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SUMMARY – Th e progressive nature of glaucoma suggests it should be possible to detect struc-
tural changes such as retinal nerve fi ber layer (RNFL) thickness loss before the condition becomes 
clinically apparent with visual fi eld (VF) impairment. Th erefore, the aim was to analyze RNFL thick-
ness and VF changes in study groups with unilateral exfoliation syndrome (XFS), bilateral XFS and 
bilateral exfoliative glaucoma (XFG), and compare it with controls. Th e study included 114 subjects 
(228 eyes) divided into 4 groups according to the presence of exfoliation: 30 subjects with unilateral 
XFS (30 with clinically visible XFS and 30 fellow eyes), 24 subjects (48 eyes) with bilateral XFS, 28 
(56 eyes) subjects with bilateral XFG, and control group (32 subjects). All subjects underwent VF and 
RNFL measurements after ophthalmologic examination. Both eyes of unilateral XFS (clinically 
 visible and fellow eye) showed positive correlation between Mean Defect (MD) and square root of 
Loss of Variance (sLV) and between MD and inferior quadrant RNFL thickness. In bilateral XFS 
and XFG, there was negative correlation between MD and inferior quadrant RNFL thickness. Infe-
rior, superior and nasal quadrant RNFL thickness was lower in XFG group than in other groups. In 
bilateral XFS group, the inferior quadrant RNFL thickness was lower as compared with unilateral 
XFS group (in both eyes). Th e mean RNFL thickness negatively correlated with MD in bilateral XFS 
and XFG groups. In conclusion, structural changes before VF impairment have an important role in 
early detection of glaucoma in subjects at risk.
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Introduction

Exfoliation syndrome (XFS) is the most common 
cause of secondary open angle glaucoma. It accounts 

for an estimated 25% of the open angle glaucoma 
worldwide1. Th e glaucoma associated with XFS is 
characterized by elevated intraocular pressure (IOP), 
often with very high levels, and is associated with in-
creased resistance to aqueous outfl ow. Th e potential 
mechanisms of glaucoma in XFS include blockage of 
the trabecular meshwork by exfoliation material and 
by liberated iris pigment, trabecular cell dysfunction, 
and degenerative changes of Schlemm’s canal. In addi-
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tion, involvement of the iris, lens and blood vessels 
leads to anterior segment hypoxia, chronic blood aque-
ous barrier breakdown, cataract, and abnormalities of 
ocular blood fl ow2. Exfoliation syndrome is basically 
bilateral with asymmetric clinical appearance, related 
with the rate of production and accumulation of the 
exfoliation material in each eye3. Conversion from 
clinically unilateral to asymmetric bilateral XFS or ex-
foliative glaucoma (XFG) has already been reported4-6. 
Recent researches have shown that clinically unilateral 
form is not really unilateral. Th is condition is rather 
asymmetric because in clinically unilateral forms, ex-
foliative material is proven by immunohistochemical 
methods in iris blood vessels, pupil dilator and con-
junctiva without visible exfoliation. Subtle ultrastruc-
tural alterations such as microfi brillar deposits in the 
dilator muscle or in the periphery of iris vessels can be 
observed virtually in all contralateral eyes in clinically 
unilateral cases7, supporting the concept that XFS is a 
bilateral disease with clinically asymmetric manifesta-
tions.

Glaucoma is a slowly progressive optic neuropathy 
that is usually associated with ocular hypertension. 
Progressive deformation of the optic nerve head re-
sulting from hypertension leads to cup formation and 
destruction of the retinal nerve fi bers. Th is neuropathy 
in turn leads to visual fi eld (VF) impairment. Eyes 
with XFS are under greater risk of ocular ischemic 
conditions, not only because of IOP rise and fl uctua-
tions, but also because of pathological vascular altera-
tions associated with exfoliation which lead to hypoxia 
of the eye2. It has been proposed that the exfoliation 
process itself might, to some extent, be a risk factor for 
glaucomatous optic disc changes8. Th e progressive na-
ture of glaucoma suggests it should be theoretically 
possible to detect structural changes in the retina and 
optic nerve before the condition becomes clinically ap-
parent with VF loss9.

Before there is a detectable change on VF, morpho-
logical changes can already exist, such as retinal nerve 
fi ber layer (RNFL) thickness loss. Th is happens in the 
eyes at risk especially with exfoliation and it is the 
main sign of early glaucomatous damage. Th erefore, 
the aim of the study was to compare RNFL thickness 
and VF changes in the groups of subjects with unilat-
eral and bilateral XFS and with bilateral XFG. Th e 
groups of subjects were compared with healthy sub-
jects in order to determine diff erences between them.

Subjects and Methods

Th is prospective study was performed between 
January 2012 and December 2013 at the Sestre mi-
losrdnice University Hospital Center, Department of 
Ophthalmology, Zagreb, Croatia. Th e study included 
114 subjects (228 eyes) divided into 4 groups accord-
ing to the presence of exfoliation: 30 subjects with uni-
lateral syndrome, 24 subjects with bilateral syndrome, 
28 subjects with bilateral glaucoma, and control group 
without the presence of glaucoma or syndrome (32 
subjects). Th e group with unilateral syndrome (60 
eyes) were divided into two subgroups of 30 eyes de-
pending on whether biomicroscopically detectable ex-
foliation or no detectable exfoliation was found in the 
contralateral (fellow) eye. All subjects were older than 
50 years. Th e Hospital Ethics Committee approved 
the study and an informed consent was obtained from 
all subjects in writing. All subjects underwent com-
plete ophthalmologic examination including the fol-
lowing: medical history (including ocular and family 
histories), best corrected visual acuity according to 
Snellen, slit lamp examination, Goldmann applana-
tion tonometry, gonioscopy, and biomicroscopy with a 
plus 78-D lens. Standard VF testing (Octopus® Visual 
Field analyzer with G standard white/white Dynamic 
program; Haag-Streit AG, Switzerland) was per-
formed and changes of Mean Defect (MD) and square 
root of Loss of Variance (sLV) were recorded. All eyes 
underwent optical coherence tomography (OCT) us-
ing spectral-domain high defi nition OCT (Cirrus 
HD-OCT, Carl Zeiss Meditec, Dublin, CA, USA) 
after pupillary dilation with 10% phenylephrine hy-
drochloride. Th e RNFL thickness was obtained using 
the Optic Disc Cube protocol 200x200. In the study, 
we compared the measured mean and quadrant RNFL 
thickness with MD in automated VF, which is the 
most important index related to global damage in 
glaucoma.

In each participant, all examinations were per-
formed during a single day.

Th e main inclusion criteria were the appearance of 
unilateral or bilateral XFS and the existing bilateral 
XFG.

Exfoliation syndrome was defi ned as the presence 
of exfoliation material on the anterior lens capsule or 
at the pupillary border, which was detected biomicro-
scopically after pupillary dilation. In this study, XFS 
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subjects were those without glaucomatous disc chang-
es or VF defects, while XFG subjects also had these 
changes and treatable IOP besides exfoliation. Healthy 
subjects as a control group were subjects aged above 50 
years without the presence of exfoliation and without 
any glaucomatous changes. Th is group of subjects in-
cluded those who visited our Department for routine 
ophthalmologic evaluation.

Exclusion criteria were the presence of any ocular 
disease that might interfere with the VF test results or 
RNFL thickness loss, such as corneal opacities, sig-
nifi cant cataracts precluding clear fundus viewing, 
retinal lesions, history of ischemic, compressive or in-
fl ammatory optic neuropathies, refractive errors higher 
than ±4 diopters, previous ocular surgery, ocular in-
fl ammation, and trauma.

Statistical analysis

Results were expressed in the parameters of de-
scriptive statistics, absolute and relative frequencies for 
qualitative variables, and for quantitative variables we 
used arithmetic mean and standard deviation (SD), as 
well as median, minimal and maximal values in cases 
where distribution did not follow gaussian curve.

Th e χ2-test was used on analysis of diff erences of 
qualitative variables among the groups. Correlation 
between functional and structural parameters was 

studied using Spearman’s correlation coeffi  cient. Sta-
tistical signifi cance and correlation was set at 5%.

Results

In the total of 114 subjects, there were 54 (47.37%) 
men and 60 (52.63%) women. Th ere were 12 (40.00%) 
men and 18 (60.00%) women in the unilateral XFS 
group, and 14 (58.33%) men and 10 (41.67%) women 
in the bilateral XFS group. In the bilateral XFG group, 
there were 14 (50.00%) men and 14 (50.00%) women. 
In the control group, there were 14 (43.75%) men and 
18 (52.63%) women.

Th e mean (±SD) age was 80.39±4.04 years in the 
bilateral XFS group; 77.67±5.79 in the unilateral XFS 
group; 71.25±5.96 in the bilateral XFG group; and 
75.69±5.68 in the control group of healthy subjects.

In the XFG group, 7 of 56 (12.5%) eyes had nor-
mal RNFL thickness in inferior quadrant, 20 of 55 
(35.71%) eyes in superior quadrant, 52 (92.86%) eyes 
in nasal quadrant, and 39 (69.64%) eyes in temporal 
quadrant. In the bilateral XFS group, 27 of 48 (56.25%) 
eyes had normal RNFL thickness in inferior quadrant, 
46 (95.83%) eyes in superior quadrant, 44 (91.67%) 
eyes in nasal quadrant, and 46 (95.83%) eyes in tempo-
ral quadrant. In the unilateral XFS group, there were 
25 of 30 (83.33%) eyes with visible XFS and 26 of 30 

Table 1. Values of examined variables in study groups

 
Unilateral XFS 
(fellow eyes) 
(n=30)

Unilateral XFS 
with exfoliation 
(n=30)

Bilateral XFS 
syndrome
(n=48)

Bilateral XFG 
(n=56)

Control
(n=64)

Mean ± SD Mean ± SD Mean ± SD Mean ± SD Mean ± SD

Inferior RNFL
thickness (μ)

 98±10.6 98.3±11.2 94.4±11.5 73.0±13.9 103.8±11.5 1.5

Superior RNFL
thickness (μ)

99.6±10.6 98.3±10.4 102.5±14.8 84.0±9.2 104.4±7.5 7.5

Nasal RNFL
thickness (μ)

74.4±7.4 74.1±8.5 73.0±8.3 58.5±7.2 59.8±9.6 9.6

Temporal RNFL 
thickness (μ)

60.8±8.7 61.1±7.8 58.5±8.5 55.3±13.1 59.1±7.6 7.6

Mean
RNFL thickness (μ)

83.7±6.0 83.0±6.0 81.8±5.4 69.3±10.3 82.3±4.9 4.9

MD* (dB) 0.5 (0-4) 2.0 (0-10) 2.0 (0 - 2) 10.0 (2-22) 1.0 (0-3) 

sLV * (dB) 2 (1-4)  2.0 (1-11) 2.0 (1-3) 2.0 (2-9) 2.0 (2-2)

MD = Mean Defect; sLV = square root of Loss of Variance; XFS = exfoliation syndrome; XFG = exfoliation glaucoma; RNFL = retinal 
nerve fi ber layer; *median (min-max)
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(86.67%) fellow eyes without visible exfoliation with 
normal RNFL thickness in inferior quadrant. In this 
group, there were 27 of 30 (90.00%) eyes with visible 
XFS and 29 of 30 (96.67%) fellow eyes with normal 
RNFL in superior quadrant. In nasal and temporal 
quadrants, all eyes from this group had normal RNFL 
thickness (100%).

In the control group, there were 63 of 64 (98.44%) 
eyes with normal RNFL thickness in inferior quad-
rant, while in other quadrants all eyes had normal 
RNFL (100%).

Analysis of the mean RNFL thickness showed that 
the smallest number of eyes were within the reference 
values in the XFG group (9 of 56; 16.07%), followed 
by bilateral XFS (32 of 48; 66.67%) and unilateral 
XFS (the same percentage in clinically visible and fel-
low eye, 22 of 30; 73.33%).

Fig. 1. Inferior RNFL quadrant thickness among study 
groups (**reference values, 89.4-138.3 μ).

(A) unilateral PEX syndrome – fellow eye; (B) unilateral PEX syn-
drome – clinically manifested; (C) bilateral PEX syndrome; (D) 
bilateral PEX glaucoma; (E) controls; o = outlier (1.5* interquartile 
range); *outlier (3* interquartile range)

Fig. 2. Superior RNFL quadrant thickness among study 
groups (**reference values, 88.9-136.7 μ).

(A) unilateral PEX syndrome – fellow eye; (B) unilateral PEX syn-
drome – clinically manifested; (C) bilateral PEX syndrome; (D) 
bilateral PEX glaucoma; (E) controls; o = outlier (1.5* interquartile 
range); *outlier (3* interquartile range)

Fig. 3. Nasal RNFL quadrant thickness among study 
groups (**reference values, 50.0-86.2 μ).

(A) unilateral PEX syndrome – fellow eye; (B) unilateral PEX syn-
drome – clinically manifested; (C) bilateral PEX syndrome; (D) 
bilateral PEX glaucoma; (E) controls; o = outlier (1.5* interquartile 
range)

Fig. 4. Temporal RNFL quadrant thickness among study 
groups (**reference values, 45.1-82.2 μ).

(A) unilateral PEX syndrome – fellow eye; (B) unilateral PEX syn-
drome – clinically manifested; (C) bilateral PEX syndrome; (D) 
bilateral PEX glaucoma; (E) controls; o = outlier (1.5* interquartile 
range)
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In the control group, there were 63 of 64 (98.44%) 
eyes with reference mean RNFL thickness value.

Table 1 shows the values of examined variables 
(mean and quadrant RNFL thickness and VF indices) 
in the groups of subjects. Comparison of RNFL thick-
ness in quadrants among groups of subjects is illus-
trated in Figures 1-4. Th e mean RNFL thickness is 
shown in Figure 5. Table 2 shows correlation of MD 

with sLV, mean and quadrant RNFL thickness in 
study groups.

In the group of unilateral XFS, both fellow and 
clinically visible eyes showed that with the increase of 
MD value, there was a signifi cantly higher value of 
sLV (p=001; p=0.008), as in inferior RNFL quadrant 
thickness (p=0.045; p=0.030). In bilateral XFS, with 
increase of MD values there was a signifi cant decrease 
of inferior RNFL quadrant thickness (p<0.001) and 
superior quadrant thickness (p<0.001). In patients 
with XFG and increased MD value, sLV also increased 
(p<0.001) but inferior quadrant thickness decreased 
(p<0.001). Th e mean RNFL thickness was signifi cant-
ly linked to MD in unilateral XFS (p=0.008), bilateral 
XFS (p=0.001) and bilateral XFG (p=0.001), but in-
crease in MD values showed negative correlation with 
the mean RNFL thickness only in the bilateral XFS 
and XFG groups.

Discussion

Th e glaucomas are chronic, progressive optic neu-
ropathies that have in common characteristic morpho-
logical changes in the optic disc and RNFL. Function-
al changes detectable as VF loss are associated with 
these changes. Th e gold standard in glaucoma diagno-
sis are functional changes proven with standard auto-
mated perimetry (SAP) and morphological changes of 

Fig. 5. Mean RNFL thickness among study groups 
(**reference values, (>80).

(A) unilateral PEX syndrome – fellow eye; (B) unilateral PEX syn-
drome – clinically manifested; (C) bilateral PEX syndrome; (D) 
bilateral PEX glaucoma; (E) controls; o = outlier (1.5* interquartile 
range)

Table 2. Correlation of MD with sLV and structural parameters

MD/Unilateral 
XFS (fellow eye) 
(n=30)

MD/Unilateral 
XFS with 
exfoliation (n=30)

MD/Bilateral 
XFS (n=48)

MD/Bilateral 
XFG (n=56)

MD/Control
(n=64)

 r p r p r p r p r p

sLV (dB) 0.54 0.002 0.48 0.008 0.09 0.554 0.57 <0.001 -0.11 0.370

Inferior RNFL
thickness (μ)

0.37 0.045 0.40 0.030 -0.57 <0.001 -0.52 <0.001 -0.39 0.002

Superior RNFL
thickness (μ)

0.15 0.423 0.33 0.072 -0.52 <0.001 -0.17 0.193 -0.06 0.619

Nasal RNFL
thickness (μ)

0.02 0.931 -0.13 0.490 -0.10 0.500 0.31 0.020 -0.34 0.006

Temporal RNFL 
thickness (μ)

-0.35 0.057 -0.10 0.592 -0.14 0.351 -0.46 <0.001 -0.20 0.120

Mean RNFL 
thickness (μ)

0.15 0.438 0.48 0.008 -0.46 0.001 -0.64 <0.001 -0.40 0.001

MD = Mean Defect; sLV = square root of Loss of Variance; XFS = exfoliation syndrome; XFG = exfoliation glaucoma; RNFL = retinal 
nerve fi ber layer; p<0.05
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optic disc. Structural changes on optic disc may occur 
prior to functional changes in VF, which is proven by 
imaging techniques such as OCT. Th e majority of 
published scientifi c papers dealing with diagnostic 
precision of OCT estimated the ability of the device to 
distinguish patients with glaucomatous VF damage 
from healthy population. Although these papers con-
fi rm the value of devices, they also have some limits. It 
is proven that a substantial number of retinal ganglion 
cells have to be damaged before it can be detected with 
SAP. In their study, Quigley et al. suggest that VF 
damage, analyzed with SAP, can be detected after 
damage to 30% of ganglion cells10. Harweth et al. sug-
gest that 40%-50% of damage to ganglion cells is 
needed, so that the loss of retinal sensitivity would ex-
ceed the usual 95% confi dence interval (95% CI)11. It 
limits diagnostic value of RNFL thickness measure-
ment by OCT in subjects with early and moderate de-
fects in VF. However, early detection of glaucoma is of 
great diagnostic value for patients without VF damage, 
in a condition known as preperimetric glaucoma. In 
their study, Sommer et al. claim that 60% of patients 
with ocular hypertension lose RNFL thickness up to 6 
years prior to the appearance of VF damage recorded 
by SAP, but 88% of patients have recorded loss of 
RNFL thickness during VF loss recorded by SAP12. In 
the Ocular Hypertension Treatment Study, structural 
optic disc changes were detected prior to or during VF 
loss in 60% of patients13. Th ese patients with preperi-
metric glaucoma have greater contribution of struc-
tural changes in comparison to functional disorders14. 
Th erefore, many studies base glaucoma diagnosis on 
the presence of preperimetric changes.

Th e key in glaucoma management is early detec-
tion due to the fact that detection in the earliest stage 
has greatest success in lowering irreversible visual 
function damage.

Th e present study analyzed 114 subjects (228 eyes) 
divided into 4 groups based on the presence of pseu-
doexfoliation in the eye, be it unilateral or bilateral 
XFS or bilateral XFG, while the control group includ-
ed subjects without exfoliation and without glaucoma.

When analyzing values of the examined variables 
by groups, subjects without functional changes showed 
structural damage, while in subjects with VF defects 
greater structural damage was recorded (Table 1, Figs. 
1-5). Th e measured values of RNFL thickness in the 
group with bilateral XFG were lower than in other 
groups (Table 1).

Medeiros et al. pointed out some limitations of us-
ing OCT in the measurement of RNFL thickness15. It 
has been shown that subjects with larger optic disc 
have greater RNFL thickness values, while subjects 
with smaller optic disc have lower RNFL thickness. 
Th is correlation was also supported by histologic stud-
ies, which found a large number of nerve fi bers in large 
optic nerve head16. Alternative explanation of lower 
diagnostic OCT value in subjects with large optic disc 
can be the fact that RNFL thickness is measured in 
the area closer to the optic nerve head.

In his study, Rao examined patients with bilateral 
and unilateral XFS and concluded that the subjects 
with bilateral XFS had a signifi cantly thinner RNFL 
than subjects with unilateral XFS. Th ose subjects had 
normal IOP values and did not have clinically visible 
glaucomatous damage, and also matched with the 
groups of subjects with unilateral and bilateral XFS. 
Conclusions of the study suggest an IOP independent 
mechanism for ischemic neuropathy in exfoliative eyes 
(ischemic episodes which lead to glaucomatous dam-
age are likely to be the result of change in blood vessels 
in XFS)17. Electron microscopy confi rmed the pres-
ence of exfoliation material in fellow eye with unilat-
eral XFS18. Another study reports that patients with 
unilateral XFS had the same IOP value on both eyes 
during the follow up. Changes in optic nerve head 
were only recorded in the eyes with clinically visible 
exfoliation. Th is proves that exfoliative process can 
represent a risk factor for optic disc damage develop-
ment. In addition, other factors participate in the 
pathogenesis of glaucoma, such as dispersion and ac-
cumulation of melanin granules, vascular factors, and 
changes in connective tissue of lamina cribrosa19.

Th e research by Radius showed thinner RNFL in 
the eyes with exfoliation in comparison to control 
group without exfoliation which were of approximate-
ly the same age and fellow eyes without exfoliation in 
bilateral XFS20. Correlation of RNFL thinning and 
possible glaucomatous damage in these eyes can only 
be confi rmed by long term follow up21.

Our study results showed that in unilateral XFS, 
both eyes (clinically visible and fellow eye) MD and 
sLV correlated positively with the inferior quadrant 
thickness. However, this was not the case in bilateral 
XFS, especially in the case of XFG, where we found 
negative correlation between structural and functional 
parameters. For this XFG group, it was expected due 
to the presence of glaucoma (Table 2). Th ese structural 
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changes in bilateral XFS group have an important role 
in early detection of glaucoma for any subjects who are 
at risk.

Th e inferior, superior and nasal quadrant RNFL 
thickness was lower in XFG group than in other 
groups. In bilateral XFS group, there was lower infe-
rior quadrant RNFL thickness than in the unilateral 
XFS group (both eyes). In unilateral XFS group, both 
eyes (clinically visible and fellow eye) showed approxi-
mately the same value (Table 1).

Th ere is a great number of evidence that subjects 
with glaucoma can be detected with RNFL thickness 
measurement by quadrants. Studies that assessed diag-
nostic value of few OCT parameters showed the lower 
quadrant thickness to be the best indicator for distin-
guishing healthy eyes from the eyes with early to mod-
erate VF defects, with 67%-89% sensitivity and speci-
fi city higher than 90%22-24.

Colen and Lemij suggest that the mean RNFL 
thickness is the best indicator for early glaucoma de-
tection25. A study by Taliantzis et al. demonstrated sig-
nifi cant correlation between the mean RNFL thick-
ness and VF indicators26. Diff erences among studies 
were probably caused by diff erent characteristics of 
subjects, for example, stage of VF damage.

In his histologic paper, Radius reports that RNFL 
is thicker in the peripapillary part in relation to pe-
riphery. RNFL is also thicker in superior and inferior 
quadrants, and thinner in nasal and temporal quad-
rants, which can be explained by arcuate order of nerve 
fi bers, which converge towards optic nerve head. His-
tologic studies of RNFL are important in order to 
confi rm its thickness measured by noninvasive meth-
ods such as OCT. RNFL thickness in peripapillary 
section matches the physiological shape of neuroreti-
nal rim optic nerve head, which is thickest on the infe-
rior sector, followed by superior, nasal and temporal 
sectors20. Th is sequence of disc sectors has been abbre-
viated as the ISNT rule.

In human enucleated eyes with absolute glaucoma, 
Dichtl et al. found the average value of 40 μ in the re-
maining RNFL, without signifi cant diff erence among 
quadrants27. It is considered that this matches glial tis-
sue of RNFL, which represents 20%-30% of total 
RNFL thickness in normal eyes.

Diff erent factors can correlate with the loss of 
RNFL thickness that originates with glaucoma. Quig-
ley et al. have shown that sectoral diff erences in the 
structure of lamina cribrosa can be related to the 

order of nerve fi ber loss, which originates from glauco-
ma28. Lamina cribrosa demonstrates larger holes and 
soft connective tissue among them in superior and in-
ferior optic disc sector in comparison with nasal and 
temporal sectors. Th is confi guration causes larger de-
formation of lamina cribrosa in superior and inferior 
sectors of optic disc, which can be related to larger 
damage to axons in these sectors. With IOP increase, 
inferior and superior parts of lamina cribrosa suff er 
greater deformation because of straining. It occurs be-
cause of soft connective tissue that leads to higher 
compression and axonal damage in these sectors. Th e 
fact is that Quingley et al. demonstrated pronounced 
deformation of lamina cribrosa towards posteriorly in 
superior and inferior sectors of enucleated human eyes 
with glaucoma27. Th is fi nding was confi rmed by other 
authors as well29.

In our study, the mean RNFL thickness showed 
negative correlation with MD in eyes in bilateral XFS 
and XFG (Table 2). In the bilateral XFS group, this 
might be a valuable indicator for early glaucoma dam-
age (preperimetric glaucoma), while in the XFG group 
it denotes severe damage.

Likewise our study, Lopez-Pena et al.30, Schumann 
et al.31, and Hoh et al.32 published results that support 
the statement on strong correlation between OCT in-
dicators and SAP with higher correlation to diff use 
damage of VF represented by MD. In their results, 
they emphasized that the higher the damage, the 
stronger was the correlation between VF and OCT 
parameters.

Th e importance of and relation between functional 
and structural diagnostic methods are currently the 
subject of research in recent glaucoma diagnosis.

Conclusion

In everyday clinical practice, special attention should 
be paid to eyes with exfoliation regardless of IOP values 
and glaucoma damage. Structural changes such as 
RNFL thickness loss can occur with or without VF 
changes in those eyes. Th e same changes are to be ex-
pected in both eyes in subjects with unilateral XFS.
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Sažetak

STRUKTURNO-FUNKCIJSKI ODNOS PROMJENA POKAZATELJA VIDNOG POLJA 
S KVADRANTNOM I PROSJEČNOM DEBLJINOM MREŽNIČNOG SLOJA ŽIVČANIH VLAKANA 

U OČIMA S EKSFOLIJACIJOM

K. Novak Lauš, Ž. Tomić, M. Šimić Prskalo, R. Iveković, V. Lacmanović Lončar, I. Petric Vicković, 
V. Rogošić, T. Tomić i Z. Prskalo

Progresija glaukoma upućuje na to da se strukturne promjene kao što je gubitak mrežničnog sloja živčanih vlakana mogu 
otkriti prije nego što nastupi oštećenje vidnog polja. Cilj rada je bio analizirati debljinu sloja živčanih niti i promjene u vid-
nom polju u skupinama ispitanika s jednostranim i obostranim eksfolijativnim sindromom i obostranim eksfolijativnim 
glaukomom te ih usporediti s kontrolnom skupinom. Kod 114 ispitanika (228 očiju) podijeljenih u 4 skupine prema prisut-
nosti eksfolijacije: 30 ispitanika s jednostranim sindromom (30 s klinički vidljivim sindromom i 30 pratećih očiju), 24 ispita-
nika (48 očiju) s obostranim eksfolijativnim sindromom, 28 (56 očiju) ispitanika s obostranim glaukomom i 32 ispitanika u 
kontrolnoj skupini učinjeno je vidno polje i mjerenje debljine živčanog sloja mrežnice nakon oftalmološkog pregleda. Oba su 
oka jednostranog eksfolijativnog sindroma (klinički vidljivog i kod pratećih očiju) pokazala pozitivnu korelaciju između 
srednjeg defekta i pokazatelja lokaliziranog defekta vidnog polja te srednjeg defekta i donjeg kvadranta debljine mrežničnog 
sloja živčanih niti. U obostranom eksfolijativnom sindromu i obostranom glaukomu postojala je negativna korelacija između 
srednjeg defekta vidnog polja i debljine živčanih niti donjeg kvadranta. U obostranom eksfolijativnom sindromu postojalo je 
stanjenje mrežničnog sloja živčanih stanica donjeg kvadranta u odnosu na ispitanike s jednostranim eksfolijativnim sindro-
mom (u oba oka). Prosječna debljina živčanog sloja mrežnice bila je u negativnoj korelaciji s prosječnim defektom vidnog 
polja u obostranom eksfolijativnom glaukomu i obostranom sindromu. U zaključku, strukturne promjene prije pojave ošte-
ćenja vidnog polja imaju značajnu ulogu u ranom otkrivanju glaukoma kod osoba koje spadaju u rizičnu skupinu.

Ključne riječi: Glaukom; Živčana vlakna; Vidna polja; Eksfolijativni sindrom; Hrvatska



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.66667
  /EncodeMonoImages true
  /MonoImageFilter /FlateEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


