associ-
ated  delicate pathologies even before clinical 
diagnoses of PEX.
 In conclusion, PEX is an age-related sys-
temic disease that occurs worldwide, and its  
prevalence rates vary extensively based on ra-
cial, ethnic,  geographic factors in addition to 
age and gender.   This extracellular matrix dis-
order   characterized by   fibrillar material in  
different tissues  such as on the lens surface, iris 
surface, pupillary margin, lens zonules, corneal 
endothelium, trabecular meshwork, and ciliary 
body.  As a result of progressive accumulation 
PEM  and chronic destruction in  different parts 
of anterior segment tissues,   PEX is associated 
with high incidence visual   disruption due to  
different  types of glaucoma and  cataract de-
velopment.  In addition to RNFL  involvement,  
a decrease in retinochoroidal circulation and 
vessel densities   may  be developed even be-
fore  clinically diagnosed with PEX. The further 
advance  studies will help to understand the 
pathophysiology of PEX and its early diagnosis  
even before the development of clinical  signs.



Cite this article: Review of pseudoexfoliation syndrome: Prevalence, Ocular clinical profile and related  
complications evaluated by different diagnostic methods: Amer J Opth Glau. 2020; 2(2): 01-09.

References :
1. Aboobakar IF, Johnson WM, Stamer WD, 
Hauser MA, Allingham RR. Major review: Exfolia-
tion syndrome; advances in disease genetics, molec-
ular biology, and epidemiology.Exp Eye Res. 2016; 
11;154:88–103
2. Ritch R. Systemic associations of exfoliation 
syndrome. Asia Pac J Ophthalmol. 2016;5(1):45–50.
3. Anastasopoulos E, Topouzis F, Wilson MR et 
al. Characteristics of pseudoexfoliation in the Thes-
saloniki Eye Study.J Glaucoma. 2011;20:160–6
4. Lee JKS,  Wong EPY,   Ho SL Pseudoexfolia-
tion syndrome at a Singapore eye clinic Clin Oph-
thalmol. 2015; 9: 1619–1624.
5.  Joshi  RS,   Singanwad SV Frequency and 
surgical difficulties associated with pseudoexfo-
liation syndrome among Indian rural population 
scheduled for cataract surgery: Hospital-based data 
Indian J Ophthalmol. 2019 Feb; 67(2): 221–226. 
6. Arnarsson A, Damji KF, Sverrisson T, Sasaki 
H, Jonasson F. Pseudoexfoliation in the Reykjavik 
Eye Study: prevalence and related ophthalmological 
variables. Acta Ophthalmol Scand. 2007;85(8):822–
827. 
7. Thessaloniki eye study: the importance of 
recognizing pseudoexfoliation.Parrish RK 2nd.Am J 
Ophthalmol. 2009;148:482–3.
8. Lindberg JG. Kliniska undersokningar over 
depigmentering av pupillarranden och genomlys-
barket av iris vid fall av alderstarr samit i normala 
ogon hos gamla personer. Helsingfors. 1917 Thesis
9. Vogt A. Ein neues Spaltlampenbild des Pu-
pillengebietes: Hellblauer Pupillensaumfilz MIT 
Hautchenbildung auf Der Linsenvorderkapsel. Klin 
Monatsabl Augenheilkd. 1925;75:1–12. 
10.  Dvorak-Theobald G. Pseudo-exfoliation of 
the lens capsule: relation to true exfoliation of the 
lens capsule as reported in the literature and role in 
the production of glaucoma capsulocuticulare. Am J 
Ophthalmol. 1954;37(1):1–12. 
11. Ritch R, Schlötzer-Schrehardt U. Exfoliation 
syndrome. Surv Ophthalmol. 2001;45(4):265–315
12. Parekh P, Green WR, Stark WJ, Akpek EK. 
Electron microscopic investigation of the lens cap-
sule and conjunctival tissues in individuals with 
clinically unilateral pseudoexfoliation syndrome. 
Ophthalmology. 2008;115(4):614–619
13. Liu X, Zhao Y, Gao J, et al. Elastic fiber homeo-
stasis requires lysyl oxidase-like 1 protein. Nat Gen-
et. 2004;36(2):178–182. Ritch R, Schlötzer-Schre-
hardt U. Exfoliation syndrome. Surv Ophthalmol. 
2001;45(4):265–315. 
14. Kanthan GL, Mitchell P, Burlutsky G, 
Rochtchina E, Wang JJ. Pseudoexfoliation syndrome 
and the long-term incidence of cataract surgery

: the Blue Mountains Eye study. Am J Ophthalmol. 
2013;155(1):83–88. 
15. Al-Saleh SA, Al-Dabbagh NM, Khan NM, Arfin 
M, Tariq M, et al. Prevalence of ocular pseudoexfoli-
ation syndrome and associated complications in Ri-
yadh, Saudi Arabia. Saudi Med J. 20015;36: 108–12. 
16. Altıntaş AGK, Eranil SH,Kandemir O. Epi-
thelial and goblet cell discordance and mixed in-
volvement of impression cytology in patient with 
pseudoexfoliation syndrome Int Eye Sci 2015; 
15(6):953-958   
17. Forsius H. Exfoliation syndrome in vari-
ous ethnic populations. Acta Ophthalmol Suppl. 
1988;184:71–85
18. Ostenfeld-Akerblom A. Pseudoexfoliation in 
Eskimos (Inuit) in Greenland.ActaOphthalmol (Co-
penh). 1988;66:467–468 
19. Idakwo U, Olawoye O, Ajayi BG, Ritch R. Ex-
foliation syndrome in Northern Nigeria. Clin Oph-
thalmol. 2018;12:271–7. 
20. Foster PJ, Seah SK. The prevalence of pseudo-
exfoliation syndrome in Chinese people: the Tanjong 
Pagar Survey. Br J Ophthalmol. 2005;89(2):239–
240. 
21. Thomas R, Nirmalan PK, Krishnaiah S. 
Pseudoexfoliation in southern India: the Andhra 
Pradesh Eye Disease Study. Invest Ophthalmol Vis 
Sci. 2005;46:1170–1176. 
22. Philip SS, John SS, Simha AR, Jasper S, Bra-
ganza AD. Ocular clinical profile of patients with 
pseudoexfoliation syndrome in a tertiary eye care 
center in South India. Middle East Afr J Ophthalmol. 
2012;19:231–236. 
23. Vijaya L, Asokan R, Panday M,Choudhari 
NS, Sathyamangalam RV, Velumuri L et al.The Prev-
alence of Pseudoexfoliation and the Long-term 
Changes in Eyes With Pseudoexfoliation in a South 
Indian Population. J Glaucoma. 2016;25:e596–602.
24. Shazly TA, Farrag AN, Kamel A, Al-Hussaini 
AK. Prevalence of pseudoexfoliation syndrome and 
pseudoexfoliation glaucoma in Upper Egypt. BMC 
Ophthalmol. 2011;11:18.
25. Sumasri K, Raju P, Aung T, Wong TY. Preva-
lence of pseudoexfoliation in Malay population in 
Singapore. Am J Ophthalmol. 2008;145(4):766–767
26. Landers J, Henderson T, Craig J. Prevalence 
of pseudoexfoliation syndrome in indigenous Aus-
tralians within central Australia: The Central Aus-
tralian Ocular Health Study. ClinExpOphthalmol. 
2012;40:454–7.
27.  Rao RQ, Arain TM, Ahad MA. The prevalence 
of pseudoexfoliation syndrome in Pakistan. Hospital 
based study. BMC Ophthalmol. 2006;6:27.  
28. Yildirim N, Yasar E, Gursoy H, Colak E. Prev-
alence of pseudoexfoliation syndrome and its 



Cite this article: Review of pseudoexfoliation syndrome: Prevalence, Ocular clinical profile and related  
complications evaluated by different diagnostic methods: Amer J Opth Glau. 2020; 2(2): 01-09.

association with ocular and systemic diseases in Es-
kisehir, Turkey. Int J Ophthalmol. 2017;10:128–34.  
29. Al-Shaer M, Bamashmus M, Al-Barrag A. 
Point prevalence of pseudoexfoliation syndrome 
in patients scheduled for cataract surgery in eye 
camps in Yemen. Middle East Afr J Ophthalmol. 
2010;17:74–77.
30. Arnarsson A, Jonasson F, Damji KF, Got-
tfredsdottir MS, Sverrisson T, Sasaki H. Exfoliation 
syndrome in the Reykjavik Eye Study: risk factors 
for baseline prevalence and 5-year incidence. Br J 
Ophthalmol. 2010;94:831–835. 
31. Forsius H. Exfoliation syndrome in vari-
ous ethnic populations. Acta Ophthalmol Suppl. 
1988;184:71–85. 
32. Jonas JB, Nangia V, Matin A, et al. Pseudo-
exfoliation: normative data and associations. The 
Central India Eye and Medical Study. PLoS One. 
2013;8(10):e76770. 
33. Arnarsson A, Sasaki H, Jonasson F. Twelve-
year incidence of exfoliation syndrome in the Rey-
kjavik eye study. Acta Ophthalmol. 2013;91(2):157–
162. 
34. Govetto A, Lorente R, de Parga PV, Rojas L, 
Moreno C, Lagoa F, et al. Frequency of pseudoexfo-
liation among patients scheduled for cataract sur-
gery. J Cataract Refract Surg. 2015;41:1224–31
35.  Moreno MontañeśJ, Alcolea Paredes A, Cam-
pos García S. Prevalence of pseudoexfoliation syn-
drome in the northwest of Spain. Acta Ophthalmol 
(Copenh) 1989;67:383–385. 
36. You QS, Xu L, Wang YX, et al. Pseudoexfoli-
ation: normative data and associations. The Bei-
jing Eye Study 2011. Ophthalmology. Study   2013; 
120(8):1551-1558  
37.  Shakya S, Dulal S, Maharjan IM. Pseudoex-
foliation syndrome in various ethnic population of 
Nepal. Nepal Med Coll J. 2008;10:147–150
38. Gelaw Y, Tibebu Y. Clinical characteristics of 
cataract patients with pseudoexfoliation syndrome 
at Jimma University Specialized Hospital, South 
West Ethiopia. Ethiopian J Health Sci. 2012;22:1–6. 
39. Puska PM. Unilateral exfoliation syndrome: 
conversion to bilateral exfoliation and to glaucoma: 
a prospective 10-year follow-up study. J Glaucoma . 
2002;11:517–524
40. Vesti E, Kivelä T.  Exfoliation syndrome 
and exfoliation glaucoma. Prog Retinal Eye Res 
2000;19:345–68.
41. Guo S, Gewirtz M, Thaker R, Reed M. Char-
acterizing pseudoexfoliation syndrome through the 
use of ultrasound biomicroscopy. J Cataract Refract 
Surg. 2006;32(4):614–617. 
42. Rao A, Padhy D. Pattern of pseudoexfoliation 
deposits on the lens and their clinical correlation

—clinical study and review of literature.PLoSOne. 
2014. December 5;9(12):e113329 
43. Ritch R, Vessani RM, Tran HV, Ishikawa H, 
Tello C, Liebmann JM. Ultrasound biomicroscopic as-
sessment of zonular appearance in exfoliation syn-
drome. Acta Ophthalmol Scand. 2007;85(5):495–
499. 
44. Sbeity Z, Dorairaj SK, Reddy S, Tello C, Lieb-
mann JM, Ritch R. Ultrasound biomicroscopy of 
zonular anatomy in clinically unilateral exfoliation 
syndrome. Acta Ophthalmol. 2008;86(5):565–568. 
45. Joshi RS. Psudoexfoliation on the posterior 
capsule. Indian J Ophthalmol. 2014;62:376–7. 
46. Ekström C, Botling Taube A. Pseudoexfo-
liation and cataract surgery: a population-based 
30-year follow-up study. Acta Ophthalmol. 
2015;93(8):774–777. 
47. Sangal N, Chen TC. Cataract surgery in 
pseudoexfoliation syndrome. Semin Ophthalmol. 
2014;29(5–6):403–408
48. Tomaszewski BT, Zalewska R, Mariak Z. 
Evaluation of the endothelial cell density and the 
central corneal thickness in pseudoexfoliation syn-
drome and pseudoexfoliation glaucoma. J Ophthal-
mol. 2014;2014:123683. 
49. Palko JR, Qi O, Sheybani A. Corneal altera-
tions associated with pseudoexfoliation syndrome 
and glaucoma: a literature review. J Ophthalmic Vis 
Res. 2017;12(3):312–324. 
50.  Detorakis ET, Koukoula S, Chrisohoou F, 
Konstas AG, Kozobolis VP. Central corneal mechan-
ical sensitivity in pseudoexfoliation syndrome. Cor-
nea. 2005;24(6):688–691. 
51. Rao A . Clinical and Optical Coherence To-
mography Features in Unilateral versus Bilateral 
Pseudoexfoliation Syndrome. J Ophthalmic Vis Res. 
2012; 7:197–202
52. Sood NN. Prevalence of pseudoexfolia-
tion of the lens capsule in India. Acta Ophthalmol. 
1968;46:211–4
53. Yüksel N, Karabas VL, Arslan A, Demirci A, 
Caglar Y. Ocular hemodynamics in pseudoexfolia-
tion syndrome and pseudoexfoliation glaucoma. 
Ophthalmology. 2001;108:1043–9
54. Ocakoglu O, Koyluoglu N, Kayiran A, Tamce-
lik N, Ozkan S. 
Microvascular blood flow of the optic nerve head 
and peripapillary 
retina in unilateral exfoliation syndrome. Acta Oph-
thalmol Scand. 2004;82:49–53. 
55. Kocaturk T, Isikligil I, Uz B, Dayanir V, Dayan-
ir YO. Ophthalmic artery blood flow parameters in 
pseudoexfoliation glaucoma. Eur  J  Ophthalmol. 
2016;26: 124–7.



Cite this article: Review of pseudoexfoliation syndrome: Prevalence, Ocular clinical profile and related  
complications evaluated by different diagnostic methods: Amer J Opth Glau. 2020; 2(2): 01-09.

56.  Karagiannis D, Kontadakis GA, Klados NE, 
Tsoumpris I, Kandarakis AS, Parikakis EA, et al. Cen-
tral retinal vein occlusion and pseudoexfoliation 
syndrome. Clin Interv Aging. 2015;10:879–83. 
57. Eltutar K, Acar F, Kayaarası Öztürker Z, Ün-
sal E, Özdoğan Erkul S. Structural Changes in Pseu-
doexfoliation Syndrome Evaluated with Spectral 
Domain Optical Coherence Tomography. Curr Eye 
Res. 2016;41:513–20. 
58. Rao A. Clinical and Optical Coherence  To-
mography Features in Unilateral versus Bilateral  
Pseudoexfoliation  Syndrome J Ophthalmic Vis Res. 
2012 Jul; 7(3): 197–202.  
59. Demircan S, Yılmaz U, Küçük E, Ulusoy 
MD, Ataş M, Gülhan A, et al. The Effect of Pseudo-
exfoliation Syndrome on the Retinal Nerve Fiber 
Layer and Choroid Thickness. Semin Ophthalmol. 
2017;32:341–7.
60. Eroglu FC, Asena L, Simsek C, Kal A, Yılmaz 
G. Evaluation of choroidal thickness using enhanced 
depth imaging by spectral-domain optical coher-
ence tomography in patients with pseudoexfoliation 
syndrome. Eye. 2015;29:791–6. 
61. Çınar E, Yüce B, Aslan F. Retinal and Choroi-
dal Vascular Changes in Eyes with Pseudoexfoliation 
Syndrome: A Comparative Study Using Optical Co-
herence  Tomography  Angiography  Balkan Med. J. 
2020 Jan; 37(1): 9-14
62. Park JH, Yoo C. Peripapillary Vessel Density 
in Glaucomatous Eyes: Comparison Between Pseu-
doexfoliation Glaucoma and Primary Open-angle 
Glaucoma. J Glaucoma. 2019;28:36. 
63. Rebolleda G, Pérez-Sarriegui A, De Juan V, 
Ortiz-Toquero S, Muñoz-Negrete FJ. A comparison of 
two optical coherence tomography-angiography de-
vices in pseudoexfoliation glaucoma versus prima-
ry open-angle glaucoma and healthy subjects. Eur J 
Ophthalmol. 2019;29:636–44.
64. Kromer R, Glusa P, Framme C, Pielen A, Jun-
ker B. Optical coherence tomography angiography 
analysis of macular flow density in glaucoma. Acta 
Ophthalmol. 2019;97:199–206


