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Abstract

Objective To evaluate anatomical and functional impairment
of'the retinal nerve fiber layer (RNFL) using optical coherence
tomography (OCT) and automated perimetry in patients with
optic nerve head drusen (ONHD).

Materials and methods Sixty-six eyes (66 patients) were
studied with ONHD — confirmed by ultrasound B scan —
and 70 eyes (70 subjects) of healthy control subjects. ONHD
cases were categorised as visible or hidden. Average RNFL
thickness and measurements in terms of the quadrants were
analysed using both time-domain optical coherence tomogra-
phy (TD-OCT) and spectral-domain optical coherence tomog-
raphy (SD-OCT). Anatomical and visual field alteration of
RNFL between visible and hidden ONHD and control groups
were compared.

Results Average RNFL thickness in ONHD patients was
94 um (TD-OCT) and 88 pum (SD-OCT), and in controls
107 pm (TD-OCT) and 96 um (SD-OCT), with statistically
significant differences between both OCTs. All quadrants
analysed showed significant differences except the temporal
quadrant. The differences were not significant between hidden
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drusen and controls.Visual field examination in ONHD
showed alterations in 56 %. Alterations were greater in visible
drusen in relation to non-visible drusen, but there were no
significant differences.The association between RNFL defects
in superior, inferior and temporal quadrants and visual field
defects showed a statistical relation with visible ONHD, but
not in hidden ONHD.

Conclusions ONHD caused anatomical and functional dam-
age of the RNFL, with a clear association between the alter-
ation in ONHD and visual field defects in visible drusen cases.

Keywords Optic disk drusen - Optical coherence
tomography - Visual field

Introduction

Optic nerve head drusen (ONHD) are acellular, calcified
deposits, which can often be confused with serious patholo-
gies like papiloedema [1]. Its prevalence has been estimated at
between 3.4 and 24 per 1,000 of the population, is more
common in Caucasians, and has a slight predominance in
women. ONHD tend to be asymptomatic, and present bilater-
ally in 66-85 % of cases without affecting visual acuity [2].
Different methods have been described in ONHD diagnosis:
fundus examination [3, 4], fluorescein angiography and auto-
fluorescence [5, 6], scanning laser ophthalmoscope (SLO) [7],
computed tomography [8], and recently, optical coherence
tomography (OCT) [9]. Since its emergence in the early
1980s, ultrasound has been considered the gold standard in
the diagnosis of ONHD [10].

Previous studies have reported the presence of visual field
defects (between 71 % and 87 % of cases) [11-13] and
reduction of RNFL thickness with OCT in ONHD cases [9,
14, 15].

The aim of the study was to evaluate anatomical and
functional impairment of the RNFL using OCT and perimetry
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Fig. 1 Topographical orientation
adapted from Garway-Heath et al.
[20]; relationship between
topographic RNFL and visual
field pattern

in patients with ONHD, and to analyse the association be-
tween RNFL defect location and the type of visual field
alteration.

Methods

This study was approved by the ethics committee of the
University Hospital Alcorcon Foundation (Spain) and was
conducted in accordance with the principles of the Declaration
of Helsinki.

A cross-sectional, descriptive study was carried out, which
included patients with ONHD and healthy control subjects
during the period between March 1 2009 and May 1 2011 in
the ophthalmology unit of our hospital.

All patients included in the study underwent measurement of
optimal visual acuity (ETDRS logMAR chart at 4 m.), sphero-
cylindrical refraction, anterior segment biomicroscopy, ophthal-
moscopic examination under pharmacological mydriasis, two-
dimensional ultrasound B (OTI Ophthalmic Technologies Inc.;
http://2774.ca.all.biz.), time-domain optical coherence tomog-
raphy (TD-OCT) using Stratus OCT (version 4.0.7; http://
www.meditec.zeiss.com), spectral domain (SD-OCT) using
Cirrus OCT (version 5.0.0; http://www.meditec.zeiss.com),
and visual field examination with Humphrey Field Analyzer

Table 1 Characteristics of the study population

ONHD (n=66) Control (n=70)  P-value
Age (SD) 43.4 (18.8) 41.5 (15.7) 0.518*
Gender (%) 0.331%**
Female 60.6 % 68.6 %
Male 394 % 314 %
Spherical equivalent —0.66 (3.39) —0.37(1.69) 0.697***
refraction (SD)
AV logMAR 0.02 (0.04) 0.11 (0.19) <0.0001***

p-value: *Student’s r-test; **Chi-square test; ***Mann—Whitney U test
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745 automated perimetry using 24-2 standard program and Sita
Fast strategy (Swedish Interactive Threshold Algorithm http://
www.meditec.zeiss.com).

Inclusion criteria

Two groups of patients were included: patients with ONHD
(visible and hidden) and control subjects.

1) Patients with ONHD: Caucasian patients with ONHD —
unilateral or bilateral — were consecutively selected and
confirmed in all cases with an ultrasound B scan with a
gain of <27 dB (gold standard). ONHD classification was
based on the protocol described by Roh et al. [15]:

—  Visible or superficial ONHD: yellowish nodular im-
ages, number and size variable, usually elevated pa-
pilla and blurry edges

— Deep or hidden ONHD: papilla usually high and
poorly defined edges, no visible nodular images.

2) Control subjects: healthy Caucasian subjects with corrected
visual acuity of >0.30 logMAR (Snellen 6/12, 20/40),
transparent ocular media, normal intraocular pressure
(<21 mmHg) evaluated with Perkins applanation tonome-
ter (http://www.clement-clarke.com/), normal appearance
of the optic nerve as indicated by colour fundus
photography, OCT, and normal visual field.

Exclusion criteria

The following were excluded from the study:

— Patients for whom certain diagnostic tests could not be
performed, as a result of media opacity that prevented
fundus photography and/or optical coherence tomogra-
phy (OCT).

Patients from whom there was a lack of cooperation for
any of the tests.

— Patients who had undergone previous ocular surgeries.


http://2774.ca.all.biz/
http://www.meditec.zeiss.com/
http://www.meditec.zeiss.com/
http://www.meditec.zeiss.com/
http://www.meditec.zeiss.com/
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Table 2 Comparison of average RNFL thickness by quadrant between ODE and control subjects with TD-OCT and SD-OCT

TD-OCT SD-OCT

Control mean (SD) ODE mean (SD) P-value Control mean (SD) ODE mean (SD) P-value
Nasal 72.2 (29.0) 87.2(19.2) <0.0001 74.38 (14.2) 66.2 (25.3) <0.0001
Temporal 73.05 (11.4) 77.2 (29.3) 0.582 64.96 (9.6) 71.0 (32.0) 0.564
Superior 135.31 (20.1) 109.2 (41.7) <0.0001 121.9 (15.7) 100.3 (43.0) <0.0001
Inferior 133.63 (17.4) 116.8 (43.1) 0.011 123.98 (16.9) 113.4 (43.5) 0.046
Average thickness 107.01 (10.9) 94.0 (28.7) 0.001 96.33 (10.1) 88.2 (30.9) 0.001
p-value: Student’s #-test
— Patients with concomitant disease that could affect the  Automated perimetry

optic nerve and/or retinal nerve fiber layer (glaucoma,
retinitis pigmentosa, neuropathies, macular diseases, vas-
cular occlusions, chiasmatic tumors, and others).

Optical coherence tomography

All OCT examinations were performed by one operator
(P.F.) on the same day and within a maximum time
range of 1 h between the two models used. The only
OCT images included were those with signal quality >7, with
centred position, and those with correct determination of the
layer border of the RNFL. Tomographic examination proto-
cols used were: fast RNFL thickness with Stratus OCT, and
optic disc cube 200200 protocol with Cirrus OCT. Average
RNFL thickness and measurements in terms of quadrants
were analysed, with data obtained automatically by both types
of equipment.
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Humphrey Field Analyzer 745 automated perimetry (24-2
standard program) and Sita Fast strategy were used for the
study of functional impairment. Selection of visual fields in
the study were made in accordance with the following “Col-
laborative Normal-Tension Glaucoma Study Group” [16] re-
liability criteria: with a loss of fixation and false positive errors
<15 % and false negative errors <30 %. At least two visual
field examinations were required in order to define a perimetry
as pathological, with a default similarity between the first and
second. One single visual field per eye was chosen for the
analysis.

Normality criteria for visual field were in accordance with
previous studies on patients with ONHD [17, 18]:

a) Normal visual field: mean deviation (MD) less than
-2.0dB

b) Abnormal visual field: Must meet at least one of the three
criteria:
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Fig. 2 Measurement of average RNFL thickness and by quadrant between visible ONHD and controls with TD-OCT (a) and SD-OCT (b)
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Fig. 3 Measurement of average RNFL thickness and by quadrant between hidden ONHD and controls with TD-OCT (a) and SD-OCT (b)

— Glaucoma hemifield test outside normal limits
(PHG).

— Standard deviation model (PSD) with probability
lower than 5 %.

—  Three or more points on the deviation pattern graph
in a hemifield (lower or higher) with probability
lower than 5 %, one of which must have a probability
level of at least 1 % [19].

Topographical orientation was adapted from Garway-
Heath et al. [20] (Fig. 1) in order to observe the association
between different regions of the visual field with an optical
disc sector in OCT. In addition, enlargement of the blind spot
was added as a defect that expands the physiological edges of
a normal one.

The abnormality criteria mentioned above were followed in
order to be able to consider actual visual field defects within
one or more of the seven visual field sectors [17, 18]. The

frequency of visual field normality, visual field indices of
mean deviation (MD), and average standard deviation (PSD)
were analysed, along with the association between the loca-
tion of the defect in the RNFL thickness by quadrant in OCT
and visual field pattern found.

Statistical analysis

In the descriptive analysis, quantitative variables are expressed
in mean and standard deviation (SD) for 95 % confidence
intervals. Mean comparison was performed using the Student’s
t-test and the nonparametric equivalent — the Mann—Whitney
U test. Qualitative variables are represented in frequency dis-
tributions. Pearson’s Chi-square test (x2) or Fisher’s exact test
were used in order to study the association between these
variables, in the event that more than 25 % were under 5.
Random selection of one eye for inclusion in the study was

Visual field oCT
SRR Defects % Quadrants
: Alterations
o - 1 | Peripheral superior arcuate 19,7% Inferior, Nasal
5 2 | Superior arcuate 213% Inferior, Temporal
i ?',6% 3 | Central 6,1% Superior, Temporal, Inferior
. 4 | Inferior arcuate 34.8% Superior, Temporal
5 | Peripheral inferior arcuate 439% Superior, Nasal
6 | Temporal 7,6% Nasal
7 | Enlargement of blind spot 27,3% All

Fig. 4 Patterns of visual field defects in patients with ONHD shown as a percentage and the relation with optical coherence tomography (OCT)
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Table 3 Association between the defect in RNFL thickness in OCT by quadrant and visual field pattern type affected in visible ONHD

Temporal Superior Inferior

Nasal

Visible ONHD

P-value

2

P-value

1

P-value

2

P-value

1

P-value

2

P-value

1

P-value

2

P-value

0.001*
<0.0001

50 %
67 %

0.001*

<0.0001

50 %

0.073* 40 %  0.073*

40 %

Peripheral superior arcuate

67 %

<0.0001 100 %  0.006*

100 %

Superior arcuate

<0.0001

70 %
56 %
15 %
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76 %
67 %
14 %

0.512

53 %

0.988

47 %

Peripheral inferior arcuate

<0.0001 0.001

0.021 100 %  0.015%

83 %
50 %

Inferior arcuate

Central

0.025*

22 %

0.025*

22 %

0.001* 0.345* 0.279*

75 %

0.006*

0.275*
0.074*

13 %
47 %

1.00*

7%
54 %

Temporal

<0.0001

<0.0001 100 %  0.004 48 % 0.005 44 % 0.001 61 %  <0.0001 61 %

100 %

0.12*

Enlargement of blind spot

SD-OCT; p-value: Chi-square test

1 = TD-OCT; 2

*Fisher’s exact test

made in all patients with bilateral pathology of ONHD and in
healthy subjects.

A significance level of 0.05 was established. Statistical anal-
ysis was performed using SPSS program for Windows (version
15.0.1, http://www.01.ibm.com/software/analytics/spss/).

Results

One hundred and thirty-six eyes of 136 Caucasian patients
were studied: 66 eyes with ONHD confirmed by ultrasound B
and 70 eyes of healthy subjects.

Fifty-nine ONHD patients had bilateral drusen (89 %) and
seven patients unilateral (11 %). We analised the type of
drusen; we found 38 visible drusen and 28 hidden drusen.
Three patients had angioid streaks, one with pseudoxanthoma
elasticum. Six of the ONHD patients group included in the
study had a family history of ONHD. None of them had history
of concomitant ocular pathology previously, considered in the
exclusion criteria (retinitis, membrane neovascular, glaucoma,
vascular occlusion, etc.).

Table 1 shows the characteristics of the study population in
both diagnostic groups, without significant differences, except
for diminished visual acuity measurement in the ONHD group
in relation to controls (p<0.0001).

Measurement of RNFL thickness showed greater reduction
in ONHD patients in relation to controls (Table 2), and a
statistical significance in patients with visible ONHD in all
quadrants except for temporal quadrant, with both types of
equipment (Fig. 2). In contrast, hidden ONHD showed no
statistical significant differences in average thickness in any
quadrants in relation to controls, with both types of tomogra-
phy (»p<0.005) (Fig. 3).

Fifty-six per cent of these cases showed visual field alter-
ation, more often visible in ONHD patients (58 %) than in
hidden ONHD patients (52 %), (»=0.640). Patterns of visual
field defects in ONHD were as follows: peripheral inferior
arcuate 43.9 % (n=29), inferior arcuate 34.8 % (n=23), en-
largement of blind spot and superior arcuate 27.3 % (n=18),
peripheral superior arcuate 19.7 % (n=13); temporal defect
7.6 % (n=5), and central defect 6.1 % (n=4) (Fig. 4).

The quantitative analysis with MD and PSD indices in
ONHD values showed —5.12 (7.2) dB and 3.9 (3.0) dB
respectively, with greater defect in visible ONHD in relation
to hidden ONHD, MD —5.3 (7.8) and —4.8 (6.1) dB, and PSD
3.9 (3.1) and 3.8 (2.9), with no statistical significant differ-
ences (p=0.514 and p=0.128).

Results of the association between the location of the defect
in RNFL thickness by sector (with TD-OCT and SD-OCT)
and visual field pattern type affected were statistically signif-
icant in visible ONHD, but not in hidden ONHD, with both
OCTs (Tables 3 and 4).
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Table 4 Association between the defect in RNFL thickness in OCT by quadrant and visual field pattern type affected in hidden ONHD

Buried ONHD Nasal Temporal Superior Inferior
1 P- 2 P- 1 P- 2 P- 1 P-value 2 P-value 1 P- 2 P-
value value value value value value

Peripheral superior 0 % 1.00* 0% 1.00* 0% 0539*% 0% 1*

arcuate
Superior arcuate 0% 1.008# 0% 1.00% 17 % 1% 20 % 1*
Peripheral inferior 25 % 1.00* 25 % 1.00* 57 % 0.363 50 % 0.657*

arcuate
Inferior arcuate 50 % 0.526*% 50 % 0.526* 57 % 0.137* 50 % 0.182*
Central 0% 1.00* 0% 1.00* 0% 1* 0% I1* 0% 1* 0% 1*
Temporal 0% 1.00* 0% 1.00*
Enlargement of 0% 0539* 0% 0.539* 0% 1.00* 0% 1.00* 0% 0.124* 13 % 0.369 17 % 1* 20 % 1*

blind spot

1 = TD-OCT; 2 = SD-OCT; p-value: Chi-square test
*Fisher’s exact test
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Fig. 5 Visible optic nerve head drusen. a Color fundus photography 20°. b Red-free photography. ¢ Fundus autofluorescence. d Retinal fiber nerve
layer: time-domain optical coherence tomography (TD-OCT). e Retinal fiber nerve layer: spectral-domain optical coherence tomography (SD-OCT)
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Discussion

The reduction of RNFL thickness in patients with ONHD was
the subject of interest before 1957 in studies conducted by
Lansche [21] and Mustonen & Nieminen [22] with fundus
photography (green filter). However, interpretation with this
conventional technique can often be complicated due to the
presence of media opacity [22]. Optical coherence tomogra-
phy proved useful in quantifying the loss of RNFL thickness
in ONHD cases with regard to healthy subjects [9, 14, 15].
Previous studies, such as the one conducted by Roh et al. [15]
on 23 eyes with ONHD, show that the greater the visibility of
ONHD (Fig. 5), the greater the reduction of RNFL thickness
in the superior and inferior quadrants with TD-OCT. In this
study, RNFL thickness measured with TD-OCT and SD-OCT
showed greater reduction in the visible ONHD group com-
pared with the controls in all quadrants except for the tempo-
ral, probably because it is less common to find ONHD in this
quadrant, therefore contributing to the pathogenic theory,
which suggests that the presence of ONHD produces com-
pression of the optic disc and leads to a loss of RNFL in OCT
[15]. In contrast, the difference in thickness between hidden
ONHD and controls did not prove to be significant in any
quadrants or averages. Katz [13] studied 58 eyes with hidden
ONHD using the same OCT technology, and also failed to
find impairment of RNFL thickness.

Visual field defects in patients with ONHD have been
described in 71 % to 81 % of cases. These defects have shown
to increase in size as the ONHD become more visible over the
years [11-15, 23]. One of the most classical theories is that
these calcium accumulations produce compression of the
optic disc close to the axons of the ganglion cells, causing
them to die, leading to visual field loss [24]. However, some
authors have reported that there is not necessarily a correlation
between the location of ONHD and the location of the visual
field defect [25]. As mentioned in the study by Walsh & Hoyt
[26], if ONHD are located in the deep zones adjacent to the
cribriform plate, visual field defects are caused. There are
various studies that have found a higher percentage of abnor-
mal visual fields in visible ONHD patients in relation to
hidden ONHD patients, such as those by Savino [11] (86 %
and 62 %); Mustonen [27] (75 % and 48 %); and Wilkins [12]
(73 % and 36 %). In our study, a higher percentage of abnor-
mal visual fields were found in visible ONHD patients (58 %)
in relation to hidden ONHD (52 %), but with no significant
differences. Moreover, the quantitative study of functional
damage with MD and PSD indices showed that visible ONHD
have greater visual field damage than hidden ONHD, which
can be likened to results found by Wilkins [12]. Discrepancy
between our results and those shown by other authors may be
due to the selection criteria and definition of significant visual
field defects. We have used a series of quantitative criteria
adopted by a consensus of experts specialized in the analyses

of patients’ visual field [16]. Our purpose was to diminish the
weaknesses displayed by the use of subjective criteria in
previous studies [11, 12, 27].

The association between the location of the defect in RNFL
thickness and location of visual field defects has been studied
in patients with glaucoma [28] and some optic neuropathies
[29]. Roh et al. [15], in a study of 23 eyes with ONHD, found
that OCT may be a good indicator of sectors with RNFL
thickness reduction, which seems to correspond with visual
field defects. However, it does not study the relationship
between the types of visual field pattern found. The most
common visual field patterns found are the enlargement of
the blind spot and arcuate defects [11, 27, 30-32]. The study
by Guerrero [33] of 20 patients with ONHD, evaluated the
relationship between the location of RNFL thickness and the
visual field pattern type. We concur with Guerrero, in the
sense that association is statistically significant in superior,
inferior, and temporal quadrants, in visible ONHD cases but
not hidden ONHD ones. However, in contrast to this author, a
statistically significant association in the nasal quadrant was
not found. Lack of a precise topographic correlation may be
due to several factors: subjectivity of the visual field, variabil-
ity in the interpretation of visual field defects, and lack of
exact topographic correspondence between optic disc, RFNL,
and visual field [33, 34].

In conclusion, ONHD caused anatomical and functional
damage of the RNFL, with a clear association between im-
pairment in OCT and the type of visual field defects found in
visible drusen cases, but this finding was not observed in
hidden drusen cases.

Conflict of interest No authors have any conflicts of interest.
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