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Purpose: To evaluate optical-coherence-tomography (OCT)-morphological and clinical parameters three years after primary rheg-
matogenous retinal detachment (RRD) repair surgery and the role of postoperative foveal bulge sign.

Methods: Of the 32 initially enrolled patients with primary RRD 20 (14 fovea-on, 6 fovea-off) completed this prospective study.
Preoperatively and 3 years after surgery best corrected visual acuity (BCVA) and OCT including macula status, central retinal
thickness (CRT), central choroidal thickness (CCT), thickness of each single retinal layer, integrity of cone-interdigitation-zone (CIZ)
and ellipsoid zone (EZ), and presence of foveal bulge were evaluated.

Results: Preoperatively fovea-off RRD patients show significantly thinner CCT, inner nuclear layer (INL) and inner plexiform layer
(IPL) compared to fovea-on RRD patients, whereas only IPL and INL were significantly thicker compared to the fellow eye. Three
years after surgery this thickening recovered. Final BCVA did not differ statistically significantly between fovea-off and fovea-on
patients, no difference in CIZ-integrity or presence of foveal bulge was observed. Presence of foveal bulge at 3 years showed
significantly better final BCVA and was associated with intact preoperative CIZ-integrity and postoperative EZ- and CIZ-integrity. The
preoperative fovea status showed no correlation to the postoperative presence of foveal bulge.

Conclusion: Three years after RRD repair retinal layers show similar thickness. The presence of foveal bulge is associated with better
final BCVA. Sufficient pre- and postoperative CIZ-integrity as well as postoperative CIZ-integrity seem to be strongly associated with
the restoration of foveal bulge. No correlation was found with the preoperative macular status or BCVA.

Plain Language Summary: We analyzed long-term optical-coherence-tomography changes after rhegmatogenous retinal detach-
ment repair. Three years after rhegmatogenous retinal detachment repair retinal layers show similar thickness and visual acuity did not
differ between fovea off and fovea on patients. The restoration of foveal bulge sign was the most important factor for good
postoperative visual acuity. Integrity of specific retinal layers, such as the ellipsoid zone and cone-interdigitation-zone, seems to be
strongly associated with the restoration of the foveal bulge.

Keywords: retinal detachment, visual acuity, optic coherence tomography, foveal bulge, retinal layers, retinal thickness, visual
outcome, OCT

Introduction
Rhegmatogenous retinal detachment (RRD) occurs at an incidence of almost 1 to 10.000 persons annually,' with myopic or

pseudophakic patients being at higher risk for developing this disease.*” In up to 50% of cases, the macula is involved,* which
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may result in a lack of visual recovery despite anatomically successful surgery.” Clinical studies showed that time of
intervention impacts final visual acuity® in macula-off eyes.

Spectral-domain optical-coherence-tomography (OCT) gives structural insight into the different retinal layers and
provides with additional retinal imaging details in many retinal diseases.”®

Studies regarding OCT changes after retinal detachment repair confirmed the correlation between the inner segment—
outer segment-junction (IS/OS) status, presence of epiretinal membranes (ERM) or macular edema (ME) and reduced
visual acuity after retinal detachment.” '® Kim et al examined structural changes at the extrafoveal border of detached
and undetached retina, and detected that, after RRD repair, the thickness of the outer nuclear layer (ONL) was
significantly thinner in the previously detached retina than in the previously undetached retina.'* Delolme et al'' and
Gharbiya et al'® investigated the impact of changes in the subfoveal ONL after retinal detachment surgery on post-
operative best corrected visual acuity (BCVA), however without any comparison to preoperative OCT parameters. After
defining new anatomical landmarks in the OCT during the international OCT consensus development conference,'”
recent studies showed varying results regarding the changes of the ONL in retinal detachment.'®'” However, most of
them enhanced research on the cone-interdigitation-zone (CIZ), and the thickness of the inner and outer segments of the
photoreceptor. Significant changes within these structures, especially after fovea-off retinal detachment, have been
detected,'®'” and the possibly relevant role of the foveal bulge sign for the restoration of the outer retinal layers and
visual acuity recovery was recognized.'” However, no previous studies have been published yet reporting on changes of
inner retinal layers, the comparison to preoperative findings and their long-term course. Therefore, the present study
evaluates the long-term OCT findings of all retinal layers and their correlation with the visual outcome after macula-on
and macula-off RRD.

Methods

Patients that presented with primary RRD in the Department of Ophthalmology at the Ludwig-Maximilians-University
Munich, Germany from April to September 2013 were screened for the present study. All practice and procedures
followed strictly the declaration of Helsinki. Institutional review board approval was obtained for this non-interventional
observational study and ethic committee approval was waived. Inclusion criteria were primary RRD with SD-OCT
defined fovea-on or fovea-off status, age >18 years and informed consent to the study plan. Exclusion criteria were
previous vitreoretinal surgery, preoperative ME, status post retinal vein or artery occlusion, diabetic retinopathy, presence
of ERM, or any known macular abnormalities and highly bullous retinal detachment making a valid OCT image
impossible. Preoperative data assessment included best corrected distance visual acuity (BCVA), age, sex, previous
eye disease history, slit lamp examination, intraocular pressure (IOP) and preoperative macula and fovea status captured
by OCT image. The macula was defined as the retinal area between the temporal vessel arches centered at the fovea with
an approximately 6mm diameter. The fovea was defined according to Cho et al as the central retinal depression
approximately 4mm temporal and 0.8mm inferior of the optic disc.” OCT was obtained in the morning before surgery
with Heidelberg Spectral Domain OCT (HRA-Spectralis OCT, version 5.6.1.0) and evaluated with Heidelberg eye
explorer (Version 1.7.1.0, Heidelberg Engineering, Heidelberg, Germany). All scans were conducted by the same
examiner (NA). The posterior pole was scanned with the 30-degree program with 61 consecutive high-density scans
with a space of 120um covering a 30 x 25-degree field in standard and EDI (enhanced depth imaging) mode with 12
frames art mode. Additionally, a single line scan of the fovea was added in standard and EDI mode with art mode 100
frames. The layers of the retina were defined according to the international consensus on OCT imaging'’ as nerve fiber
layer (NFL), ganglion cell layer (GCL), inner plexiform layer (IPL), inner nuclear layer (INL), outer plexiform layer
(OPL), ONL, external limiting membrane (ELM), ellipsoid zone (EZ), CIZ and retinal pigment epithelium (RPE). EDI-
OCT offers also imaging of the choroid. In the preoperative OCT scans, macula and fovea status, central retinal thickness
(CRT) in the foveal center as reported by the retinal thickness map of the Heidelberg eye explorer, as well as the
thickness of all retinal layers and the choroid measured in the central 100 frames art mode scan subfoveal by the caliper
tool of Heidelberg eye explorer, were assessed. By evaluating each of the 61 scans, the integrity of the IS/OS junction,
CIZ and ELM and the presence of foveal depression, foveal bulge, ERM or ME were assessed and quantified as absent
(score 0) or present in two different graduations (score 0.5 or 1). Images were independently evaluated by 2 examiners
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(NA, FL). Three years postoperatively the OCT scans were repeated using the follow-up eye tracker mode and the same
OCT evaluations were performed on both eyes. Additionally, BCVA, IOP and a complete clinical examination were
performed at the 3 years postoperative visit. For each patient the type of vitreoretinal surgery was documented as
vitrectomy (with gas tamponade) or scleral buckle. Surgical procedures were performed by two different surgeons (AW,
AK). Each OCT and clinical evaluation were performed by two independent examiners (NA, FL), except for BCVA,
which was conducted by a person masked for the study.

Different subgroups were compared to each other regarding preoperative foveal status and postoperative BCVA >0.3
logMAR (20/40 Snellen). The level of 0.3 logMAR was chosen because it is the level required for reading standard
newspaper letters.'® Additionally, pre- to postoperative changes were evaluated and compared with contralateral eye.

Statistical analyses were conducted using SPSS Version 23 (SPSS Statistics, IBM). Normal distribution was tested
with the Shapiro—Wilk test. Metrical data was expressed as mean and standard deviation, scores as median. Differences
between the examined groups were analyzed using parametrical and non-parametrical tests regarding normal distribution.
Multiple linear regression analysis was conducted for evaluation of parameters affecting final BCVA. For associations
between categorical variables Cramer’s V test was used. Results were considered statistically significant when p<0.05.
Post-hoc analysis with G*power software was performed.'® Based on the squared multiple correlation r* from our model
we calculated post hoc the effect size f°, which was 2.125. Given an a-error of 0.05, the post hoc calculated effect size of
2.125 and a sample size of 20 eyes the calculated achieved power in our study was 0.85.

Results

Thirty-two eyes of 32 patients were primary included in the study and measured preoperatively, 20 with fovea attached
(on) on, 12 with fovea detached (off). Unfortunately, 12 patients were lost to follow-up and after 3 years, only 20 patients
(3 female, 17 male) with a mean age of 58+8.5 years completed the study with postoperative measurements. Clinical
characteristics of these patients are summarized in Table 1. Fourteen patients (10 pseudophakic, 4 phakic) underwent
primary pars plana vitrectomy (ppV), two phakic (1 fovea-on, 1 fovea-off) underwent combined phacovitrectomy and
four phakic patients underwent scleral buckling. In all cases the retina was successfully reattached. Regarding the clinical
parameters, no significant difference was observed between the fovea-on and the fovea-off groups (Table 1).

Comparison with the Fellow Eye and Time-Related Changes

Table 2 summarizes relevant parameters such as thickness of retinal layers, integrity of CIZ, presence of foveal bulge
sign and BCVA of the affected eye preoperatively and 3 years postoperatively. Figures 1 and 2 demonstrate thickness of
each retinal layer and the choroid in fovea on, fovea off and in fellow eyes. Briefly, CRT, central choroidal thickness
(CCT), INL and IPL show higher values in fovea-off eyes preoperatively in comparison to fovea-on or fellow eyes (CRT:
p = 0.068 and p = 0.009, respectively; CCT: p = 0.020 and p = 0.177, respectively; INL p = 0.004 and p = 0.004,
respectively; IPL (p = 0.001 and p<0.001, respectively). Three years postoperatively all retinal layers except of GCL

Table | Baseline Parameters Regarding Preoperative Macular Status

Parameter Fovea On Fovea Off P-value
Patient age (years) 57.619.6 64.01+4.3 0.153*
Sex (m/f) 11/3 6/0 0.521F
Symptoms duration (days) 2 (range 1-28) 2 (range 1-14) 0.919*
Surgery type Vitrectomy n = 8 Vitrectomy n = 5 0.361F
Scleral buckle n = 4 | Scleral buckle n = |
Both n =2
Lens status Phakic n =7 Phakic n = 3 1.000%

Pseudophakic n = 7 | Pseudophakic n = 3

Notes: *Mann—Whitney U-test; tFisher’s exact test.
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Table 2 Mean and Median Values of Numeric and Ordinal Variables with Regard to Preoperative Fovea Status

Parameter Fovea On Fovea Off p-value
BCVA preoperative (logMAR) 0.2 0.7 0.006"
BCVA 3 years (logMAR) 0.2 0.25 0.656*

IPL pre (um) 51 89 0.001%

INL pre (um) 32 68 0.000*
CCT pre (um) 178 251 0.020*

CIZ 3 years * | (= preserved) 0.75 (= mostly preserved) 0.757 (Chi square)
Foveal bulge sign 3 years ¥ | (= present) | (= present) 0.550 (Chi square)

Notes: *Independent samples t-test; fMann—Whitney U-test; fordinal variables; Bold values denote statistical significance at the p<0.05 level.

showed a thickness reduction in fovea-off eyes compared with preoperative measurements. Moreover, all retinal layers
showed similar thickness except of OPL of fovea-off eyes, which was statistically significantly thinner compared with
fovea-on eyes (p = 0.018). The postoperative integrity of CIZ (fovea on score: 1; fovea off score: 0.5) and the formation

Fovea on
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Figure | Thickness (um) of the retinal layers and the choroid in the study eye and the fellow eye of fovea on patients at the two study timepoints.
Abbreviations: NFL, nerve fiber layer; GCL, ganglion cell layer; INL, inner nuclear layer; IPL, inner plexiform layer; ONL, outer nuclear layer; OPL, outer plexiform layer; AH, choroid.
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Figure 2 Thickness (um) of the retinal layers and the choroid in the study eye and the fellow eye of fovea off patients at the two study timepoints.
Abbreviations: NFL, nerve fiber layer; GCL, ganglion cell layer; INL, inner nuclear layer; IPL, inner plexiform layer; ONL, outer nuclear layer; OPL, outer plexiform layer; AH, choroid.
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of the postoperative foveal bulge (fovea-on score: 1; fovea-off score: 1) did not differ statistically significantly between
fovea-on and fovea-off patients.

Preoperative BCVA was significantly worse in fovea-off eyes compared to fovea-on (p = 0.006) or fellow eyes
(p<0.001). However, 3 years postoperatively BCVA was comparable with fovea-on or fellow eyes (p = 0.779 and p =
0.566 respectively). Visually relevant cataract was preoperatively observed in two patients that underwent combined

phacovitrectomy and were equally distributed to the fovea-on and fovea-off group, avoiding any additional bias.

Subgroup Analysis

In the subgroup analysis 14 patients had BCVA<0.3 logMAR (group A) and 6 patients >0.3 logMAR (group B) 3 years
postoperatively. Patients of group A had a significantly better postoperative integrity of CIZ (score 1 vs. score 0; p=0.009) and
EZ (score 1 vs. score 0; p = 0.028). Moreover, the postoperative foveal bulge sign was observed significantly more often than
in group B (score 1 vs. score 0; p = 0.031). There was no statistically significant difference in preoperative BCVA (0.3 vs. 0.4
logMAR) or preoperative thickness of retinal layers between patients of groups A and B (Table 3).

Figures 3 and 4 show an exemplary OCT course of two fovea-off eyes, with good BCVA, recovery of CIZ and foveal
bulge sign 3 years postoperatively.

Further analysis was performed regarding BCVA and the presence of foveal bulge sign at 3 years postoperatively.
Postoperative presence of foveal bulge sign was associated with better final BCVA (Multiple linear regression analysis;
’= 0.653; p = 0.002). Twelve patients showed a foveal bulge, whereas 8 did not. In patients with foveal bulge at 3 years
BCVA was better (0.1 logMAR vs. 0.4 logMAR). Presence of foveal bulge was correlated significantly with preoperative
CIZ-Integrity (Cramer’s V: 0.596, p = 0.029), postoperative CIZ-Integrity (Cramer’s V: 0.612, p = 0.024) and post-
operative EZ-Integrity (Cramer’s V: 0.612, p = 0.006), but not with preoperative foveal status (Cramer’s V: 0.363, p =
0.267).

Discussion

Reduced visual acuity (VA) after retinal detachment (RD) surgery may occur due to formation of membranes or cataract.
In RD cases with macular involvement VA remains often poor and it seems that the time of intervention plays
a significant role on the postoperative BCVA as well as the preservation of the foveal depression of the detached
retina.®?° Earlier studies tried to enlighten this field by analyzing postoperative OCT scans within the first year after
retinal detachment repair surgery. Delolme et al showed that in patients with macula-off retinal detachments, the
postoperative integrity of the IS/OS junction, the ELM and the photoreceptors were significantly correlated with the
postoperative BCVA in both “macula-on” and “macula-off” cases.'®!" In particular, the photoreceptor layer thickness has
been recognized for its role in the recovery of VA and its increase within the first year.'®'” Additionally, in these studies
the postoperative foveal bulge sign has been identified as a relevant factor in the restoration of the BCVA.'®!” Other
studies have investigated further preoperative risk factors that may affect the final functional outcome, such as the extent
of retinal detachment, the volume of the submacular fluid, as well as the integrity of the EZ and the preoperative
continuity of the ELM. *'** With an increase of the photoreceptor layer within the first year, our study aimed at looking
at OCT changes over a longer period after successful RD repair in a prospective manner. Additionally, our study assessed
preoperative OCT findings which have not been previously evaluated in detail.

Table 3 Different Parameters with Regard to Final BCVA at 3 Years

Parameter BCVA 3y <0.3 logMAR (n = 14) | BCVA 3y >0.3 logMAR (n = 6) | p-value
ClIZ @ 3 years | (= preserved) 0 (= disrupted) 0.009*
Foveal bulge @3 years | (= present) 0 (= not present) 0.031*
BCVA pre (logMAR) 0.3 0.4 0.5471

Notes: *Independent samples t-test; TMann—Whitney U-test; Bold values denote statistical significance at the p<0.05 level.
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CIZ restored, foveal bulge present
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Figure 3 OCT example of a fovea-off patient with a 3-year postoperative foveal bulge sign, intact CIZ and a final BCVA of 0.2 logMAR.

When comparing the affected eye with the healthy fellow eye, fovea-on patients did not show any changes pre- to
postoperatively. IPL-thickening, which primarily contains fibers of Muller cells and dendrites of retinal ganglion cells,
may be explained by focal contraction due to peripheral fixation loss at the detachment.?®> The choroidal thickness can be
influenced, among other factors, by age and axial length.?® Preoperatively, in fovea-off patients, each retinal layer (except
of GCL) and the choroid of the affected eye showed relevant thickening in comparison to the fellow eye. This may be
explained by intraretinal fluid accumulating during retinal detachment.?” Over the period of three years, this thickening
resolved until there was no longer any statistically significant difference to the layer thickness of the fellow eye. While
other groups have shown a postoperative thinning of outer retinal layers after detachment,'®'” followed by a gradually
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Preop BCVA 0.2 logMAR,
fovea off, CIZ preserved

;’4

30.09.2013, 0S 6w postop, BCVA 0.2

IR&OCT 30° ART [HS] ART(12) Q: 26 logMAR, CIZ preserved

3y postop, BCVA -0.1
20.06.2016, 0S logMAR, CIZ preserved,

IR&OCT 30° ART [HS] ART(13) Q: 32

Figure 4 OCT example of a fovea-off patient with a 3-year postoperative foveal bulge sign, intact CIZ and a final BCVA of 0.1 logMAR.

re-thickening within the first postoperative year, we were not able to confirm these findings at the third
postoperative year. This may be explained by different timepoints of measurements. While differences in the groups
of “fovea-on” and “fovea-off” RRD or affected eye and fellow eye during the follow up were observed, there seems to be
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no difference in layer thicknesses at 3 years postoperatively anymore. To our understanding this confirms the previously
mentioned plasticity of retinal layers over a period of more than 3 years.

The retinal recovery may further be demonstrated by the fact that not only layer thickness, but also the layer integrity
(CIZ, ELM and EZ), was affected after fovea-off retinal detachment during early follow-up, which recovered almost
completely at 3 years. At this timepoint, there was no difference regarding the CIZ integrity in correlation to the foveal
preoperative status. This process seems to take place within the first months after retinal reattachment repair, as
previously shown by Dell’Omo and Kobayashi et al.'®!’

Interestingly, BCVA, which was significantly reduced preoperatively in fovea-off patients, had recovered after 3 years
to the same mean BCVA as in fovea-on patients. This must be interpreted carefully due to the limited number of study
participants, the different lens status and the possible development of an ERM, as 2 fovea-off and 1 fovea-on patients
developed an extrafoveal ERM, which did not affect BCVA. Despite that we believe that this is an important finding, as
there was no impact of cataract formation or ERM during the follow-up period as explained above. Furthermore, in our
study except of 3 patients having symptoms for a period longer than 1 week, all other patients had a duration of
symptoms ranging between 1 and 3 days. As all patients were treated in our clinic within 24 hours after presentation, we
assume that the on-time treatment within the 3 days timespan is another major reason for the good BCVA.°

The postoperative presence of the postoperative foveal bulge sign seems to be the most important predictive factor for
BCVA at 3 years, which was already indicated by studies with a shorter observation time.'®!” Additionally, an association was
indicated between postoperative formation of foveal bulge sign and pre- and postoperative CIZ-integrity, as well as post-
operative EZ-integrity. However, preoperative CIZ-integrity did not show any high correlation with good postoperative BCVA
at 3 years (p = 0.571, Chi-square). Several previous studies indicated the importance of the foveal bulge for visual acuity in
different retinal diseases.'®'7?*% Another study showed a correlation of the postoperative presence of the foveal bulge and
the preoperative fovea status in RRD.?® Despite the long follow-up of our study, we were not able to confirm this correlation in
our cohort. We assume that the major reason for this is the low number of study participants. Nevertheless, we observed that
the pre- and post-operative CIZ-integrity as well as EZ-Integrity seem to be associated with formation of the foveal bulge,
whereas previous studies indicated only a correlation to the postoperative CIZ-integrity.'” A recent study showed in eyes with
ERM showed a better BCVA when foveal bulge was present, indicating its significance regarding BCVA.*' Another study in
healthy subjects revealed the presence of the foveal bulge in only 60% of the subjects and showed an age-dependent decrease
of the foveal bulge height.** In our cohort, 6 of the 20 healthy fellow eyes had no foveal bulge. Fortunately, the age distribution
in our cohort is constant and with a small standard deviation, while others had a deviation of 20 years. Thus, we believe this
effect could be either age-dependent or an individual predisposition.

This study has certain advantages and limitations. The major drawback is the rather small number of patients that
completed the long-term follow-up and the different number of macula-on and macula-off RRD participants. Therefore,
we do not feel confident to draw generalized conclusions rather than discuss the observed trends regarding the examined
parameters. On the other hand, the prospective nature of the present study and the long follow-up period strengthen our
findings. Furthermore, we tried to reduce bias due to cataract formation by excluding such patients. Furthermore, ERM
formation was low and did not affect BCVA especially in fovea-off eyes. Nevertheless, this study provides long-term
insights into the changes of all retinal layers and foveal bulge sign after successful RRD repair surgery.

In summary, we demonstrate that previous structural OCT-changes of retinal layers diminish in the long-term after
successful RRD repair surgery. The foveal bulge sign seems to be the most accurate tool to predict a good BCVA.
However, it seems that its restoration is affected by multiple factors and prediction of BCVA remains difficult. Given the
fact, that VA deterioration can occur even after 3 days of macular off RD it would be interesting to investigate any
correlations between foveal bulge sign and time from detachment to intervention to enlighten further any correlations
between these factors and VA. Further studies with larger cohorts, automated OCT segmentation, inclusion of micro-
perimetry findings and age-matched groups are warranted in the need of further investigation of structural OCT changes

after RRD repair surgery and the role of the foveal bulge and its influence on final visual outcome.
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