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I N T R O D U C T I O N

Clinical findings of the exfoliation syndrome have
been well described and are generally characterized
by the synthesis and deposition of abnormal extra-
cellular fibrillar deposits on the anterior lens capsule,

trabecular meshwork, iris, and cornea (1-3). These pro-
teinaceous deposits have been found throughout the
eye and systemically. In the eye, these deposits can
be present unilaterally or bilaterally, with or without
an associated intraocular pre s s u re (IOP) increase and
glaucomatous optic disc or visual field changes (3-6).
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PU R P O S E. To evaluate clinical presentation and long-term follow-up of exfoliation glaucoma
in separate European population groups.
ME T H O D S. A four- c e n t e r, retrospective, case series analysis in which 200 charts of patients
with exfoliation glaucoma or patients with elevated intraocular pre s s u re (IOP) associated
with exfoliation syndrome in at least one eye with at least 5 years of follow-up were con-
secutively re v i e w e d .
RE S U LT S. This study found an average follow-up time of 6.0±2.1 years. Patients in Hungary
and Spain statistically presented at an older age (79 years) than Greek patients (67 years).
Patients with exfoliation glaucoma in Greece and Hungary had more glaucomatous dam-
age, had more severe glaucoma, had a higher untreated IOP (31.8 to 32.1 mmHg), and were
m o re difficult to control, showing a greater number of changes in medicines during the fol-
low-up period, a greater number of medicines at the end of the follow-up period, and more
p r o g ression. On long-term follow-up, Greek, Russian, and Hungarian patients also had the
highest mean IOP (18.8 to 20.8 mmHg) and the greatest incidence of progression (approx-
imately 50%). Spanish patients demonstrated the lowest mean IOP (17.6±3.6 mmHg) and
the lowest rate of progression (28%) during the follow-up period and the fewest number of
medications per patient (0.7) to control the IOP at the end of the follow-up period.
CO N C L U S I O N S. The severity of exfoliation glaucoma presentation and its course may differ
within distinct geographic populations in Europe. (Eur J Ophthalmol 2006; 16: 60-6)
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Exfoliation glaucoma has a varied ethnic and re g i o n-
al prevalence worldwide. In general, it presents most
often in European countries that border the sea. 

An especially high incidence of exfoliation, between
25 and 75%, exists in the Nordic region, but it also
commonly occurs in Germany, Great Britain, Italy, Rus-
sia, Spain, Tu r k e y, and Greece (3). Hungary has been
one European country that has been noted to have a
moderately high prevalence without being located by
the sea (7, 8). Other isolated populations have been
noted, including Navajo Indians in the United Stated
and Australian Aborigines, as well as Bantu Indians
in Africa (9).

P re v i o u s l y, Konstas and associates observed in a
p rospective trial that glaucomatous damage pre s e n t e d
in a more advanced form in exfoliation patients than
with primary open-angle glaucoma (10). 

In addition, controlling the IOP was more diff i c u l t
and patients re q u i red more medication long-term than
with primary open-angle glaucoma (10). However, al-
though exfoliation presents in distinct populations,
little information is available that describes if either
the presentation or its course differs across separate
population gro u p s .

The purpose of this article was to evaluate both the
p resentation and pro g ression characteristics of ex-
foliation glaucoma in four relatively distinct popula-
tion groups in Europe, including Greece, Spain, Rus-
sia, and Hungary. 

M E T H O D S

Included in this four- c e n t e r, re t rospective study were
patients with newly diagnosed exfoliation glaucoma
or elevated pre s s u re associated with exfoliation syn-
d rome in at least one eye (study eye). Sites were cho-
sen that would potentially re p resent relatively distinct
g roups of populations known to have exfoliation glau-
coma, including Greek, Spanish, Russian, and Hun-
garian. Patients from the practices of the study in-
vestigators were chosen from consecutive charts and
reviewed alphabetically. The initial untreated IOP was
excluded from long-term follow-up data to allow for
adjustment of therapy for presenting elevated IOP. Da-
ta were re c o rded from each available visit included
in the follow-up period. Data were gathered re g a rd-
ing stable glaucoma for as long as re c o rds were avail-
able. 

Each patient carried, as a diagnosis in at least one
eye, exfoliation glaucoma or elevated IOP without dam-
age associated with exfoliation syndrome, as deter-
mined by the investigator. All patients demonstrated
typical anterior segment findings of exfoliation syn-
d rome in at least one eye (11). In glaucomatous pa-
tients typical glaucomatous optic disc (neural rim thin-
ning or notching, saucerization, thin nasal rim, or to-
tal cupping) and/or visual field changes (typical nerve
fiber layer changes: nasal step or paracentral, Sei-
d e l ’s or arcuate scotoma) were present. Excluded fro m

TABLE I - BASELINE PATIENT CHARACTERISTICS

C o u n t r y G re e c e H u n g a r y S p a i n R u s s i a p Va l u e

Age, yr 6 7 . 1 ± 6 . 3 7 9 . 0 ± 7 . 3 7 9 . 3 ± 9 . 1 7 0 . 1 ± 8 . 1 < 0 . 0 0 0 1
S e x 0 . 1 7
F e m a l e 2 4 3 3 2 3 2 5
M a l e 2 6 1 7 2 7 2 5
Study eye 0 . 1 2
Right eye 1 7 2 8 2 5 2 2
Left eye 3 3 2 2 2 3 2 8
Visual acuity 0 . 0 0 0 5
2 0 / 2 0 – 2 0 / 4 0 4 1 3 3 3 3 4 1
2 0 / 5 0 – 2 0 / 9 0 2 1 1 5 5
2 0 / 1 0 0 – 2 0 / 1 9 0 0 1 4 2
2 0 / 2 0 0 – 2 0 / 3 9 0 6 0 2 2
20/400 and above 1 5 6 0
Cataract pre s e n t < 0 . 0 0 0 1
Ye s 1 6 4 4 3 4 2 8
N o 3 4 4 1 6 2 2
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TABLE II - GLAUCOMA CHARACTERISTICS AT PRESENTAT I O N

C o u n t r y G re e c e H u n g a r y S p a i n R u s s i a p Va l u e

A ffected glaucoma eye <0.0001    

Right eye 9 1 1 1 6 8

Left eye 1 2 1 0 1 1 6

Both eyes 1 4 2 7 7 3 6

Neither 1 5 2 1 6 0

A ffected OHT eye 0 . 0 1

Right eye 3 2 3 4

Left eye 1 3 4 1 0 3

Both eyes 2 1 5 0

N e i t h e r 3 2 4 3 3 2 4 3

EXG material pre s e n t 0 . 0 0 7

Right eye 8 1 0 1 2 5

Left eye 1 9 7 7 6

Both eyes 2 3 3 3 3 1 3 9

IOP at baseline, mmHg 3 2 . 3 ± 7 . 7 3 1 . 8 ± 9 . 6 2 9 . 1 ± 7 . 3 2 6 . 7 ± 3 . 2 0 . 0 0 0 5

Baseline visual field rates < 0 . 0 0 0 1

0 2 3 1 6 1 6 2 8

1 5 0 1 1 6

2 1 1 8 7 6

3 1 1 5 4 0

4 8 5 2 2 0

To t a l 4 8 * 4 4 * 5 0 5 0

Baseline cup/disc ratio < 0 . 0 0 0 1

0 2 6 1 6 0

1 5 0 8 2

2 1 0 1 6 1 3 1 5

3 0 0 0 3 2

4 3 3 2 8 1 3 1

To t a l 5 0 5 0 5 0 5 0

*Not done due to decreased vision, patient being unreliable, or simply not done
OHT = Ocular hypertension; EXG = Exfoliation glaucoma; IOP = Intraocular pre s s u re

TABLE III - GLAUCOMA CHARACTERISTICS WITH FOLLOW-UP

C o u n t r y G re e c e H u n g a r y S p a i n R u s s i a p Va l u e

P ro g ression of study eye 0 . 0 4

Ye s 2 1 2 6 1 4 2 6

N o 2 9 2 4 3 6 2 4

Time to pro g ression, yr 2 . 9 ± 1 . 4 3 . 1 ± 2 . 5 4 . 5 ± 1 . 0 3 . 6 ± 1 . 8 0 . 0 8

Medicine changes 3 . 5 ± 1 . 7 2 . 7 ± 1 . 5 2 . 1 ± 1 . 1 1 . 3 ± 0 . 6 <0.0001  

Medications at end 1 . 4 ± 0 . 9 1 . 4 ± 0 . 9 0 . 7 ± 0 . 6 0 . 8 ± 0 . 7 < 0 . 0 0 0 1

Conventional glaucoma surg e r y 0 . 4 ± 0 . 8 0 . 4 ± 0 . 8 0 . 4 ± 0 . 5 0 . 6 ± 0 . 6 0 . 3 4

Laser trabeculoplasties 0 . 5 ± 0 . 5 0 . 6 ± 0 . 5 0 . 6 ± 0 . 5 0 . 3 ± 0 . 5 0 . 0 6

Average IOP over follow-up, mmHg 1 8 . 8 ± 2 . 5 2 0 . 8 ± 4 . 1 1 7 . 6 ± 3 . 6 1 8 . 8 ± 1 . 0 < 0 . 0 0 0 1

Follow-up time 5 . 1 ± 0 . 4 7 . 6 ± 3 . 5 6 . 3 ± 1 . 2 5 . 3 ± 0 . 8 < 0 . 0 0 0 1

IOP = Intraocular pre s s u re
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this study were patients with congenital, primary, nar-
row angle, or low-tension glaucoma (untreated pre s-
s u re never above 21 mmHg). Also excluded from this
study were patients thought to have pro g ressive non-
glaucomatous visual loss.

Data re c o rded during the follow-up period from each
visit included Goldmann applanation tonometry, eval-
uation of the ocular adnexa, and slit lamp biomicro s c o p y.
Routine follow-up visits typically were performed every
3 to 6 months. Dilated optic disc and visual field ex-
aminations generally were completed yearly or more
f requently if re q u i red. Visual fields in Spain and Gre e c e
w e re performed with a Humphrey 24-2 pro g r a m
( H u m p h rey Instruments, San Leandro, CA); in Hun-
gary the Octopus G1 program (Haag Streit Intern a-
tional, Koeniz-Berne, Switzerland) and in Russia the
Goldmann visual field test (Haag Streit Intern a t i o n a l )
w e re used. At dilated examinations the optic discs
w e re examined by stereoscopic techniques by all au-
thors, optic disc drawings were utilized by some au-
thors (G.H. and A.G.P.K.), and optic nerve head pho-
tography was utilized by one author (M.A.T.). The same
investigator evaluated each patient during the follow-
up period. The optic disc and visual field were grad-
ed on a scale from 0 to 4 with 0 being no change, 1
being trace, 2 being mild, 3 being moderate, and 4
being advanced. These terms are not defined for the
investigators, but were left to their discre t i o n .

The investigator determined clinical pro g ression fro m
the patient file. In each case pro g ression must have
been noted in the chart with the associated re a s o n .
G e n e r a l l y, criteria for pro g ression were an increase in
thinning of the neural rim or a worsening of glauco-
matous visual field loss. In patients with total glau-
comatous cupping and diffusely depressed visual fields,
worsened visual acuity was used also as a sign of
p ro g ression. Patients without pro g ression noted
w e re assumed to be stable. 

S t a t i s t i c s

All data were two-sided and unpaired. A value of 0.05
was selected to determine statistical significance. A
one-way analysis of variance test was used to analyze
data for patient age, mean IOP, the number of medi-
cine changes per year, the number of medicines on at
the end of the study, the follow-up term in years, and
the number of laser trabeculoplasties and trabeculec-

tomies per year (12, 13). Gonioscopy, cataract, sex,
a ffected eye(s) with glaucoma or exfoliation, visual acu-
i t y, optic disc, visual field, pro g ression, and study eye
w e re evaluated by a chi-square. A 0 to 4 grading sys-
tem was used to rank the severity of optic disc and vi-
sual field findings. For the follow-up portion of this tri-
al, if both eyes of a patient met the criteria for entrance
into the study, only one eye was randomly chosen to
be analyzed.

R E S U LT S

Patient characteristics

Table I characterizes the patients included in this
s t u d y. Statistical diff e rences existed between sites in
several clinical features of the disease. Both the Hun-
garian and Spanish patients were older at pre s e n t a-
tion, while the Greek patients were younger. In addi-
tion, patients in Hungary and Spain presented with
m o re visual loss, possibly associated with the gre a t e r
p revalence of cataract. There were no significant dif-
f e rences between study sites in sex and eye lateral-
i t y. All patients were white at each site.

Exfoliation glaucoma at pre s e n t a t i o n

D i ff e rences also existed among groups in the pre-
sentation of the exfoliation glaucoma (Tab. II). A gre a t e r
p e rcentage of patients in Russia had both eyes in-
volved with exfoliation material, while Greek patients
w e re more often unilateral. Glaucoma presented in
the highest percentage of patients in both eyes in Rus-
sia, followed by Hungary. Further, the number of pa-
tients presenting with glaucoma in at least one eye
was also highest in Russia (n = 50) and Hungary (n =
48). In addition, presenting untreated mean IOP was
highest and the optic disc cupping was greatest in
G reece and Hungary. However, the presenting visual
field severity was worse in Spain. 

L o n g - t e rm follow-up

The IOP over the follow-up period was significant-
ly diff e rent between groups, with Hungary having the
highest (20.8±4.1 mmHg) and Spain the lowest
(17.6±3.6 mmHg) (Tab. III). Of all the sites Spain had
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the fewest number of pro g ressed patients (n = 14),
while at the remaining sites approximately half the
patients were pro g ressed. The time to pro g ression did
not vary between sites (p=0.08). During the follow-up
period Russian patients had the fewest mean
changes in study medication per patient (1.3±0.6) and
G reek patients had the most (3.5±1.7). In contrast, at
the end of the follow-up period Spain had the fewest
mean number of medications (0.7±0.6) prescribed per
patient, while Greece and Hungary had the most (1.4±0.5).
The numbers of conventional glaucoma surgeries (i.e.,
t r a b e c u l e c t o m y, shunt pro c e d u res) or laser trabecu-
loplasties during the follow-up period were not sig-
nificantly diff e rent between the sites. Hungary sta-
tistically demonstrated the longest patient follow-up
time (p<0.0001).

D I S C U S S I O N

Exfoliation is believed by many investigators, although
not consistently, to present with more severe findings
than with primary open-angle glaucoma, although these
findings have not been consistent (14, 15). Jonas et
al and Tezel and Tezel showed more loss in neural rim
a rea and peripapillary atrophy in exfoliation patients
(16, 17). Hetherington has stated that an impre s s i o n
exists that patients with exfoliation glaucoma are at
g reater risk for visual loss than those with primary
open-angle glaucoma (18). Also, several investigators
have noticed that the IOP was higher in patients with
exfoliation than in patients with primary open-angle
glaucoma (17, 19, 20).

In addition, the long-term management of exfolia-
tion glaucoma is believed by many to be more diff i-
cult than primary open-angle glaucoma (1, 18, 21).
S p e c i f i c a l l y, Coburn and Gross stated that the field
loss and optic atrophy in exfoliation are more rapid
and associated with higher IOP (22). Blika and Saunte
showed that exfoliation patients were contro l l e d
long-term on a ß-blocker in only 8% of cases com-
p a red to 33% of patients with primary open-angle glau-
coma (23). 

B rooks and Gillies indicated that although exfolia-
tion patients initially had good control on medical ther-
apy they often needed surgery long term (21). Accord i n g l y,
Pohjanpelto showed long term that 35% of exfolia-
tion patients re q u i red trabeculectomy to control the

IOP compared to 18% of primary open-angle glau-
coma patients (24). 

R e c e n t l y, Konstas and associates prospectively com-
p a red the presentation and initiated response to the
t reatment of exfoliation glaucoma and primary open-
angle glaucoma patients (10). This study indicated that,
after accounting for age, patients with exfoliation glau-
coma present with a higher IOP and greater visual
field loss than patients with primary open-angle glau-
coma. Furthermore, exfoliation patients on average
needed more medication and surgical intervention (laser
or trabeculectomy) to gain initial control of the IOP
than patients with primary open-angle glaucoma (10). 

The purpose of this study was to evaluate the pre-
sentation and long-term treatment of exfoliation glau-
coma in four genetically distinct European populations.

This study found that the presentation of exfolia-
tion glaucoma diff e red between European population
g roups. Patients in Spain and Hungary presented at
a mean age of up to 12 years older than patients in
Russia and Greece. The Spanish and Hungarian pa-
tients also had greater visual loss at presentation. How-
e v e r, the greater prevalence of visual loss may have
been associated with the higher prevalence of
cataract associated with the older age of patients at
these sites. Although controversial, increasing evidence
has linked a higher prevalence of cataract in exfolia-
tion patients (1). Our data may indicate that the pre v a-
lence may vary across populations. 

In contrast, the Hungarian and Greek patients gen-
erally demonstrated more severe glaucoma at pre-
sentation, despite the mean diff e rence in age between
these sites. Both these sites had higher pre s e n t i n g
I O P, more optic nerve damage, and a higher perc e n t a g e
of patients with glaucoma (along with the Russians)
as compared to the Spanish site. 

It is not clear why the patients in Greece and Hun-
gary generally presented with more advanced glau-
coma, especially with the 12-year mean diff e rence in
p resenting age between these two sites. Genetic fac-
tors may have played a role in the diff e rences be-
tween age and the presenting severity of glaucoma
between various ethnic populations. Whether such a
supposed genetic diff e rence was based on the time
of onset of the production of exfoliation material or
the susceptibility of the optic nerve to damage is not
known. It also remains unclear if environmental fac-
tors or associated systemic medical conditions could
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have influenced the age and severity of pre s e n t a t i o n
of the exfoliation glaucoma.

S i m i l a r l y, over long-term follow-up, glaucoma was
m o re difficult to control in the Hungarian and Gre e k
sites. During the follow-up period the greatest num-
ber of medication changes to control IOP, the high-
est percentage of pro g ression (along with the Russian
site), and at the end of the follow-up period the most
number of medications re q u i red per patient were in
G reece and Hungary. Also, during the follow-up pe-
riod the Hungarian site showed the highest mean IOP. 

In contrast, the Spanish site, during the follow-up
period, demonstrated the lowest rate of pro g re s s i o n ,
the least re q u i red medication, and the lowest mean
I O P. Again, genetic factors may have played a role in
this diff e rence to response in therapy. However, it re-
mains unclear whether the genetic factors could be
associated with susceptibility to optic nerve damage
or response to medical or surgical treatment. Further,
compliance could play a role in Hungary or Greece if
patients were less willing to be compliant with the
p rescribed treatments and follow-up due to cultural
reasons. In addition, diff e rences in the long-term fol-
low-up could have resulted from differing tre a t m e n t
endpoints between study sites. Currently the most ef-
fective treatment endpoints for exfoliation glaucoma
a re not known.

The follow-up time was statistically greater for the
Hungarian site. The longer follow-up interval at this
site theoretically could have increased the number of
several parameters, including pro c e d u res performed,
p ro g ressed patients, and medicine changes. Howev-
e r, the time to pro g ression was statistically similar
among sites, usually occurring before 5 years of fol-
low-up. Afterwards, patients should have been bet-
ter controlled with less additional therapy changes
and pro g ression would be less likely to occur. Con-
s e q u e n t l y, the longer follow-up in Hungary pro b a b l y
did not allow for extra pro g ression or treatment al-
t e r a t i o n s .

These data are potentially important because they
indicate that exfoliation glaucoma patients may pre-
sent diff e rently in age and the extent of the disease
among relatively distinct population groups. In addi-
tion, this study showed that the ocular hypertensive
patient response and the results of the treatment could
d i ffer among populations. Consequently, these data
may suggest that characterizing the severity and age

of diagnosis as well as defining specific treatment re g-
imens and endpoints among geographically distinct
a reas may better assure timely detection and long-
term vision retention in exfoliation glaucoma patients.

The public health system in Greece, Hungary, Rus-
sia, and Spain is free and no obvious impediments
exist to keep patients from health care. Consequent-
l y, the status of the health care system should not
have influenced the results of this study. However,
since this was a re t rospective study, patients could
not be evaluated on an individual basis to determine
if obstacles to medical care existed that were not ac-
counted for in this study.

This study suggests that diff e rences in exfoliation
glaucoma prevalence, clinical presentation, and
long-term follow-up may exist between geographic
p o p u l a t i o n s .

This study did not evaluate long-term follow-up in a
p rospective manner. Such a prospective evaluation with
consistent uniform ophthalmic examination tech-
niques (including optic disc photographs, automated
p e r i m e t r y, and digital optic disc analysis techniques)
along with treatment regimens among groups would
better define diff e rences between populations. In ad-
dition, the re p resentative sites included in this study
may not reflect all population groups within their indi-
vidual countries. Further re s e a rch should help clarify
the diff e rences between populations of exfoliation pa-
tients and the presentation and response to tre a t m e n t .

This study did not receive sponsorship.
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