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Objectives: To study the macular microstructural changes and their relationship to visual acuity 

(VA) following primary vitrectomy and silicone tamponade for retinal detachment.

Patients and methods: A total of 40 cases with macula-off rhegmatogenous retinal detachment 

underwent 23-gauge vitrectomy with silicone oil tamponade. Cases with open globe injury and 

other ocular pathology were excluded. Optical coherence tomography (OCT) imaging of the 

macula was done about 3 and 6 months postoperatively. OCT macular microstructural changes 

were recorded and correlated to VA.

Results: A total of 36 eyes were evaluated by statistical analysis. The best-corrected VA 

(BCVA) improved in 35 patients (97.2%) and remained unchanged in one patient (2.8%). 

Patients were divided into two groups based on 6-month postoperative BCVA: group I with 

6-month postoperative BCVA of ,1 LogMAR and group II with 6-month postoperative BCVA 

of $1 LogMAR. No disruption of retinal microstructure occurred in 70% of cases in group I. 

Mild disruption was found in 30% of group I and 25% of group II, whereas severe disruption 

was found in 75% of group II cases. Epiretinal membrane formed early in three eyes in group II 

and late in two eyes in group I.

Conclusion: Macular microstructural changes detected by OCT is directly correlated to visual 

outcomes of retinal detachment repair.
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Introduction
Retinal detachment initiates extensive remodeling of both neurons and glia, where 

both molecular and morphological changes can be identified in retinal cells. The outer 

neural retinal layers are mainly affected, where all rod and cone outer segments are 

significantly shorter and distorted with disoriented discs by 24–72 hours following 

detachment.1 The retinal photoreceptors follow a pattern of apoptosis evidenced by a 

significant number of apoptotic cells localized to the outer nuclear layer of the retina.2 

Cell death in the photoreceptor cell layer is likely to be a significant factor in visual 

recovery after reattachment, particularly in detachments of more than a few days 

duration.3 Nonetheless, clinical experience is that once the macula is detached, vision 

does not return to what it was before detachment even following anatomical surgical 

success. This indicates that some changes persist.4

The advancement in optical coherence tomography (OCT) in recent years has 

allowed retinal images with a higher level of resolution. Spectral-domain OCT (SD-

OCT) provided unprecedented details of retinal microstructural changes associated 

with various retinal conditions, such as macular hole, diabetic macular edema, and 
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age-related macular degeneration. The integrity of the pho-

toreceptor layer has gained much interest because of its close 

correlation with visual function.5

Thus, the aim of this work was to study the structure–

function relationship following primary vitrectomy for 

rhegmatogenous retinal detachment (RRD) by correlating 

postoperative findings on SD-OCT and postoperative best-

corrected visual acuity (BCVA).

Patients and methods
This prospective, interventional, nonrandomized case series 

was approved by the research ethics committee of Benha 

University Hospitals, and all procedures were done in 

accordance with the Declaration of Helsinki. Forty eyes of 

40 patients with RRD (macula-off) were included. We excluded 

eyes with open globe injury, preexisting macular pathology, 

RRD with proliferative vitreoretinopathy (PVR) $ C2, recur-

rent RD following a previously failed retinal reattachment sur-

gery, significant postoperative media opacities interfering with 

the OCT imaging, uveitis, glaucoma or retinal vascular occlu-

sive diseases, pathological optic nerve changes, and patients 

with a history of ocular surgery other than cataract surgery.

Surgery
A written informed consent was obtained from every patient. 

All patients underwent primary 23-gauge pars plana vitrec-

tomy (PPV), with silicon oil tamponade, and phacoemul-

sification and intraocular lens implantation done in phakic 

cases .50 years and in cases with cataractous lens. All 

surgeries were done by the same surgeon (MNE).

Imaging
OCT was done at 1–3 months after surgery and at 6 months 

postoperatively before silicone removal using Topcon 3D 

OCT-2000 FA, Japan “version 8.30.” In all patients, the 

standard macular thickness map scan protocol was used and 

monitored with an infrared-sensitive video camera. Scan 

quality was assessed during scanning to maximize the quality 

of the scans and minimize problems, such as decentration 

and focus. Poor scans were repeated until best scans were 

obtained. 5-crossline scans of the macula, centered on the 

fovea, were acquired, and the status of the ellipsoid zone 

(EZ) and external limiting membrane (ELM) was judged in 

the images as disrupted or complete. The outer nuclear layer 

thickness (ONLT) was taken as the distance between the 

internal limiting membrane (ILM) and the ELM at the fovea 

as described. The fovea was identified on the line by the point 

of deepest excavation of the foveal contour and was measured 

with the computerized caliper function while keeping the 

caliper perpendicular to the ELM. This measurement process 

was repeated three times and an average was calculated. All 

scans were done by the same operator (HMF).

Statistical analysis
Data management and statistical analysis were done using 

SPSS vs 25. Numerical data were summarized as mean and 

SDs or medians and ranges. Categorical data were summa-

rized as numbers and percentages. OCT findings and other 

categorical variables were compared using a chi-squared test 

or Fisher’s exact test if appropriate. Numerical variables were 

compared using Mann–Whitney U-test. Average thickness, 

center thickness, total volume, and ONLT were compared 

in operated and fellow eyes using the Wilcoxon signed-rank 

test. Correlations were done between 6-month postoperative 

BCVA in LogMAR and the ONLT and the presence of inner 

segment/outer segment and ELM disruption using Spearman 

correlation. r is the correlation coefficient. Also, correlations 

were made between average thickness, center thickness and 

total volume, and 6-month postoperative BCVA in LogMAR. 

It ranged from -1 to +1, with -1 indicating strong negative 

correlation, +1 indicating strong positive correlation, and 

0 indicating no correlation. All P-values were two sided. 

A P-value ,0.05 was considered significant.

Compliance with ethics
All procedures were done according to the Declaration of 

Helsinki. The study was approved by Benha University’s 

research ethical committee. Written informed consent in 

Arabic was obtained from all subjects.

Results
Forty eyes of 40 patients were included in this study. Two 

eyes were excluded due to intraoperative finding of macular 

hole RD, and two eyes were lost during follow-up. Conse-

quently, 36 eyes were evaluated by statistical analysis. The 

patients’ age ranged from 14 to 72 years with a mean age 

value of 49±15. The study included 24 male (66.7%) and 

12 female (33.3%) patients. Regarding the underlying risk 

factor for RRD, 19 patients had a history of trauma (52.8%), 

eight with previous cataract surgery and no history of trauma 

(22.2%), and nine with myopia and no history of trauma 

(25%). All our cases had macula-off RD and so preoperative 

visual acuity (VA) was hand motion in all cases. The duration 

of macula-off RD ranged from 5 to 34 days before surgery.

All patients achieved complete postoperative reattach-

ment with 100% single operation success rate. The mean 
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compared with 25% in group II (P,0.001). Also, the pres-

ence of early epiretinal membrane was 100% in group II 

compared with 0% in group I (P=0.005).

The degree of recovery of retinal thickness was com-

pared between the operated and the fellow eyes. Cases 

with epiretinal membrane were excluded. We compared 

each eye with regard to the macular thickness profile, 

including central thickness, average thickness, and total 

volume together with the manual measurement of the 

ONLT (distance between the ELM and ILM) in both groups 

(Tables 4 and 5).

Both tables showed statically significant retinal thinning 

in both groups in all parameters between the operated eye 

and the fellow eye. By comparing the difference between the 

operated eyes only from each group, the difference also was 

statistically significant (Table 6).

The 6-month postoperative LogMAR BCVA was found 

to be significantly correlated with the degree retinal micro-

structure disruption (r=0.847, P,0.001) (Figure 6). Also, 

the 6-month postoperative LogMAR BCVA was found to be 

significantly negatively correlated with the ONLT (r=-0.586, 

P=0.002) (Figure 7).

The 6-month postoperative LogMAR BCVA was 

found to be significantly negatively correlated with central 

Table 1 Age, gender, and duration of RD in groups I and II

Group I
(n=20)

Group II
(n=16)

P-value

Age (years) 0.498
Mean ± SD 51±12 46±19

Gender 0.343
Male 12 (60%) 12 (75%)
Female 8 (40%) 4 (25%)

Duration (days) ,0.001*

Mean ± SD 16±2.3 22.5±3.6

Note: *Statistically significant.
Abbreviation: RD, retinal detachment.

6-month postoperative BCVA (LogMAR) was 0.97±0.5 and 

the median was 0.8 in a range of 0.3–2. The BCVA improved 

in 35 patients (97.2%) and remained unchanged in one patient 

(2.8%). The greatest visual outcome achieved was LogMAR 

of 0.3, which occurred in six patients (16.7%).

For statistical analysis, the patients were divided 

into two groups based on 6-month postoperative BCVA 

(Table 1):

•	 Group I with 6-month postoperative BCVA of ,1 

LogMAR.

•	 Group II with 6-month postoperative BCVA of $1 

LogMAR.

There was no statistically significant difference between 

the two groups for age and gender. But, there was a statisti-

cally significant difference between the two groups in the 

duration of RD (Table 1).

OCT was performed at ,3 months postoperative 

and $6 months postoperative with the following findings 

(Tables 2 and 3):

The degree of disruption to retinal microstructures at 6 

months postoperative was graded as:

•	 Normal: No disruption in the EZ or the ELM 

(Figure 1).

•	 Mild disruption: Disruption of the EZ with normal ELM 

(Figure 2).

•	 Severe disruption: Combined disruption of the EZ and 

ELM (Figure 3).

The development of epiretinal membrane was classified 

into:

•	 Early epiretinal membrane: Developed at #3 months 

(Figure 4).

•	 Late epiretinal membrane: Developed at $6 months 

(Figure 5).

There was statistically significant difference between 

group I and group II regarding postoperative OCT findings. 

As shown in Table 1, the degree of disruption of the reti-

nal microstructure was mild to normal in 100% in group I 

Table 2 OCT findings in both groups

N %

Disruption of retinal microstructure
Normal 14 38.9
Mild 10 27.8
Severe 12 33.3

ERM
No 31 86.1
Early (#3 months) 3 8.3
Late ($6 months) 2 5.5

Abbreviations: ERM, epiretinal membrane; OCT, optical coherence tomography.

Table 3 Specific OCT findings in each group

Group I 
(n=20)

Group II 
(n=16)

P-value

N % N %

Disruption of retinal microstructure ,0.001
Normal 14 70.0 0 0.0
Mild 6 30.0 4 25.0
Severe 0 0.0 12 75.0

ERMa 0.005
No 18 90.0 13 81.3
Early (#3 months) 0 0.0 3 18.7
Late ($6 months) 2 10.0 0 0.0

Note: aOnly two patients in group I and three in group II had epiretinal 
membrane.
Abbreviations: ERM, epiretinal membrane; OCT, optical coherence tomography.
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Figure 1 No disruption in the EZ or the ELM.
Abbreviations: ELM, external limiting membrane; EZ, ellipsoid zone.

Figure 2 Disruption of EZ with normal ELM.
Abbreviations: ELM, external limiting membrane; EZ, ellipsoid zone; IS/OS, inner segment/outer segment.

Figure 3 Combined disruption of the EZ and ELM.
Abbreviations: EZM, external limiting membrane; EZ, ellipsoid zone; IS/OS, inner segment/outer segment.
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macular thickness (r=-0.516, P=0.007), average thickness 

(r=-0.739, P,0.001), and total volume (r=-0.587, P=0.002) 

(Figures 8–10).

Discussion
During the last two decades, there was a significant trend toward 

more frequently employing primary PPV for the management 

of primary RRD.6 The percentage of scleral buckle (SB) 

procedures decreased from 40.5% in 2009 to 2.7% in 2014, 

whereas PPV increased from 38% in 2009 to .90% in 2014 

without any statistically significant difference in visual outcome 

or the intra- or postoperative complications.7 The anatomical 

success rates were as high as 95% but was comparable with 

those achieved with other conventional therapies with most of 

the studies stating nonstatistically significant difference in the 

primary reattachment rates between different modalities.8–11

Figure 4 Early ERM #3 months with CME.
Abbreviations: ERM, epiretinal membrane; CME, cystoid macular edema.

Figure 5 Late ERM .6 months with CME.
Abbreviations: CME, cystoid macular edema; ERM, epiretinal membrane.
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visual loss after using intraocular SO during PPV for RRD. 

They found that postoperative BCVA was significantly 

worse in silicone eyes (.6/24) compared with gas eyes 

(.6/7.5), P=0.005. Three of nine (33%) silicone eyes had 

final BCVA ,6/60 and 67% had final BCVA ,6/12. No gas 

eyes had final BCVA ,6/9.13

We found 6-month post-BCVA LogMAR of 0.3 in six 

patients (16.7%), which was lower than that reported by 

Wong et al, with 28% achieving BCVA of $0.3. His study 

also included cases with combined PPV and SB. This differ-

ence may be due to high percentage of traumatic RD in our 

study as we had .50% of our cases with traumatic RD.

The formation of postoperative epiretinal membrane 

(ERM) was reported as a factor that can affect visual outcome 

after surgery for RRD. The incidence of ERM formation 

ranges between 6% and 14%, and is variable among differ-

ent studies as it depends on the surgical technique used. In 

our study, ERM developed in five out of 36 cases with an 

incidence of 13.9%. In our study, ERM formed early before 

3 months in three patients and late after 6 months in two 

patients. The correlation between the presence of an ERM and 

the VA was not consistent in previous studies. Wakabayashi 

et al14 and Theodossiadis et al15 demonstrated that ERM for-

mation was not a critical factor affecting visual impairment 

and in cases of ERM formation, the condition of the EZ and 

Our results showed complete postoperative reattachment 

in all patients with 100% single operation success rate and a 

mean BCVA of 0.97±0.5 LogMAR 6 months following the 

surgery. Incomplete VA recovery after anatomically success-

ful repair has been attributed to several factors. Our results 

were lower than those reported by Bezar et al where BCVA 

after 6 months in macula-off primary RRD was 0.2±0.3 

LogMAR.10 However, their study included only cases with 

pseudophakic RD and used only gas tamponade unlike our 

study where silicone oil (SO) was used as endotamponade in 

all cases. Our mean BCVA was comparable with the results 

obtained by Abdussalam et al when postoperative BCVA 

was 0.77±0.36 LogMAR in macula-off RD, all cases were 

macula-off RD, and SO was only used as endotamponade 

as in this work.12 This explanation may be supported by the 

results obtained by Christensen and la Cour who evaluated 
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Figure 6 Correlation between 6-month postoperative LogMAR BCVA and severity 
of disruption.
Abbreviations: BCVA, best-corrected visual acuity; VA, visual acuity.

Table 4 OCT parameters of cases with no ERM and with mild-
to-moderate disruption

Mean±SD P-value

Group I Group II

Average thickness (μm) ,0.001
Operated eye 251 9
Fellow eye 263 10

Center thickness (μm) ,0.001
Operated eye 190 26
Fellow eye 210 20

Total volume (mm3) ,0.001
Operated eye 7.1 0.2
Fellow eye 7.5 0.3

ONLT (μm) ,0.001
Operated eye 110 23
Fellow eye 129 19

Abbreviations: ERM, epiretinal membrane; OCT, optical coherence tomography; 
ONLT, outer nuclear layer thickness.

Table 5 OCT parameters of cases with no ERM and with severe 
disruption

Mean±SD P-value

Group I Group II

Average thickness (μm) 0.005
Operated eye 225 11
Fellow eye 267 15

Center thickness (μm) 0.005
Operated eye 138 34
Fellow eye 184 22

Total volume (mm3) 0.005
Operated eye 6.6 0.5
Fellow eye 7.5 0.4

ONLT (μm) 0.005
Operated eye 71 21
Fellow eye 116 19

Abbreviations: ERM, epiretinal membrane; OCT, optical coherence tomography; 
ONLT, outer nuclear layer thickness.

Table 6 Comparison of macular thickness and ONLT between 
operated eyes with no ERM from groups I and II

Group I 
(n=18)

Group II  
(n=13)

P-value

Mean ±SD Mean ±SD

Average thickness (μm) 251 9 225 11 ,0.001
Center thickness (μm) 190 26 138 34 ,0.001
Total volume (mm3) 7.1 0.2 6.6 0.5 0.003
ONLT (μm) 110 23 71 21 0.001

Abbreviations: ERM, epiretinal membrane; ONLT, outer nuclear layer thickness.
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Even in cases with regular foveal contour postoperatively, 

the visual outcome was still poor in some patients. The cor-

relation between the disruption of the retinal microstructures, 

namely the disruption of EZ, ELM and ONL thickness was 

found to be significantly correlated with the 6-month post-

operative BCVA. A positive correlation was found between 

the degree of severity and 6-month postoperative LogMAR 

BCVA (r=0.847, P-value ,0.001). Wakabayashi et al used 

similar categorization for the OCT lesions where they divided 

the postoperative findings in the photoreceptor layer into 

three subgroups: preserved EZ and ELM, disrupted EZ with 

intact ELM, and disruptions in both of them. There was a 

statistically significant difference in postoperative VA among 

the three groups (r=0.805, P=,0.001). Similar results were 

also obtained by Abdussalam AM et al12 However, Karacorlu 

et al had a lower rate of disrupted EZ and/or ELM than the 

other studies (22.7% vs 40%–82% in most of studies) and 

found no significant correlation between the status of EZ and 

postoperative VA in contrast to other studies.16

ELM was the main factor that predicted final BCVA. On the 

other hand, Karacorlu et al16 found a significant correlation 

between ERM formation and postoperative VA; they had 

only 16.7% of patients with EZ disruption and concluded that 

just the presence of secondary ERM is the main factor, which 

influenced postoperative VA. In our study, cases with early 

development of ERM (#3 months) had worse BCVA results 

than those with late development of ERM ($6 months). This 

can be explained by the fact that ERM in the early postop-

erative period may represent a spectrum of PVR which is 

associated with massive and long-lasting cellular prolifera-

tion, including Müller cell gliosis. The hypertrophied and 

proliferating glial cells fill the spaces left by dying neurons 

and degenerated axons after RRD and generate the so-called 

glial scars. Such rigid glial scars may constitute a mechanical 

obstacle for regenerative axon growth and hence affect the 

visual outcome in the early postoperative period.17

2.0

r=–0.586 P-value =0.002

1.5

1.0

6-
m

on
th

 p
os

to
p 

VA
 (L

og
M

A
R

)

0.5

0.0
60.0 80.0 100.0 120.0

ONLT (µm)
140.0 160.0 180.0

Figure 7 Correlation between 6-month postoperative LogMAR BCVA and ONLT.
Abbreviations: BCVA, best-corrected visual acuity; ONLT, outer nuclear layer 
thickness; VA, visual acuity.

1.60

1.40 r=–0.739 P-value =0.000

1.20

1.00

0.80

6-
m

on
th

 p
os

to
p 

B
C

VA
 (L

og
M

A
R

)

0.60

0.40

0.20
210.00 220.00 230.00 240.00 250.00 260.00 270.00

Average macular thickness (µm)

Figure 8 Correlation between 6-month postoperative LogMAR BCVA and average 
macular thickness.
Abbreviation: BCVA, best-corrected visual acuity.

Figure 9 Correlation between 6-month postoperative LogMAR BCVA and central 
macular thickness.
Abbreviation: BCVA, best-corrected visual acuity.
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The ONLT also showed significant correlation with 

6-month postoperative LogMAR BCVA (r=-0.586, 

P=0.002). In our study, the mean thickness of the ONLT 

was 110±23 compared with 129±19 in the fellow eye in 

group I and 71±21 compared with 116±19 in the fellow eye 

in group II. Our measurements were comparable with the 

results obtained by Dooley et al where the mean ONLT was 

103.3±28.9 in the operated eye compared with 119.5±26.8 in 

the fellow eye.18 Similar findings were obtained by Gharbiya 

et al,19 where the mean ONLT in the macula-off RD patients 

was 105±25.2. The correlation between the ONLT and 

BCVA was also demonstrated by Han and Lee20 (P0.001 by 

univariate regression analysis and P=0.044 by multiple linear 

regression) and Dooley et al18 where ONLT in the affected 

eye was significantly and inversely correlated with the final 

LogMAR BCVA (Pearson’s correlation: r=- 0.65, P=0.006), 

and Gharbiya et al,19 where the ONLT was strongly correlated 

with postoperative BCVA (r=0.61, P0.001).

Regarding the correlation between the macular thickness 

profile and postoperative BCVA, our study results showed 

significant negative correlation between macular thickness 

profile and LogMAR BCVA in all parameters, including center 

thickness (r=-0.516, P=0.007), average thickness (r=-0.739, 

P,0.001), and total volume (r=-0.587, P=0.002). Our results 

showed similar finding by Sato et al,21 where a significant 

correlation between the macular thickness and BCVA was 

found at every time point after vitrectomy for macula-off 

RRD (r=-0.466, P=0.022). Similar results were also obtained 

by Kobayashi et al22 and dell’Omo et al.23 On the other hand, 

Wakabayashi et al failed to demonstrate similar findings and 

correlation between the foveal thickness and VA outcome.14

In conclusion, macular microstructural changes detected 

by OCT is directly correlated to visual outcomes of retinal 

detachment repair.
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