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PURPOSE. Scanning laser polarimetry (SLP) reveals abnormal retardance of birefringence in
locations of the edematous peripapillary retinal nerve fiber layer (RNFL), which appear
thickened by optical coherence tomography (OCT), in nonarteritic anterior ischemic optic
neuropathy (NAION). We hypothesize initial sector SLP RNFL abnormalities will correlate
with long-term regional visual field loss due to ischemic injury.

METHODS. We prospectively performed automated perimetry, SLP, and high definition OCT
(HD-OCT) of the RNFL in 25 eyes with acute NAION. We grouped visual field threshold and
RNFL values into Garway-Heath inferior/superior disc sectors and corresponding superior/
inferior field regions. We compared sector SLP RNFL thickness with corresponding visual field
values at presentation and at >3 months.

RESULTS. At presentation, 12 eyes had superior sector SLP reduction, 11 of which had inferior
field loss. Six eyes, all with superior field loss, had inferior sector SLP reduction. No eyes had
reduced OCT-derived RNFL acutely. Eyes with abnormal field regions had corresponding SLP
sectors thinner (P ¼ 0.003) than for sectors with normal field regions. During the acute
phase, the SLP-derived sector correlated with presentation (r ¼ 0.59, P ¼ 0.02) and with >3-
month after presentation (r ¼ 0.44, P ¼ 0.02) corresponding superior and inferior field
thresholds.

CONCLUSIONS. Abnormal RNFL birefringence occurs in sectors corresponding to regional visual
field loss during acute NAION when OCT-derived RNFL shows thickening. Since the visual
field deficits show no significant recovery, SLP can be an early marker for axonal injury, which
may be used to assess recovery potential at RNFL locations with respect to new treatments for
acute NAION.
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Optical coherence tomography (OCT) and scanning laser
polarimetry (SLP) effectively show loss of peripapillary

retinal nerve fiber layer (RNFL) in glaucoma, and following an
episode of optic neuritis, nonarteritic anterior ischemic optic
neuropathy (NAION), or traumatic optic neuropathy during the
chronic atrophic stage.1–11 The relationship between regions of
field loss and RNFL thinning using OCT and SLP has been
shown after swelling of the optic nerve head (ONH) has
resolved in NAION.7,8,12 Previous studies used either OCT or
SLP, but not both methods together, to study swollen ONHs due
to a variety of etiologies. Some investigators, who used older
methodologies to compensate for the corneal birefringence,
found SLP was not useful for evaluating thickening of the RNFL
associated with the swollen or edematous ONH due to entities,
such as NAION.6,13 In acute optic neuritis, reduced birefrin-
gence found at presentation generally was transient and most
likely reflected temporary increased RNFL water content13

(Kupersmith M, et al. IOVS 2009;50:ARVO E-Abstract 5664). In
general, eyes with ONH swelling due to papilledema, NAION,
or optic neuritis do not show SLP-derived RNFL thickening due
to the increased intra-axonal and extracellular water.14

Multiple studies have demonstrated correlation between
functional (visual field threshold) and thinning of the peripap-
illary RNFL following an episode of optic neuritis or NAION.
This is evident particularly when the chronic atrophic stage has
been reached. However, to our knowledge, no studies have
shown a correlation or predictive capability of optical imaging
of the RNFL at presentation with the vision outcome at the
chronic stage of injury. Our study explored whether optical
imaging of acute injury of the optic nerve could distinguish
those eyes at presentation that have irreversible injury from
those more likely to recover with therapy. An identified risk
factor could be applied in clinical trials that test new
experimental interventions to protect injured, but potentially
salvageable axons of the optic nerve.

NAION presumably is due to ischemia of the lamina and
retrolaminar segments of the optic nerve, and visual field
deficits commonly are irreversible and permanent. Recently, we
showed that SLP at presentation can reveal decreased
retardance of the RNFL in NAION, but not with other disorders
of ONH swelling, such as papilledema and optic neuritis, in
which permanent visual field loss is minimal.14 This finding
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suggests that the SLP-demonstrated loss of birefringence could
be due to acute axonal injury and the associated vision loss
likely would persist. We conducted this study to explore more
precisely the correlation between decreased retardance of
peripapillary regions in the acute stage NAION with the visual
field defects at presentation, and at the chronic stage greater
than 3 months.

METHODS

We studied subjects prospectively if they had new onset
(within 21 days of vision loss) NAION.15 During this acute
phase of NAION, all subjects showed optic disc swelling on
ophthalmoscopic examination. Subjects could have a prior
NAION in a fellow eye, but not the newly affected eye. This
research was conducted with New York Eye and Ear Infirmary
Institutional Review Board approval and is in compliance with
the Declaration of Helsinki.

Each subject underwent a complete clinical evaluation and
threshold perimetry using the Humphrey Field Analyzer (Carl
Zeiss Meditec, Dublin, CA) with SITA 24-2 Standard protocol
using size III. In a small number of cases the damage was so
severe that size III showed no response at most locations, and
spot size V was used; data were analyzed using probability
plots for size V developed for glaucoma.16 We compared the
visual threshold results to the corresponding regions of RNFL
by grouping data into locations corresponding to the mapping
proposed by Garway-Heath,17 and used the methods reported
by Hood et al.12 We calculated the average threshold deviation
from normal for the superior and inferior regions (composed of
Garway-Heath arcuate and nasal step sectors organized into
superior and inferior regions, Fig. 1), since superior and
inferior field defects are the most common pattern seen with
NAION. A region was considered abnormal if the mean
deviation (MD) was less than the fifth percentile of normal
fellow unaffected eyes of the NAION patients shown below:

1. Fifth percentile of superior region average threshold
deviation: �7.06 dB.

2. Fifth percentile of inferior region average threshold
deviation: �4.98 dB.

The peripapillary RNFL evaluation was performed with SLP
in undilated eyes and OCT following pupillary dilation. For SLP
(GDx with enhanced corneal compensation, ECC, research
software; Carl Zeiss Meditec), an elliptical annulus was
adjusted to permit capture of the same peripapillary RNFL
measurement between exams and eyes. The SLP retardation
values were determined within the annulus. Each annulus was
resampled to calculate 64 circumferential measures of RNFL

thickness. For the OCT (high definition, Cirrus spectral HD-
OCT; Carl Zeiss Meditec), the laser scanned a 6 3 6 mm area,
capturing a volume of data consisting of 200 A-scans from 200
linear B-scans (40,000 points). The Cirrus software determined
RNFL thickness values at 256 points in the peripapillary
circumference. At least two scans were performed for each
method on each eye, and only images centered on the optic
disc with signal strength scores 6 or greater were analyzed.

We analyzed the SLP retardance and OCT RNFL thickness
along the peripapillary circumference. The optical imaging of
peripapillary RNFL results for both methods were organized
into the Garway-Heath map with attention to superior and
inferior sectors (Fig. 1).17 For SLP, we determined the fifth and
95th (not shown) percentile of RNFL thickness (retardance) in
normal controls (provided by Carl Zeiss Meditec, Table 1) for
65-year-olds to compare with the study data. For OCT, we
determined the fifth and 95th (not shown) percentiles of RNFL
thickness in the unaffected fellow eyes as well as for normal
control age 65 years (provided by Carl Zeiss Meditec, Table 1).

We correlated (Pearson) superior and inferior visual field
regions with their corresponding RNLF sectors at presentation
and at a time point 3 months from onset of visual loss or later.
We adjusted the P values for calculating multiple comparisons.
We also analyzed the number of SLP sectors with values less
than the fifth percentile of controls and having an abnormal
(<5th percentile) corresponding region of visual threshold.

RESULTS

We evaluated 25 eyes with acute NAION an average of 9.9þ5.5
days from the time of self-reported vision loss. Five patients had
prior NAION in the fellow eye. None had glaucoma or retinal
disease that could cause visual field or acuity deficits. The

FIGURE 1. Corresponding peripapillary RNFL sector and regional visual field mapping. Superior RNFL sector—inferior field region is in blue and
inferior RNFL sector—superior field region is in red.

TABLE 1. Fifth Percentile of RNFL Thickness in 65-Year-Old Normal
Subjects by SLP and HD-OCT

Average,

lm

Superior

Quadrant,

lm

Inferior

Quadrant,

lm

Fifth percentile SLP, age 65 34 50 54

Fifth percentile SLP,

unaffected eyes 41 48 51

Fifth percentile HD-OCT,

age 65 76 87 84

Fifth percentile HD-OCT,

unaffected eyes 82 88 80
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visual field and visual acuity deficits varied, but were typical of
NAION (Table 2). The acute visual field was abnormal for the
inferior field region in 19 eyes and for the superior field region
in 9 eyes (6 eyes had deficits in both regions, one of which was
almost complete visual threshold loss). A maculopapillary type
defect occurred in 1 eye, and a small superior arcuate defect
that did not register as abnormal for the entire region occurred
in one eye. The average threshold deviation was�12.89þ 6.62
dB for the affected superior field Garway-Heath region and
�11.87 þ 5.52 dB for the affected inferior field region. At
presentation, the average RNFL measurement (Table 3) varied
widely for OCT and for SLP. All eyes had OCT average RNFL
measurements that were abnormally thickened, greater than
the 95th percentile of controls, and two or more quadrants
were thickened in every affected eye, as described previous-
ly.10 No eyes had an OCT average or quadrant RNFL
measurement less than the fifth percentile of controls. For
SLP at presentation, no affected eye had an average RNFL or
quadrant measurement greater than the 95th percentile of
controls. SLP was below the fifth percentile (for control and
unaffected fellow eyes) for the superior quadrant in 12 eyes
(11 with abnormal corresponding inferior visual field region;
Figs. 2, 3, case example) and for the inferior quadrant in 6 eyes
(6 with abnormal superior visual field region; 2 with superior
and inferior sectors affected).

At presentation, for NAION eyes there was no correlation
between the visual acuity deficit and sector retardance. Twelve
of the 19 eyes with abnormal inferior field region and 6 of 10
eyes with abnormal superior visual field region had retardance
values less than the fifth percentile of controls in the
corresponding SLP superior and inferior sectors. For eyes with
abnormal field regions, the corresponding SLP superior or
inferior sector average values were 58 þ 16 lm (P ¼ 0.003)
compared to 67 þ 12 lm for sectors with corresponding
normal field regions. The acute SLP retardance values for the
superior sector correlated with inferior region threshold (r ¼
0.45, P¼ 0.04) and the inferior sector correlated with superior
region threshold (r ¼ 0.63, P ¼ 0.002; for SLP values for
superior and inferior sectors r¼0.59, P¼ 0.04, Fig. 4). The eye
with complete visual field loss had no sectors with retardance
less than the fifth percentile of controls. The values for
baseline, acute OCT RNFL values for the same sectors did not
correlate with the corresponding area of field loss at baseline.

At one month, all affected eyes had persistent visual field
loss (Table 2). None of the eyes with an abnormal SLP sector

retardance at presentation showed recovery of the corre-
sponding field region to the normal threshold range. However,
three eyes with normal baseline SLP and abnormal visual
regional threshold during the acute stage had improvement of
the field region over time. All affected eyes at the second visit
at approximately one month later showed less thickening or
thinning of the RNFL by SLP and OCT compared to the
measurement at presentation (Table 3). None of the RNFL
sectors with abnormal retardance by SLP at presentation
recovered retardance. Nine eyes had thinning of OCT RNFL
less than the control fifth percentile in at least one sector at the
one month visit (9 superior, 1 temporal, and 3 inferior
quadrants). OCT values for either superior or inferior sectors
at one month did not correlate with the field loss in the
corresponding quadrant at 3 months.

After three or more months, significant visual threshold loss
(<5th percentile) was seen in the inferior quadrant in 19 eyes
and in the superior quadrant in 12 eyes. The OCT was below
the fifth percentile of controls in the corresponding 19
superior sectors and in 10/12 inferior sectors. Presentation
superior sector SLP-derived RNFL values correlated with the
>3-month inferior region threshold (r¼0.45, P¼0.04) and the
inferior sector SLP-derived RNFL values correlated with the >3-
month superior region threshold (r ¼ 0.42, P ¼ 0.08; for SLP
values for superior and inferior sectors r¼ 0.44, P¼ 0.02, Fig.
4). The >3-month OCT-derived inferior RNFL sector (but not
the superior RNFL sector), correlated with the corresponding
superior regional threshold value (r ¼ 0.60, P ¼ 0.002).

DISCUSSION

Scanning laser polarimetry showed acutely significant retard-
ance reduction in sectors of the peripapillary RNFL at
presentation with ONH ischemia that did not recover, in eyes
with recent onset NAION. The affected RNFL regions did not
recover retardance over time even as swelling of the RNFL
resolved by OCT. Acute segmental SLP-derived RNFL change
correlated with acute and subsequent chronic threshold loss in
corresponding regions of the visual field. In contrast, the OCT
did not show RNFL thinning or loss at presentation. On the
contrary, OCT is effective at showing thickening of the RNFL
during acute optic nerve edema, but not acute damage.

As reported previously for NAION, by three months,
significant RNFL loss, particularly in sectors corresponding to

TABLE 2. Patient Demographics and Visual Performance of NAION Eyes at Three Time Points

Time Point

Age, y

Mean 6 SD (Range)

Sex,

Women/Men

LogMAR Visual

Acuity

Mean 6 SD (Range)

MD dB

Mean 6 SD

Superior

Quadrant

MD dB

Mean 6 SD

Inferior

Quadrant

MD dB

Mean 6 SD

Presentation 67.6. 6 12.5 (38–85) 9/15 0.47 6 0.68 (hand motion–0) �12.10 6 5.68 �5.99 6 5.98 �10.10 6 7.32

1 Mo 0.40 6 0.71 (hand motion–0) �14.28 6 9.11 �10.11 6 9.40 �13.37 6 9.32

‡3 Mo 0.65 6 0.84 (hand motion–0) �14.50 6 8.53 �9.09 6 8.95 �12.88 6 9.15

TABLE 3. RNFL Thickness by SLP and HD-OCT of AION Eyes at Time Points Measured

Diagnosis Imaging Test

Average,

lm

Temporal Quadrant,

lm

Superior Quadrant,

lm

Nasal Quadrant,

lm

Inferior Quadrant,

lm

Presentation SLP, mean 6 SD 46 6 8 30 6 8 51 6 14 41 6 9 64 6 14

1 mo SLP, mean 6 SD 41 6 18 28 6 9 40 6 13 36 6 12 59 6 19

Presentation OCT, mean 6 SD 201 6 98 137 6 52 257 6 115 180 6 77 248 6 106

1 mo OCT, mean 6 SD 122 6 57 79 6 48 115 6 52 101 6 39 163 6 95

>3 mo OCT, mean 6 SD 69 6 14 53 6 7 70 6 18 63 6 8 89 6 31
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FIGURE 2. Case example 24-2 of affected eye. (A) At presentation (MD
�2.10 dB). (B) At 2 months (MD �8.45 dB). (C) At 9 months (MD
�10.36 dB).
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regions of visual field loss, are seen by OCT. Additionally, at one
to two months, RNFL thinning below the fifth percentile was
seen by OCT in eyes that had other RNFL sectors still swollen.
Axonal loss and RNFL thinning, which was not seen acutely in
our NAION eyes by OCT, was readily apparent using OCT (24/
25 eyes) at 3 months or later. OCT consistently shows RNFL
thinning or loss after this ischemic injury.

At presentation, the OCT, but not SLP, showed marked
swelling of the RNFL, due to increased intra-axonal and
interstitial water content. The lack of increased RNFL
thickening by SLP at presentation may reflect a relative
inability to detect increases in extracellular water or edema
in the peripapillary RNFL in optic neuritis and NAION.13,14,17,18

SLP measurements are based on birefringence properties in the
retina, which arise almost exclusively from the RNFL and are
due to the array of parallel cylindrical organelles, such as
axonal membranes, microtubules, and neurofilaments.19,20 The
RNFL birefringence induces reflected light polarized along
bundles of nerve fibers to be delayed and this slowing is
termed retardance. The calculated RNFL thickness value is
proportional to the amount of retardance.

At presentation, SLP showed abnormal retardance in 64% of
eyes with NAION. This suggests that not all RNFL segments
associated with acute field loss have irreversible ischemic
damage or microtubule dissolution at presentation. In support
of this concept, three eyes with regional field loss and normal
corresponding SLP sectors at presentation showed significant
improvement of the regional field defect at one month.
Further, some improvement in visual acuity and visual field
in NAION has been reported.21 In NAION, ischemia of the
optic nerve in the laminar and retrolaminar sections22 typically
causes permanent injury of many, but not all, axons. Some
axons must be subject to a relative ischemia that causes visual
dysfunction, but does not cause infarction. SLP-measured
retardance change and derived RNFL thinning is associated
with axonal thinning23 or microtubule loss.24 Loss or

disruption of the structures that are birefringent most likely
accounts for the abnormal retardance, while swelling is seen
clinically and is measured as a thickened RNFL by OCT. Thus,
SLP retardance reduction suggests an acute disruption in the
intra-axonal structures, such as microtubules or axonal
membrane at presentation in regions of irreversible damage
in NAION eyes. This would reduce or inhibit any intervention
from restoring vision or reducing axon loss in SLP-shown
abnormal regions. In our study, the abnormal retardance most
often was focal, affecting one sector in 13 of the 16 eyes
showing this finding.

Our results showed SLP abnormal retardance in sectors at
baseline correlated with the baseline and final visual threshold
abnormalities for superior and inferior visual fields. These
results contrast with a prior report that used older SLP
methodology and only found correlation with inferior sector
SLP reduction and superior visual field deficits, both obtained
when swelling had resolved and optic atrophy was present.8

One might expect that the correlation for baseline SLP sector
reduction and 3-month regional visual field deficits would be
stronger than the baseline correlations. Two factors could
contribute to this finding. Relative ischemia at presentation
evolved to infarction in the optic nerve axons. The dynamics of
NAION pathophysiology that leads to frequent worsening of
the visual field and new regional field deficits were common in
our patients.

CONCLUSIONS

SLP demonstrated abnormal retardance in specific peripapil-
lary sectors, seen at presentation of NAION, and corresponding

FIGURE 4. All SLP superior and inferior quadrant RNFL values in acute NAION compared to corresponding presentation and 3-month visual field
region. Closed circles and broken fit curve indicate presentation visual field data. Open circles and solid fit curve indicate 3-month visual field data.

FIGURE 3. Case example optical imaging of ONH region. (a) SLP at
presentation. (b) SLP at 2 months. (c) OCT at 9 months.
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to acute and permanent regional visual field deficits, presum-
ably reflects irreversible ischemic axonal injury. SLP could
serve as an effective biomarker to be integrated into any study
design that tests neuroprotection or other therapies for acute
NAION.
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