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Abstract

Purpose: To evaluate the relationship between visual outcome and the photoreceptor innet segment/outer segment (IS/
OS) layer status in patients with macular edema of any etiology.

Design: Cross-sectional study
Patients with macular edema of any etiology and who did not present with a distupted IS/OS line wete enrolled.

We obtained simultaneous visual acuity and optical coherence tomography (OCT) of patients with macular edema using a
spectral-domain (SD) OCT system. The device recorded retinal thickness on tomography. SD OCT was recorded repeat-
edly in patients before and after treatment with an anti-vascular endothelial growth factor agent or triamcinolone, and the
central thickness, IS, and OS wete measured. The IS/OS ratio was calculated, and the data were analyzed statistically. We
also reviewed the OCT scans to determine the type of macular edema, i.e., cystoid macular edema or diffuse macular edema
(absence of any cysts).

Results: Forty-cight patients (48 eyes: 21 male and 27 female; median age, 58.50 £ 10.8 years) with macular edema were en-
rolled. Twenty-seven eyes had cystoid macular edema, and 10 eyes had diffuse macular edema. The median central subfield

thickness was 462 £ 150.3 pm. The IS/OS layer was obsetved in all 48 eyes, and the IS/OS ratio was calculated.

Eight (16.7%), 11 (22.9%), and 29 (60.4%) eyes had venous tributary occlusion, post-cataract cystoid macular edema, and
diabetic macular edema, respectively.

There was a significant difference between pre- and post-treatment vision (p = 0.001, Table 2). When we compared the pre

and post treatment IS, OS, and IS/OS ratio with t test (p = 0.000 with 95% CI).

The presenting vision differed significantly according to the IS/OS ratio (p = 0.010, Table 3).

Conclusion: This study demonstrated that the IS/OS ratio is not significantly correlated with final visual acuity following

treatment for macular edema.
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Introduction

Macular edema is a complication of many ocular conditions and
currently affects an estimated 8% to 10% of the 23.6 million dia-
betics in the U.S. [1] Because the prevalence of diabetes is expect-
ed to grow to more than 300 million cases worldwide by 2025,
[2] the prevalence of macular edema is also expected to increase
substantially.

The development of macular edema is initiated by hyper-perme-
ability of the retinal vasculature, allowing extracellular fluid to ac-
cumulate in the retina. Ischemic dysfunction of the neuroglia cells
due to macular edema results in visual disturbance. [3] Therapeu-
tic strategies such as treatment with an anti-vascular endothelial
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growth factor drug, [4] steroids, [5] or laser photocoagulation, [6]
have been used to control macular edema. However, complete
resolution of the condition is not always possible, and a better
understanding of the pathophysiology of macular edema is nec-
essary.

Recent advances in optical coherence tomography (OCT) tech-
nology, including the development of high-resolution spectral-
domain (SD) OCT, have facilitated the visualization of outer reti-
nal changes that may be important indicators of the functional
integrity of the visual pathway. The disruption of the junction
between the inner segment/outer segment (IS/OS) layets of pho-
toreceptors and the external limiting membrane has been shown
to be a factor in retinal dysfunction.[7-12] Initial studies of reti-
nal vein occlusion demonstrated that the distuption of the IS/
OS junction is highly correlated with decreased visual acuity (VA)
[7] and visual outcome.[8] Subsequent studies have demonstrated
similar associations between IS/OS status and visual acuity in
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age-related macular degeneration [9] and diabetic macular edema
(DME).[11,12] These studies of DME have relied on VA, which
is a clinically useful, global measure of macular function. How-
ever, VA may poorly reflect focal changes in retinal function and
structures in more localized diseases (Figure 1).

Hatef et al. [14] demonstrated a strong relationship between mac-
ular sensitivity and point thickness in macular edema, whereas
Sepah et al. [15] illustrated similar findings in eyes with uveitic
macular edema. In another recent study, [10] the integrity of the
photoreceptor layer was shown to be an important determinant
of the effect of macular thickness on VA in patients with DME.
Visual acuity was correlated with parafoveal thickness in patients
who had an intact photoreceptor layer, whereas VA was not as-
sociated with parafoveal thickness in patients who had a disrupted
photoreceptor layer. It is not known whether the presence or ab-
sence of the IS/OS layer affects the relationship between point
sensitivity and point thickness. [14] (Fugure 2)

Figure 1. SD OCT picture with intact IS/OS line

Figure 2. SD OCT picture with disrupted IS/OS line

Table 1. Age and Sex distribution

Age group

30 TO 40

41 TO 50

51 TO 60

61 TO 70

71 TO 80

Total

Sex Total
F |M

1 2

5

6 |13 |19

5 10

4 |3 7

21 (27 [48
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In this study, we assessed the association between the visual out-
come and the IS/OS ratio in cases of macular edema with a non-
disrupted photoreceptor layer.

Material and Methods

We performed a cross-sectional study of adult patients diagnosed
with macular edema managed at Drashti Netralaya, Dahod, Gu-
jarat, India. Our research followed the tenets of the Declaration
of Helsinki and was approved by the Institutional Review Board/
Ethics Committee. Informed consent was obtained from all par-
ticipating subjects.

Inclusion criteria were a diagnosis of macular edema confirmed
by a retina specialist using contact lens biomicroscopy and OCT
and findings indicating clinically significant macular edema with
an intact IS/OS line, increased central point thickness, and the
presence of fluid. Leakage observed by fluorescein angiography
was assessed to support the diagnosis of macular edema. Only
OCT scans with signal strength greater than 6/10 were included
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in the study. Patients who had received focal or grid laser thera-
py that produced scarring in the area were excluded because we
believe that extensive laser treatment may artificially disrupt the
IS/OS junction. Study data collected at the time of the imaging
visit included best-corrected VA measured using the Early Treat-
ment Diabetic Retinopathy Study chart and any prior treatments
for macular edema. We also collected demographic data, includ-
ing age, gender, and race, from the patients’ medical records. We
treated the patients with ranibizumab or triamcinolone, or with
no treatment according to pathology.

The IS/OS junction was defined as the hypet-reflective line be-
tween the inner and outer segments of the photoreceptors, just
above the hyper-reflective line representing the retinal pigment
epithelium and just below the hyper-reflective line representing
the external limiting membrane. The IS/OS junction status was
either present or absent. The IS and OS were measured for all
eyes with an intact junction. When the initial grader was unable to
accutately determine whether the IS/OS junction was disrupted
at a particular point, a second expert grader was consulted, and
the presence ot absence of the IS/OS junction was determined

Table 2. Comparative study of Pre post vision

Post treatment vision Pre treatment vision Total
1/60 TO 3/60 |6/60TO 6/36 |6/24TO 6/18 [6/12TO 6/9
1/60 'TO 3/60 3 0 0 1 4
6/60 TO 6/36 8 4 3 0 15
6/24'TO 6/18 5 5 7 1 18
6/12'TO 6/9 2 2 2 1 7
6/6 TP 6/5 0 0 3 1
Total 18 11 15 4 48
P=0.001
Table 3. Comparative study of Pre treatment vision and IS/OS ratio
Pre treatment vision Pre treatment IS/OS ratio Total
0to 0.10 ]0.11t0 0.20 |0.21t0 0.30 |0.31to 0.4 0.51t0 0.6 |0 to0.10
1/60 TO 3/60 6 8 3 1 0 18
6/60 TO 6/36 4 6 1 0 0 11
6/24'TO 6/18 1 10 4 0 0 15
6/12'TO 6/9 0 0 3 0 1 4
Total 11 24 11 1 1 48
P=0.010

Table 4. Comparative study of Final vision according to Aetiology

Post treatment vision | Aetiology To-
BRVO | CME | DME tal

1/60 'TO 3/60 0 1 3 4

6/60TO 6/36 1 2 12 15

6/24'TO 6/18 2 6 10 18

6/12TO 6/9 2 2 3

6/6TP 6/5 3 0 1

Total 8 11 29 48
P=0.050

BRVO: Branch retinal vein occlusion
CME: Cystoid Macular Edema
DME: Diabetic Macular Edema
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Table 5. Summary of Tables

No | Category P value
1 Comparative study of Pre post vision 0.001
2 Comparative study of Pre post treatment IS 0.000
3 Comparative study of Pre post treatment OS 0.000
4 Comparative study of Pre post treatment ratio 0.000
5 Comparative study of Pre post treatment thickness 0.000
6 Comparative study of Final vision according to Aetiology 0.050
7 Comparative study of Final vision and Treatment modality 0.424
8 Comparative study of Aetiology and IS 0.447
9 Comparative study of Aetiology and OS 0.217
10 Comparative study of Aetiology and IS/OS ratio 0.589
11 Comparative study of Pre treatment vision and IS 0.047
12 Comparative study of Pre treatment vision OS 0.091
13 Comparative study of Pre treatment vision and IS/OS ratio 0.010
14 Comparative study of Final vision and Presenting IS 0.371
15 Comparative study of Final vision and Presenting OS 0.235
16 Comparative study of Final vision and Presenting IS/OS ratio | 0.133

by consensus. The Spectral OCT/SLO softwate automatically
calculated retinal thickness, defined as the distance between the
inner limiting membrane and the retinal pigment epithelium. [10]
We calculated the IS, the OS, and the IS/OS ratio.

The data were analyzed using bivariate analysis with ~tests, in-
cluding robust variance estimates for clustering within eyes to
compate the main study vatiables at points with IS/OS ratio vet-
sus VA. In addition, the association between the IS/OS ratio and
post-treatment VA was analyzed.

Results

Forty-eight patients with macular edema (48 eyes; 21 males and 27
females; median age, 58.50 £ 10.8 years; Table 1) were enrolled.
Twenty-seven eyes had cystoid macular edema, and 10 eyes had
diffuse macular edema. The median central subfield thickness was
462 £ 150.3 pm. The IS/OS layer was obsetved in all 48 eyes, and
the IS/OS ratio was calculated.

Eight (16.7%), 11 (22.9%), and 29 (60.4%) eyes had venous tribu-
tary occlusion, post-cataract cystoid macular edema, and DME,
respectively.

There was a significant difference between pre- and post-treat-
ment vision (p = 0.001, Table 2). The presenting vision differed
significantly according to the IS/OS ratio (p = 0.010, Table 3), but
we did not observe any significant difference according to etiol-

ogy. (p = 0.589, Table 4).

When we compared pre- and post-treatment IS, OS, and IS/OS
ratio values with £test (p = 0.000 95% CI Table 5).

When we compared the pre-treatment vision, IS, and IS/OS ratio,
we observed a significant difference (p = 0.047, 0.010, Table 5).

When we compated the final VA, the IS, OS, and IS/OS ratio did
not show a significant difference (p = 0.371, 0.235, 0.133, Table
5).

Discussion

In this study, we used a novel approach to analyze the IS/OS ratio
and examined the relationship between the IS/OS ratio and VA
in patients with macular edema and an intact IS/OS line. Our
study suggests that an intact IS/OS junction in macular edema is
a predictor of good VA. Prior studies have shown that disruption
of the IS/OS junction is a factor in retinal dysfunction [11,12]

To our knowledge, this is the first report investigating the rela-
tionship between the IS/OS ratio and VA. Our findings suggest
that the integrity of the local photoreceptor layer, as indicated
by the IS/OS ratio, is a strong predictor of local visual function
throughout the retina.

Recent studies have suggested that the IS/OS status is a good
prognostic indicator for DME therapy. One study [18] showed
that patients with an intact IS/OS layer tended to respond better
to triamcinolone treatment. Another recent study reported that
the IS/OS status was a good predictor of visual outcome in pa-
tients treated with pars plana vitrectomy. [19] Although we agree
that patients with IS/OS disruption may have reduced VA, our re-
sults suggest that in patients with macular edema, retinal thickness
remains an important predictor of visual function, independent
of IS/OS status. Therefore, in edematous patients, the clinician
should strive to reduce macular edema regardless of the IS/OS
status.

We found that the presence of cysts along with edema (cystoid
macular edema) results in decreased VA, similar to findings in
other studies. [10,20] The presence of cysts was significantly as-
sociated with retinal thickness and tended to be associated with
increased IS/OS disruption. Our model revealed that the pres-
ence of cysts was associated with decreased functioning in macu-
lar edema, independent of their effects on retinal thickness and
IS/OS distuption. Cysts, which usually occur in the inner nuclear
layer or outer plexiform layer, [21,22] have been hypothesized to
act by disrupting bipolar or ganglion cells. [10] Our findings, that
cysts have an effect independent of their effects on retinal thick-
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ness and photoreceptor disruption, support this hypothesis.

A distupted IS/OS line is an established determinant for poot
visual outcome in case of DME. [23-25] We wanted to study how
vision is affected when the IS/OS line is undistupted.

Disruption of the IS/OS junction is associated with a signifi-
cant 3.28-dB decrease in retinal sensitivity, after adjusting for
confounding variables. In addition, we found that IS/OS distup-
tion results in a weaker thickness-sensitivity association at retinal
points thinnet than 300 um. Howevet, we also found that IS/OS
disruption has no effect on the relationship between thickness
and sensitivity at points thicker than 300 um and that the external
limiting membrane (a close cottelate of the IS/OS junction) [9]
at the fovea results in a decreased VA measured by standard test-
ing. [23]

When the retinal thickness was <300 um, the thickness-sensitivity
relationship was weaket with a disrupted IS/OS layer than with an
intact IS/OS layer. This suggests that when the IS/OS layer is dis-
rupted in retinas thinned by atrophic degeneration, retinal thick-
ness is no longer a strong predictor of visual function, although
thickness remains an important predictor of visual function when
the IS/OS layer is distupted at points thicket than 300 pm. [23]
Therefore, in edematous retinas, thickness tends to have an effect
independent of photoreceptor disruption. This finding may lend
credence to the standard approach of today's retina specialists to
maximize resolution of edema in patients with macular edema.
23]

Kim and Shin reported that IS/OS line distuption is an important
determinant of vision following treatment for venous occlusion.
[24] Hood concluded that the inner segment ellipsoid band, previ-
ously termed the IS/OS line, is of clinical significance, favoring
better visual outcome in any macular edema. [25] Shin found a
similar relationship in DME. [18] Landa et al. reported that the
integrity of the IS/OS line has a significant relationship to visual
outcome in cases of age-related macular degeneration, [16] and
Aizawa described a similar relationship in retinitis pigmentosa.
[26] We are not aware of any study reporting the relationship be-
tween the IS/OS ratio and visual outcome.

The present study has several limitations. First, the study sample
was relatively small. In addition, there was possibility of residual
confounding in our analysis. We did not have data to control or
model for duration, severity, prior treatments, and any concurrent
ophthalmologic conditions. Finally, because this was a cross-sec-
tional study, it is difficult to establish temporality of the exposure
(IS/OS ratio) and the outcome (visual acuity).

Conclusion

The absence of the IS/OS layer has a significant impact on vision
in patients with macular edema. The present results show that
retinal thickness is an important predictor of retinal function in
edematous macula when the IS/OS layer is not disrupted. The
IS/OS ratio may differ significantly on presentation, but the final
vision outcome is not significantly associated with the integrity of
the IS/OS layer.
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