
NEUROPHTHALMOLOGY

Retinal nerve fiber layer thickness in nonarteritic anterior
ischemic optic neuropathy: OCT characterization
of the acute and resolving phases

Costantino Bellusci & Giacomo Savini &
Michele Carbonelli & Valerio Carelli &
Alfredo A. Sadun & Piero Barboni

Received: 5 July 2007 /Revised: 31 December 2007 /Accepted: 3 January 2008 /Published online: 28 February 2008
# Springer-Verlag 2008

Abstract
Background To evaluate longitudinal changes in retinal
nerve fiber layer (RNFL) thickness in patients with non-
arteritic anterior ischemic optic neuropathy (NAION) using
optical coherence tomography (OCT).
Methods Prospective, observational case series study. Six-
teen eyes from 15 consecutive patients affected with
NAION were analyzed. The fellow unaffected eyes served
as controls.

Patients were divided into three different study groups:
(1) patients with visual field (VF) defect confined to the
inferior hemifield (five eyes), (2) patients with diffuse VF
loss (seven eyes), and (3) patients with central or centro-
cecal scotoma (four eyes). The main outcome was peri-
papillary RNFL thickness measurement by Stratus-OCT.
Results In group 1, OCT demonstrated RNFL involvement
limited to the temporal , superior and nasal optic disc
quadrants, both in acute and athophic stages. Diffuse RNFL
damage involving all quadrants around the disc was
observed in group 2 patients. Group 3, by contrast, revealed
RNFL atrophy limited to the superior and temporal sectors
of the disc.

Conclusions OCT can identify different patterns of RNFL
involvement specific to different classic VF defects in eyes
with NAION. Our results corroborate previous histologic
findings in optic nerves affected with NAION.
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Introduction

Nonarteritic anterior ischemic optic neuropathy (NAION)
typically occurs in middle-aged and older patients with vascu-
lopathic risk factors [9]. The affected optic nerve head (ONH)
is noted to be swollen, and the fellow optic disc appears
“crowded” (small and with a small optic cup). This config-
uration is thought to predispose to a spreading watershed
infarction of the ONH in patients with NAION [2, 3, 7]. The
presence of ONH edema and related visual field defects form
the classic presentation of NAION. Moreover, symptomless
ONH edema may precede visual loss in NAION, and could
constitute the earliest sign of the disease [8].

Histologic studies on optic nerves affected with NAION
have shown that ischemic optic neuropathy can have a devas-
tating effect on the integrity of the optic nerve, with complete
loss of fibers in the superior half of the nerve and a peripheral
fiber loss in the other half [16]. The three-dimensional
anatomic configuration of a NAION infarct was recently des-
cribed in a patient who died 20 days after the initial diagnosis
of NAION [21]. The fiber loss was in the superior part of the
nerve, and the periphery of the uninvolved inferior portion of
the nerve was normal in this case.
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Given that histologic studies can rarely be performed in
eyes with acute-onset NAION, recent ONH imaging
technologies have gained the interest of many researchers,
as these diagnostic modalities can easily provide us with
information about the ONH anatomy at any stage of the
disease. Data from scanning laser polarimetry (SLP) have
revealed, for example, that RNFL thickness is reduced in
cases of NAION-related ONH atrophy; unfortunately, the
same technology does not seem able to detect and quantify
RNFL edema in the acute stage of this optic neuropathy
[1, 4, 5,18]. Optical coherence tomography (OCT), on the
other hand, can measure both RNFL thickening in the acute
stage and RNFL thinning after resolution of ONH edema
caused by NAION [6, 20].

Quantification of RNFL changes is likely to enhance our
knowledge of the pathophysiology and natural history of
NAION. Since the RNFL changes occurring in NAION
have never been prospectively evaluated, we aimed to
longitudinally investigate them in the acute stage and
during a 6-month follow-up. We also aimed to analyze
whether, in the case of NAION, specific sectorial changes
of the RNFL can be associated with different categories of
visual field (VF) defects.

Methods

This was a prospective, observational case series study
performed in a private eye clinic (Centro Salus, Bologna,
Italy). All patients definitively diagnosed with NAION
between November 2004 and March 2006 were enrolled.
The criteria required for diagnosis of NAION included: (1)
history of sudden onset of visual loss with absence of other
ocular and neurologic diseases that might influence or
explain the patient’s visual symptoms, (2) ONH edema at
onset and spontaneous resolution of ONH edema within 2
to 3 months, and (3) absence of systemic symptoms of giant
cell arteritis or a high erythrocyte sedimentation rate
(>50 mm/hour). No patient presented evidence of inflam-
matory, demyelinating, or compressive causes of optic

neuropathy. All participants gave their informed consent
according to the Declaration of Helsinki. The internal
review board of Centro Salus approved this investigation.

A detailed ophthalmic and medical history was obtained
at the patient’s first visit to our clinic, which in all cases
took place within 2 weeks of the onset of visual loss.
Patients underwent a comprehensive ophthalmic evaluation,
including the assessment of visual acuity and achromatic
VF with Humphrey perimeter (Humphrey System, Dublin,
CA, USA) utilizing a Swedish Interactive Testing Algo-
rithm (SITA) strategy, program 30–2. For the purposes of
the present study, abnormal visual fields were classified as
diffuse or localized loss. For localized deficits, the principal
location of VF loss was identified (i.e., inferior quadrant,
inferior arcuate, inferior altitudinal, central or centrocecal
scotoma) [11]. All VF test results were reliable, with less
than 33% fixation losses, false-positive responses, and
false-negative responses.

For the sake of simplicity, we assumed that arcuate,
quadrantile, and altitudinal defects in the same hemifield
represent different degrees of infarction within that hemi-
field [22]. Patients were then divided into three different
study groups: (1) patients with VF defect confined to a
single hemifield, (2) patients with diffuse VF loss, and (3)
patients with central or centrocecal scotoma.

Optic nerve photography and fluorescein fundus angi-
ography were performed in all patients at the first
examination, during the acute stage of the disease.

The commercially available OCT 3 (StratusOCT, software
version 4.0; Carl Zeiss Ophthalmic Systems Inc., Humphrey
Division, Dublin, CA, USA) was used to measure peripapil-
lary RNFL thickness (RNFL Thickness 3.4 acquisition
protocol). In all NAION eyes, the mean value of 360°
average RNFL thickness and mean temporal, superior, nasal
and inferior optic disc quadrant RNFL thickness obtained
from three good-quality images (signal strength ≥6) were
considered for statistical purposes [20]. Patients underwent
OCT measurements at the initial examination and serially
after 30 days, 2, 3 and 6 months during the follow-up
period. Each time, OCT was performed in parallel with an

Table 1 Retinal nerve fiber layer (RNFL) thickness of NAION eyes and normal fellow eyes (control group); data are given as mean±standard
deviation

Normal fellow eyes n=15 NAION eyes n=16 onset P* NAION eyes n=16 final examination P*

RNFL thickness
Average 95.7 (± 9.7) 188.9 (± 56.6) <0.001 63.1 (± 14.2) <0.001
Temporal 68 (± 12.2) 139.7 (± 63.7) <0.001 37.7 (± 5.4) <0.001
Superior 119.6 (± 15.5) 236.9 (± 49.7) <0.001 62.3 (± 20.8) <0.001
Nasal 71 (± 11.2) 140.5 (± 54.6) <0.001 57.3 (± 15.6) 0.01
Inferior 121.7 (± 14.2) 201.9 (± 82.2) <0.001 93.6 (± 29.2) <0.001

* P values from paired t-test with control group
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automated VF test. No patient failed any follow-up
examination.

The absolute measurements of RNFL thickness in
NAION eyes were compared to the corresponding values
obtained from a control group. Since patients with NAION
have been reported to have small optic discs [2, 3, 7, 14]
and ONH size is known to influence RNFL analysis by
StratusOCT [19], we used the fellow unaffected eyes of the
same patients as controls.

Statistical analyses were performed using SPSS soft-
ware, version 12.01 (SPSS Inc., 2004). A paired t-test was
used to compare affected with unaffected eyes at each stage
of follow-up. The mean RNFL values obtained from all 16
NAION eyes were compared with the control group (15
eyes). Moreover, the measurements found in the three
different VF study groups were compared with the
corresponding normal values. A P value less than .05 was
accepted as statistically significant.

Results

Sixteen consecutive eyes of 15 patients (nine male and six
female; mean age, 65.8±10 years) affected with NAION
were enrolled in this study. Five out of the 16 cases had
already been included in a previous investigation during
their acute phase of NAION [20]. In the present study, we
completed the follow-up protocol and included 11 more
cases. In our single case of bilateral NAION, the bilateral
involvement was not simultaneous, and we included the
RNFL measurements of the unaffected eye in the control
group (15 eyes).

Retinal nerve fiber layer thickness at presentation (within
15 days of the onset of visual loss) and at the end of follow-up
are summarized in Table 1. The initial mean RNFL thickness
from 360° average in the affected eyes was 189 μm ± 56.6,
statistically increased compared with the RNFL thickness of
the normal fellow eyes (95.7 μm ± 9.7). The mean RNFL
thickness from temporal, superior, nasal and inferior quad-
rants were significantly higher than the corresponding
normal values. At the end of 6 months follow-up, the RNFL
thickness from each optic disc quadrant was found to be
significantly lower than in the control group.

At the first examination, five out of 16 NAION eyes
showed a VF defect confined to the inferior hemifield
(group 1), seven patients revealed a diffuse VF loss (group
2) and, finally, four eyes showed a central or centrocecal
scotoma (group 3). In all patients, VF defect remained
stable during the whole follow-up.

Table 2 shows the mean RNFL thickness in the three
different VF study groups. At presentation, the OCT mean
value from the 360° average was significantly greater in all
NAION groups than in the control group. The temporal, T
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superior, nasal and inferior quadrants were separately
compared with those of the control group. Group 1 showed
a significant increase in the mean RNFL thickness in the
temporal ( p<0.001), superior ( p<0.001) and nasal ( p=
0.005) optic disc sectors, with sparing of the inferior disc
quadrant. Group 2 and group 3 revealed diffuse RNFL
swelling, with involvement of all four optic disc quadrants (p
<0.001).

Figure 1 shows the OCT pattern of RNFL involvement
with corresponding VF exams during the acute phase of
NAION in the three study groups. In case 1 (group 1),
localized RNFL swelling of the superior half of the ONH is
evident. By contrast, in cases 8 and 13 (groups 2 and 3) the
entire ONH is involved, with diffuse RNFL edema as
detected by OCT. In all cases, a hyporeflective subretinal
space, possibly representing subretinal fluid, was detected
between the edematous RNFL and the retinal pigment
epithelium in the peripapillary area.

Figure 2 shows, for each study group, the mean RNFL
thickness values in all four optic disc quadrants at different
stages of follow-up. In group 1, the mean RNFL thickness
in the temporal, superior and nasal quadrants was signifi-
cantly greater at the first examination than the
corresponding control group values. Gradually, ONH

edema decreased, and OCT was capable of monitoring
these changes. Optic nerve head atrophy started to be
detected after 2/3 months, and at the end of 6 months’
follow-up (see also Table 2); optic atrophy was documented
by a reduction in mean RNFL thickness in the temporal,
superior and nasal quadrants, whereas the inferior disc
sector did not show any significant difference when
compared with control group. In group 2, after 2/3 months
of follow-up, the mean RNFL thickness significantly
reduced in all optic disc quadrants compared to controls
(p<0.001). In group 3, the mean RNFL thickness was
significantly reduced after 2 months of follow-up, but only
in the temporal quadrant ( p=0.03). After 6 months, RNFL
atrophy was limited to the temporal and superior optic disc
sectors ( p<0.001 and p=0.01 respectively).

Discussion

The present study confirmed the ability of OCT to monitor
RNFL changes following NAION. This imaging technolo-
gy allowed us to identify different patterns of RNFL
involvement specific to different classic VF defects, both
in the acute and chronic stages of NAION, thus suggesting

Fig. 1 Acute phases of nonarter-
itic anterior ischemic optic neu-
ropathy (first examination). In
case 1 (group 1) the superior half
of the optic disc is involved, as
shown by retinal angiography and
peripapillary OCT. In cases
8 (group 2) and 13 (group 3) the
entire optic disc is affected with
diffuse retinal nerve fiber layer
edema involving all four disc
quadrants, as shown by OCT.
(T: temporal, S: superior,
N: nasal, I: inferior)
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Fig. 2 Mean retinal nerve fiber
layer (RNFL) thickness values
(with error bars) of four optic
disc quadrants at each stage
of follow-up in the 3 different
visual field study groups.
(*: P<0.05 from paired t-test
with control group)
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that NAION may manifest itself in a variety of ways,
possibly correlated to different pathogenetic factors [12].

The eyes with NAION and VF loss confined to the
inferior hemifield (group 1) revealed RNFL changes only in
the superior half of the ONH, both in the acute and atrophic
stages. Our findings are consistent with the previously
reported three-dimensional reconstruction of an optic nerve
infarct in a patient who died 20 days after the onset of
NAION [21]. Tesser et al. reported that the infarct began at
the most anterior extent of the ONH, extended approxi-
mately 1.5 mm posteriorly and was eccentrically located
superiorly with normal uninvolved inferior portion of the
nerve. It could be supposed that in patients from group 1
the acute ischemic damage of axons began and was limited
to the superior part of the optic nerve, so that the resulting
acute and chronic RNFL injury was confined to the
superior half of the optic disc.

Patients with diffuse VF loss (group 2) showed diffuse
RNFL involvement around the entire ONH, as demonstrat-
ed at each follow-up examination. It could be hypothesized
that if the acute ischemic damage is large enough, it may
lead to diffuse axon swelling that involves much of the
optic nerve, thus resulting in larger VF abnormalities. In the
chronic phases, most of the axons become atrophic, and
the RNFL becomes extensively thinner in all four optic disc
quadrants. These findings are consistent with a previous
study that quantified postmortem changes in the remaining
optic nerve fibers of eyes affected with NAION. Diffuse
fiber loss around the entire ONH was found in two out of
three reported cases [16].

Conventional knowledge states that the VF defect of
NAION is classically altitudinal. However, a central scotoma
was recently reported in approximately 30% of a large cohort
of 256 patients affected with NAION (using manual kinetic
perimetry) [10]. In the present study we found four out of
16 NAION eyes to have a single central VF defect (group
3) associated in the chronic phases with RNFL atrophy
limited to the temporal and superior optic disc quadrants,
despite the entire ONH appearing edematous at presenta-
tion. We can speculate that in these patients the ischemic
infarction may be limited to the inner portion of the ONH,
where the axons arising from the papillomacular bundle run
[14, 15]. Acutely, such an event would lead to diffuse
edema of the RNFL involving all four quadrants of the
optic disc; in the atrophic stages of the disease, only the
fibers of the papillomacular bundle would be affected, thus
producing the observed thickness reduction in the temporal
quadrant (and to a lesser extent in the superior one).

Other imaging technologies have been used to study the
RNFL thickness in patients with NAION. Unfortunately,
SLP does not seem able to detect RNFL thickening, so that
our results can hardly be compared to those obtained with

this technology in the acute stage. As observed by Menke
[13] and Savini [20], the RNFL thickness measurements
obtained using OCT differ considerably from those
obtained using SLP. This discrepancy is probably related
to the properties of SLP, which measures birefringence of
the structural elements (neurofilaments and microtubules)
within the RNFL and generates the RNFL thickness from
such a measurement. Indeed, ONH edema is likely caused
not by an increase in the number of neurofilaments and
microtubules, but rather by intracytoplasmic swelling of
ganglion cell axons [17].

However, if we look at the atrophic phase of NAION, our
data and those obtained by SLP are quite similar. Using GDx
with variable corneal compensation, in fact, Saito et al. found
the average RNFL thickness in the superior quadrant to be
significantly lower than the average in the inferior quadrant
[18]. Moreover, changes in RNFL thickness as measured by
SLP in NAION correlate with changes in VF sensitivity as
demonstrated by Danesh-Meyer [5].

Our study is in moderate agreement with another
investigation carried out using OCT. Evaluating 15 eyes
affected with atrophic NAION and an altitudinal inferior
VF defect, Deleón-Ortega et al. recently found a similar
reduction in RNFL thickness in the superior sector of the
ONH. In contrast with our results, however, they also
detected a RNFL thickness reduction in the inferior sector
of the ONH (corresponding to the relatively unaffected
superior hemifield) [6]. Conversely, in our study patients
with a VF defect confined to the inferior hemifield (group
1) did not show statistically significant differences in the
inferior optic disc quadrant, in either the acute or the atro-
phic phase (this can be easily observed in Figs. 1 and 2).
However, the difference between our findings and those
of Deleón-Ortega et al. should be considered with caution,
as the mean RNFL values of the inferior quadrant in our
sample and in their own were very close to each other
(111 μ vs 109 μ respectively). A thorough analysis of the
data from both studies actually reveals that the difference is
related to the control groups. Since patients with NAION
have been reported to have small ONH, we used the fellow
unaffected eyes of the same patients as control group,
instead of healthy participants as used in the Deleón-
Ortega study.

The main limitation of the present investigation is the
relatively small sample size, but sixteen NAION eyes are
sufficient to show that OCT can detect different patterns of
RNFL damage in different groups of eyes affected with
NAION, classified on the basis of VF defect. Our objective
measurements corroborate previous histologic findings in
optic nerves affected with NAION, and may provide useful
information for diagnosing and monitoring patients affected
with this disease.
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