Electro-oculographical Analysis of Neovascular
Maculopathy
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Abbreviations : CECR, central exudative chorioretinopathy; D, diopter; EOG, electro-oculogram ; ERG,
electroretinogram ; H, height; L/D M, light peak/ dark trough H:; SDMD, senile disciform macular
degeneration ; V,, EOG IREOREHMERE ; V. EOG IRIE Of&/ME ; W, weight
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Table 1. Diseases in which choroidal neovascularization has been reported as an associated

condition

1. Degenerative diseases

. Nodular and diffuse drusen
. Senile macular degeneration
. Myopia

. Angiod streaks

. Retinochoroidal coloboma

mm oo w e

II. Inflammatory or infectious diseases
A . Ocular histoplasmosis syndrome
B. Toxoplasma retinochoroiditis

. Tumors

V. Trauma
A . Choroidal rupture

. Best’s disease (vitelliform macular dystrophy)

B. Photocoagulation (xenon lamp or argon laser)

V . Miscellaneous

A. Serpiginous or geographic choroiditis

B. Idiopathic in macular area with central serous retinopathy-like picture

C. Fundus flavimaculatus
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Table 2. Classification of the neovascular maculopathy

1. Senile disciform macular degeneration
- Affected eye
- Disciform type
« Subretinal hematoma type
« Unaffected fellow eye
II. Central exudative chorioretinopathy
- Affected eye
» Unaffected fellow eye
[lI. Gronblad-Strandberg syndrome
« Macular hemorrhage (+)
- Macular hemorrhage (—)
Iv. High myopia
« Diffuse chorioretinal atrophy (+)
- Macular hemorrhage (+)
+ Neovascular type
« Simple type
» Macular hemorrhage (—)
- Patchy chorioretinal atrophy (+)
« Chorioretinal atrophy (—)
- Macular hemorrhage (+)
.« Macular hemorrhage (—)
V. Miscellaneous
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Table 3. Electro-oculographical findings in senile disciform macular degeneration

c 4 Fund Séze ?f EOG
; orrecte undus oca
ngrﬁ)eer (Ayrgse) dG:;l visual appea- lesion L/D ratio Hyper- Diamox Bicarbonate
acuity rance in disc osmolarity response response
diameter response(%) (%) (%)
I-1| 62 F R 0.1 DF 3DD 1.59 30.9 47.8 20.0
L 1.0 2.06 35.5 45.3 16.5
I-2177 M R HM DF 5DD 2.10 16.7" 40.0 14.8"
L 0.1 DF 1DD 2.00 25.0 4.0 20.8
I-3| 71 M R 04 F 4DD 1.51 24.4, 49.0 13.07
L 0.6 1.49 11.1 10.0
I-4| 8 M R 0.7 2.04 25.0, 38.2 15.4,
L CF DF 4DD 1.69 18.2 37.3 11.8
I-5| 68 M R 0.1 DF 4DD 2.03 34.4 33.1 8.1"
L 0.7 2.10 41.9 34.3 15.6
I-6| 71 M R 0.04 DF 2DD 1.48 41.9 40.5 28.1
L 0.9 1.60 47.8 43.1 22.6
I-7]163 M R 0.1 DF 3DD 2.10 29.2 40.0 25.6
L 0.9 2.11 29.2 36.0 26.6
1-8| 74 M R 0.2 DF 3DD 1.82 18.4,
L 0.6 1.82 9.8
1-9| 5 F R 0.05 DF 1DD 40.3
L 0.3 43.5
1-10| 56 F R 0.6 DF 1DD 1.95 28.0 44.4 15.4
L 0.0l DF 1DD 1.79 30.4 42.1 16.7
I-11| 60 M R 0.1 DF 1DD 1.71 28.7 45.5 20.0
L 1.2 1.74 30.1 45.0 21.1
I-12| 74 M R 1.0 2.36 40.7 39.3 22.9
L 0.1 F 1DD 2.30 43.8 36.7 23.8
1-13| 69 M R 0.2 DF 2 1.87 39.5 47.9 21.6
L 0.5 SH D 1.84 33.5 48.7 21.3
I-14| 60 M R HM SH 7DD 0.0" 46.2 2.7"
L 1.2 36.8 42.5 18.2
1-15| 70 F R 0.6 2.33 41.5 40.0 19.5
L 0.03 SH 2DD 1.98 40.0 38.9 19.4
I-16] 52 M R 0.8 SH 1DD 2.82 42.9 50.0
L 0.8 3.18 50.0 58.3
I-17] 70 M R 0.5 2.00 34.9 48.6 20.5,
L 0.1 SH 3DD 1.76 33.8 45.2 11.9
I-18| 56 M R 1.0 1.80 31.3 39.7 18.9
L 0.4 SH 5DD 1.54 23.1 38.8 18.9
1-19| 58 F R 0.1 SH 3DD 1.62 27.3, 47.1 5.6,
L 1.2 1.92 19.6 42.5 6.8
1-20] 62 F R 0.9 1.56, 27.3 45.9 8.6,
L 0.1 SH 4DD 1.42 25.5 444 10.2
1-21| 57 F R CF SH 4DD 1.44 14.3" 38.2 7.4"
L 1.0 1.56 32.8 36.8 18.2

Asterisk () indicates “subnormal”. The normal range of hyperosmolarity response in Tables 3, 4, 5, 6 and §
is from 22.9 to 44.9 percent. The normal range of Diamox response in Tables 3, 4, 5, 6 and 9 is from 32.1
to 52.9 percent. The normal range of bicarbonate response in Tables 3, 4, 5, 6 and 9 is from 15.2 to 28.6
percent. M, male; F, female; R, right; L, left ; CF, counting finger; HM, hand movement in Tables 3, 4,
5, 6 and 9. DF, disciform type; SH, subretinal hematoma type; DD, disc diameter.
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Fig. 1. Fundus photograph (A) and fluorescein fundus angiogram (a) in the right eye of a case of senile disciform macular
degeneration with disciform lesion (Case I —1). All of the EOG responses were normal.

A
Fig. 2. Fundus photograph (A) and fluorescein fundus angiogram (a) in the right eye of a case of senile disciform macular
degeneration with cicatricial lesion (Case 1 —2). The hyperosmolarity response and the bicarbonate response were subnormal.

a
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Fig.3. Fundus photographs (A, right eye; B, left eye) in a case of senile disciform macular degeneration (Case | —3). Disciform
macular lesion was observed only in the right eye, but not in the left eye. However, the bicarbonate response was subnormal
in the left eye as well as in the right eye. The hyperosmolarity response was also subnormal in the left eye with no apparent

disciform lesion.

A

Fig. 4. Fundus photograph (A) and fluorescein fundus angiogram (a) in the right eve of a case of senile disciform macular

degeneration with large subretinal hematoma (Case [ —14).

response was subnormal.

a

The hyperosmolarity response was extinct, and the bicarbonate
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Fig.5. The L/D ratio and the amplitudes of the three
non-photic EOG responses (hyperosmolarity response,

Diamox response, bicarbonate response) in senile disciform
macular degeneration (@, disciform type; O, subretinal
hematoma type). The normal range of the EOG responses
is indicated by the shaded area, and the range of meant
one standard deviation is indicated by a wvertical line in
Figures 5~7, 11, 12, 17, 18, 22~25. The mean amplitude
of the bicarbonate response was significantly smaller in
subretinal hematoma type than in disciform type (p<0.05).
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Fig.6. The L/D ratio and the amplitudes of the three

non-photic EOG responses in senile disciform macular
degeneration (@, affected eyes; (O, unaffected fellow
eyes).

Table 4. Electro-oculographical findings in central exudative chorioretinopathy

EOG
Corrected Fundus
ngrii?er (Ag; Gender visual appea- L/D ratio Hyper- Diamox Bicarbonate
yr acuity rance osmolarity response response
response(%) (%) (%)
I—1| 20 F R 1.2 1.81 25.4 35.9, 23.1,
L 0.1 EX 1.87 28.0 31.6 15.0
n—-2 | 57 F R 0.9 2.34 25.9, 32.07 23.5
L 0.06 EX 1.63 19.0 28.4 20.7
m-3| 25 F R 0.1 EX 1.65 26.1 29.17 17.1
L 1.2 1.78 32.6 38.1 18.4
M—4 | 32 F R 1.5 1.57 44.5
L 0.1 EX 1.70 46.0
n-5| 28 F R 0.3 EX 1.69 30.0, 22.9;
L 1.0 1.96 21.4 17.2
nI-6| 39 F R 1.2 2.00 32.4 32.1, 22.5
L 0.02 EX 1.73 25.0 29.2 22.5
I-71] 35 F R 0.6 1.67 23.9, 35.7, 12.0]
L 0.3 EX 1.88 14.0 30.6 11.9
M-8 | 47 F R 0.4 EX 2.26 35.7,
L 1.2 2.14 22.8
n-9| 31 F R 0.3 EX 1.68 30.0 32.1,
L 1.0 1.52 27.1 30.2
m-10| 38 F R 0.02 EX 1.45 28.9 32.5, 108
L 0.9 1.57 31.7 13.4
M—11| 44 F R 0.2 EX 2.19 16.8" 29.97
L 1.2 1.77 23.6 28.8
m-12| 33 F R 1.2 1.67 23.7 34.2 14.5]
L 0.4 EX 1.69 27.8 36.8 5.7
n-13| 49 F R 1.2 2.51 20.0
L 0.3 EX 2.22 26.3
m—14| 27 F R 1.0 1.94 35.3 27.8 16.7
L 0.1 EX 1.51 24.4 31.0 18.2

Asterisk () indicates “subnormal”. EX, exudative type.
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Fig.7. The L/D ratic and the amplitudes of the three
non-photic EOG responses in senile disciform macular
degeneration (@, eyes having focal lesion no larger than 3
disc diameters; O, eyes having focal lesion no smaller than
4 disc diameters). The mean amplitudes of the hyperos-
molarity response and the bicarbonate response were
significantly smaller in the eyes having focal lesion no
smaller than 4 disc diameters than in the eyes having
focal lesion no larger than 3 disc diameters (p<0.01 for
the hyperosmolarity response, p<0.05 for the bicarbonate
response).

A
Fig.8. Fundus photograph (A) and fluorescein fundus angiogram (a) in the left eye of a case of central exudative
chorioretinopathy (Case I —1). The Diamox response and the bicarbonate response were subnormal.
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RTIE32.1%, fEF T —1004ERT1232.5%, fEFL —120%
BRTI236.8%) I TIETF LT .

2) FREE

BEREIC CIREE D A b s - 7o FERR AR 4B 4RI DT
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Fig.9. Fundus photographs (A, right eye; B, left eye) in a case of central exudative chorioretinopathy (Case I —2) two years
after the initial visit. Exudative macular lesion was present only in the left eye, but not in the right eye at the initial
examination. The hyperosmolarity response and the Diamox response were subnormal in the left eye. The Diamox response
was subnormal in the right eye without exudative macular lesion. Macular hemorrhage occurred two years later in the right
eye.

A . a
Fig. 10. Fundus photograph (A) and fluorescein fundus angiogram (a) in the right eye of a case of central exudative
chorioretinopathy (Case I —3). At the initial examination the corrected visual acuity of the right eye was 0.1. The Diamox
response was subnormal, and the bicarbonate response was normal in the right eye at the initial examination. The corrected
visual acuity improved from 0.1 to 1.0 two years later.
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Fig.11. The L/D ratio and the amplitudes of the three
non-photic EOG responses in central exudative chorioretin-
opathy (B, affected eyes; [, unaffected fellow eyes).

BOEROERBIEEOKE RLBTEFEEC D572,
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Fig. 12. The amplitude and meanzone standard deviation of
the Diamox response in senile disciform macular degener-
ation (@, affected eyes; (O, unaffected fellow eyes) and
central exudative chorioretinopathy (B, affected eyes; [,
unaffected fellow eyes). The symbols @ and [@ indicate
respectively the means in the total eyes with senile
disciform macular degeneration and central exudative
chorioretinopathy. In the affected eyes, the unaffected
fellow eyes and the total eyes of the affected and the
unaffected together, the mean amplitude of the Diamox
response was siginificantly smaller in central exudative
chorioretinopathy than in senile disciform macular
degeneration (p<0.001 in all of the comparisons).
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II. Grénblad-Strandberg SE/REE (£ 5)
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Fig. 13. The relationship between visual prognosis and the
bicarbonate response in central exudative chorioretinopathy
(8, normal in the bicarbonate response; [J, subnormal in
the bicarbonate response). CF, counting finger; HM, hand
movement ; LP, light perception.
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BEDWTHhD EOC MEOXE I HEFEEACH 7. Lk
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Table 5. Electro-oculographical findings in Grénblad-Strandberg syndrome
c 4 Fund Size odf EOG
orrecte undus angioi
Ca?)er (Age) Ctl}ern' visual appea- streaks MH L/D ratioc Hyper- Diamox Bicarbonate
number| {yrs e acuity rance in disc osmolarity response response
diameter response(%) (%) (%)
m—11| 24 M R 1.0 PO 0DD - 1.73 27.6 32.6 15.8
L 1.0 PO 0DD — 1.78 25.0 39.8 17.1
m-21| 38 F R 0.6 PO 1DD -~ 1.73 27.8, 36.2 16.9,
L 0.04 PO 1DD + 1.51 18.7 36.2 13.5"
m-3| 52 F R 1.0 5DD - 1.69 28.3 217. 5 18.5,
L 04 DF 6DD + 2.10 24.5 23.5" 10.0*
Mm-4 1| 53 F R 0.8 3DD -~ 1.61 22.0: 32.3 18.4,
L 0.2 5DD -+ 1.75 18.0 33.1 9.8
m-5|5 M R 04 3DD  + 1.72 19.2" 50.0 11.2"
L 0.3 DF 3DD + 1.88 32.5 44.3 19.2
m—-6 | 64 F R 0.7 6DD + 1.55 33.0 40.0 13.7"
L 0.1 7DD + 1.47 33.0 44.4
Mm—-71 67 F R 0.6 5DD + 1. 42 33.7 35.2 15. 0
L CF DF 7DD + 1. 19 27.8 42.5 10.0"
Asterisk (+) indicates “subnormal”. PO, “peau d’ orange” appearance; DF, disciform type; DD, disc

diameter ; MH, macular hemorrhage.
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B

Fig. 14. Fundus photographs (A, right eye; B, left eye) in a case of Gréonblad-Strandberg syndrome (Case Il —2). The “peau d’
orange” appearance was seen in the both eyes. Macular hemorrhage due to subretinal neovascularization was observed only in
the left eye, in which the hyperosmolarity response and the bicarbonate response were subnormal.

a b
Fig. 15. Fundus photographs (A, right eye; B, left eye) and fluorescein fundus angiograms (a, right eye; b, left eye) in a case of
Gronblad-Strandberg syndrome (Case I —3). Angioid streaks no smaller than 5 disc diameters were seen in the both eyes.
Macular hemorrhage was absent in the right eye, in which only the Diamox response was subnormal. Macular hemorrhage was
present in the left eye, in which the Diamox response and the bicarbonate response were subnormal.
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Fig. 16. Fundus photographs (A, right eye; B, left eye) in a case of Gronblad-Strandberg syndrome (Case M —7).
hemorrhage due to subretinal neovascularization was observed in the right eye.
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Macular
Disciform macular lesion was present in the

left eye. The L/D ratio and the bicarbonate response were subnormal in the both eyes.
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Fig. 17. The L/D ratio and the amplitudes of the three
non-photic EOG  responses in Gronblad-Strandberg
syndrome (A, eyes with macular hemorrhage due to
subretinal neovascularization; A\, eyes without macular
hemorrhage). The mean amplitude of the bicarbonate
response was significantly smaller in the eyes with
macular hemorrhage than in the eyes without macular
hemorrhage (p<C0.05).
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Fig.18. The L/D ratio and the amplitudes of the three
non-photic EOG responses in Gronblad-Strandberg
syndrome (4, eyes having angioid streaks no larger than 4
disc diameters; /\, eyes having angioid streaks no smaller
than 5 disc diameters).
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Fehs ot T Ey ZARETIE p<O.01) WP hofcd, £OfD

Gronblad-Strandberg SE{EHE 7 Fl14R1C %\ Tid SDMD O EOG [FED X E JWI LEROTREBDOB THEEZ I eh o,
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Table 6. Electro-oculographical findings in high myopia

Corrected Refractive Axial Fundus  Si2€ Of EGO
Ca%e . (A gse) dcgrn' visual error length appea- E:rt]r%ﬂ)?g MH PS | L/D ratio Hyper- Diamox Bicarbonate
number | {yT acuity (diopter)  (mm) rance diameter osmolarity  response  response
response(%) (%) (%)
V-1 23 M R 0.7 - 18.00 25.89 T - - 1.79 35.7 21.9
L 0.9 - 18.00 26.00 T - = 1.86 37.6 16.1
V-2 21 F R 0.1 - 13.00 28.70 T - 2.43 28.6 30.6" 22.6
L 07 - 6.50 2653 T - 2.41 29.0 32.5 22.0
N—-3] 65 F R 0.4 - 11.00 28.01 T - + 1.63 42.5 33.3 21.2
L 0.8 — 6.00 25.62 T - - 1.95 39.4 33.3 16.7
N—4| 43 M R 07 = 14.50 T - 4+ 30.67
L 0.7 - 13.50 T -+ 30.2
N—-5] 43 M R 1.0 - 850 2850 T - = 1.81 35.0, 28.01 18.9
L 0.4 - 850 28.79 T N1 - 1.88 22.9 31.8 24.3
V-6 39 M R 1.0 - 9.75 T - - 1.90 23.0
L 04 — 9.5 T N1 — 1.98 24.3
V-—-71 39 F R 1.0 - 8.50 27.18 T - - 1.73 23.2 31.6" 19.0
L 0.9 -~ 8.50 27.62 P - - 1.54 23.0 33.8 16.3
V-8 | 56 F R 0.1 — 15.00 29.93 D1 1DD - - 1.63 32.0 34.7 20.0
‘ L 0.6 — 4,50 25.27 - - 1.90 38.5 39.7 20.0
V-9 61 M R 0.01 - 18.00 D1 S 44 .4
L 0.8 - 2.00 - - 44.8
N—-10] 39 M R 0.02 — 20.00 D2 -+ 35.7
L 1.0 - 5.75 - - 38.1
N-—-11| 39 F R 0.01 — 18.00 29.07 D1 3DD N1 - 1.33" 26.6 38.5 15.4
L 1.0 + 0.75 22.51 - - 1.61 31.6 47.6 22.7
v-12| 51 F R 0.02 — 7.50 T N2 - | 1.62 2.2, 21.17 1.1
L 0.01 - 8.25 D1 3DD N2 - 1.53 17.2 35.6 14.3
V—13| 62 F R 0.1 — 16.00 30.52 D1 - - 33.3 14.3:
L HM 30.36 D1 - = 33.3 10.7
V-—-14| 45 F R 1.0 — 17.00 31.22 D1 6DD - + 1.75 25.8 33.3 13.6"
L 0.7 — 15.00 29.46 D1 5DD - + 1.83 27.6 34.8 25.9
V—15| 34 F R 0.5 — 20.00 D1 = + 32.6
L 0.5 — 20.00 D1 -+ 32.1
N—16 | 40 F R 0.1 ~— 15,50 30.48 D1 3DD N2 - 2.09 21.3" 37.6 14.5"
L 0.7 —16.50 30.74 D1 2DD - - 2.00 26.1 33.9 20.7
N—-17| 45 F R 0.2 —19.00 33.49 D1 S + 1.49 28.4 35.3 20.0,
L 0.7 -— 18.00 31.21 D1 - + 1.56 25.0 44.7 14.7
V-18| 31 F R 0.1 —20.00 32.12 D1 2DD N2 - 2.18 23.8 28.6: 10.9:
L 0.1 —20.00 32.06 D1 1DD N2 - 2.01 29.6 29.1 8.4
N—-19| 39 F R 0.1 — 1450 28.88 D1 5DD N2 + 1.68 16.3: 38.1 5.9"
L 0.7 —13.50 28.19 D1 5DD - + 1.46 21.2 39.2 16.1
V—20] 47 M R 0.01 — 20.00 30.95 D2 6DD +| 1.27" 4.0" 51.2 5.0°
L 0.3 —13.00 27.40 D1 1DD - + 1.77 41.2 36.2 17.6
V=21 40 M R 0.03 — 20.00 33.34 D1 4DD + 1.87, 35.2, 32.9 21.6,
L 0.02 — 20.00 30.62 D2 5DD - + 1.26 15.4 43.8 10.5
N—-22| 65 M R 0.08 — 18.50 32.63 D2 4DD - + 1.73 43.9 18.3"
L 0.04 — 18,50 32.43 D2 6DD — + 1.55 25.0 42.1
N-23| 43 F R 0.2 — 18.00 D2 - 4+ l.42] 40.0
L 0.05 — 18.00 D2 -+ 1.27 40.0

Asterisk (*) indicates “subnormal”. MH, macular hemorrhage ; PS, posterior staphyloma; DD, disc diameter; T,
tigroid ; P, patchy chorioretinal atrophy; D1, diffuse chorioretinal atrophy (spot & line); D2, diffuse chorioretinal
atrophy (plane); N1, neovascular type (active stage); N2, neovascular type (cicatricial stage); S, simple type.
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Table 7. Refractive error and axial length in high
myopia

Without chorio-
retinal atrophy

Diffuse chorio-
retinal atrophy

- Refractive

error (diopter) —12-07+3.4401

—17.32+2.8106)

» Axial length
(mm)

27.58+1.15(7 30.75+1.6000

All values are expressed as meant SD. Numerals in
parenthesis indicate the number of eyes. The refractive
error was significantly larger in the eyes with diffuse
chorioretinal atrophy than in the eyes without chorioretinal
atrophy (p<0.001). The axial length was significantly
longer in the eyes with diffuse chorioretinal atrophy than
in the eyes without chorioretinal atrophy (p<0.001).

b

Fig. 19. Fundus photographs (A, right éye; B, left eye) and fluorescein fundus angiogram (b, left eye) in a case of high myopia
(Case ¥V —5). Macular hemorrhage was present only in the left eye, in which the hyperosmolarity response and the Diamox
response were subnormal. Macular hemorrhage was absent in the right eye, in which the Diamox response was subnormal.
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DEEITIIE—H LU AUBEIRIGESZERREN L2 bh, &
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Fig. 20. Fundus photographs (A, right eye; B, left eye) and fluorescein fundus angiograms (a, right eye; b, left eye) in a case of
high myopia (Case V—14). Diffuse chorioretinal atrophy was seen in the both eyes. The bicarbonate response was subnormal
in the right eye. All of the EOG responses were normal in the left eye.
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Fig. 21. Fundus photographs (A, right eye; B, left eye) in a case of high myopia (Case N —19). Posterior staphyloma and diffuse
chorioretinal atrophy were present in the both eyes. Cicatricial macular lesion following macular hemorrhage due to subretinal
neovascularization was seen only in the right eye. The hyperosmolarity response and the bicarbonate response were subnormal
in the right eye. The hyperosmolarity response was subnormal also in the left eye.
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Fig. 22. The L/D ratio and the amplitudes of the three
non-photic EOG responses in high myopia (@, eyes
without chorioretinal atrophy; <, eyes with diffuse
chorioretinal atrophy). The means of the L/D ratio and
the amplitude of the bicarbonate response were significa-
ntly smaller in the eyes with diffuse chorioretinal atrophy
than in the eyes without chorioretinal atrophy (p<0.05 in
both responses).
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Fig.23. The L/D ratio and the amplitudes of the three
non-photic EOG responses in high myopia with diffuse
chorioretinal atrophy (¢, eyes with macular hemorrhage;
O, eyes without macular hemorrhage).
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Fig.24. The L/D ratio and the amplitudes of the three
non-photic EOG responses in high myopia (€, eyes with
posterior staphyloma; <, eyes without posterior staphyl-
oma). The mean of the L/D ratio was significantly
smaller in the eyes with posterior staphyloma (p<0.01).
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Fig.25. The L/D ratio and the amplitudes of the three
non-photic EOG responses in high myopia with diffuse
chorioretinal atrophy(€, eyes having atrophic lesion no
larger than 3 disc diameters; <, eyes having atrophic
lesion no smaller than 4 disc diameters).
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Fig. 26. The relationship between the EOG responses (A, L/D ratio; B, hyperosmolarity response; C, Diamox response; D,

bicarbonate response) and the refractive error.
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Fig. 27. The relationship between the EOG responses (A, L/D ratio; B, hyperosmolarity response; C, Diamox response; D,

bicarbonate response) and the axial length.
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Table 8. EOG responses in neovascular maculopathies

e

R R

) Hyper- Diamox Bicarbonate
L/D ratio osmolarity response response
response (%) %) (%)
SDMD - Affected eyes 1.83+0.32022  28.7+10.2202)  42.944.51(3) 16.21+6.54@2)
+ Unaffected fellow eyes 1.98+0.4006 33.5% 9.74(16 42.4+£5.58(6) 17.0+5.48(6)
« Total 1.90+0.36(39 30.7£10.3069  42.7+4.9889 16.5+6.13@38)
"CECR - Affected eyes 1.80+£0.25(14) 27.1+£ 7.89013)  30.4%3.22(1) 16.5+6.01(9
« Unaffected fellow eyes 1.88+0.29014) 28.24+ 6.4702)  31.3%5.35(1) 18.2+£4.10(9
- Total 1.84+0.27(28) 27.6% 7.27Q5  30.4%5.05(2) 17.4£5.22(18
G-S « Macular hemorrhage (+) 1.65+£0.25(9  26.7+ 6.36(% 38.8%7.37(9 12.843.05(8)
d
syn . Macular hemorrhage (—) 1.71£0.06(5  26.1% 2.37(5 33.7+4.1205  17.3£1.01(3
- Total 1.65+0.21(19) 26.5% 5.3004  37.0%6.85(14) 14.6£3.31(3)
HM + Macular hemorrhage due to 1.80+0.31(6) 22.5+ 4.78(60 34.614.16(6) 11.6£3.50(6)
with SRN (+)
diffu’s,e i » Macular hemorrhage (—) 1.60£0.23(149) 26.9+10.36(12  36.8+6.65Q20 15.945.47(12)
chorioretinal
atrophy « Total 1.65£0.27Q1) 25.6+ 8.9109  36.3+£6.12QD 14.7£5.3209
HM - Macular hemorrhage due to 1.93+£0.05(2) 23.6+ 0.70(2) 31.8+0.00(D 24.,3%0.0001)
Withput SRN(+)
chon%retinal » Macular hemorrhage (—) 1.88+0.24(7  30.5% 7.45(5)  32.2+2.95(8) 20.0+2.2106
atrophy
« Total 1.89+£0.21(9 28.5+ 7.03(7  32.24£2.79(9 20.6£2.55(D

All values are expressed as mean+SD. Numerals in parenthesis indicate the number of eyes.

SDMD, senile

disciform macular degeneration; CECR, central exudative chorioretinopathy; G-S synd, Gronblad-Strandberg
syndrome ; HM, high myopia; SRN, subretinal neovascularization. The L/D ratio was significantly smaller in G-S

synd (total) than in SDMD (total) (p<<0.05).

The L/D ratio was significantly smaller in HM with diffuse

chorioretinal atrophy (total) than in SDMD (total) (p<<0.01). The L/D ratio was significantly smaller in G-S synd
(total) than in CECR (total) (p<0.05). The L/D ratio was significantly smaller in HM with diffuse chorioretinal
atrophy (total) than in CECR (total) (p<<0.05). The L/D ratio was significantly smaller in G-S synd (total} than

in HM without chorioretinal atrophy (total) (p<0.05).
(total) than in SDMD (total) (p<0.001).

eyes) than in SDMD (affected eyes) (p<0.001}.

(unaffected fellow eyes) than in SDMD (unaffected fellow eyes) (p<0.001).

hemorrhage (+)}

The Diamox response was significantly smaller in CECR
The Diamox response was significantly smaller in CECR (affected

The Diamox response was significantly smaller in CECR
The Diamox response was
significantly smaller in G-S synd (total) than in SDMD (total) (p<0.01). The Diamox response was significantly
smaller in G-S synd {macular hemorrhage (—)} than in SDMD (unaffected fellow eyes) (p<0.01). The
Diamox response was significantly smaller in HM with diffuse chorioretinal atrophy (total) than in SDMD (total)
(p<0.001). The Diamox response was significantly smaller in HM with diffuse chorioretinal atrophy {macular

than in SDMD (affected eyes) (p<0.001). The Diamox response was significantly smaller in

HM without chorioretinal atrophy (total) than in SDMD (total) (p<0.001). The Diamox response was significantly
smaller in CECR (total) than in G-S synd (total) (p<0.01). The Diamox response was significantly smaller in G-S
The Diamox response was
significantly smaller in CECR (total) than in HM with diffuse chorioretinal atrophy (total) (p<<0.001). The
Diamox response was significantly smaller in CECR (affected eyes) than in HM with diffuse chorioretinal
atrophy {macular hemorrhage (+)} (p<0.05). The bicarbonate response was significantly smaller in G-S synd

synd {macular hemorrhage (+)}

(total) than in HM without chorioretinal atrophy (total) (p<0.001).

than in CECR (affected eyes) (p<0.01).
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Fig. 28. Fundus photographs (A, right eye; B, left eye) and fluorescein fundus angiograms (a, right eye; b, left eye) which were

taken at the initial examination, and fundus photographs (A’, right eye; B’, left eye) which were taken three years after the

initial examination in a case of unclassified neovascular maculopathy (Case V—1). At the initial examination macular

hemorrhage due to subretinal neovascularization was present only in the left eye. The hyperosmolarity response and the

Diamox response were subnormal at the initial examination in the both eyes. Macular hemorrhage occurred also in the right
eye three years after the initial examination.
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Hbh CECRICEEIL Tyt (R 29A) 75, EHHI65/E & Millh
THbH CECR WilfiicBHEMTH S & B LUHKRES
MIC CHAMBERSAR bRish -7 2 & (K 29a) 225 CECR
LR AFEOEREEL LA, ERBEER I IMELH
0.2TH-1M, W1l HPHCIZL.OCHELL. EFV-3D
EBRTRESV - 20ER - AR B s REmAa LD
h, ERGERDIZ0.GCETLTw R, FRFZE KM

Table 9. Electro-oculographical findings in unclassified neovascular maculopathy and in the cases

which mimicked neovascular maculopathy

EOG

Corrected Fundus
Caseb " (Agse) Gender visual appea- L/D ratio Hyper- Diamox Bicarbonate
numpbe yr acuity rance osmolarity response response

response(9%) (%) (%)

V-1| 65 M R 1.0 1.69 22.2, 29.8, 15.6

L 0.5 MH 1.60 21.5 31.0 16.5
V-2 66 M R 1.0 2.00 30.1 42.3 34.7

L 0.2 MH 2.03 26.5 45.4 28.2
V-3 58 M R 1.0 1.54 34.4 33.3,

L 0.5 MH 1.61 33.3 28.6
V-4 47 F R 1.0 1.94 30.3

L 0.3 MH 2.19 32.1
V-5 47 F R 0.9 2.71 24.0 44.8 14.3]

L 1.0 RPE 2.36 27.6 37.5 9.5
V-6 34 F R 0.6 RPE 1.87 45.1

L 0.8 1.70 44.0

Asterisk ( * ) indicates “subnormal”. MH, macular hemorrhage; RPE, retinal pigment epithelitis.

A

a

Fig. 29. Fundus photograph (A) and fluorescein fundus angiogram () in the left eye of a case which mimicked neovascular
maculopathy (Case V—2). Dot macular hemorrhage was present, and all of the EQG responses were normal. The best
corrected visual acuity of this eye improved from 0.2 to 1.0 one month later.
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RERKEEL bR,

2. BRAEBFHRRGE FFEEREFE (£9)
EFV— 1 TRBETHFENTT X 28RNy 2 Li-E
RO DI T, FBRICITEBMH AR S e - FERRI
BOTHLBRBEGEB L UXA 7%y 7 ALEHEE TIRE
FCET LTV, RV - 2 CRERFC TREEFEARS
hich- AR E B EBSHNY &2 LAaZBRIE ST
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Wi, EFIV — 4 IR E ST LA L/D kB L0 EE
BELEIVCTHLEFEEC S -7, FEEIV -5 TItFHE L
LIERBEENREBEL22 LR, 200 EOG BEE
D -7, EFV — 6 TIRMETF L L/D ks X o8 4
TE oy 2 ARBIETRE EREEICH - 1.

% £

UHEWC BT 2 EBITIERE L, BESEHEIEES
BELEOB DR A ENOEBEEDIERAIC YL 5T, ~<—
FAEPBAIET AL ER IS THRINDY, L Ly
T Ey 7 ARBERBRBEISEER UL N — 3L EOEH B
BRELTWTL, #1472, 2 202 @leE ko s
BTl RV ERB LAV b b L - Bk

B

BRLTUBEELZBNT VB, — S ERBIEEIZI
ROBSBCER LTS8, 24 7@~y fef

SRROLRERTHDT, BREBIGEICIZS — 3 LR
BELTHBLELZBATVE®. ZhbD EOG [5E %%
FLETRANTA LTk - TSR R R - BS e
BB T I ENTERLBbID. FREAT Ty 2
ALERFCHEEBOMEAE ERICHRET S LU 5 8ED 2
BHDT, ZhbHD EOG IHEZ TR ERBITH I
EER EEOBERMICE - TEOREOREARLD = L3
%%éh%.qumfﬁﬁjeﬁfﬁ&t%K,*ﬁfﬁﬁ
Lic e W ER OF 4 M EBAE OB AR L RBEEFT B d, &
DT, FEBROBEBIZOVTERTS .

U, ZAEMIRRKATESE (SDMD)

EEDOEFEADDOEINCHEL SDMD 12ERE O E HREE D
ERLFEREY HD T AP A, ZOBBEITREHET AT
e\, ME—DFEE LT ERENC & - T SDMD 1K 13 %
MIETHEMELY MR IR ENTEZEELHE90, &
DEEGEECTEFAS S D, 5T BHORE % Bk X
T, MECREOBMIED S5 SDMD HEflx R B+ 2
EBRBLETHB. EOG BERBRHRT O LKL 5T,
SDMD DOREBRD FH B X UIEREREN SDMD » kI
BRBMED D ENEN L ERHET D I LATENE, KEE
WITRIRECEE S % REICIE AT & SDMD OB HFHD kLD
—Bhie s L Bbh D,

SDMD T L/D B LUK A 7 £ o 7 RIS E A LT
WHEBCS -7, SBEELES I OERBEECREET
BRBECETTHEMARESSEE LI END (E3),
SDMD i3\ THEEE R L S EN A ECEEI A TV 5
EFINFETDZ LAURI ML, MEBIC L » TREIEEE &
MESSITTe B & & BRI HBVIET v > b A b Y =
Lo THERMIhTVW2H, EFEBELHEE L EOCGEED®
Y TRERETH - Th EOG BEMNES FRAHI(E T+
D &I, KHFRORKEREN S SDMD Cht BIZ i D &1z
LOMEOE EEBREREE S RELB L - TV A D TR

a

Fig. 30. Fundus photograph (A) and fluorescein fundus angiogram (a) in the left eye of a case of acute retinal pigment epithelitis
(Case V—5). Patchy focal lesions were present, and the bicarbonate response was subnormal.
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¢, BLIA ORI S DER S SDMD 12 35\ 2 KHIH O 1K
EEFHEEEEORRAL LTEATSLE1bRb. &5
W T EAE M O RAICEIRARE LR OMESEENBEET S &
WA FEILY DGR ERTHIE, SDMD k1 2B T H AN
wpHAic EOG IBEDRE (£ 3) 1T & » TEMT b il
e FHEEOREEORENES LT s EESE:. L
ALAEAR ROy AEI L h KELEELTV2EE
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MECHERR -V EOEEOEEN L W KEWEHESH
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bHh, THEHEEERELEE Ty TEEDOBTIb b
AERHOE LT P —¥ v o EEIRRIEY (basal linear
deposit)® L RIEN B MBERROPEIERTHEI T
%. SDMD B\ THEAZE L F DO -<— 4L isu s LE D
CRENEETS L WO RBERFENFT AIARROBRER
SHFEC L ARERLERHTHILOTH Y, SDMD KBTI
RIBEC TREREESCRB LTV L AHRACRERR L
EOBLE_—FAEIEEIA TS EEBLND.

= PR T bR DIFE B OB AEL SDMD fEHTILE
BEFGER IVERBICEIEECETT2EACH Y, §
BEoAE 2284 LERU EOMEFIC I3 TIE 3 FLBHAELL T OfE
BICl~AEE EBEELE T p<0.0l, ERBIGE T
p<0.05) KN &hote (RT). ZORERIL SDMD 18T
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&< EOG IGETREEY 2 LICES | —14TIRMFEH
MIZEFL, EHFHRIEDTRRTH o7 (F3). LUK
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ERFEEL, ZOMBEGE EREERE SDMD DA K
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Fro AR SDMD I xWCRRER L FRER L O T 4
o EOG BEOKEICIWTRLAREN L, BEEK
T SDMD DJEZE & bhis W ERAR TERBLELELEIR
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HEP/IND.
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ELTERIR DD, 20k 5 EFTIE EOG IBERREEY
BL, SRREAKEL L VEANTHREIARREELLONS.
#-T EOG ISETREEY2T5 SDMD EfAZ R ER
LTHERGCEBREEL T, BRCEECRERTS 2 &5
SDMD Izt A EERRNIEEL RRCH CEELTFRTH
BLEbhB.
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BEAGLOLAE—DODFERE LT, AR TCRMAETNERO
AN EN KGNS - Te 2 L E LR B, AR
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SDMD OBLEBEFEMPERE LTI hE T, RTHYITHE
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FEABS I CEMRBERARECEE S A TW it EviE
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WEEEE LT o ®mE L, Fio Kl 2 SDMD 1 iz dsis
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= O#IELL SDMD T — VI B GREV B EBEIGE I
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CEEBHORE S B IZHE LI 5 EFTIREHTHRRED
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TIRAFTHEROERBIGENEH FTRARBICET LT
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HRBEETAERNTIZEA T v 2 AECMAERBIGE D
BREMBYETHIEND, MEAKLEOEERT=H VED
BT R—HNEZ I BLIATHEZ ERATRHBEh, ERE
EENENTFROBBCERTHL LBPRS.

FEGIT — 2 TIX EOG &L A EATIRARTH2E
BO &7 TR TR R bR - BRI B VTS
EA4T7Ey 7 ARERREEYEL (F4), 2EFRITERIC
LR S AAROME THAMEC X 2 RS HmY &/ L.
Lk Z OABRTIREBERHMm A & 723810 B REEIGENIER
wEH D, HIn L SEFERDH0.61C F TET Lo
FOHL.OCHE L. 2D L 51 EOG BB X FRRICHANS
IR, BATROHECHHBEEFIATE IO T E
MEEIhs.
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Electro-oculographical Analysis of Neovascular Maculopathy Shigeru Ushimura, Department of Ophthalmology,
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Abstract

Neovascular maculopathies were studied electro-oculographically. The electro-oculographical responses tested were the
L/D ratio, the hyperosmolarity response, the Diamox response and the bicarbonate response, which represent characteristic
retinal pigment epithelium activities. In 10 out of 21 cases of senile disciform macular degeneration (SDMD), the hyperos-
molarity response and/or the bicarbonate response were subnormal, indicating retinal pigment epitheliopathy. The ampli-
tudes of the hyperosmolarity response and the bicarbonate response were significantly smaller in 9 eyes having lesions of
SDMD no smaller than 4 disc diameters than in 14 eyes having lesions of SDMD no larger than 3 disc diameters. The non-
photic responses were subnormal in the unaffected fellow eyes of 4 out of 18 cases of unilateral SDMD. The mean ampli-
tude of the Diamox response was significantly smaller in the cases of central exudative chorioretinopathy (CECR) than in the
cases of SDMD. The Diamox response was a useful indicator in differential diagnosis between these two diseases. The non-
photic responses were subnormal in the unaffected fellow eyes of 9 out of 14 cases of unilateral CECR. In 5 out of 9 cases of
CECR, the bicarbonate response was normal at the initial examination and the visual acuity improved or remained unchanged
during the follow-up period of 1 to 3 years. In the remaining 4 cases of CECR in which the bicarbonate response was sub-
normal the visual acuity decreased during the follow-up period. In an eye with Grénblad-Strandberg syndrome with macular
hemorrhage due to subretinal neovascularization, the hyperosmolarity response and the bicarbonate response were subnormal
in spite of small angioid streaks. This finding indicates that the occurrence of subretinal neovascularization needs the
widespread abnormality of the retinal pigment epithelium. The mean amplitude of the bicarbonate response was significantly
smaller in 8 eyes with Gronblad-Strandberg syndrome with macular hemorrhage than in 5 eyes without macular hemorrhage.
The larger the size of the lesion (angioid streaks), the more frequently the bicarbonate response was subnormal in the eyes
with Gronblad-Strandberg syndrome, as in the eyes of SDMD. The means of the L/D ratio and the amplitude of the bicar-
bonate response were significantly smaller in 23 eyes with high myopia with diffuse chorioretinal atrophy than in 9 eyes with
high myopia without chorioretinal atrophy. This finding indicates severe impairment of the retinal pigment epithelium in the
eyes with high myopia with diffuse chorioretinal atrophy. At least one of the EOG responses was subnormal in 8 out of 9
eyes with high myopia with macular hemorrhage due to subretinal neovascularization, while all the EOG responses were nor-
mal in the highly myopic eye with macular hemorrhage not due to subretinal neovascularization. The hyperosmolarity
response and the Diamox response were subnormal in both eyes of a case of unclassified neovascular maculopathy, indicat-
ing widespread abnormality of the retinal pigment epithelium. The EOG responses were useful for discriminating the eyes
with neovascular maculopathy from the eyes which mimicked neovascular maculopathy. The electro-oculographical testings
described above are useful for differential diagnosis and detection of diffuse impairment of the retinal pigment epithelium in
eyes with neovascular maculopathy.



