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1 |  INTRODUCTION

Vitreoretinal surgery for retinal detachment (RD) has a 
high reattachment rate (Williamson et al., 2014).

It is generally assumed that foveal damage is limited 
when the fovea is not involved, and that patients will 

retain their preoperative visual status after anatomical 
reattachment. However, vision loss in patients after suc-
cessful reattachment surgery for fovea- on RD has been 
observed (Di Lauro et al., 2015). Moreover, vision loss may 
not be limited to visual acuity, but can also include other 
functions such as contrast acuity and metamorphopsia, 
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Abstract
Purpose: The aim of this study was to investigate the preoperative and post-
operative change in retinal sensitivity in relation to the distance to the retinal 
detachment (RD) in patients with fovea- on RD.
Methods: We prospectively evaluated 13 patients with fovea- on RD and 
a healthy control eye. Preoperatively, OCT scans of the RD border and the 
macula were obtained. The RD border was highlighted on the SLO image. 
Microperimetry was used to assess the retinal sensitivity at the macula, the 
RD border and the retina around the RD border. At 6 weeks, 3 and 6 months 
postoperatively, follow- up examinations of OCT and microperimetry were per-
formed in the study eye. Microperimetry was performed once in control eyes. 
Microperimetry data were overlaid on the SLO image. The shortest distance 
to the RD border was calculated for each sensitivity measurement. The change 
in retinal sensitivity was calculated as control- study. The relation between the 
change in retinal sensitivity and the distance to the RD border was assessed 
using a locally weighted scatterplot smoothing curve.
Results: Preoperatively, the greatest loss in retinal sensitivity was 21 dB at 3° 
inside the RD which decreased linearly, through the RD border, and reached 
a plateau of 2 dB at 4°. For 6 weeks and 3 months postoperatively, the greatest 
retinal sensitivity loss remained at 3° inside the RD but was 4 dB and sensitivity 
loss decreased linearly to a plateau of 0 dB at 5° outside the RD. At 6 months 
postoperatively, the greatest sensitivity loss was 2 dB at 3° inside the RD, and 
decreased linearly to a plateau of 0 dB at 2° outside the RD.
Conclusions: Retinal damage extends beyond the detached retina. Retinal sensi-
tivity loss of the attached retina decreased drastically as the distance to the RD 
increased. Postoperative recovery occurred for both attached and detached 
retina.
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even after excluding factors which can compromise such 
functions (e.g. cataract, epiretinal membrane and cystoid 
macular oedema) (Di Lauro et al.,  2015; Okamoto 
et al., 2013; Zhou et al., 2017). This suggests that there are 
other causes besides foveal detachment for visual func-
tion loss after fovea- on RD surgery.

Animal studies reported that within 12 h of RD, photore-
ceptor degeneration occurs in the detached retina and peaks 
at 2 days after RD (Arroyo et al., 2005; Wickham et al., 2018). 
Furthermore, animal models have also shown that photore-
ceptor damage is not restricted to the detached retina, but is 
also present at the border of the RD and in a lesser extent in 
the attached retina (Francke et al., 2005; Halász et al., 2021; 
Lee et al., 2021). These results suggest that retinal damage 
induced by the RD extends beyond the detached retina and 
can proceed towards the fovea. This may explain why pa-
tients with fovea- on RD can experience postoperative vi-
sual function loss despite no foveal involvement.

Thus, we hypothesize that distance between RD and 
umbo (RD- umbo distance) is associated with the pre-
operative severity and postoperative recovery of foveal 
damage and, consequently, that a greater RD- umbo dis-
tance results in less postoperative visual function loss. 
Therefore, the aim of this study is to investigate the pre-
operative and postoperative change in retinal sensitivity 
in relation to the distance to the RD in patients with 
fovea- on rhegmatogenous RD. Additionally, we investi-
gated the relation between RD- umbo distance and the 
postoperative change in visual function.

2 |  M ATERI A LS A N D M ETHODS

2.1 | Study design

This prospective observational study was conducted 
in the Rotterdam Eye Hospital (Rotterdam, the 
Netherlands) between February 2020 and March 2021, 
and was approved by the Medical Ethical Committee 
of the Erasmus Medical Centre (Rotterdam, the 
Netherlands). The research followed the tenets of the 
Declaration of Helsinki. All included patients gave writ-
ten consent prior to participation.

2.2 | Study population

Patients diagnosed with primary rhegmatogenous fo-
vea- on RD and a healthy fellow eye were eligible to par-
ticipate. All eligible patients were approached by one 
investigator (HN).

Exclusion criteria before surgery were the following: 
younger than 18 years, distance between umbo and the RD 
border less than 1250 μm (safety border) (Jong et al., 2017), 
RD border beyond the central 30° of the retina (outside 
the projection field of microperimetry), unclear media 
which prevented retinal visualization, giant tear, pre- 
existing maculopathy in either study or fellow eye which 
could compromise vision (e.g. macular hole, epiretinal 
membrane stage 2 or more (Govetto et al., 2019)).

Exclusion criteria after surgery were the follow-
ing: recurrent RD, persistent cystoid macular oedema, 

persistent subfoveal fluid and epiretinal membrane 
(Govetto et al., 2019).

2.3 | Preoperative assessments

Best- corrected visual acuity (BCVA) measurement and 
fundus examination were performed in a routine outpa-
tient setting. BCVA was measured using Snellen projec-
tor optotypes and expressed in decimal units. Fundus 
examination was performed after pupil dilatation with 
0.5% tropicamide. Patients diagnosed with fovea- on RD 
were prescribed bed rest and posturing at the ward while 
waiting for urgent surgery (de Jong et al., 2017).

Optical coherence tomography (OCT) and microper-
imetry assessments were performed by one investigator 
within 1 h of arrival at the ward, and with the pupils still 
dilated for fundus examination. The interruption of pos-
turing for both assessments was less than 30 min, and 
patients were transported to the devices by wheelchair.

OCT volume scans of the macula were obtained for 
both study and control eyes using Spectralis OCT2 
(Heidelberg Engineering). The scan was acquired at a 
20° × 15° fovea- centred grid with 35 μm distance between 
B- scans, resulting in 145 B- scans. If the scanning grid 
did not overlap the RD border, another OCT volume 
scan was acquired with a larger scanning area overlap-
ping the RD border.

The RD border and umbo were located on the B- scans 
and highlighted on the scanning laser ophthalmoscopy 
(SLO) image using the draw tool embedded in the Heidelberg 
eye explorer system software (Figure 1).

The shortest distance between the umbo and RD 
border (RD- umbo distance) was measured on the SLO 
images using the measurement tool embedded in the 
Heidelberg eye explorer system software.

Microperimetry was performed in the study eye with 
the MAIA microperimetry (Centervue). The retina adja-
cent to the RD border was examined using a customized 
grid of 52 points covering the RD border and the retina 
on both sides (Figure 2). The foveal area was examined 
using the standard foveal- centred grid of 37 points in 
three concentric circles (2°, 6° and 10° in diameter). All 
examinations were performed using the 4– 2 threshold 
strategy.

The microperimetry data of both the foveal retina and 
the retina adjacent to the RD border were overlaid on 
the SLO image with the indicated RD border (Figure 2) 
(Adobe Photoshop version 21.0.2). For each sensitivity 
measurement, the shortest distance to the RD border 
was calculated.

Baseline data collection included gender, age, study 
eye, preoperative BCVA, distance between RD and 
umbo, RD location and preoperative lens status, time be-
tween OCT and start of surgery and surgery technique.

2.4 | Postoperative assessments

At 6 weeks, 3 and 6 months postoperatively, patients un-
derwent visual function assessments, OCT and microp-
erimetry examinations.
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   | 3NG et al.

The following visual function assessments were per-
formed for both study and control eyes without pupil dil-
atation: BCVA and low- contrast BCVA were measured 
using conventional and 10% ETDRS charts and ex-
pressed as the logarithm of minimal angle of resolution 
(logMAR). Metamorphopsia was assessed by the M- 
CHARTS (Inami Co.) in horizontal and vertical direction. 
Aniseikonia was assessed by the New Aniseikonia Test in 
horizontal and vertical direction. Macropsia was defined 
as aniseikonia of at least +2% and micropsia was defined 
as aniseikonia of −2% or worse (Ichikawa et al., 2018). 
For colour vision assessment, we used the Hardy Rand 
Rittler test (fourth edition, Richmond Products). The 
test score was equal to the number of correctly identified 

figures (Ng et al., 2020; Zhao et al., 2015). Stereopsis was 
examined using Titmus Fly Test. Absence of gross stere-
opsis was regarded as 6000 seconds of arc for statistical 
analysis (Han et al.,  2016). The assessments for meta-
morphopsia, aniseikonia, colour vision and stereopsis 
were all performed at 30 cm with refraction corrected for 
this distance.

Microperimetry was performed after pupil dilata-
tion with 0.5% tropicamide. For the study eye, follow- up 
examinations were performed for both preoperative 
examinations. For the fellow eye, two microperime-
try examinations were performed covering the same 
areas as the study eye. The fellow eye was examined 
during one postoperative visit, as the repeatability of 

F I G U R E  1  Example of a B- scan (right) with the corresponding SLO image (left) of a study eye with fovea- on RD. The yellow line in the 
B- scan represents the retinal detachment border, which corresponds to the yellow dot in the SLO image. The yellow line in the SLO image 
represents the RD border which is composed of the RD border localization of the B- scans. The red dot in the B- scan represents the umbo and 
corresponds to the red dot in the SLO image. The shortest distance between the umbo and RD border is 1512 μm (5.3°). RD, retinal detachment; 
SLO, scanning laser ophthalmoscopy.

F I G U R E  2  Example of microperimetry data overlaid on the SLO image with the RD border (red line). RD, retinal detachment; SLO, 
scanning laser ophthalmoscopy.
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sensitivity measurements in healthy eyes is high (Barboni 
et al., 2018).

OCT examination was performed with the pupils still 
dilated for microperimetry. For both study and control 
eyes, macular volume scans were obtained to detect mac-
ular abnormalities using the same method as described 
preoperatively.

2.5 | Surgical procedures

Each surgery, pars plana vitrectomy or scleral buckling, 
was carried out by one of five experienced vitreoretinal 
surgeons.

Standard 23- gauge vitrectomy was carried out with 
vitreous traction release around breaks, subretinal fluid 
drainage and endolaser photocoagulation. In phakic 
study eyes, phacoemulsification was conducted accord-
ing to the surgeon's preference.

Scleral buckling included drainage and indentation 
by a local radial or circular explant (with or without en-
circling band) and injection of a 25% sulphur hexafluo-
ride gas to prevent hypotony and to tamponade retinal 
tears. Either preoperative cryocoagulation or postopera-
tive laser was performed.

Gas tamponade was either sulphur hexafluoride or 
octafluoropropane, and patients were instructed to pos-
ture 6 h a day for 1 week, in a manner to reduce the risk 
of macular folds.

2.6 | Statistical analysis

Categorial variables were presented as frequencies and 
percentages. Continuous variables were expressed as 
mean ± SD in case of normal distribution, or as me-
dian (IQR) otherwise. Significant differences between 
study and control eyes were determined with the paired 
Student's t- test in case of normal distribution, the 
Wilcoxon signed- rank test for non- normal distribution 
and the McNemar test in case of categorial variables.

In order to calculate the change in retinal sensitivity 
and visual function in study eyes due to fovea- on RD, we 
would need the values of these parameters before the RD 
occurs. As these values were not available, the values of 
the healthy fellow eyes were used as a proxy.

For retinal sensitivity, the proxy for the sensitivity 
measurements in the study eye was obtained from the 
corresponding locations in the control eye. Sensitivity 
values below 0 dB were considered as 0 dB for statisti-
cal analysis. The change in retinal sensitivity was cal-
culated as the difference between control and study eye 
(control − study). The relation between the change in ret-
inal sensitivity and the distance to the RD border was 
assessed using a locally weighted scatterplot smoothing 
(LOWESS) curve.

The change in BCVA, low- contrast BCVA, co-
lour vision and metamorphopsia was also calcu-
lated as the difference between control and study eye 
(control − study).

For aniseikonia and stereopsis, there were no con-
trol values as those were binocular assessments. The 

relation between RD- umbo distance and the change in 
visual function was evaluated by bivariate analysis using 
Spearman's rank correlation coefficient.

Preoperative visual acuity values were transformed 
from decimal to logMAR equivalents, and RD- umbo 
distance measurements were converted from micrometre 
to degree (Kolb et al., 1995).

A p- value below 0.05 was considered statistically 
significant. We corrected for multiple testing using the 
Bonferroni correction to adjust the threshold for sta-
tistical significance. This applies to the comparison of 
postoperative visual functions between study and con-
trol eyes (four comparisons, the threshold for statistical 
significance was adjusted to 0.013) and the correlation 
between RD- umbo distance and the change in visual 
function parameters (24 correlations, the threshold for 
statistical significance was adjusted to 0.002).

Statistical analyses were performed using SPSS statis-
tics version 24.0, except for the LOWESS curves, which 
were produced using R version 3.6.1.

3 |  RESU LTS

We approached 27 eligible patients of which 23 patients 
were initially included and four patients were unwilling to 
participate. Of the 23 initially included patients, 10 patients 
were excluded due to distance between umbo and the RD 
border was less than 1250 μm (n = 2), RD border was beyond 
the central 30° of the retina (n = 6), presence of preoperative 
ERM stage 1 (n = 1) and presence of postoperative ERM 
stage 3 (n = 1). This resulted in 13 patients for analysis.

3.1 | Patient characteristics

Of the 13 patients, nine were male (69%) and the mean 
age was 60 years (Table 1). Most patients underwent vit-
rectomy (85%).

Preoperative lens status was predominantly phakic 
(62%). One patient had phacoemulsification combined with 
vitrectomy, whereas two patients had phacoemulsification 
during follow- up, which resulted in 8 (62%%) pseudophakic 
and 5 (38%) phakic study eyes at 6 months postoperatively.

3.2 | Preoperative change in retinal sensitivity 
in relation to the distance to the RD border

The greatest difference in retinal sensitivity was 21 dB 
at 3° inside the RD which decreased approximately lin-
early, through the RD border, to 4 dB at 2° outside the 
RD (Figure 3). The difference further decreased outside 
the RD until it reached a plateau of 2 dB at 4°.

3.3 | Postoperative change in retinal 
sensitivity in relation to the distance to the 
RD border

At 6 weeks postoperatively, the shape of the LOWESS 
curve was more flattened compared with the preoperative 
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LOWESS curve (Figure  3). The greatest difference in 
retinal sensitivity remained at 3° inside the RD but de-
creased to 4 dB and, in a similar trend as preoperatively, 
the difference decreased approximately linearly to 2 dB 
at 2° outside the RD and the plateau of 0 dB started 
around 5°.

At 3 months postoperatively, the LOWESS curve was 
similar to the LOWESS curve at 6 weeks postoperatively.

At 6 months postoperatively, the curve was even more 
flattened compared with 6 weeks and 3 months postop-
eratively and the greatest difference in retinal sensitivity 
was approximately 2 dB at 3° inside the RD, and de-
creased linearly to a plateau of 0 dB at 2° outside the RD.

The 95% confidence interval increased starting from 
18° for all three LOWESS curves.

3.4 | Visual function during 6- month follow- up

At 6 weeks postoperatively, BCVA, low- contrast BCVA 
and colour vision were worse in study eyes compared 
with control eyes (Figure  4). The values of the study 
eyes improved and at 6 months postoperatively, BCVA, 

low- contrast BCVA and colour vision of study and con-
trol eyes were not statistically significantly different 
(BCVA p = 0.3, low- contrast BCVA p = 0.2, colour vision 
p = 0.7) (Table 2). Stereopsis scores also improved during 
6- month follow- up.

For metamorphopsia in study eyes, both scores and 
prevalence decreased during follow- up. Metamorphopsia 
was not present in control eyes during follow- up, and al-
though metamorphopsia was present in two study eyes 
at 6 months postoperatively, there was no measurable 
evidence that there was a difference between both eyes 
(p = 0.5).

Even though median aniseikonia scores remained 
stable during follow- up, the prevalence of aniseikonia 
increased from 31% (n = 4) at 6 weeks postoperatively to 
54% (n = 7) at 6 months postoperatively.

3.5 | The relation between RD- umbo 
distance and the change in visual function

At 6 weeks postoperatively, RD- umbo distance showed 
the highest correlation with horizontal metamorphop-
sia difference and stereopsis (|r| = 0.7 for both), followed 
by BCVA difference, low- contrast BCVA difference and 
vertical metamorphopsia difference (r = 0.6 for all three) 
(Table  3 and Figure  5). These correlations decreased 
during follow- up.

Although the correlation between horizontal meta-
morphopsia and RD- umbo distance also decreased at 
3 and 6 months postoperatively, the correlation was the 
highest among the visual function parameters at both 
time points.

None of the correlations analysis remained statisti-
cally significant after correction for multiple testing.

4 |  DISCUSSION

This prospective study showed that the retinal damage 
induced by a RD is not restricted to the detached retina, 
but extends beyond the border to the attached retina in 
patients with fovea- on retinal detachment. This supports 
the findings of previous animal studies by Halász, Lee 
and Francke who demonstrated that retinal damage is 
found not only in the detached retina but in lesser extent 
also in the attached retina (Francke et al., 2005; Halász 
et al., 2021; Lee et al., 2021).

The results of the current study are consistent with 
our hypothesis that the distance to the RD is associated 
with the severity of retinal damage: We have shown that 
retinal sensitivity loss of the attached retina decreased 
drastically as the distance to the RD increased and 
reached a plateau starting at four degrees away from 
the RD. Postoperative recovery of retinal sensitivity oc-
curred for both attached and detached retina, but was 
slightly better for the attached retina which was at least 
two degrees away from the RD border. Translated to 
clinical practice, it means that the risk of foveal damage 
increases remarkably if the RD is <4° (1152 μm) away 
from the umbo, thus if the RD has extended to more 
than the half of the parafovea (Kolb et al.,  1995). In 

TA B L E  1  Patient characteristics.

Characteristics p- Value

Total patients 13

Gender, n (%)

Male 9 (69)

Age (years), mean ± SD 60 ± 7

Study eye, n (%)

OD 7 (54)

Preoperative BCVA (logMAR), median (IQR)

Study eye 0.02 (0.0– 0.1) 0.05

Control eye −0.04 (0.0– 0.1)

Distance between RD and umbo 
(°), mean ± SD

12 ± 5

RD location, n (%)

Superior 4 (31)

Nasal 4 (31)

Inferior 1 (7)

Temporal 4 (31)

Preoperative lens status, phakic/pseudophakic, n (%)

Study eye 8 (62)/5 (38)

Control eye 10 (77)/3 (23) 0.5

Time between OCT scan and start 
surgery (hours), median (IQR)

20 (6– 22)

Surgery technique, n (%)

Scleral buckling 2 (15)

Vitrectomy only 10 (77)

Vitrectomy combined with 
phacoemulsification

1 (8)

Gas tamponade

Sulphur hexafluoride 9 (69)

Octafluoropropane 4 (31)

Abbreviations: IQR, interquartile range; logMAR, logarithm of the minimal 
angle of resolution; OCT, optical coherence tomography; RD, retinal 
detachment; SD, standard deviation.
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other words, foveal damage can already occur without 
foveal detachment. Fortunately, it seems that the retinal 
damage can recover postoperatively and the recovery 
is better if the retina was not detached preoperatively. 
However, the improvement of retinal sensitivity values 
can also be caused by the removal of media opacifica-
tion due to vitrectomy or learning effects (Díaz- Barreda 
et al., 2021). The presence of gas tamponade or gas cat-
aract can also negatively influence the retinal sensitivity 
measurement.

It is generally assumed that a fovea- on RD will not 
compromise visual acuity as the fovea is not involved. 
However, we have found that BCVA was lower in study 
eyes compared with control eyes at 6 weeks and 3 months 
after surgery. This is consistent with the study of Di Lauro 
et al. (2015) who evaluated the visual acuity of patients at 
3 months after macula- on RD surgery and found visual 
acuity loss without explanatory factors. It is possible that 
a follow- up of 3 months was too short, as we have shown 
that the BCVA in study eyes improved to values of the 
healthy control eyes at 6 months postoperatively. We have 
also found that a fovea- on RD can negatively affect low- 
contrast BCVA, colour vision, stereopsis, metamorphopsia 

and aniseikonia, which is comparable to previous studies 
(Lina et al., 2016, Nork et al., 1995, Okamoto et al., 2013, 
Okamoto et al., 2014a, Okamoto et al., 2014b). In addition, 
we have shown that these visual functions improve during 
6 months after surgery, with low- contrast BCVA, colour 
vision and metamorphopsia restoring to levels of the 
healthy control eyes. However, although not statistically 
significantly different from control eyes, metamorphopsia 
was present in 15% of the study eyes, and aniseikonia was 
perceived by 54% of the patients at 6 months postopera-
tively. Thus, although visual function can improve during 
6 months after surgery, visual function loss can be present 
despite fovea- on RD. Even though the exact pathophysiol-
ogy of visual function loss after fovea- on RD is not clear, 
we believe it is important that it is acknowledged as visual 
function loss can negatively impact vision- related quality 
of life (Hanumunthadu et al., 2021; Lina et al., 2016; Ng 
et al., 2020; Okamoto et al., 2008).

In our study, the prevalence of metamorphopsia at 
6 months postoperatively was 15% and was consistent 
with previous studies as they reported a prevalence of 
13%– 26% (Okamoto et al.,  2014b; Okuda et al.,  2018; 
Saleh et al., 2018; Zhou et al., 2017).

F I G U R E  3  Retinal sensitivity difference in relation to the distance to the retinal detachment border in patients with fovea- on retinal 
detachment (n = 13). The red line is the locally weighted scatterplot smoothing curve. The light red area around the curve represents the 95% 
confidence interval. RD, retinal detachment; SE, study eye.
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Comparable to our study, Zhou et al. and Okamoto 
et al. reported metamorphopsia in patients after mac-
ula- on RD surgery without abnormal foveal structures 

on postoperative OCT (Okamoto et al.,  2014b; Zhou 
et al., 2017). Postoperative metamorphopsia was  explained  
by Okamoto et al. by brief detachment of the macula 

F I G U R E  4  Visual function in healthy control eyes and eyes after fovea- on retinal detachment during 6- month follow- up. The numbers 
within the prevalence graphs represent the frequencies. BCVA, best- corrected visual acuity, CI, confidence interval; IQR, interquartile range; 
logMAR, logarithm of the minimal angle of resolution.
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8 |   NG et al.

during surgery (Okamoto et al.,  2014b), while Okuda 
et al. explained it by a possible preoperative macular de-
tachment as these patients had a superior quadrant RD 
close to the fovea (Okuda et al., 2018). Indeed, progres-
sion of a RD is possible, especially for superior- located 
RD (de Jong et al., 2017). Hence, our patients were pre-
scribed bed rest and posturing while waiting for urgent 
surgery, as these interventions have been shown to limit 
the progression of the RD (Jong et al., 2017). Moreover, 
foveal detachment in the short interval to surgery was 
precluded based on the progression rates of the study 
by De Jong et al. and the fact that we excluded patients 
with detachments closer than 1250 μm to the umbo (Jong 
et al., 2017). Hence, we hypothesize that the loss of reti-
nal function in the attached retina is due to cellular dam-
age mechanisms in the detached retina which spreads 
into the attached retina. Our hypothesis is supported by 
previous animal studies which have reported damage to 
the synapse between photoreceptor and bipolar cells in 
both attached and detached retina (Halász et al., 2021; 
Townes- Anderson et al.,  2017; Wang et al.,  2016). This 
synaptic damage is due to rods retracting their presyn-
aptic terminals and cones losing their synaptic invagi-
nations (Halász et al., 2020). Reattachment of the retina 
does not restore all the synapses so it has been proposed 
that the synaptic changes can be the cause of incomplete 
visual recovery after anatomical successful reattachment 

surgery. The synaptic damage, although the mechanism 
is not known, is linked to activation of the RhoA path-
way by the RD (Wang et al.,  2016). Therefore, it has 
been suggested that inhibition of the RhoA pathway 
can improve visual outcomes after reattachment surgery 
(Halász et al., 2020).

The prevalence of aniseikonia increased from 31% 
at 6 weeks postoperatively to 54% at 6 months postop-
eratively which is higher than the prevalence of 26% 
reported by Okamoto et al. (Okamoto et al.,  2014a). 
Okamoto et al. excluded patients with more than 2.0 
dioptres anisometropia which may explain why they 
found a lower prevalence. However, aniseikonia can 
be induced by anisometropia (dynamic aniseikonia), 
but it can also be retinally induced (static aniseikonia) 
(McNeill & Bobier, 2017). In our study, two patients had 
anisometropia of −3 dioptre (spherical equivalent of the 
study eye was −3 higher than the control eye). These 
two patients had the highest anisometropia and no 
micropsia was measured for these patients. Therefore, 
we think it is unlikely that anisometropia contributed 
much to aniseikonia and we chose not to exclude pa-
tient with anisometropia. For future studies, it would 
be of additional value to differentiate between the two 
types of aniseikonia.

Changes in BCVA, low- contrast BCVA, meta-
morphopsia and stereopsis were highly correlated with 

TA B L E  2  Visual function 6 months postoperatively in study eye and fellow eye.

Visual function Study eye Control eye p- Value

BCVA (logMAR), mean ± SD −0.05 ± 0.1 −0.09 ± 0.05 0.3

Low- contrast BCVA (logMAR), mean ± SD 0.2 ± 0.03 0.1 ± 0.03 0.2

Colour vision (n), median (IQR) 36 (36– 36) 36 (36– 36) 0.7

Metamorphopsia

Present, n (%) 2 (15) 0 (0) 0.5

Aniseikoniaa

No aniseikonia, n (%) 7 (54)

Micropsia, n (%) 3 (23)

Macropsia, n (%) 3 (23)

Stereopsisa (seconds of arc), median (IQR) 50 (40– 50)

Abbreviations: AH, aniseikonia horizontal; AV, aniseikonia vertical; BCVA, best- corrected visual acuity; IQR, interquartile range; logMAR, logarithm of the 
minimal angle of resolution; MH, metamorphopsia horizontal; MV, metamorphopsia vertical; SD, standard deviation.
aBinocular test.

TA B L E  3  Correlation between RD- umbo distance and the change in visual functiona

Visual function

6 weeks Postoperative 3 months Postoperative 6 months Postoperative

p r p r p r

BCVA difference 0.009 0.6 0.2 0.3 0.4 0.1

Low- contrast BCVA difference 0.02 0.6 0.2 0.3 0.2 0.3

Colour vision difference 0.2 −0.3 0.2 −0.3 0.3 0.1

Metamorphopsia vertical difference 0.02 0.6 0.2 0.3 0.4 0.08

Metamorphopsia horizontal difference 0.008 0.7 0.01 0.6 0.01 0.6

Aniseikonia vertical 0.1 −0.4 0.1 −0.3 0.5 −0.04

Aniseikonia horizontal 0.05 −0.5 0.2 −0.2 0.3 −0.2

Stereopsis 0.008 −0.7 0.06 −0.5 0.3 −0.1

Abbreviations: BCVA, best- corrected visual acuity; p, p- Value; r = Spearman's rank correlation coefficient.
aBonferroni correction for multiple testing was applied to adjust the significant p- value at 0.002.
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RD- umbo distance at 6 weeks after surgery. Even though 
the correlations decreased during follow- up, the correla-
tion between RD- umbo distance and horizontal meta-
morphopsia remained the highest among other visual 
function parameters at three and 6 months after surgery. 
Moreover, 15% of the patients perceived metamorphop-
sia at 6 months postoperatively. In clinical practice, this 
would mean that detachments closer to the central fovea 
results in more visual function loss shortly after surgery 
which can improve to healthy values during 6 months 
after surgery. However, metamorphopsia can still be per-
ceived at 6 months after surgery, in which a RD closer to 
the fovea is associated with more severe metamorphopsia.

Remarkably, we found that horizontal metamorph-
opsia scores were higher than vertical metamorphopsia 
scores. This difference may be explained by uninten-
tional downward displacement of the retina, which may 

occur after vitrectomy for RD. It has been suggested that 
the displacement is due to the force of gravity (Shiragami 
et al., 2010).

The relation between the change in retinal sensitivity 
and the distance to the RD border was assessed using 
a LOWESS curve. However, we must take into account 
that de LOWESS curve considered the measurements as 
independent. In fact, multiple measurements were paired 
with one patient, meaning the confidence interval may 
be higher than reported. Moreover, the confidence inter-
val widened starting from 18 to 23 degrees as the number 
of measurements decreased. This decrease in measure-
ments was due to the limited scanning field of the mi-
croperimetry as it is conventionally used to assess the 
central retina. Further research, preferably with a larger 
sample size and a microperimetry with a wider scanning 
field, is necessary to confirm our findings.

F I G U R E  5  Correlation between RD- umbo distance and the change in visual function at 6 weeks postoperatively. BCVA, best- corrected 
visual acuity; CE, control eye; logMAR, logarithm of the minimal angle of resolution; RD, retinal detachment; SE, study eye.
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The strengths of current study are the following: 
first study to combine OCT and microperimetry to 
assess both detached and attached retina, preoper-
ative OCT to confirm fovea- on RD and one investi-
gator who performed the measurements on OCT and 
microperimetry.

As for limitations, we had a small sample size 
which was due to strict in-  and exclusion criteria. 
Displacement of the RD border during posturing and 
interruption of posturing can be considered as a lim-
itation of our study. Therefore, measures were taken 
to limit the displacement: The assessments were per-
formed within 1 h after posturing, the duration of the 
assessments was less than 30 min and the patients were 
transported by wheelchair. Furthermore, the displace-
ment of the RD border during posturing and the inter-
ruption of posturing was taken into account by using 
the velocity results of the study by De Jong et al., which 
was less than two degrees (576 μm) for both posturing 
and its interruption. We found that the loss of sensitiv-
ity extends four degrees beyond the RD border, so even 
if we take the two degrees displacement of the RD bor-
der into account, our results still show that the retinal 
damage extends beyond the RD border.

In conclusion, our study shows that retinal damage 
extends beyond the border of the detached retina in pa-
tients with fovea- on retinal detachment. Retinal sensi-
tivity loss decreased drastically as the distance to the 
RD increased and reached a plateau starting at four 
degrees away from the RD. Postoperative recovery of 
retinal sensitivity occurred for both attached and de-
tached retina, but was slightly better for the attached 
retina which was at least two degrees away from the 
RD border.

Postoperative visual function loss can be present de-
spite no foveal detachment. A shorter RD- umbo dis-
tance results in more visual function loss shortly after 
surgery which can improve to healthy values during 
6 months after surgery. However, metamorphopsia and 
aniseikonia can be perceived at 6 months after surgery, 
in which a RD closer to the fovea is associated with more 
severe metamorphopsia.

AU T HOR CON TR I BU T IONS
JvM, KV, ELH and HJN contributed to study the con-
cept and design. HJN conducted the study. HJN and CK 
collected the data. HJN and KV analysed the data. HJN 
wrote the manuscript. JvM, KV and ELH critically re-
vised the manuscript. All authors discussed the results 
and commented on the manuscript.

ACK NO W LE DGE M EN TS
The authors thank the patients who participated in this 
study and also the vitreoretinal surgery department of 
the Rotterdam Eye Hospital for their contribution to this 
research.

F U N DI NG I N FOR M AT ION
This study was supported by Stichting voor Ooglijders 
(Rotterdam, the Netherlands) and Stichting Wetens-
chappelijk Onderzoek Oogziekenhuis (Rotterdam, the 
Netherlands).

ET H ICA L A PPROVA L
This study is registered in the Central Committee on 
Research Involving Human Subjects (NL72120.078.19). 
Ethical review of the study was performed by the Medical 
Research Ethics Committee Erasmus MC (MEC- 
2019- 0756). All patients provided written informed con-
sent prior to enrolment in the study.

ORCI D
Hei Jan Ng   https://orcid.org/0000-0002-6354-0958 
Jan C. van Meurs   https://orcid.
org/0000-0002-5385-7943 

R E F ER E NC E S
Arroyo, J.G., Yang, L., Bula, D. & Chen, D.F. (2005) Photoreceptor 

apoptosis in human retinal detachment. American Journal of 
Ophthalmology, 139, 605– 610.

Barboni, M.T.S., Szepessy, Z., Ventura, D.F. & Németh, J. (2018) 
Individual test point fluctuations of macular sensitivity in 
healthy eyes and eyes with age- related macular degeneration 
measured with microperimetry. Translational Vision Science & 
Technology, 7, 25.

de Jong, J.H., Vigueras- Guillén, J.P., Simon, T.C., Timman, R., Peto, 
T., Vermeer, K.A. et al. (2017) Preoperative posturing of patients 
with macula- on retinal detachment reduces progression toward 
the fovea. Ophthalmology, 124, 1510– 1522.

Di Lauro, S., Castrejón, M., Fernández, I., Rojas, J., Coco, R.M., 
Sanabria, M.R. et al. (2015) Loss of visual acuity after successful 
surgery for macula- on Rhegmatogenous retinal detachment in a 
prospective multicentre study. Journal of Ophthalmology, 2015, 1– 8.

Díaz- Barreda, M.D., Bartolomé- Sesé, I., Boned- Murillo, A., 
Ferreras, A., Orduna- Hospital, E., Ascaso, F.J. et al. (2021) 
Microperimetry- assessed functional alterations and OCT- 
changes in patients after retinal detachment surgery using pars 
plana vitrectomy and SF6 tamponade. Diagnostics, 11(7), 1157.

Francke, M., Faude, F., Pannicke, T., Uckermann, O., Weick, M., 
Wolburg, H. et al. (2005) Glial cell- mediated spread of retinal 
degeneration during detachment: a hypothesis based upon stud-
ies in rabbits. Vision Research, 45, 2256– 2267.

Govetto, A., Virgili, G., Rodriguez, F.J., Figueroa, M.S., Sarraf, D. 
& Hubschman, J.P. (2019) Functional and anatomical signifi-
cance of the ectopic inner foveal layers In eyes with idiopathic 
epiretinal membranes: surgical results at 12 months. Retina, 39, 
347– 357.

Halász, É., Townes- Anderson, E. & Zarbin, M.A. (2020) Improving 
outcomes in retinal detachment: the potential role of rho- kinase 
inhibitors. Current Opinion in Ophthalmology, 31, 192– 198.

Halász, É., Zarbin, M.A., Davidow, A.L., Frishman, L.J., Gombkoto, 
P. & Townes- Anderson, E. (2021) ROCK inhibition reduces mor-
phological and functional damage to rod synapses after retinal 
injury. Scientific Reports, 11, 1– 14.

Han, J., Han, S.H., Kim, J.H. & Koh, H.J. (2016) Restoration of reti-
nally induced aniseikonia in patients with epiretinal membrane 
after early vitrectomy. Retina, 36, 311– 320.

Hanumunthadu, D., Lescrauwaet, B., Jaffe, M., Sadda, S., Wiecek, E., 
Hubschman, J.P. et al. (2021) Clinical update on metamorphop-
sia: epidemiology, diagnosis and imaging. Current Eye Research, 
46, 1777– 1791.

Ichikawa, Y., Imamura, Y. & Ishida, M. (2018) Associations of ani-
seikonia with metamorphopsia and retinal displacements after 
epiretinal membrane surgery. Eye, 32, 400– 405.

Kolb, H., Ralph, N. & Eduardo, F. (1995) Webvision: the Organization 
of the Retina and Visual System [internet], Vol. 1827. Salt Lake 
City, UT: University of Utah Health Sciences Center.

Lee, S.H., Park, Y.S., Paik, S.S. & Kim, I.B. (2021) Differential re-
sponse of Müller cells and microglia in a mouse retinal detach-
ment model and its implications in detached and non- detached 
regions. Cell, 10, 1972.

Lina, G., Xuemin, Q., Qinmei, W. & Lijun, S. (2016) Vision- related 
quality of life, metamorphopsia, and stereopsis after successful 
surgery for rhegmatogenous retinal detachment. Eye, 30, 40– 45.

 17553768, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/aos.15713 by E

rasm
us U

niversity R
otterdam

 U
niversiteitsbibliotheek, W

iley O
nline L

ibrary on [07/06/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://orcid.org/0000-0002-6354-0958
https://orcid.org/0000-0002-6354-0958
https://orcid.org/0000-0002-5385-7943
https://orcid.org/0000-0002-5385-7943
https://orcid.org/0000-0002-5385-7943


   | 11NG et al.

McNeill, S. & Bobier, W.R. (2017) The correction of static and dy-
namic aniseikonia with spectacles and contact lenses. Clinical & 
Experimental Optometry, 100, 732– 734.

Ng, H., Vermeer, K.A., van Meurs, J.C. & La Heij, E.C. (2020) Visual 
acuity inadequately reflects vision- related quality of life in pa-
tients after macula- off retinal detachment surgery. Investigative 
Ophthalmology & Visual Science, 61, 34.

Nork, T.M., Millecchia, L.L., Linberg, J.V. & Chao, G. (1995) 
Selective loss of blue cones and rods in human retinal detach-
ment. Archives of Ophthalmology, 113, 1066– 1073.

Okamoto, F., Okamoto, Y., Hiraoka, T. & Oshika, T. (2008)  
Vision- related quality of life and visual function after retinal 
detachment surgery. American Journal of Ophthalmology, 146, 
85– 90.

Okamoto, F., Sugiura, Y., Okamoto, Y., Hiraoka, T. & Oshika, T. 
(2013) Changes in contrast sensitivity after surgery for macu-
la- on rhegmatogenous retinal detachment. American Journal of 
Ophthalmology, 156, 667– 672.e1.

Okamoto, F., Sugiura, Y., Okamoto, Y., Hiraoka, T. & Oshika, T. 
(2014a) Aniseikonia and foveal microstructure after retinal 
detachment surgery. Investigative Ophthalmology and Visual 
Science, 55, 4880– 4885.

Okamoto, F., Sugiura, Y., Okamoto, Y., Hiraoka, T. & Oshika, T. 
(2014b) Metamorphopsia and optical coherence tomography 
findings after rhegmatogenous retinal detachment surgery. 
American Journal of Ophthalmology, 157, 214– 220.

Okuda, T., Higashide, T. & Sugiyama, K. (2018) Metamorphopsia and 
outer retinal morphologic changes after successful vitrectomy 
surgery for macula- off rhegmatogenous retinal detachment. 
Retina, 38, 148– 154.

Saleh, M., Bernard, A.G. & Marie, D. (2018) Impact of metamorphop-
sia on quality of life after successful retinal detachment surgery. 
Ophthalmologica, 240, 121– 128.

Shiragami, C., Shiraga, F., Yamaji, H., Fukuda, K., Takagishi, M., 
Morita, M. et al. (2010) Unintentional displacement of the retina 

after standard vitrectomy for Rhegmatogenous retinal detach-
ment. Ophthalmology, 117, 86– 92.e1.

Townes- Anderson, E., Wang, J., Halász, É., Sugino, I., Pitler, A., 
Whitehead, I. et al. (2017) Fasudil, a clinically used ROCK in-
hibitor, stabilizes rod photoreceptor synapses after retinal de-
tachment. Translational Vision Science & Technology, 6, 22.

Wang, J., Zarbin, M., Sugino, I., Whitehead, I. & Townes- Anderson, 
E. (2016) RhoA signaling and synaptic damage occur within 
hours in a live pig model of CNS injury, retinal detachment. 
Investigative Ophthalmology and Visual Science, 57, 3892– 3906.

Wickham, L., Lewis, G.P., Charteris, D.G. and Fisher, S.K., (2018): 
Cellular effects of detachment and reattachment on the neural 
retina and the pigment epithelium. In: Schachat A (ed.) Ryan's 
Retin. Edinburgh, London: Elsevier 689– 702.

Williamson, T.H., Lee, E.J.K. & Shunmugam, M. (2014) Characteristics 
of rhegmatogenous retinal detachment and their relationship to 
success rates of surgery. Retina, 34, 1421– 1427.

Zhao, J., Davé, S.B., Wang, J. & Subramanian, P.S. (2015) Clinical 
color vision testing and correlation with visual function. 
American Journal of Ophthalmology, 160, 547– 552.e1.

Zhou, C., Lin, Q. & Chen, F. (2017) Prevalence and predictors of meta-
morphopsia after successful rhegmatogenous retinal detach-
ment surgery: a cross- sectional, comparative study. The British 
Journal of Ophthalmology, 101, 725– 729.

How to cite this article: Ng, H.J., Vermeer, K.A., 
La Heij, E.C., Kuip, C.P. & van Meurs, J.C. (2023) 
Retinal damage extends beyond the border of the 
detached retina in fovea- on retinal detachment. 
Acta Ophthalmologica, 00, 1–11. Available from: 
https://doi.org/10.1111/aos.15713

 17553768, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/aos.15713 by E

rasm
us U

niversity R
otterdam

 U
niversiteitsbibliotheek, W

iley O
nline L

ibrary on [07/06/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1111/aos.15713

	Retinal damage extends beyond the border of the detached retina in fovea-on retinal detachment
	Abstract
	1|INTRODUCTION
	2|MATERIALS AND METHODS
	2.1|Study design
	2.2|Study population
	2.3|Preoperative assessments
	2.4|Postoperative assessments
	2.5|Surgical procedures
	2.6|Statistical analysis

	3|RESULTS
	3.1|Patient characteristics
	3.2|Preoperative change in retinal sensitivity in relation to the distance to the RD border
	3.3|Postoperative change in retinal sensitivity in relation to the distance to the RD border
	3.4|Visual function during 6-month follow-up
	3.5|The relation between RD-umbo distance and the change in visual function

	4|DISCUSSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGEMENTS
	FUNDING INFORMATION
	ETHICAL APPROVAL
	REFERENCES


