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Objective: To show morphologic and angiographic changes in the peripheral retina in patients with age-
related macular degeneration (AMD) using wide-field fundus imaging, and to compare these findings with
those from healthy controls.

Design: Cross-sectional clinical study.
Participants: In total, 152 patients with clinical AMD and 150 healthy controls (without AMD in either macula)

were studied. Subjects were �50 years of age. Exclusion criteria were diabetic retinopathy, previous retinal
surgery, high myopia, or dense cataract, as well as any retinal inflammatory, degenerative, or occlusive disease.

Methods: For both groups of patients, color fundus images were captured with the Optos P200 MA camera
(Optos, Dunfermline, Scotland). Image analysis software was used to characterize each image. Angiography was
performed on the AMD group only. Morphological and angiographic peripheral retinal changes were studied per
the frequency of their occurrence, the affected peripheral retina (clock hours), and the localization of peripheral
changes with regard to the eye equator. Statistical significance was defined at a level of P < 0.05.

Main Outcome Measures: Peripheral changes in both groups according to their type and frequency (per-
centage of eyes with detected retinal changes), the number of clock hours of affected peripheral retina, and their
localization with regard to the equator of the eye.

Results: Drusen, reticular pigmentary changes, and paving stone degeneration occurred more frequently in
the AMD group than in controls (P < 0.001, P < 0.001, and P < 0.001 respectively), whereas white without
pressure occurred more frequently in the control group (P ¼ 0.027). In both groups, peripheral retinal changes
were observed peripheral to the equator in more than 40% of analyzed eyes. In control Croatian subjects,
peripheral drusen were seen in 38% of subjects compared with 68% of AMD subjects.

Conclusion: Drusen, reticular pigmentary change , and paving stone degeneration occur significantly more
frequently in subjects with AMD compared with controls. White without pressure degeneration was present in a
high percentage of control subjects. Ophthalmology Retina 2017;-:1e8 ª 2017 by the American Academy of
Ophthalmology
Age-related macular degeneration (AMD) is the most
prominent cause of central visual acuity loss in the population
older than 50 years.1e4 The wet form of AMD is a more
serious condition than dry AMD because, if it is not treated,
the central visual acuity can be permanently lost within a
short time. Therefore, it is important to assess the risk of
progression from the dry type to the wet type of the disease.

According to many population studies on AMD preva-
lence conducted in Norway,5 Greece,6 and the United
Kingdom,7 AMD will become more prevalent in the next
15 years due to an increase in the percentage of elderly
people in the population.8

Recent data suggest that the retinal periphery can exhibit
some important morphological changes, such as peripheral
drusen and reticular pigmentary changes, which are
frequently connected with the wet form of AMD.3e12

Disease progression is usually documented using fundus
cameras that image only the posterior part of the retina in a
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single field, which accounts for 45�e50� of the entire
retina.1e21 In those studies, the retinal periphery outside of
the central 50� was not visualized nor analyzed, and
consequently those results are insufficient to characterize
retinal peripheral changes.

In recently published studies,22e24 wide-field cameras
were used in AMD patients mainly to record peripheral
retinal changes and their autofluorescence characteristics.
However, to our knowledge, few studies if any recorded and
analyzed peripheral fluorescein angiographic changes in
AMD patients.

The purpose of this clinical study was to compare
morphological characteristics of peripheral retinal changes
between AMD patients and a healthy control group, and to
compare the peripheral retinal changes between the 2 AMD
types according to type, frequency, retinal periphery
involvement, and localization of observed retinal changes in
relation to the equator of the eye.
1http://dx.doi.org/10.1016/j.oret.2017.06.013
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Participants and Methods

Subject Recruitment

This cross-sectional clinical study included 152 patients with
clinical signs of AMD and 150 healthy controls >50 years of age.

Ethics committee approval (EP-7999/11e11) was obtained for
procedures used in the study design, which are consistent with the
tenets of the Declaration of Helsinki. Informed consent was ob-
tained from all patients before study participation.

Eligibility for the study in a group of patients with clinical signs of
AMD (AMD group) was determined according to international clas-
sification of AMD.3,4 Healthy controls (control group) were partici-
pants >50 years of age, without clinical signs of AMD. Exclusion
criteria for both groups were diabetic retinopathy, retinal inflamma-
tion, degenerative and occlusive diseases, previous retinal surgery,
high myopia (>6 drusen), dense cataract, and allergy to medications
used in the study, such as sodium fluorescein and mydriatics.

After signing informed consent forms, the medical history,
including smoking, kidney function, and allergy to drugs and
contrast media, was taken for all participants.

All subjects were examined using biomicroscopy (both eyes) in
order to determine lens status in phakic patients according to Lens
Opacities Classification System III25 and in pseudophakic patients
according to posterior capsule opacification. Fundus examination
was performed using a noncontact handheld lens (66 D) and a
slit lamp to determine the presence/absence of AMD clinical signs.

Macular OCT (Cirrus spectral domain; Carl Zeiss, Oberkochen,
Germany) and wide-field imaging (Optomap P 200 MA, Optos)
were obtained for each subject.
Wide-field Image Acquisition

All participants had both eyes dilated with mydriatic solutions
(mixture of tropicamide 2% and neosynephrine 10%) to facilitate
the capture of high-quality images.

Native-color images of each eye included the macular area
obtained with the Optos Resmax program, whereas the periphery
was scanned with the Optomap Plus program (Optos) to document
the upper and lower hemisphere of each fundus.

Fluorescein angiographic (FA) images were obtained with the
Optomap FA program (Optos) in the AMD group only. The ob-
tained images were included in the analysis only if they were of high
quality and if it was possible to analyze >270� of retinal periphery.

Color and FA images were graded by masked graders for the
presence of peripheral reticular pigmentary changes (RPCs); pe-
ripheral drusen; hyperpigmented changes, such as nevi and pig-
mented clumping; and hypopigmented changes, such as atrophic
areas or retinal pigment epithelium depigmentation. Other degen-
erative retinal changes, such as paving stone degeneration (PS),
lattice degeneration, white without pressure (WWP), snail tracks,
retinoschisis, atrophic holes, neovascularization, synchysis, vitre-
ous opacities, microaneurysms, leakage, and capillary non-
perfusion zones were also noted if present.

The observed retinal changes were analyzed according to type,
extent as measured in clock hours, and localization of changes with
regard to the eye equator. A drusen together (DT) group was divided
into 2 subgroups: a dense drusen (D) subgroup with>20 drusen in 1
clock hour of peripheral retina, and a sporadic or rare density drusen
(DS) subgroup with<20 drusen in 1 clock hour of peripheral retina.
FA images were graded according to the presence of hyper- or
hypofluorescence of the observed peripheral retinal changes.

Each participant had both of their eyes analyzed, whichmeans that
the 2 eyes shared the same biological environment, sowe assumed the
findings for those eyes to be similar in our statistical analysis.
2

All images were analyzed by a special computer scheme,
applied on each image, that included superimposing 3 circles to
define the posterior pole, the equator, and the periphery of the eye.
The first interior (smallest circle) had a diameter of 4 optic disc
diameters (DDs) (4 DD ¼ 6000 mm) with the center placed at the
fovea, and this demarcated as the posterior pole. The region outside
of this circle was regarded as the retinal periphery, which in turn
was divided into pre-equatorial (peripheral to the equator), equa-
torial, and postequatorial regions. The equatorial retina was defined
by an annulus made of 2 circles, with center at the optical center of
the eye and radii of 7 and 9 DD (Fig 1). All images were reviewed
independently by 2 retinal specialists, and their results were
compared for consistency.

Statistical Analysis

The frequency of morphological and angiographic retinal changes
in each study group was described by absolute frequency and
corresponding percentages, whereas the extent of changes
measured in clock hours was described by medians and inter-
quartile ranges (25th and 75th percentiles). Differences in
categorical data between the studied groups were analyzed by the
chi-square test, whereas differences in quantitative data were
analyzed by the ManneWhitney U test.

Data consistency between 2 retinologists (Z.V., and B.A.D.)
was assessed by the k weight coefficient. A P value <0.05 was
considered significant. We used MedCalc Statistical Software,
version 12.7.8 (MedCalc Software bvba, Ostend, Belgium; http://
www.medcalc.org) for data analysis.

Results

In accordance with inclusion and exclusion criteria, 152 patients
(304 eyes) with clinical signs of AMD and 150 healthy subjects
(300 eyes) were enrolled in the study.

In all, 280 AMD eyes and 285 control eyes were deemed
suitable for morphological and angiographic analyses. The primary
reasons for exclusion of the enrolled eyes in both groups were poor
images from cortical cataract (14 AMD eyes, 6 control eyes), from
corneal opacification (1 AMD eye, 3 control eyes), or for inde-
terminate reasons (8 AMD eyes, 3 control eyes). Four patients in
the AMD group did not undergo angiography (8 AMD eyes)
because of allergy to sodium fluorescein.

In the AMDgroup, we had 100 female and 52male patients, with
a median age of 76 years; 23 were smokers. The control group
comprised 94 female and 56 male participants, with a median age of
74 years; 16 were smokers. There was no statistically significant
difference between groups according to gender, age, or smoking
habits.

A descriptive and comparative analysis of morphological retinal
changes between AMD and control eyes was performed. The
numbers of eyes varied somewhat because visualization and
analysis were not always possible depending on the peripheral
retinal feature being studied.

First, we analyzed a difference in the type and frequency of
morphological retinal changes between AMD and control groups
(Table 1). Table 1 shows that there are statistically significant
differences for DT, D, RPCs, and a group of other degenerative
changes (ODs) that included all of the above. Retinal changes
were more frequently observed in the AMD group compared with
controls (P < 0.01 for DT, D, and RPCs and P ¼ 0.030 for ODs).

Within the OD group, PS was seen more frequently in the AMD
group (P < 0.001), whereas WWP and VOs were more frequently
observed in the control group (WWP, P ¼ 0.027; VO, P ¼ 0.043).
The extent of observed morphological changes, described in clock
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Figure 1. The smallest circle determined the posterior pole, with the
center in the fovea and the radius of 4 disc diameters (DDs; 6000 mm). The
retinal area outside of this circle is regarded as the retinal periphery, which
is divided into pre-equatorial (peripheral to the equator), equatorial, and
postequatorial (from equator to posterior pole) zones. The equator was
determined on each image by 2 circles (radii 7 and 9 DD, respectively) with
their centers placed at the optical center of the eye.

Table 1. Type and Occurrence (Frequency) of Observed Morphologica
Macular Degeneration a

Morphological Change

Analyze

AMD Group*

Drusen together 190 (67.85)
Dense drusen 138 (49.46)
Sporadic drusen 52 (18.64)

Reticular pigmentary changes 113 (40.65)
All hyperpigmented changes 23 (8.24)
Pigment clumps 15 (5.38)
Nevi 8 (2.86)

All hypopigmented changes 29 (10.36)
Atrophic areals 25 (8.93)
Retinal pigment epithelium depigmentation 4 (1.43)

All other degenerations 72 (25.71)
Paving stone 51 (18.21)
White without pressure 13 (4.64)
Lattice degenerations 0 (0.00)
Snail track 1 (0.36)
Atrophic holes 2 (0.70)
Retinoschisis 3 (1.07)
Vitreoschisis 3 (1.07)
Vitreal opacities 0 (0.00)
Neovascularization 1 (0.35)
Microaneurysm 0 (0.00)
Leakage 0 (0.00)
Capillary nonperfusion zones 0 (0.00)

AMD ¼ age-related macular degeneration; NA ¼ not applicable.
Bold indicates changes with statistical significance for the control group.
*N ¼ 280; N ¼ 278 (number of eyes analyzed for reticular pigmentary changes i
changes in the AMD group).
yN ¼ 285; N ¼ 286 (number of eyes analyzed for all other degeneration chang
zP < 0.05 is regarded as statistically significant the AMD group and related ch
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hours of peripheral retina covered, was presented in both groups as
a percentage of eyes in which each type of change is spread over
1e3, 4e6, 7e9, or 10e12 clock hours of the retinal periphery. The
type of change and the extent of the change are shown in Table 2.
An extent of more than 6 clock hours was observed for D, RPCs,
and PS in 15%e20% of the analyzed eyes in both groups.

Only for the drusen type did we find a statistically significant
difference in extent in the AMD group compared with that in the
control group (the AMD group median was 5.0 hours, vs. 2.5 hours
in the controls), whereas for other types of morphological changes,
a significant difference in the medians between the 2 groups was
not observed (Table 2).

One of the objectives of the study was to determine the pre-
dominant localization of the observed morphological changes in
relation to the equator of the eye.

Pre-equatorial localization of peripheral changes (peripheral to
the equator) was observed for all types of changes in almost 40%
of all analyzed AMD eyes with observed peripheral changes,
except for the hyperpigmented changes group (nevi, pigmented
clumping) and retinal pigment epithelium depigmentation group.
In the control group, hyperpigmented nevi were not mostly located
in the periphery (Table 3).

A descriptive and comparative analysis of angiographic images
in the AMD group revealed that 84.59% of observed changes on
native images had hyperfluorescent characteristics in which the
main contributors were drusen, paving stone, and atrophic areas.

Leakage, microaneurysms, peripheral neovascular changes, and
WWP were observed in a very low percentage (from 0.36% to
3.23%) of analyzed eyes.
l Retinal Changes with Statistical Significance in the Age-Related
nd Control Groups

d Eyes, n (%)

Chi-square P ValueControl Groupy

108 (37.89) 49.67 <0.001z

59 (20.70) 50.12 <0.001z

49 (17.19) 0.01 0.906
43 (15.09) 44.63 <0.001z

23 (8.07) 0.01 0.936
9 (3.16) 1.20 0.272
14 (4.91) 1.08 0.298
21 (7.37) 1.22 0.269
17 (5.86) 1.53 0.216
4 (1.40) 0.11 0.744
51 (17.83) 4.71 0.030z

9 (3.15) 32.29 <0.001z

28 (9.79) 4.84 0.027z

1 (0.35) 0.00 0.992
0 (0.00) 0.00 0.985
2 (0.70) 0.25 0.614
1 (0.35) 0.27 0.603
5 (1.75) 0.11 0.742
6 (2.10) 4.11 0.043z

0 (0.00) 0.00 0.992
0 (0.00) NA NA
0 (0.00) NA NA
0 (0.00) NA NA

n the AMD group); N ¼ 279 (number of eyes analyzed for hyperpigmented

es in the control group).
anges.
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Table 2. Type and Extent of Morphological Peripheral Retinal Changes in the Age-Related Macular Degeneration and Control Groups,
Described by Median Clock Hours Covered, with Calculated Statistical Significance

Morphological Change

AMD Group Control Group

P ValueAnalyzed Eyes, n

Clock Hours of Extent in
the Retinal Periphery, Median

(Interquartile Range) Analyzed Eyes, n

Clock Hours of Extent in
the Retinal Periphery, Median

(Interquartile Range)

Drusen together 279 5.0 (2.0e8.0) 285 2.5 (1.0e6.0) 0.007*
Dense drusen 279 6.0 (3.0e9.0) 285 5.0 (2.0e8.0) 0.117
Sporadic drusen 279 2.0 (1.0e3.0) 285 2.0 (1.0e3.5) 0.735

Reticular pigmentary changes 278 4.0 (2.0e8.0) 285 3.0 (2.0e6.0) 0.499
Hyperpigmented changes 279 1.0 (1.0e2.0) 285 1.0 (1.0e2.0) 0.073
Hypopigmented changes 280 1.0 (1.0e2.0) 285 1.0 (1.0e2.0) 0.694
Other degenerative changes 280 2.0 (1.0e4.0) 286 2.0 (1.0e3.0) 0.230

AMD ¼ age-related macular degeneration.
*P < 0.05 is regarded as statistically significant.
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Hypofluorescent characteristics of peripheral retinal changes
were observed in 143 of 279 eyes (51.25%). Mostly RPCs
(in 45.51% eyes) and pigment clumps (in 5.02% eyes) were
hypofluorescent, whereas nevi and CNPZ were observed to be
hypofluorescent only in 1.43% of analyzed eyes.

A comparative analysis of morphological retinal changes seen on
native and angiographic images revealed a statistically significant
difference in the occurrence frequency of drusen, especially in the
Table 3. Pre-equatorial Localization (Peripheral to Equator) of Mor
Control Groups, with St

Analyze

AMD Group*

Drusen together 89/190 (46.84)
Dense drusen 76/138 (55.07)
Sporadic drusen 13/42 (30.95)

Reticular pigmentary changes 54/113 (47.78)
Hyperpigmented changes, all 6/23 (26.08)z

Pigment clumping 4/15 (26.66)z

Uveoretinal nevi 2/8 (25.00)z

Hypopigmented changes, all 17/29 (58.62)
Atrophic areas 16/25 (64.00)
Retinal pigment epithelium depigmentation 1/4 (25.00)z

Other degeneration, all 63/72 (87.50)
Paving stone 45/51 (88.23)
White without pressure 13/13 (100.00)
Lattice degeneration 0/0 (0.00)
Snail track 1/1 (100.00)
Atrophic holes 1/2 (50.00)
Retinoschisis 1/3 (33.33)
Vitreoschisis 1/3 (33.33)
Vitreal opacities 0/0 (0.00)
Neovascularization 0/1 (0.00)
Microaneurysm 0/0 (0.00)
Leakage 1/1 (100.00)
Capillary nonperfusion zones 0/0 (0.00)

AMD ¼ age-related macular degeneration; NA ¼ not applicable.
P < 0.05 is regarded as statistically significant.
*n represents the number of eyes with pre-equatorial localization of morphologic
changes (N ¼ 280); N ¼ 278 (number of eyes analyzed for reticular pigment
hyperpigmentation changes in the AMD group).
yN ¼ 286 (number of eyes for other degenerative changes in the control group
zNot predominantly pre-equatorial localization.
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DS group, that were not seen on native images but were visible with
the use of angiography in the midphase images. No other peripheral
retinal changes showed a statistically significant difference in the
occurrence of native verses angiographic images (Table 4).

The k coefficient used to assess result consistency between 2
independent retinologists confirms a very high data confidence. In
the AMD group, the k coefficient is 0.963, and in the control group
it is 0.978.
phological Changes in Age-Related Macular Degeneration and
atistical Significance

d Eyes, n/N (%)

Chi-square P ValueControl Groupy

48/108 (44.44) 0.49 0.483
26/59 (44.06) 1.59 0.207
22/49 (44.89) 1.13 0.252
17/43 (39.53) 0.55 0.456
10/23 (43.48) 0.86 0.353
6/9 (66.66) 2.24 0.134
4/14 (28.57)z 0.10 0.752
19/21 (90.47) 0.13 0.719
16/17 (94.11) 3.53 0.060
3/4 (75.00) 0.50 0.479

37/51 (72.54) 2.25 0.133
9/9 (100.00) 0.23 0.629

27/28 (96.43) 0.16 0.690
0/0 (0.00) NA NA
0/0 (0.00) NA NA
0/0 (0.00) NA NA
1/2 (50.00) 0.31 0.576
0/0 (0.00) NA NA
0/0 (0.00) NA NA
0/0 (0.00) NA NA

NA NA NA
NA NA NA
NA NA NA

al changes; N represents number of all eyes with some type of morphological
ary changes in the AMD group); N ¼ 279 (number of eyes analyzed for

).



Table 4. Results of Comparative Analysis of Morphologic Retinal Changes Occurrence Frequency at Native and Angiographic Images,
with Statistical Significance

Morphological Change

Eyes with Morphological Change in the AMD Group, n (%)

Chi-square P Value
Native Images
(n ¼ 280)

FA Images, Hyperfluorescent
(n ¼ 236)

FA Images, Hypofluorescent
(n ¼ 143)

Drusen together 190 (67.85) 217 (77.78) NA 6.47 0.011*
Dense drusen 138 (49.46) 127 (45.52) NA 0.72 0.396
Sporadic drusen 52 (18.64) 90 (32.26) NA 12.96 <0.001*

Reticular pigmentary changes 113 (40.50) NA 127 (45.51) 1.25 0.264
Hyperpigmented changes, all 23 (8.20) NA 18 (6.45) 0.40 0.528
Pigment clumps 15 (5.37) NA 14 (5.02) 0.00 0.996
Uveoretinal nevi 8 (2.86) NA 4 (1.43) 0.76 0.382

Hypopigmented changes, all 29 (10.36) 25 (8.95) NA 0.18 0.674
Atrophic areals 25 (8.93) 18 (6.45) NA 0.89 0.347
Retinal pigment epithelium depigmentation 4 (1.43) 7 (2.50) NA 0.37 0.545

Other degeneration, all 74 (26.42) 77 (27.59) NA 0.05 0.828
Paving stone 51 (18.21) 62 (22.22) NA 1.15 0.282
White without pressure 13 (4.64) 4 (1.43) NA 3.86 0.050
Lattice degenerations 0 (0.00) 0 (0.00) NA NA NA
Snail track 1 (0.36) 0 (0.00) NA 0.00 0.995
Atrophic holes 2 (0.70) 0 (0.00) NA 0.47 0.493
Retinoschisis 3 (1.07) 0 (0.00) NA 1.33 0.249
Vitreoschisis 3 (1.07) 0 (0.00) NA 1.33 0.249
Vitreal opacities 0 (0.00) 0 (0.00) NA NA NA
Neovascularization 1 (0.35) 1 (0.36) NA 0.48 0.490
Microaneurysm 0 (0.00) 1 (0.36) NA 0.00 0.995
Leakage 0 (0.00) 9 (3.23) NA 7.26 0.007*
Capillary nonperfusion zones 0 (0.00) NA 4 (1.43) 2.27 0.132

AMD ¼ age-related macular degeneration; FA ¼ fluorescein angiographic; NA ¼ not applicable.
*P < 0.05 is regarded as statistically significant.

Table 5. Subgroups of Patients with Dry-Type and Wet-Type
Age-Related Macular Degeneration

AMD Subgroups D1* D2y W0z W1x W2k Total

All patients, no.
(no. eyes)

0 (0) 78 (156) 3 (6) 42 (84) 29 (58) 152 (304)

Dry-type eyes 0 (0) 78 (156) 0 (0) 42 (42) 0 (0) 120 (198)
Wet-type eyes 0 (0) 0 (0) 3 (3) 42 (42) 29 (58) 74 (103)
Healthy eyes 0 (0) 0 (0) 3 (3) 0 (0) 0 (0) 3 (3)

AMD ¼ age-related macular degeneration; D ¼ dry-type AMD;
W ¼ wet-type AMD.
*In the D1 subgroup, the patients have 1 eye with a dry AMD type and a
healthy fellow eye.
yIn the D2 subgroup, the patients have both eyes with a dry AMD type.
zIn the W0 subgroup are the patients with 1 eye exudative and the fellow
eye healthy.
xIn the W1 subgroup are the patients with 1 eye with a wet AMD type and
the other with a dry AMD type.
kIn the W2 subgroup are the patients with both eyes with a wet AMD type.

Vatavuk et al � Morphological and Angiographic Peripheral Retinal Changes in AMD
Another of the study objectives was a descriptive and
comparative analysis between the wet and the dry types of AMD.
The analysis included 152 AMD patients (304 eyes), of whom 78
patients (156 eyes) had bilateral dry AMD type and 74 patients
(148 eyes) had one or both eyes affected by wet AMD. For the
purposes of statistical analysis, we divided dry and wet AMD
patients into the subgroup categories in (Table 5).

Dry AMD subgroups included a D1 subgroup (i.e., the patients
having 1 eye with a dry AMD type and a healthy fellow eye) and a
D2 subgroup (i.e., the patients with a dry AMD type in both eyes).

Wet AMD patients were divided into 3 subgroups, namely W0
(patients with 1 eye exudative and the fellow eye healthy), W1 (pa-
tients with 1 eye with a wet AMD type and the other with a dry AMD
type), and W2 (patients with both wet AMD eyes). The descriptive
and comparative analysis was carried out in 2 different ways.

The first analysis included all dry AMD eyes and all wet AMD
eyes, irrespective of the fact that some dry eyes were the eyes of
patients whose fellow eye had a wet AMD type.

According to inclusion and exclusion criteria, the first analysis
included 120 patients (198 eyes) with 1 or both eye with dry AMD
and 74 patients (103 eyes) with 1 or both eyes with wet AMD. Of
198 dry AMD eyes, 183 were eligible for morphological analysis,
and 93 of 103 wet AMD eyes were eligible; 180 of 198 dry and 95
of 103 wet AMD eyes were included in the angiographic analysis.
The results of descriptive and comparative analysis of the occur-
rence of morphological changes on native and angiographic im-
ages, with a statistically significant difference between dry and wet
types of AMD eyes, are given in Table 6.

A descriptive analysis of these 2AMD types revealed that themost
frequent morphological changes in both types are drusen, RPCs, and
PS. A comparative analysis of native fundus images did not reveal a
statistically significant difference in the occurrence frequency of
morphological changes between eyes with either the dry or wet type of
AMD. However, if we compare and analyze angiographic images, we
obtain a statistically significant difference in the occurrence frequency
for the groups of DT and D in favor of dry AMD eyes.

A comparative analysis of morphological retinal changes be-
tween the 2 AMD types and their the extent of affected retina
described by clock-hour medians showed a statistically significant
difference only in the drusen group (DT, D, DS), with a higher
median in dry AMD eyes than in wet AMD eyes.
5
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Morphological retinal changes were located in both AMD types
pre-equatorially, and were found there in >40% of analyzed eyes
with the observed changes.

The second analysis compared dry AMD patients (both eyes)
with wet AMD patients (both eyes), although the subjects in the
wet AMD group had the fellow eye with clinical signs of dry
AMD. The analysis covered 78 dry AMD patients (156 eyes) and
74 wet AMD patients (148 eyes); 42 dry AMD fellow eyes and 3
healthy fellow eyes were recorded in the wet AMD group. We,
however, assumed that the fellow eyes carried the same environ-
mental genetic materials as wet AMD eyes. This analysis showed
almost the same results as the first one and confirmed that the
drusen groups taken together, especially the D group, were more
frequently seen in the dry AMD patient group.

Discussion

Previous epidemiological studies26 suggested female sex as
a predisposing factor for AMD, which was also observed in
our study. Previously published data in the journals
American Journal of Ophthalmology27,28 and in Investiga-
tive Ophthalmology and Visual Science29,30 suggested that
the retinal periphery in AMD patients exhibited metabolic
and structural changes of a type similar to those in the
central macular region but not of a similar scope.

To the best of our knowledge, most previous studies
investigated peripheral retinal changes in AMD patients
using standard fundus cameras,1e21 which implies that those
results could not properly be compared with ours because
Table 6. Descriptive and Comparative Analysis of Morphological Chan
Wet Age-Related Mac

Morphologic Change

Wet AMD Eyes, n (%) (n [ 103) Dry A

Native Images
(n ¼ 93 eyes)

Angiographic Images
(n ¼ 95 eyes)

Native
(n ¼ 1

Drusen 59 (63.44) 65 (68.42) 129 (
Dense drusen 39 (41.94) 33 (34.74) 98 (
Sporadic drusen 20 (21.50) 32 (33.68) 32 (

Reticular pigmentary changes 33 (35.48) 42 (44.21) 80 (
Hyperpigmented changes 10 (10.75) 7 (7.37) 13 (
Pigment clumping 6 (6.45) 4 (4.21) 9 (
Nevi 4 (4.30) 3 (3.16) 4 (

Hypopigmented changes 12 (12.90) 10 (10.52) 17 (
Atrophic areal 8 (8.60) 7 (7.37) 17 (
Retinal pigment epithelial

depigmentation
4 (4.30) 3 (3.16) 0 (

Other degeneration 24 (25.81) NA 49 (
Paving stone 21 (22.58) 25 (26.32) 30 (
White without pressure 3 (3.23) 1 (1.05) 10 (
Lattice degenerations 0 (0.00) NA 0 (
Snail track 0 (0.00) NA 1 (
Atrophic holes 0 (0.00) NA 2 (
Retinoschisis 0 (0.00) NA 3 (
Vitreoschisis 0 (0.00) NA 3 (
Vitreal opacities 0 (0.00) NA 0 (
Neovascularization NA 1 (1.05) N
Microaneurysm NA 1 (1.05) N
Leakage NA 2 (2.11) N
Capillary nonperfusion zones NA 2 (2.11) N

AMD ¼ age-related macular degeneration; NA ¼ not applicable.
*P value <0.05 is considered statistically significant.
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the retinal peripheral changes these previous investigators
observed involved only rather posterior regions of the retina.
Other retinal changes were neither analyzed nor recorded.

However, our results are comparable to those from 2
recent studies about peripheral retinal changes and their
autofluorescent characteristics investigated by Tan et al22

and Witmer et al.23 The authors established 3 types of
autofluorescencedgranular, mottled, and nummulard
connected with peripheral retinal changes such as drusen,
RPCs, and PS. Peripheral autofluorescence abnormalities
were more frequent in the wet AMD type than in the dry
AMD type or normal eyes (86% vs. 72.8% vs. 18.4%
respectively; P < 0.001).22 Witmer and coauthors23

discovered autofluorescence abnormalities in 63.6% of
AMD eyes and 35.7% of control eyes.

Comparing the results of Tan et al22 with those of our
study, it is obvious that drusen, RPCs, and ODs were
more frequently recorded in our study (drusen, 67.8% vs.
51.7%; RPC, 40.6% vs. 22.7%; and OD, 25.7% vs.
16.8%). Despite this difference, however, the investigators
in both previous studies more frequently observed retinal
changes in AMD eyes than in control eyes and with a
statistically significant difference.

Another similar important result confirmed in our study is
the more frequent occurrence of PS in AMD eyes. This was
mentioned in both the 2 previous studies22,23 and in a study
from Poland.31 This issue should be investigated in more
diverse study populations, as PS could be an additional
ges Seen on Native and Angiographic Images in Eyes with Dry and
ular Degeneration

MD Eyes, n (%) (n [ 198) Native Images Angiographic Images

Images
83 eyes)

Angiographic Images
(n ¼ 180 eyes) Chi-square P* Chi-square P*

70.49) 151 (83.89) 1.11 0.293 7.94 0.005z

53.85) 93 (51.67) 3.04 0.081 6.51 0.011z

17.58) 58 (32.22) 0.39 0.533 0.01 0.912
44.20) 85 (47.22) 1.59 0.207 0.12 0.727
7.14) 11 (6.11) 0.63 0.427 0.02 0.884
4.95) 10 (5.56) 0.06 0.812 0.04 0.845
2.20) 1 (0.56) 0.36 0.547 1.40 0.237
9.29) 11 (6.11) 0.51 0.473 1.15 0.284
9.29) 11 (6.11) 0.00 0.973 0.02 0.884
0.00) 0 (0.00) 5.25 0.022z 3.20 0.074

26.77) NA 0.00 0.978 NA NA
16.39) 37 (20.56) 1.19 0.276 0.87 0.350
5.46) 3 (1.67) 0.28 0.599 2.14 0.143
0.00) NA NA NA NA NA
0.55) NA 0.12 0.734 NA NA
1.09) NA 0.07 0.795 NA NA
1.64) NA 0.39 0.530 NA NA
1.64) NA 0.39 0.530 NA NA
0.00) NA NA NA NA NA
A 1 (0.56) NA NA 0.08 0.771
A 0 (0.00) NA NA 0.10 0.747
A 6 (3.33) NA NA 0.04 0.845
A 2 (1.11) NA NA 0.02 0.897
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risk marker for wet AMD, as are drusen and RPCs. Because
of the cross-sectional design of our study, however, we
cannot say definitively that peripheral PS represents a sig-
nificant change or is a risk marker for progression from the
dry to the wet AMD form. Future longitudinal studies could
provide some clarification regarding PS.

The median number of clock hours of the retinal pe-
riphery involved with drusen in AMD eyes is higher than
that in the control group (median 5.0 clock hours in the
AMD group vs. 2.5 clock hours in the control group; P <
0.007). The differences in clock-hour medians for RPCs,
hyper- or hypopigmented changes, or ODs in AMD eyes are
not significant in comparison with those of the control
group. However, all these changes (except drusen and
RPCs) are in both groups spread over �6 clock hours of
retinal periphery. Similar results are found in published data
from Tan et al22 and Witmer et al.23

Pre-equatorial localization of observed peripheral retinal
changes was recorded in >40% of AMD and control eyes.
This result emphasizes that studies should be conducted
using wide-field fundus imaging in order to observe and
investigate as much of the retinal periphery as possible so
that more objective, reliable, and comparable study data
may be obtained.

A comparative analysis of morphological retinal changes
on native images between the dry and wet AMD type did
not reveal statistically significant differences in the occur-
rence frequency, extent, or localization of any peripheral
retinal changes with regard to the equator. However, the
analysis of angiographic images showed a statistically sig-
nificant difference in drusen incidence and median clock
hours in favor of the dry AMD type, which is contrary to
data from the literature15e19 in which drusen were found
more frequently in the wet AMD type.

The possible explanation for this discrepancy could be
found in the cross-sectional design of the study, which
yielded data in a determined time, without any data about
the future possible progression and conversion from the dry
type to the wet type. During this study, we observed 5 eye
conversions from the dry to the wet type, and all of these
eyes had prominent and extensive peripheral retinal drusen
and RPCs. These results can be compared with the previ-
ously mentioned data from the literature,15e19 and they
show once more that the analysis of angiography images is
more sensitive than and superior to that of morphological
changes using native images.

There are some limitations to the wide-field fundus
camera system. They include some aberrations or skewing
of the depiction of the retinal periphery, some artifacts due
to dust on the optics or on the ellipsoidal mirror,32

inadequate brightness in some images, truncation of the
image field when the subjects could not open their eyes
wide, and prominent lashes seen in the images. These
limitations are taken into consideration in the analysis and
interpretation of the study results. The authors of other
studies using wide-field fundus camera systems experi-
enced similar issues.33e37

A very high consistency of study results as seen between
2 experienced masked retinologists (k for AMD group,
0.963 and control group, 0.978) helps ensure the reliability
of our results and conclusions despite some limitations.

To the best of our knowledge, not many studies have
used FA images to document subtle peripheral changes in
AMD, and we believe that this is an added value of our
study. The studies cited in the article used autofluorescence
and native images to describe peripheral findings. We
should also emphasize that, unlike our study, the previously
published studies did not find that the frequency of occur-
rence of PS in AMD patients was statistically significant.
Our group has previously suggested that PS might be
genetically associated with at least one single nucleotide
polymorphism related to AMD risk, rsl049024.

Longitudinal studies using a wide-field fundus camera
system in larger groups with AMD subtypes would be
advisable in order to obtain the appropriate answer and form
concrete conclusions about possible peripheral differences
between the dry and the wet AMD type, as well as about the
differences and probable risk markers at the periphery of
AMD and healthy eyes.
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