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Purpose: To investigate the correlation between visual acuity and central macular thickness (CMT) 

and choroidal thickness (CCT) in patients with wet age-related macular degeneration (AMD).

Methods: In this retrospective analysis, 14 eyes that received .10 ranibizumab injections 

(based on pro re nata [PRN] regimen) and maintained initial visual acuity gain were analyzed. 

The following 5 parameters were measured at the foveal center: CMT (distance from the inner 

limiting membrane [ILM] to Bruch’s membrane); central retinal thickness (CRT; distance from 

the ILM to the inner limit of the retinal pigment epithelium or subretinal fluid [SRF]); SRF 

thickness (SRFT); pigment epithelium detachment thickness (PEDT); and CCT. The correlation 

between the logarithm of the minimum angle of resolution (logMAR) best-corrected visual acuity 

(BCVA) and the 5 parameters was examined with generalized estimating equations.

Results: CMT, CRT, and CCT were negatively correlated with logMAR BCVA (P=0.031, 

0.023, and 0.036, respectively) when only CMT values less than the thickness that maximized 

visual acuity for each eye were used for the analysis. Each 100-μm reduction in CMT, CRT, or 

CCT improved logMAR BCVA by -0.1, -0.08, or -0.07, respectively. SRFT and PEDT were 

not correlated with BCVA. The median CMT that maximized the visual acuity was 230 μm.

Conclusion: Dry macula with CMT ,230 µm was associated with temporary decrease in visual 

acuity in AMD patients whose visual acuity was maintained with PRN regimen.

Keywords: age-related macular degeneration, intravitreal injections, ranibizumab, visual 

acuity, dry macula

Introduction
Advanced age-related macular degeneration (AMD) is a leading cause of legal 

blindness in developed countries, and wet AMD (wAMD) is the predominant form 

of the disease in Asian countries.1 Visual acuity loss due to wAMD is attributed to 

chronic exudative change and subretinal fibrosis.2 Exudative change and subretinal 

fibrosis impinge on the function and microstructure of the photoreceptor, unwittingly 

leading to an irreversible decrease in visual acuity. Intravitreal injection of anti-vascular 

endothelial growth factor (anti-VEGF) agents has been shown to reduce these changes 

and lead to improvement in visual acuity.3,4 Large clinical trials such as the CATT 

(Comparison of AMD Treatments Trials)2 and IVAN (Inhibition of VEGF in Age-

related choroidal Neovascularization)5 demonstrated that with repeated injections, 

visual acuity can be maintained over a period of 2 years. However, VEGF is necessary 

to maintain the choroidal vascular network6,7 that feeds the outer retina,8 and continued 

intravitreal anti-VEGF injections once macular “dryness” was achieved may result 

in an extremely thin retina and a transition to atrophic AMD,9 although there are 
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some disagreements as to whether anti-VEGF therapy is the 

primary cause of geographic atrophy.

Interestingly, findings from the CATT study suggested 

that patients in whom thin subretinal fluid (SRF) layer was 

maintained enjoyed better visual acuity than those with 

dry macula.10 The Diabetic Retinopathy Clinical Research 

Network also reported paradoxical changes between central 

macular thickness (CMT) and visual acuity in some cases 

of diabetic macular edema.11 Ebneter et al also reported that 

a thinner macula is not always better in the case of diabetic 

macular edema.12 These studies suggested the importance 

of the SRF in supplying nutrients and growth factors that 

are indispensable for the function of photoreceptor and/or 

retinal pigment epithelium (RPE)/choriocapillaris. Based on 

these findings, Arnold et al are currently planning a treat-

and-extend prospective study to examine the association 

between thin SRF layer and treatment outcomes in patients 

with AMD.13 There are some results to suggest that there is 

a fluctuation in the patients’ visual acuity during long-term 

treatment,2 suggesting that visual acuity loss in some AMD 

patients might be reversible. Thus, this study investigated the 

association between CMT and visual acuity in AMD patients 

with fluctuations in visual acuity and CMT during long-term 

ranibizumab treatment. Our hypothesis is that excessive 

macular dryness, as indicated by CMT measurements, leads 

to a temporary decrease in visual acuity.

Patients and methods
This single-center retrospective study was approved by the 

institutional review board of Japan Community Health Care 

Organization Tokyo Shinjuku Medical Center. Patients con-

sent to review their medical records was not required by the 

IRB, because the analyzed dataset does not contain the data 

that can identify individuals and most of the patients have 

not already visited the hospital. All procedures performed 

in studies involving human participants were in accordance 

with the ethical standards of the institutional and/or national 

research committee, and all patients gave informed consent 

before all procedures. This study adhered to the tenets of 

the 1964 Declaration of Helsinki and its later amendments 

or comparable ethical standards.

Subjects
Subjects were patients with wAMD who had received 

3 monthly injections followed by a pro re nata (PRN)14 

regimen based on monthly monitoring. All patients were 

recommended to return for monitoring every 4 weeks and 

were treated for fluid on optical coherence tomography 

(OCT), new or persistent hemorrhage, or decreased best-

corrected visual acuity (BCVA) relative to the previous 

visit if detected. Patients had received intravitreal injections 

of the anti-VEGF drug, ranibizumab, at the Department of 

Ophthalmology, Japan Community Health Care Organiza-

tion Tokyo Shinjuku Medical Center. Intravitreal anti-VEGF 

injections were administered PRN in all patients according 

to the CATT study.2

For the analysis, we selected eyes in which visual acuity 

was maintained and that had moderate variations in CMT 

over a long observation period. We identified 24 eyes 

(23 patients) which had received $6 injections, among 

which a total of 10 eyes were excluded for the following 

reasons: eyes with monthly injections (n=1, it was difficult 

to fit the curve because the eye had almost same visual acuity 

and CMT at every visit); subjects with loss of visual acuity 

due to exudative change, such as CMT .600 μm at some 

point (n=6); or subjects who had extreme variation in visual 

acuity due to poor prognosis from cataract or postcataract 

extraction (n=3) (standard deviation [SD], $0.25), leaving 

14 patients (14 eyes) for analysis. No patients had a history 

of verteporfin photodynamic therapy or ocular surgery during 

the study period.

Parameters assessed
As a routine examination, each patient received BCVA test-

ing and spectral domain OCT (Cirrus HD-OCT Model 4000; 

Carl Zeiss Meditec AG) at every visit. BCVA was measured 

as decimal visual acuity and converted to logarithm of the 

minimum angle of resolution (logMAR) values for statistical 

analysis. The parameters CMT (defined as distance from 

the inner limiting membrane [ILM] to Bruch’s membrane), 

central retinal thickness (CRT; the distance from the ILM to 

the inner limit of the RPE or SRF), SRF thickness (SRFT), 

pigment epithelium detachment thickness (PEDT; distance 

from the inner limit of the RPE to Bruch’s membrane), 

and central choroidal thickness (CCT; the distance from 

Bruch’s membrane to choroid/sclera junction) were also 

measured manually at the foveal center using the OCT 

caliper function.

Statistical analysis
The relationship of logMAR BCVA and CMT was expressed 

with a quadratic approximation in representative cases. These 

indicate that the visual acuity was not necessarily best when 

CMT was thinnest. The best CMT for each patient was 

defined as the median CMT from examinations that showed 

the best visual acuity.
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Analysis was performed using generalized estimat-

ing equations (GEEs) with patients as clusters, logMAR 

BCVA as the response variable, and CMT and time from 

initial examination (days) as explanatory variables. Time 

from initial examination (days) was added as an explana-

tory variable to exclude the possibility that decreased visual 

acuity was due to retinal thinning over the long clinical 

course. The gee() function of the gee package (ver. 4.13 

[01/27/1998]) for the R environment for statistical comput-

ing (ver. 3.0.2 [09/25/2013]) was used with the following 

code: gee(BCVA~CMT+days,id=patient,family=gaussian, 

corstr=“exchangeable”,data=Dataset). Similarly, GEE 

analysis was performed with patients as clusters, logMAR 

BCVA as the response variable, and days and CRT, SRFT, 

PEDT, or CCT as explanatory variables. Significance was 

set at P,0.05.

Results
Representative case findings
A 71-year-old woman with polypoidal choroidal vas-

culopathy (PCV) was examined 26 times and received 

15 ranibizumab injections over a period of 29 months from 

initial examination. Figure 1A shows a scattergram of the 

CMT and logMAR BCVA at the 26 examinations. With 

a linear coefficient of 0, quadratic approximation gave 

BCVA =-0.0446+3.29e-6*(CMT -312)^2. The best BCVA 

in this patient was -0.0792. The best CMT was calculated as 

the mean CMT from 12 examinations with this visual acuity 

and was 284 μm. Typical pairs of OCT and visual acuity 

are shown in Figure 2A–C. When moderate serous retinal 

detachment (SRD) was present, CMT was 291 μm near the 

best CMT (Figure 2B). LogMAR BCVA with moderate 

SRD was better than with no SRD (dry macula), as shown 

in Figure 2A.

Most of the other cases showed similar results. Results 

for all cases are shown in Figure 1.

Overall findings
The mean age of 14 patients was 77 (range, 67–92; SD, 7) 

years. Ten out of 14 eyes had PCV, 3 had type 1 choroidal 

neovascularization (CNV), and 1 had type 2 CNV. The fol-

low-up observation periods ranged from 21 to 53 (mean, 37; 

SD, 9) months. Intravitreal injections of ranibizumab were 

given 6–26 (mean, 16; SD, 5) times. Other demographic data 

are shown in Table 1. All the 14 eyes were receiving long-

term PRN treatment with ranibizumab and had a visual acuity 

better than 0.55 logMAR units (Figure 3). Visual acuity was 

worse when CMT increased above the “best” CMT value 

and when CMT decreased below the “best” CMT value in 

all cases (Figure 1).

The median of 14 CMTs that maximized each patient’s 

visual acuity was 230 μm. The data indicated that macular 

dryness ranged from dry to slightly wet.

GEE analysis using CMT and time from initial examina-

tion (days) gave logMAR =0.315-0.00101 CMT +0.0000454 

days (P=0.031 and 0.43 for CMT and days, respectively). 

Each 100 μm reduction in CMT was associated with logMAR 

BCVA change by -0.1.

Stratification findings
In the stratified analysis, we used CRT, SRFT, PEDT, 

and CCT. GEE analysis using CRT and days gave 

BCVA =0.237-0.000832 CRT +0.00004507 days (P=0.023 

and 0.47 for CRT and days, respectively). Each 100 μm 

reduction in CRT reduced logMAR BCVA by -0.08. GEE 

analysis using SRFT and days gave BCVA =0.0742+0.00119 

SRFT +0.0000646 days (P=0.77 and 0.47 for SRFT and 

days, respectively). GEE analysis using PEDT and days 

gave BCVA =0.0665+0.000584 PEDT +0.0000587 days 

(P=0.26 and 0.45 for PEDT and days, respectively). 

GEE analysis using CCT and days gave BCVA =0.287-
0.000651CCT -0.0000101 days (P=0.036 and 0.80 for CCT 

and days, respectively). Each 100 μm reduction in CCT 

reduced logMAR BCVA by -0.07. CRT was significantly 

associated with CMT (r=0.842, P,0.0001), SRFT (r=-0.355, 

P,0.0001), and PEDT (r=-0.575, P,0.0001), but not sig-

nificantly associated with CCT (r=0.1133, P=0.14). Strati-

fication analysis therefore revealed a significant association 

between CRT and BCVA, and CCT and BCVA individually, 

but not between other factors examined in this study. GEE 

analysis using CRT, CCT, and days gave BCVA =0.427-
0.000802 CRT -0.000637CCT -0.0000316 days (P=0.015, 

0.024, and 0.85 for CRT, CCT, and days, respectively).

Discussion
In the current study, we have clearly demonstrated that 

decreased CMT was associated with decreased visual acuity 

below a certain level. Recently, several studies were con-

ducted to investigate whether all retinal fluids are harmful 

and need to be got rid of. A study by Bhavsar and Freund 

reported that type 1 neovascularization associated with 

chronic persistent subfoveal SRF despite continuous anti-

VEGF therapy might even maintain good long-term visual 

outcomes.15 Recent studies also indicated that small volumes 

of SRF during ranibizumab treatment for neovascular AMD 

ensured well-maintained visual improvement.16,17
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Our findings support the previous studies of these effects 

of SRF on visual function and reflect what we encounter 

in clinical practice. Most importantly, for those whose 

visual acuity was maintained over the observation period, 

excessively dry macula was associated with a temporary 

decrease in visual acuity. In this study, CRT was significantly 

correlated with visual acuity, but not SRFT. Hence, it would 

be rational to consider only excessive dry macular may have 

the negative effect on visual acuity and that SRF itself may 

not have the possible effect. The current results, together with 

previous reports,10 indicate that a plausible explanation for 

the transient loss of visual acuity is that excessive dryness 

Figure 1 Regression quadratic functions of the relationship between CMT and visual acuity in representative cases.
Notes: (A) A 71-year-old woman with PCV was examined 26 times and received 15 ranibizumab injections over a period of 29 months from initial examination. With a 
linear coefficient of 0, quadratic approximation gave the following BCVA: BCVA =-0.0446+3.29e-6*(CMT -312)^2. The best BCVA in this patient was logMAR -0.0792, 
and the best CMT (mean CMT from 12 examinations with this visual acuity) was 284 μm. (B) A 71-year-old man with type 1 CNV. (C) A 72-year-old man with PCV. (D) A 
76-year-old man with type 1 CNV. (E) An 80-year-old woman with PCV. (F) An 81-year-old man with PCV. (G) An 84-year-old man with PCV. (H) A 92-year-old woman 
with PCV. (I) An 84-year-old woman with PCV. (J) A 72-year-old woman with type 1 CNV. (K) A 67-year-old man with type 2 CNV. (L) A 78-year-old man with type 1 
CNV. (M) A 79-year-old man with PCV. (N) A 72-year-old man with PCV.
Abbreviations: CMT, central macular thickness; PCV, polypoidal choroidal vasculopathy; BCVA, best-corrected visual acuity; CNV, choroidal neovascularization; logMAR, 
logarithm of the minimum angle of resolution.
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induced by over-administration of anti-VEGF treatment may 

cause malnutrition of the outer retinal layer, resulting in 

decreased visual acuity.9 Needless to say, the outer layer of 

the retina is nourished from the choroidal side.8 Anti-VEGF 

treatment is known to cause choroidal thinning18,19 and that 

may lead to a reduced supply of nutrients via the choroidal 

vessels through a decreased vascular permeability. In this 

study, CCT thinning was associated with bad visual acuity 

independent of CRT. Choroidal ischemia lies at the root of 

wAMD, inhibiting photoreceptor cell activity and resulting 

in decreased visual acuity.20 VEGF secretion is regarded 

as a feedback mechanism in response to ischemia, which 

generates mild wetness and improves the ischemia, poten-

tially improving visual acuity. Another explanation would be 

that the fluid contains growth factors that are indispensable 

for photoreceptor and RPE/choriocapillaris function.

The repeated injections of anti-VEGF are also reported to 

cause impairment and visual loss due to geographic atrophy.9 

However, our analysis clearly demonstrated that days from 

the baseline visit was not associated with visual acuity. 

BCVA changed continuously and was not irreversible during 

the study (Figure 3), suggesting that decreased visual acuity 

was not due to retinal thinning from gradual accumulation 

of photoreceptor cell damage caused by many years of PRN 

treatment for exacerbated exudative changes.

Currently, most physicians in the US employ a treat-

and-extend regimen for the management of wAMD, and 

concerted efforts are being made to achieve macular dryness. 

However, we showed that the decreased visual acuity might 

be due to excessive dry macula and may be reversible. Thus, 

our current study recommends that if CMT is reduced and 

visual acuity is worse than at the previous visit, injection 

of anti-VEGF should be postponed to the next visit. This 

warrants further studies.

This study has some limitations. First, this is the retro-

spective study design. We included only patients in whom 

visual acuity was maintained over the long observation 

period. Thus, our study does not indicate that it is possible 

to tolerate mild exudative change. Prospective studies are 

required to obtain results with a higher level of evidence. 

Second, stratification analysis revealed the significance of 

retinal and choroidal thickness, but not of SRFT or PEDT. 

However, in the CATT study, intraretinal fluid was associated 

with poor visual acuity over a period of 2 years. In contrast, 

the current study showed that increased CRT was associated 

with better visual acuity. This difference might be due to 

differences in analysis and patient selection. Furthermore, 

we investigated the association between visual acuity and 

each OCT parameter using data from several time points 

of the patients. We selected patients whose visual acuity 

Figure 2 Optical coherence tomography of the 71-year-old woman with polypoidal choroidal vasculopathy.
Notes: (A) Seven months after initial intravitreal injections of ranibizumab, logMAR BCVA was 0 and CMT was 251 µm. (B) Ten months after initial intravitreal injections of 
ranibizumab, logMAR BCVA was -0.079 and CMT was 291 μm. (C) Fourteen months after initial intravitreal injections of ranibizumab, logMAR BCVA was logMAR -0.041 
and CMT was 381 μm.
Abbreviations: logMAR, logarithm of the minimum angle of resolution; BCVA, best-corrected visual acuity; CMT, central macular thickness.

Table 1 Patients’ demographic characteristics

Parameters Representative values

N 14
Male, n (%) 5 (36)
Age, mean ± SD (range) (years) 77±7 (67–92)
Polypoidal choroidal vasculopathy, n (%) 10 (71)
Best-corrected visual acuity, mean ± SD 
(range) (logMAR)

0.25±0.13 (-0.04 to 0.52)

Central macular thickness, mean ± SD 
(range) (µm)

319±86 (148–479)

Axial length, mean ± SD (range) (mm) 23.2±0.8 (21.7–24.2)
Follow-up observation periods, 
mean ± SD (range) (months)

37±9 (21–53)

Number of intravitreal injections of 
ranibizumab, mean ± SD (range)

16±5 (6–26)

Abbreviation: logMAR, logarithm of the minimum angle of resolution.
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Figure 3 Long-term visual acuity prognosis of all 14 patients.
Notes: Prognosis was (A) longer in half of the patients and (B) shorter in half of the patients. Visual acuity prognosis was stable in most of the patients.
Abbreviation: logMAR, logarithm of the minimum angle of resolution.

fluctuated during the course of anti-VEGF treatment. Thus, 

the current results cannot be extrapolated to exudative AMD 

in general.

Conclusion
This study examined data on CMT and visual acuity in 

patients with wAMD who were receiving long-term PRN 

treatment with ranibizumab and had satisfactory visual acuity. 

The data indicated that macular dryness ranged from dry to 

slightly wet. GEE analysis of the data using CMT and time 

from initial examination (days) as explanatory variables and 

patients as clusters revealed that CMT rather than days was 

significantly correlated with visual acuity. After correcting 

for time from initial examination, thereby eliminating the 

effects of atrophy of the outer layer of the retina due to a 

long clinical course, the CMT value that was associated 

with optimal visual acuity was around a moderate 230 μm. 

If CMT decreases below this value – in other words, if exces-

sive dryness occurs – visual acuity temporarily decreases. 

Stratification analysis revealed significance for retinal and 

choroidal thickness, but not for SRFT or PEDT.
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