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INTRODUCTION

Anatomical distortion of the retina by rhegmatogenous 
retinal detachment  (RRD) leads to visual impairment. 
Despite excellent surgical results with current modalities 
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Abstract
Purpose: To evaluate foveal microstructural changes and to determine its association with visual outcomes 
after reattachment of rhegmatogenous retinal detachments (RRDs) by scleral buckling (SB) or pars plana 
vitrectomy (PPV).
Methods: Using spectral domain optical coherence tomography (SD‑OCT), foveal microstructure in eyes 
with macula‑off RRD were studied 1, 3, 6, 9, 12 and 15 months after PPV or SB and correlated with visual 
outcomes.
Results: Forty‑two eyes were included in the final analysis. Even with improved microstructural changes 
and normalization of retinal structures on OCT, final visual acuity was not correlated with microstructural 
changes in eyes undergoing PPV. In the SB group, final visual acuity was significantly correlated with 
an intact inner segment/outer segment (IS/OS) junction (P = 0.013). There was no significant correlation 
between final visual acuity and presence of subretinal fluid (SRF) in either group.
Conclusion: After SB, eyes with an intact IS/OS junction had better final visual acuity. In the PPV group, 
there was no significant correlation between microstructural changes and visual acuity. The presence of 
SRF did not influence final visual acuity in both groups.
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of treatment, visual recovery may still be disappointing 
in patients with macula‑off rhegmatogenous retinal 
detachment  (RRD). Nevertheless, incomplete visual 
recovery can often occur in clinically normal‑looking 
retinas due to subtle changes in foveal microstructure. 
Reduced postoperative visual acuity has been reported 
to be related to preoperative visual acuity, duration of 
detachment, cystoid macular edema, epiretinal membrane, 
retinal folds and retinal pigment epithelium migration.[1‑5]

The advent of optical coherence tomography (OCT) 
enables the detection of ultrastructural changes, which 
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may not be clinically evident. High resolution spectral 
domain OCT (SD‑OCT), enables the evaluation of macular 
microstructural changes comparable to histologic details 
in vivo. It gives important insights about morphological 
and structural changes occurring at the level of the 
external limiting membrane and photoreceptor inner 
segment/outer segment  (IS/OS) junction which may 
relate to the integrity of the photoreceptor layer.[6‑10] It 
has been shown that there are some associations between 
various postoperative morphological changes such as 
the disruption of the IS/OS junction and poor visual 
outcome, after successful RRD repair.[6,7,9] Using SD‑OCT, 
Smith and associates reported a correlation between 
microperimetric abnormalities and the presence of 
photoreceptor disruption or subretinal fluid (SRF) after 
macula‑off retinal detachment surgery.[11]

Some prospective studies using SD‑OCT have 
evaluated foveal structure after RRD repair, in eyes 
successfully treated for macula‑off RRD after pars 
plana vitrectomy (PPV) or scleral buckling (SB). In the 
present study, microstructural changes of the fovea 
using SD‑OCT and postoperative visual acuity were 
evaluated in the course of follow up for RRD repair 
using PPV or SB.

METHODS

Between January 2010 and September 2010, all consecutive 
patients fulfilling the criteria of having a macula‑off 
primary RRD, no pre‑existing ocular disease affecting 
central vision and no history of retinal surgery, were 
enrolled in this observational case series. Redetachment 
cases were excluded from the study. This study adhered 
to the tenets of the Declaration of Helsinki and was 
approved by the Institutional Review Board and Ethics 
Committee of Tehran University of Medical Sciences. 
Informed consent was obtained from all patients.

Al l  pat ients  underwent  a  comprehensive 
ophthalmological examination, including determination 
of best corrected visual acuity (BCVA) using the ETDRS 
chart converted into LogMAR scale, dilated indirect and 
non‑contact biomicroscopy, and OCT to confirm macular 
detachment.

The patients underwent standard 20 gauge PPV with 
or without encircling band or SB surgery alone, based on 
the physicians’ discretion. BCVA measurement and OCT 
examination were repeated 1, 3, 6, 9, 12 and 15 months, 
post‑operatively. All OCT examinations were performed 
after pupillary dilation using the Cirrus SD‑OCT (Carl 
Zeiss Meditec, Inc., Dublin, CA, USA) with the protocol 
of the HDIA; 5 Line Raster and Macular Cube 512 × 128.

Five series of OCT images were read by two 
experienced vitreoretinal surgeons and accepted 
only when they were in agreement; otherwise a third 
vitreoretinal surgeon reviewed controversial cases. All 
OCT readers were masked to all characteristics of the 

patients. The thickness of the outer nuclear layer (ONL) 
was evaluated as “decreased,” “increased,” “normal” 
and “not evaluable” compared with the ONL of the 
normal fellow eye. The integrity of the IS/OS junction 
and external limiting membrane (ELM) were classified 
as “disrupted,” “fused,” “intact” and “not evaluable.” 
They were assumed to be “intact” when at least 50% 
of their length in the central 1500 micron zone around 
the fovea was continuous and clearly visible, otherwise 
they were assumed to be “disrupted.” They were named 
“fused” when a thick hyper‑reflective band prevented 
accurate discrimination of the IS/OS junction from the 
ELM. “not evaluable” was adopted when detection of 
the IS/OS junction and ELM status was not possible. 
Three patterns of SRF in OCT were classified as: “Single 
localized,” “multiple localized,” “low‑lying extensive.” 
The main outcome measures was normalization of all 
OCT changes retinal layers after the operation and 
resorption of subretinal fluid.

Statistical analysis was performed using SPSS 12 
software (SPSS Inc., Chicago, Illinois, USA). The level 
of statistical significance was set at P < 0.05. T‑test was 
used to determine the effect of the IS/OS junction, ELM 
integrity and ONL thickness on BCVA, and to evaluate 
the effect of SRF on BCVA. Continuous data are presented 
as means ± standard deviations. Pearson Chi‑square test 
was used to evaluate the association between categorical 
variables. The spearman correlation coefficient was used 
to evaluate the correlation between symptom duration, 
preoperative BCVA and BCVA at the first post‑operative 
visit, with final BCVA. Due to the relatively smaller 
sample size of the PPV group compared to the SB group, 
the results of the two groups were not compared with 
each other.

RESULTS

Of the 93  patients who were initially enrolled for 
the study, 51  patients were excluded because of 
redetachment (15 cases) or incomplete follow‑up (36 cases). 
Finally, 42 eyes were included in the final analysis  (9 
eyes in the PPV group and 33 eyes in the SB group). 
No bilateral cases were included. Demographic and 
clinical characteristics and follow up of patients are 
shown in Table 1. Outcome measures were evaluated in 
both groups at 1, 3, 6, 9, 12 and 15 months after surgery. 
In the PPV group, central foveal thickness  (CFT) was 
280 ± 60 μm at the first postoperative visit and 250 ± 52 
μm at final visit. In the SB group corresponding figures 
were 275 ± 73 μm and 248 ± 50 μm.

Visual Acuity
BCVA of the study groups are shown detailed Table 2. 
The frequency of patients in each subgroup and 
their relation with BCVA is shown in Table 3. In the 
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PPV group and SB groups, there was a significant 
correlation between BCVA at the first postoperative 
visit and final BCVA  (correlation coefficient: 0.73, 

P = 0.025 and correlation coefficient: 0.73, P < 0.001). 
The correlation between preoperative VA and final 
BCVA was not significant in both groups. In SB and PPV 
groups, a correlation was found between the duration 
of symptoms and final BCVA (correlation coefficient: 
0.45, P = 0.008; and correlation coefficient: 0.40, P = 0.01, 
respectively).

In the SB group, out of variables such as age, 
type of retinal break, duration of symptoms, SRF 
draiange, only the duration of symptoms (P = 0.01) and 
cryotherapy (P = 0.046) had a significant effect on final 
BCVA.

IS/OS Junction Status
In the PPV group, mean preoperative BCVA in different 
subgroups of IS/OS status was similar (P = 0. 89) and 
although the mean BCVA of these patients improved 
at the final visit, there was no correlation between 
final visual acuity and different subgroups of IS/OS 
junction [P = 0. 98, Table 3].

In the SB group, the correlation between different 
IS/OS junction subgroups and mean preoperative 
BCVA (P = 0.38) and first postoperative examination was 
not significant (P = 0.3), but at 12 months and the final 
visit (15 months), the correlation between lower BCVA 
and disrupted IS/OS junction was significant [P = 0.006 
and 0.013, respectively, Table 3].

ELM Status
In PPV group, at the first post‑operation visit mean 
preoperative BCVA was not correlated to the ELM 
condition (P = 0. 97). Although the mean BCVA of these 
patients was improved at the final visit, no difference in 
the subgroups was noted (P = 0.97) [Table 3]. In the SB 
group, the mean preoperative BCVA of subgroups were 
not correlated to changes of and IS/OS junction. At 
15 month, the correlation between BCVA and disrupted 
IS/OS was significant (P = 0.039) [Table 3].

BCVA at 15  months was better in eyes with intact 
ELM (P = 0. 039). There was no patient with disrupted 
ELM but intact IS/OS junction in both groups. On the 
other hand, there were two patients in the PPV group 
and one in the SB group with intact ELM and disrupted 
IS/OS junction. Of the three patients with combined 
disrupted IS/OS junction and ELM in the PPV group, 
in two patients the IS/OS junction was restored at the 

Table 1. Demographic and clinical characteristics of study 
participants

PPV (n=9) SB (n=33)

Sex-male (%) 66.7 42.4
Age (years, mean±SD) 50±18.4 37±14.7
Preoperative best corrected 
visual acuity (LogMAR)

1.82±0.433 1.56±0.60

Affected eye, right eyes (%) 5 (56) 18 (54)
Trauma history in 2 years 
before detachment (%)

1 (11) 4 (12)

Break type (%)
Horseshoe tear 8 (89) 20 (64)
Atrophic 0 4 (12)
Dialysis 0 2 (6)
Giant 1 (1) 0
No break 0 6 (18)
Number of breaks 1.4±0.7 1.3±0.9

Extension of retinal detachment (Qs)
≤2 1 (11) 22 (67)
>2 8 (89) 11 (33)

PVR
Grade A 1 (11) 2 (6)
Grade B 6 (67) 29 (88)
Grade C 2 (22) 2 (6)

Duration of symptoms (days, mean±SD) 80±117 45±53
Procedure

SSB - 18
ESB - 15
PPV 8 -
PPV+encircling band 1 -

Other surgical treatments (%)
Cryopexy - 15 (48)
Laser photocoagulation 11 (33)
External SRFD - 17 (55)
SF6 injection 2 -
Silicone 7 -

Follow-up (month, mean±SD; range) 8.3±2.1; 
4.9-10.5

9.7±2.9; 
5.4-16.4

SD, standard deviation; ESB, encircling scleral bucling; 
LogMAR, logarithm of minimal angle of resolution; 
PVR, proliferative vitreoretinopathy; PPV, pars plana vitrectomy; 
Qs, quadrant; SB, scleral buckling; SRFD, subretinal fluid drainage; 
SSB, segmental scleral buckle

Table 2. BCVA in study groups in consecutive visits

BCVA/visit 
(mean±SD)

Preoperative First Second Third Fourth Fifth Sixth Final

PPV 1.82±0.53 1.18±0.43 1.06±0.40 0.93±0.18 0.85±0.12 0.60±0.17 - 0.90±0.35
SB 1.57±0.60 0.79±0.49 0.61±0.42 0.53±0.36 0.59±0.35 0.58±0.43 0.51±0.31 0.51±0.37
SD, standard deviation; BCVA, best corrected visual acuity in LogMAR; PPV, pars plana vitrectomy; SB, scleral buckle; LogMAR, logarithm 
of minimal angle of resolution
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final visit. Of four patients with combined disrupted 
IS/OS junction and ELM in the SB group, all eyes were 
restored at the final visit.

ONL Status
In both study groups, mean preoperative and final 
BCVA were not significantly different according 
to ONL thickness  [compared with the fellow eye, 
Table 3].

Subretinal Fluid
Preoperative BCVA was not different in eyes with and 
without SRF (P = 0.96); similarly final BCVA was also not 
different (0.36 ± 0.30 vs. 0.61 ± 0.40, P = 0.09). To evaluate 
the effect of the duration of SRF persistence on final 
visual acuity, patients with SRF in the first postoperative 
visit were divided into two groups, those with SRF 

resolution before 6 months (4 cases) and those with SRF 
resolution afterwards  (11  cases). Mean preoperative 
BCVA in the first group was not different from the 
second group (1.67 ± 0.47 vs. 1.44 ± 0.56, P = 0.48). Final 
visual acuity was also not different between these two 
groups (0.20 ± 0.11 vs. 0.46 ± 0.32, P = 0.14).

Complications
In the PPV group, an epiretinal membrane  (ERM) 
was formed in 3  (13%) patients at a mean time of 
5 ± 0.5 (range: 4.5‑5.5) months after surgery. Intraretinal 
microcysts were found in one patient. In the SB group, 
ERM was formed in 4 (12%) patients at a mean time of 
7.4 ± 2.9  (range: 4‑10.5) months after surgery. Central 
foveal microcysts were found in 2  patients. Cataract 
progression was found in two patients after PPV and SB 
after 6 and 10 months; both cases were excluded from 
the study.

Table 3. BCVA in subgroups at consecutive visits

IS/OS ELM ONL

PPV SB PPV SB PPV SB

Preoperative BCVA
Disrupted 1.78±0.66 1.74±0.43 1.74±0.73 1.78±0.40 Decreased 1.85±0.70 1.56±0.89
Fused 2.0 1.54±0.83 2.0 1.47±0.60 Increased 2.0 2.00
Intact - 1.24 2.0 1.45±0.60 Normal 2.0 1.57±0.64
NE 1.7 1.8 1.7 1.60±0.84 NE 1.5 1.56±0.51
P 0.89 0.38 0.97 0.78 P 0.90 0.94

BCVA at first visit
Disrupted 1.23±0.52 0.86±0.32 1.3±0.56 0.86±0.32 Decreased 1.32±0.53 1.18±0.56
Fused 1.0 0.70±0.23 1.0 0.60±0.28 Increased 0.90 0.90
Intact - 0.50 0.9 0.50±0.22 Normal 1.0 0.71±0.42
NE 1.3 1.15 1.3 1.1±0.77 NE 1.25±0.63 1.50±0.62
P 0.82 0.092 0.89 0.07 P 0.88 0.026

BCVA at third visit
Disrupted 0.96±0.24 0.58±0.33 1.0±0.25 0.58±0.33 Decreased 0.90±0.20 0.80±0.25
Fused 0.90±0 0.42±0.16 0.9 0.37±0.24 Increased 0.80 0.80
Intact - 0.32 0.8 0.31±0.15 Normal 0.90 0.47±0.31
NE 0.90 0.75 0.9 0.68±0.37 NE 1.10±0.28 1.06±0.20
P 0.93 0.06 0.90 0.06 P 0.71 0.011

BCVA at fifth visit
Disrupted - 0.60±0.17 0.55±0.21 1.03±0.57 Decreased 0.55±0.21 0.20±0.12
Fused - 0.35±0.22 - 0.32±0.08 Increased 0.70 -
Intact - 0.20 - 0.25±0.21 Normal - 0.48±0.16
NE - 1.35±0.49 - 0.60±0.41 NE - -
P - 0.006 0.66 0.07 P 0.66 0.91

BCVA at final visit
Disrupted 0.88±0.44 1.16±0.49 0.92±0.48 0.71±0.57 Decreased 0.92±0.55 0.80±0.55
Fused 0.95±0.07 1.21±0.54 1.0 0.35±0.23 Increased 0.70 0.70
Intact - 1.08±0.70 0.70 0.32±0.22 Normal 0.90 0.50±0.37
NE 0.90 0.93±0.82 0.9 0.58±0.27 NE 0.90±0.14 0.83±0.15
P 0.98 0.013 0.97 0.12 P 0.97 0.32

NE, not evaluable; IS/OS, inner segment/outer segment; ELM, external limiting membrane; ONL, outer nuclear layer; PPV, pars plana 
vitrectomy; SB, scleral buckling; BCVA, best corrected visual acuity
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DISCUSSION

This study showed that in both the PPV and SB groups, 
there was a significant correlation between the first 
post‑operation visit BCVA and final BCVA. In the SB 
group, there was a strong correlation between better 
final visual acuity and intact IS/OS junction and an intact 
ELM. Surprisingly, patients in the fused subgroup (fused 
IS/OS to ELM) had better final visual acuity than those 
with disrupted IS/OS junction. In the PPV group, retinal 
layer integrity status was not correlated with final BCVA. 
Visual outcomes correlated strongly with integrity of 
the IS/OS line in previous reports, both with scleral 
buckle and PPV.[7,6,11‑15] At the proximal portion of the 
photoreceptor outer segment, a persistently disrupted 
IS/OS line suggests the absence of photoreceptor cells 
which is the source of visual transduction.

The association between the integrity of the ELM and 
postoperative visual outcome, was shown in a study 
by Wakabayashi et al.[7] They suggested that disruption 
of the IS/OS junction and the ELM at the fovea after 
successful RRD repair, could indicate that morphological 
changes in the photoreceptor layer are not limited to the 
photoreceptor’s IS/OS level, but extended toward the 
photoreceptor’s cell bodies and Muller cells. In our series, 
no eye showed disrupted ELM with an intact IS/OS 
junction, suggesting that the first retinal insult resulting 
from RRD may occur in the photoreceptor OS, and that 
the OS was not restored completely in any eye with 
disrupted ELM. The repair of photoreceptors also appears 
to have an in–out pattern. As with Wakabayashi et al and 
Gharbiya et al, the postoperative preservation of the ELM, 
seems to be important in restoration of the photoreceptor 
layer in preoperative macula‑off eyes.[7,12,14] This may 
account for some of the variations observed in visual 
recovery after successful RRD repair.

It was noticed that the first post‑operative visit BCVA 
is important in predicting the final visual outcome in 
both the PPV and SB groups. Gharbiya et al reported that 
not only the status of the ELM and the IS/OS junction, 
but also integrity of the intermediate line and the outer 
nuclear layer thickness changes, may be important 
predictors of postoperative visual outcome, after 
anatomically successful RRD repair.[12] In our series, 
ELM disruption was observed in 62.5% of eyes (in the 
PPV group) and 22% of eyes (in the SB group). Gharbiya 
reported ELM disruption in 30% of cases after PPV. ELM 
disruption has been reported in 24‑33% of eyes after 
PPV or SB[7,16] and in some reports it was stated as of no 
importance for visual recovery.[16]

In this study, the percentage of eyes with disrupted 
IS/OS junction decreased from 66.6% to 22% at final 
visit (9 month) in the PPV group. In the SB group, the 
percentage of eyes with disrupted IS/OS junction was 
16.7% which was restored in all patients at 10 months. 
Shimoda et al reported that after PPV, the frequency of 

IS/OS junction disruption decreased from 55% in the first 
month to 17% in the sixth month.[15] They reported that 
mean BCVA was lower in eyes with a disrupted IS/OS 
line compared with other configurations at 6 months. 
Schocket et al in a mixed group of patients after PPV/
SB/pneumatic retinopexy, reported that IS/OS junction 
disruption was present in 82% of cases[6] and Smith, in a 
similar but prospective study, reported IS/OS disruption 
in 76% of cases.[11] Gharbiya et al in a study on macula‑off 
eyes after SB, reported IS/OS junction disruption in 52% 
of cases and reported that postoperative BCVA was lower 
in eyes with photoreceptor layer abnormalities than those 
without it.[12] Wakabayashi et al reported IS/OS junction 
disruption in 43% of eyes after PPV and SB, which was 
restored in 64% of eyes.[7]

In the present study, final visual acuity was not 
affected by ONL thickness unlike earlier reports stating 
it as an important predictor of visual outcome in central 
serous retinopathy.[12,17] Experimental studies, in both 
animal models and human eyes have shown that RD 
caused photoreceptor cell death by apoptosis, as early 
as 1‑3 days.[18‑21] A steady decline in the thickness of the 
ONL and a decrease in the number of photoreceptor 
nuclei has been shown to occur in the detached retina.[18,22]

SRF was observed in 22% of eyes in the PPV group 
which was partially resolved at the final visit, and 47% of 
eyes in the SB group which was resolved in 78% of eyes at 
a mean time of 10 months. Final BCVA was not affected 
by the presence of SRF or duration of SRF persistence. 
Wakabayashi et al reported SRF in 13% of their cases, 
which resolved in 6 months.[7] SRF was reported not to 
be critical in prolonged visual impairment in patients 
with anatomically successful RD repair. Benson et  al 
reported SRF in 15% of PPV cases, of which 47% of them 
resolved at six months, and showed that the presence of 
SRF is associated with worse visual acuity recorded at 
six weeks.[5] Shimoda et al reported SRF in 40% of eyes 
even at 6 months, but the visual outcomes were as good 
as eyes with an intact IS/OS line.[15] Gharbiya et al, in SB 
cases, reported SRF at a mean time of 14.5 months in 13% 
and showed that mean BCVA was not different between 
eyes with SRF and those without it.[12]

The current study has some limitations such as small 
sample size, especially in the PPV group precluding 
accurate comparison of the results in both groups. Some 
patients with good visual outcome did not complete their 
final visits, thereby reducing the rates of visual recovery 
and structural improvement in this study. Other causes 
of incomplete recovery of vision, such as that caused 
by cataracts especially in the vitrectomy group and 
also photo‑toxicity due to the illumination system of 
vitrectomy, could undermine the results of this study. 
Additionally, the longer mean duration of symptoms 
in the PPV group, could also be a reason for failure in 
finding a significant correlation between microstructural 
changes and visual acuity in this group.
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In summary, using SD‑OCT we observed that in 
eyes undergoing PPV and SB for RRD, there was a 
significant correlation between the first postoperative 
BCVA and final BCVA. It was found that after SB 
surgery, patients with intact IS/OS junction and ELM 
had better visual recovery 12‑15 months after surgery. 
At the final visit, such a correlation was absent in the 
PPV group. Incomplete visual acuity recovery, after 
anatomically successful RRD repair, could be attributed 
to several pre‑  and post‑operative factors influencing 
foveal microstructure. Studies with a larger sample size 
are required in this field.
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