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Correlation between Visual Function and Photoreceptor Inner/Outer Segment Junction Defect
by Bi-dimensional Analysis in Diabetic Macular Edema

Hideyuki SAKAMOTO, Kaori YAMAMOTO, Hisaya ARAKAWA and Sadao HORI
Department of Ophthalmology, Tokyo Women’'s Medical University

Purpose: To quantitatively analyze photoreceptor inner/outer segment junction (IS/OS) defects in patients
with diabetic macular edema (DME) and determine the correlation between estimated defect areas and three fac-
tors of logMAR visual acuity (VA), foveal thickness (FT) and total macular volume (TMV), before and after
vitrectomy. Subjects and Methods: Subjects were patients with improved DME after vitrectomy; 24 eyes of 20
patients were examined by optical coherence tomography (OCT) before and after surgery. Cirrus HD-OCT
(Macular Cube 512 x 128) was used to examine eyes after vitrectomy. The IS/OS defects were manually lined on
the B-scan of 128 slices for each eye. Images of 128 slices with lines equivalent to IS/0S defects were integrated
to create bi-dimensional images. The areas of IS/OS defect in 2 6 mm X 6 mm square area of the macula (total
area of IS/0OS defect) and the ratios of foveal IS/OS defect (%) in a circle of 1.8 mm in diameter in each eye were
estimated using original software [layer and bi-dimensional software (LaBDi)] and then calculated. VA, FT and
TMYV via OCT, before and after vitrectomy, were examined and results were compared (Wilcoxon signed-rank
test). Correlations between the estimated ratios of foveal IS/OS defect, visual acuity, FT, and TMV were statisti-
cally analyzed (Spearman’s rank correlation analysis, p<0.05). Results: VA and FT significantly improved after
surgery (p =0.005, <0.0001, respectively). TMV showed no significant improvement after surgery. The estimated
post-operative ratios of foveal IS/0S defect were 520 + 7.26% which correlated with post-operative VA (p<
0.001). The post-operative ratios of foveal IS/OS defect and post-operative VA negatively correlated with post-
operative FT (p<0.001, =0.002). The post-operative ratios of foveal IS/OS defect were correlated with post-
operative total area of IS/OS defect (p<<0.001). Conclusion: We successfully created and examined bi-dimensional
images of the IS/OS defect area using LaBDj, in patients with resolved DME after vitrectomy. The ratios of fo-
veal IS/0OS defect were correlated with post-operative VA.

Key Words: diabetic macular edema, optical coherence tomography (OCT), photoreceptor inner/outer segment
junction (IS/0S), bi-dimensional analysis, ratio of foveal IS/OS defect
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Fig. 1 Marking of the photoreceptor inner/outer segment junction (IS/0OS) and the defect
of IS/0S on the B-scan of Cirrus HD-OCT, fundus photograph and bi-dimensional image
in case 7
A: Using layer and bi-dimensional software (LaBDi), manually marked IS/OS of the B-
scan using Cirrus HD-OCT is indicated as a light blue line. IS/OS defects are indicated
with a red line.

B: An enlarged B-scan of Figure A. IS/0S is indicated as a light blue line (arrow). IS/OS
defects are indicated with a red line (arrow heds).

C: Post-operative fundus photograph of case 7. Macular edema disappeared. Photocoagu-
lation scars are seen in the temporal retina.

D: A 6 mm X6 mm square area of the macula on fundus photograph of case 7. An en-
larged fundus photograph of Figure C.

E: IS/0S defects are manually lined on the B-scan of 128 slices in case 7 (A), and using
LaBDi, IS/0S images and IS/0S defects are integrated to create bi-dimensional images.
IS/0S defects are indicated in red. The photocoagulation scars and retinal vessels are
described as low-reflect images. By tracing the arrangement of retinal vessels in Figure
D and E, the accurate location of fovea is identified. The location of fovea is shown by
the yellow cross.

F: Fovea is indicated with a red circle of 1.8 mm in diameter in the bi-dimensional im-
ages. The ratio of foveal IS/OS defect in the circle is calculated.
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Table 1 Results of OCT measurement and defect of IS/0S in each eye

(n=24)
VA (logMAR) FT (um) TMV (mm?) total area of  foveal area of ratio of
Case IS/0S defect  1S/0S defect foveal IS/05 ~ PAterns of
Pre Post Pre Post Pre Post (mm?) (mm?) defect (%)
1 1.20 1.16 723 168 149 10.3 0.31 0.21 8.39 CME +SRD
2 1.00 1.05 175 165 8.85 940 0.35 027 1063 CME
3 1.10 0.90 561 152 124 9.20 1.32 091 36.20 Sponge + SRD
4 1.10 0.82 374 190 109 111 0.22 0.21 8.44 CME +SRD
5 1.16 0.80 610 221 118 10.0 0.09 0.09 367 CME +SRD
6 0.40 0.70 207 169 614 103 0.15 0.15 5.81 CME
7 0.80 0.70 346 187 9.12 9.10 0.10 0.10 4.02 CME
8 1.10 0.70 468 174 105 10.2 0.25 0.25 9.77 SRD
9 0.70 0.70 372 207 895 115 0.03 0.03 1.46 CME +SRD
10 0.80 052 481 334 107 11.0 0.07 0.06 222 Sponge
11 0.30 0.40 352 220 943 111 0.13 0.12 437 CME +SRD
12 0.60 040 203 262 979 132 0.11 0.09 367 CME
13 0.90 0.30 488 280 912 103 0.04 0.04 1.75 CME
14 0.82 0.30 780 193 126 122 0.04 0.04 161 CME
15 0.52 0.30 294 173 113 9.20 0.10 0.09 372 Sponge
16 0.40 0.22 298 190 106 111 0.35 0.18 6.98 SRD
17 0.10 0.20 505 323 119 138 0.03 0.03 1.12 CME +SRD
18 0.40 0.20 362 172 747 870 0.04 0.04 1.60 CME
19 0.50 0.15 639 239 16.7 11.2 0.07 0.06 246 CME
20 0.30 0.10 298 190 6.70 840 0.05 0.05 2.14 Sponge
21 0.22 0.10 168 224 7.30 940 0.07 0.07 2.95 CME
22 0.30 0.00 442 241 845 103 0.02 0.02 0.89 CME
23 1.70 0.00 194 230 7.74 910 0.002 0.002 0.09 Sponge
24 -0.08 -0.10 270 373 967 140 0.01 0.01 0.37 Sponge + SRD

OCT: optical coherence tomography, VA (logMAR): visual acuity (logarithm of the minimum angle of resolution), FT: foveal thick-
ness, TMV: total macular volume, IS/OS: photoreceptor inner/outer segment junction, DME: diabetic macular edema, CME: cystoid

macular edema, SRD: serous retinal detachment, Sponge: sponge-like retinal swelling, Pre: pre-surgery, Post: post-surgery.

BT AHIS/OSB L UIS/OSRERZ~—F 7
L, #5352 L TIS/OSRIEZ ZRALT 5V 7
F> =7 (layer and bi-dimensional software :
LaBDi) % 4 CHi 7212 f% L7z, LaBDi & fiv ¢,
FTERNERETHIS/OSTSA v —F 7L
72 (Fig. 1A, BB AKBDIT 4 V). KRIZ, BX
Bt oI % IS/OSKREE LT —F v 7 L7z
(Fig. 1A, BIZBIF AR5 4 ). 512, LaBDi
TI28BOWBHRIZB T 2MHE (IS/0OSTA v &
IS/OSKEDF 4 ») % &R L, 1S/0S & 1S/0S
RIEZ ZKITCAL L TIS/OS D & LCHLY Hi L 72,
CHIZEDEBOKBEDS 4 DL ILPTIS/0S
DL LTHETHHB SN, Sk Enz IS/0S
ERNIZ, IS/0S KB KD~y 7& LTERE
N7z (Fig. 1E). #HIEEE 6mm WA PICHELET 5 dot
¥ 2 5 ¥ % [Cirrus HD-OCT @ Macular Cube
512x 128 12 BT A BB 6mm WA O ERMIZ I
924 (dots) x 127 (frames) DD dot AT 5.

L7255 T ldot 72 ) DEFE X (6%x6/924 x127)
(mm?) L EHEN72]1T 52 & THifg IS/0S KED

MG (total area of IS/OS defect) #EMH L7z, &
512, FLE (B 1.8mm OME) WIZBIT Atk
IS/0S R i (foveal area of IS/0OS defect) 38 & O
(foveal area of IS/OS defect / /1 [~ & T #&) x 100
[ratio of foveal IS/OS defect (%) ] # HH L7z, %= B,
RO X 912, FEBIHHH O BT 2 S B T A%
HLIESZBAL, o~ —F 2 FRfTORRICHE
JRIME 2 H DB OB L E 2 EONTEDIZ L 5
b ER b ERATEMEEIBMIEIENT S & T,

IS/0OS R % W R ROIEREIZFFA - R3S L7z, ZRoT
LU 7-\ERIC L, R E 2T 515 & L CREInE
DETDMMENL 20, REBEEICBITAH.0HE
& MmE#T (Fig. 10) # Z®kmib Lz E#% (Fig.1
E)CHE§ 2 LX) PLEOMEZFEL .
SH1Z, ZRuTAL L 72EGHANOHLEICHEYS T 55
PLCTERE 1.8mm O % E { & & T, IS/0S KIBER
LB e O EMRE MR L7 (Fig 1D, E : [}
EEHE EE R L-ER EOEGD 7 10 AFKR
DHL/NE A Y, Fig 1F : KRB O 1.8mm O HE
HLEICHY). v —F 7 ORiATIZ, FEOHN

—E147—



148

Table 2 Pre and post-operative VA, FT and TMV

(n=24)
Pre-surgery Post-surgery p value
VA (logMAR) 068042 044+035 0.005
FT (um) 397+175 220+58.1 <0.0001 *
TMV (mm3) 10.1+249 106153 0.37 (n.s)

VA (logMAR): visual acuity (logarithm of the minimum angle of resolution),
FT: foveal thickness, TMV: total macular volume, Wilcoxon signed-rank

test.

* The pre-operative VA significantly improved after surgery (p = 0.005).
* % The pre-operative FT significantly improved after surgery (p<0.0001).
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OCT TR Db 2 ALED T 1T IS/0S KIEFT R
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Fig. 2 Photoreceptor inner/outer segment junction (IS/OS) defects of bi-dimensional im-
ages of 24 cases
Using layer and bi-dimensional software (LaBDi), we successfully create a bi-dimensional
image of the IS/OS defect and calculate the area in all cases of this study. The IS/0S
defects are indicated in red. The estimated total area of IS/OS defects are 0.002-1.32 mm?
(0.16 +0.27 mm? mean =SD). Fovea is indicated with a red circle of 1.8 mm in diameter.
The estimated ratios of foveal IS/0S defect are 0.09-36.20% (5.20 = 7.26%: mean = SD).
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A: case 1, B: case 2, C: case 3, D: case 4, E: case 5, F: case 6, G: case 7, H: case 8, I: case 9,
J: case 10, K: case 11, L: case 12, M: case 13, N: case 14, O: case 15, P: case 16, Q: case 17,
R: case 18, S: case 19, T: case 20, U: case 21, V: case 22, W: case 23, X: case 24 (figures are
placed in order of visual acuity from poor to good).

Various IS/0S defect patterns are observed, such as those scattered as dots (I, J, M, O, R,
S, V, W, X), those scattered as islets (D, E, G, N, Q, T, U), those forming large islands (B,
F, H) and a combination of these patterns (A, C, K, L, P). The photocoagulation scars and
retinal vessels are seen as low-reflect images.
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Fig. 3 Correlation between post-operative logMAR visual acuity (VA) and post-operative
foveal thickness (FT), correlation between estimated post-operative ratio of foveal IS/OS
defect and four factors of pre-operative VA, post-operative VA, post-operative FT and

post-operative total area of IS/OS defect

The post-operative VA is negatively correlated with post-operative FT (rs= —059, p=
0.002). The post-operative ratio of foveal IS/OS defect is correlated with pre-operative
VA (rs=0.39, p=0.06).The post-operative ratio of foveal IS/OS defect is correlated with
post-operative VA (rs=0.77, p<0.001). The post-operative ratio of foveal IS/OS defect is
negatively correlated with post-operative FT (rs= —0.70, p<0.001). The post-operative
ratio of foveal IS/0S defect is correlated with post-operative total area of IS/OS defect (rs

=098, p<0.001).
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