
A substantial proportion of patients with macula-off 
rhegmatogenous retinal detachment (RRD) experience 
poor visual recovery even after successful re-attachment 
surgery. Many studies have shown associations between 
structural changes and final visual outcomes in macula-off 
retinal detachment (RD) patients who have undergone suc-

cessful retinal re-attachment surgery.  
Preoperative visual acuity and duration of macular de-

tachment are known to influence post-surgery visual out-
comes [1-3]. More recent studies using optical coherence 
tomography (OCT) showed that preoperative OCT find-
ings, such as a greater height of the detached fovea, and 
the presence of an intraretinal cyst, intraretinal separation 
(IRS), and/or outer layer undulation (OLU), were associ-
ated with postoperative visual acuity [1,4,5]. 

Postoperative factors relevant to visual outcome include 
the presence of cystic macular edema, development of an 
epiretinal membrane (ERM), presence of retinal folds, 
subretinal retinal pigment epithelium migration, and the 
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Purpose: To investigate correlations between preoperative and postoperative foveal microstructures in patients 
with macula-off rhegmatogenous retinal detachment (RRD).

Methods: We reviewed the records of 31 eyes from 31 patients with macula-off RRD who had undergone suc-
cessful re-attachment surgery. We analyzed data obtained from complete ophthalmologic examinations and 
optical coherence tomography (OCT) before and 9 to 12 months after surgery. All postoperative OCT mea-
surements were taken with spectral-domain OCT, but a subset of preoperative OCT measurements were 
taken with time-domain OCT.

Results: The mean duration of macular detachment was 15.5 ± 15.2 days, and mean preoperative best-cor-
rected visual acuity (BCVA, logarithm of the minimum angle of resolution) was 1.03 ± 0.68. Preoperative visual 
acuity was correlated with retinal detachment height (p < 0.001) and the existence of intraretinal separation 
(IRS) along with outer layer undulation (OLU) (p = 0.022), but not with macula-off duration. The final BCVA 
was significantly correlated with integrity of the junction between the photoreceptor inner and outer segments 
(IS/OS) combined with the continuity of external limiting membrane (ELM) (p = 0.025). The presence of IRS 
and OLU on a detached macula were highly correlated with the final postoperative integrity of the IS/OS junc-
tion and the ELM (p = 0.017). 

Conclusions: Eyes preoperatively exhibiting IRS and OLU showed a higher incidence of disruption to the pho-
toreceptor IS/OS junction and the ELM at final follow-up. Such a close correlation between preoperative and 
postoperative structural changes may explain why ultimate visual recovery in such eyes is poor.

Key Words:  Intraretinal layer separation, Junction between the photoreceptor inner and outer segments, 
Optical coherence tomography, Outer retinal layer undulation, Rhegmatogenous retinal detachment
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persistence of subretinal fluid [1,6]. With development of 
spectral-domain OCT (SD-OCT), the postoperative micro-
structure of a re-attached macula can now be studied in 
greater detail. Wakabayashi et al. found that the junction 
between the photoreceptor inner and outer segments (IS/
OS) and that of the external limiting membrane (ELM) 
were both closely (and positively) correlated with postop-
erative visual acuity [7]. 

Although several studies have documented the relation-
ship between preoperative and postoperative OCT findings 
on the one hand and pre and postoperative visual outcomes 
on the other, few reports have compared preoperative 
OCT findings with postoperative OCT data. In the present 
study, we used SD-OCT to evaluate preoperative and post-
operative factors affecting the anatomic and functional 
outcomes of retinal re-attachment surgery after macula-
off RRD repair, focusing on the correlation between pre-
operative microstructure of the fovea and postoperative 
photoreceptor integrity.

Materials and Methods
This study was performed with approval from the instu-

tional review board at Asan Medical Center and adhered 
to the tenets of the Declaration of Helsinki.

Data were retrospectively abstracted from the medical 
records of patients who underwent successful retinal re-at-
tachment surgery after diagnosis of macula-off RRD at the 
Asan Medical Center, Seoul, Korea, from October 2006 to 
March 2009. Among 147 patients who underwent surgery 
to treat RRD, we selected those for whom both preopera-
tive and postoperative OCT data (the latter collected 9 to 
12 months after surgery) were available. Because some 
earlier patients were treated when only time-domain OCT 
(TD-OCT; Stratus OCT3, Carl Zeiss Meditec, Dublin, CA, 
USA) was available, such patients (18 patients) were exam-
ined using TD-OCT preoperatively and SD-OCT (Cirrus 
OCT, Carl Zeiss Meditec) postoperatively. The remaining 
patients were evaluated using SD-OCT both preoperatively 
and postoperatively. Eyes for which OCT images were 
poor (with a signal strength lower than 6) were excluded. 
In addition, 24 eyes with bullous RD were also excluded 
either because the fovea was hidden or the acutely de-
tached fovea could not be included in the field of the OCT 
scan. Patients were considered ineligible if they had any 
ocular findings that might influence visual acuity such as 
traumatic RD, intraocular inflammation, vitreous hemor-
rhage, proliferative vitreoretinopathy, corneal opacity, a 
visually significant cataract, or pathologic myopia. Seven-
teen eyes with complications, including development of a 
postoperative ERM (3 eyes), persistence of subfoveal fluid 
(2 eyes), or recurrent RD (12 eyes), were also excluded. Fi-
nally, we analyzed 31 eyes of 31 macula-off RRD patients 
in the present study.

All patients underwent complete ophthalmologic exami-
nations both preoperatively and at their final visits. The 
duration of macular detachment was based on the onset 
of central visual decrease. Best-corrected visual acuity 
(BCVA) was evaluated using the Snellen visual acuity (VA) 
chart, and the data were converted to the logarithm of the 
minimum angle of resolution (logMAR) scale. When a 
patient could not read text 1 m away, VA was measured by 
counting fingers or by hand movement and was converted 
to a Snellen value of 0.014 or 0.003, respectively [8]. 

The preoperative OCT parameters included in analysis 
were the RD height, which was manually measured as the 
vertical distance from the detached fovea to the retinal 
base, and the RD distance, which was measured as the 
shortest distance from the detached fovea to the unde-
tached retina (Fig. 1A). Intraretinal morphologic param-
eters, IRS and OLU, were assessed from the central macu-
lar area (3 mm in diameter) either from TD-OCT images 
or from SD-OCT images (Fig. 1B and 1C). 

Postoperative OCT parameters, emphasizing photore-
ceptor restoration, IS/OS integrity, and ELM status, were 
analyzed from 31 postoperative SD-OCT images taken 
using enhanced resolution. Patients were classified into 
two groups (those with an intact IS/OS and an intact ELM, 
and patients with a damaged IS/OS and a damaged ELM). 
‘Damage’ was defined as disruption or loss of integrity as 
shown in SD-OCT imaging (Fig. 1D). All OCT findings 
were interpreted by two investigators, SGJ and YHY, who 
were blinded to clinical data.

All statistical tests were performed using SPSS ver. 15.0 
(SPSS Inc., Chicago, IL, USA). Correlations between pa-
rameters were determined using Pearson’s test. Compari-
sons of variables between groups were performed employ-
ing the independent t-test or ANOVA. Cross-table analysis 
was achieved using the chi-square test or Fisher’s exact 
test, depending on the numbers of variables in the cross-
table cells.

Table 1. Baseline characteristics of patients 
Characteristic Value
No. of eyes              31
Age (yr) 44.1 ± 18.1 (14-74)
Sex (male : female)         18 : 13
BCVA at initial examination (logMAR     
   units)     1.03 ± 0.68 (0.2-2.52)

Macula-off duration (day)     15.5 ± 15.2 (1-60)
BCVA 9-12 months postoperatively   0.42 ± 0.46 (0-1.85)
Type of operation  
   Vitrectomy

          
             25

   Sclera buckling only                6

Data are presented as number or mean ± standard deviation 
(range). 
BCVA = best-corrected visual acuity; logMAR = logarithm of 
the minimum angle of resolution.
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Results

The baseline characteristics of the 31 patients are sum-
marized in Table 1. The mean patient age was 44.1 ± 18.1 
years; 25 (81%) patients were treated with pars plana vit-
rectomy and 6 (19%) with only scleral buckling. Twelve 
(39%) patients who were older than 50 years underwent 
cataract extraction at the time of vitrectomy. Therefore, 

cataract formation after reattachment surgery may not 
confound the analysis of our series of patients. Among the 
31 eyes, 12 (39%) had superior detachment and 15 (48%) 
inferior detachment. 

The clinical and OCT characteristics of the 31 patients 
are listed in Table 2. Of all patients, 18 were examined by 
TD-OCT preoperatively and by SD-OCT after surgery. The 
other patients were examined using SD-OCT both preop-
eratively and postoperatively. The mean duration of macu-
lar detachment was 15.5 ± 15.2 days (range, 1 to 60 days), 
with 30 days or less in 26 (83%) patients. Only patients for 
whom detached maculae were visible inside the OCT frame 
were included, so the average height of a detached macula 
was 531.19 ± 388.31 µm (range, 67 to 1,344 µm).   

On preoperative OCT, IRS with OLU was seen in 12 
(39%) eyes, and IRS without OLU was detected in 4 (13%). 
IRS with OLU was more commonly noted in eyes with 
superior segment detachment ( p = 0.039), but this was 
not correlated with patient age or phakic or pseudophakic 
preoperative lens status. Upon postoperative photoreceptor 
integrity classification, 15 (48%) eyes showed an intact IS/
OS and ELM, 1 (3%) had a damaged IS/OS but an intact 
ELM, 1 (3%) had an intact IS/OS but a damaged ELM, and 
14 (45%) had damage to both the IS/OS and the ELM.

Correlations between preoperative variables

RD height was significantly associated with preopera-
tive VA (p < 0.001), but RD distance was not (p = 0.120). 
Macula-off duration, defined as the time from central vi-
sion loss to operation, was not correlated with preoperative 
BCVA (p = 0.905). Of the tested OCT parameters, IRS 
with OLU was not correlated with duration of macular de-
tachment but significantly correlated with RD height (p = 
0.28 and p = 0.002, respectively) (Fig. 2A and 2B). IRS as-
sociated with OLU was correlated with preoperative visual 
acuity (p = 0.022) (Fig. 2C). 

Correlations between postoperative variables

When we assessed the relationship between postopera-
tive photoreceptor integrity and postoperative VA, a sig-
nificant correlation was evident (p = 0.025) (Fig. 2D).

Preoperative variables vs. postoperative best-correct-
ed visual acuity

The mean preoperative and final postoperative VA val-
ues were 1.03 ± 0.68 and 0.42 ± 0.46 logMAR units, re-
spectively. No correlation between preoperative and post-
operative BCVA values was evident (p = 0.35). RD height 
was associated with postoperative BCVA (p = 0.019), but 
the RD distance was not (p = 0.25). Postoperative BCVA 
was not associated with macula-off duration (p = 0.17). 

Fig. 1.(A) time-domain optical coherence tomographic (TD-
OCT) image of macula-off rhegmatogenous retinal detachment 
reveals retinal detachment (RD); the height of such detachment 
and the extent of RD. (B) A TD-OCT image of macular-off rheg-
matogenous retinal detachment shows intraretinal separation 
(IRS) and outer layer undulation (OLU). (C) An image acquired 
using spectral-domain optical coherence tomography (SD-OCT). 
IRS and OLU are relatively large structural changes. Thus, TD-
OCT can identify such changes as reliably as can SD-OCT. (D) 
An SD-OCT image shows disruption of the junction between the 
photoreceptor inner and outer segments (IS/OS) and an external 
limiting membrane (ELM); the image was acquired on postop-
erative follow-up. All parameters were assessed from the central 
3-mm diameter area.
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Preoperative variables vs. postoperative optical coher-
ence tomography parameters

Macula-off duration was significantly (negatively) asso-
ciated with postoperative restoration of the IS/OS and the 
ELM (p = 0.037). Microstructural change in the detached 
macula (IRS or OLU) was negatively correlated with 
postoperative microstructural recovery as assessed by pho-
toreceptor integrity. When IRS and OLU were present to-
gether, recovery of photoreceptor integrity postoperatively 
was significantly reduced (p = 0.017) (Fig. 3).

Discussion
Although the surgical anatomic success rate is relatively 

high in patients with macula-off RRD [9], visual outcomes 
are often less than satisfactory and difficult to predict [1,10-
12]. When the macula becomes detached from the under-
lying retinal pigment epithelium, macular microstructure 
changes rapidly. In our previous work, we showed that, un-
like the situation in patients with central serous chorioreti-
nopathy (CSR) (in whom VA remains relatively good for 
several months), patients with macula-off RRD lose VA 
within days, even when the height of the detached macula 
is no greater than the elevation of the CSR [4]. 

Preoperative predictors are helpful to predict postopera-
tive visual prognosis and as aids toward understanding 
the mechanism of postoperative VA restoration in patients 
with macula-off RRD. As mentioned above, several preop-
erative clinical variables and structural features are known 
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Fig. 2. (A) No significant difference in macula-off duration was evident between eyes with both intraretinal separation (IRS) and outer 
layer undulation (OLU) (p = 0.28). (B) Eyes with both IRS and OLU had a greater height of retinal detachment (RD) than did eyes 
lacking both IRS and OLU (p = 0.002). (C) Eyes with both IRS and OLU had lower best-corrected visual acuity (BCVA) values than eyes 
without either feature (p = 0.022). (D) Eyes with an intact junction between the photoreceptor inner and outer segments (IS/OS) and an 
intact external limiting membrane (ELM) showed better postoperative BCVA values than did eyes in which the IS/OS junction and the 
ELM were both damaged (p = 0.025). The solid lines indicate the medians and the long dashes the averages. logMAR = logarithm of the 
minimum angle of resolution.
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to be associated with postoperative VA status. Some post-
operative structural changes have also been shown to cor-
relate with postoperative VA [13].  

In the present study, we re-evaluated such correlations 
and showed that preoperative microstructural changes 
(IRS and OLU) in the detached macula appeared to be 
negatively correlated with postoperative recovery of the 
photoreceptor layer (as assessed by IS/OS integrity and 
ELM status) in a re-attached macula. To the best of our 
knowledge, such comparisons have not previously been 
conducted due to the technical limitations of conventional 
low-resolution OCT. Although preoperative OCT variables 
such as IRS and OLU are adequately measured using TD-
OCT [13], OCT parameters such as ELM and IS/OS junc-
tion status can be accurately evaluated only via the use of 
SD-OCT [14]. 

As shown here, eyes with IRS, especially when accom-
panied by OLU of the detached macula, were more likely 
to show disruption of the IS/OS junction and damage to 
the ELM after macular re-attachment. A recent study has 
shown that damage to the IS/OS junction, with or without 
disruption of the ELM in postoperative SD-OCT image, 
may explain inadequate postoperative visual recovery 
[7]. Nakanishi et al. [15] showed, using their prototype 
SD-OCT, that a preoperative foveal loss of IS/OS at the 
detached macula was significantly correlated with post-
operative visual acuity. This preoperative feature of IS/
OS dropout shared a common characteristic with our pre-
operative variables (IRS and OLU) of being significantly 
associated with the height of the detached macula but not 
with the duration of the macular detachment.

The presence of IRS or OLU in the detached macula has 
been reported to indicate poor prognosis [1,3,5,16]. How-
ever, the pathogenic mechanisms causing such changes 
and the predisposing factors remain unknown. In our pa-
tient series, we found that increased height of the detached 
macula and superior hemisphere detachment may predis-
pose toward development of IRS or OLU in the detached 
outer retinal layer. It is likely that any condition resulting 
in rapid and broad separation of the neural retina from 
the underlying retinal pigment epithelial layer can induce 
outer retinal layer separation accompanied by OLU. 

Photoreceptor cells in a detached retina undergo apopto-
sis [17]. In humans, cell death was evident within 24 hours 
of separation, peaked at day 2, and decreased to a low level 
at day 7 [17]. In animals, apoptosis peaked 2 to 3 days after 
separation and returned to low levels 7 to 28 days after 
detachment [17]. In the present study, macula-off duration 
was significantly negatively associated with postoperative 
restoration of the IS/OS and the ELM. However, no such 
association was evident when the influence of preoperative 
structural changes such as IRS or OLU on restoration was 
evaluated. A greater risk of photoreceptor apoptosis upon 
longer duration of macular detachment may hinder post-
operative restoration of photoreceptor integrity. 

Although conventional OCT can easily demonstrate 
the persistence of subfoveal f luid or the presence of an 
ERM, resulting in poor postoperative VA, recent techni-
cal innovations introducing SD-OCT have enabled foveal 
microstructure to be studied in greater detail. When a re-
attached macula attains normal morphology, the integrity 
of the photoreceptor cell layer at the fovea remains of 
interest. Several authors have reported significant correla-
tions between photoreceptor integrity, as assessed by the 
presence of an ELM with or without an IS/OS line, and 
postoperative BCVA [5,7,15,16,18].

We found that disrupted photoreceptor integrity in a re-
attached macula was well-correlated with the presence of 
IRS and OLU in the detached macula. This may explain 
why eyes with preoperative IRS or OLU showed poor vi-
sual recovery even after successful macular re-attachment.  

It is known that postoperative VA recovers during the 
first 6 months after treatment and may continue to im-
prove until 12 months following surgical re-attachment. 
Hence, we conducted all final assessments 9 to 12 months 
after surgery. A recent study by Shimoda et al. [19] found 
that a gradual morphological recovery of the IS/OS line 
continued until 6 months postoperatively, and this was 
well-correlated with improvements in visual recovery dur-
ing the early postoperative period. Although we did not 
compare earlier postoperative macular morphology with 
later morphology (thus, we did not perform serial SD-OCT 
evaluation), we are currently collecting further data on se-
rial improvement in postoperative OCT parameters. 
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Unlike what was seen in several previous studies [1,6,20-
23], neither preoperative VA nor duration of macular 
detachment was correlated with postoperative BCVA in 
our patient series. The reasons for this observation remain 
unknown, but one explanation is that our study patients 
did not include those who had significantly poor preopera-
tive VA and were expected to show poor postoperative VA. 
In other words, our study population seemed to be rather 
skewed toward those with relatively good visual potential. 
Most of our patients experienced macular detachment of 
relatively short duration. Thus, 48% (15 / 31) of our pa-
tients were treated within 8 days and 68% (21 / 31) within 

21 days [1]. In addition, many exclusion criteria, such as 
an RD height greater than the OCT image frame, may ex-
plain the lack of correlation between preoperative BCVA 
and final postoperative BCVA. It was notable that RD 
height was associated not only with preoperative, but also 
postoperative BCVA. This observation is consistent with 
those of previous reports. The greater the distance between 
the foveal cones and the pigment epithelial layer, the less 
likely it is that the cones will receive adequate oxygenation 
and nutrition from the choriocapillaries and epithelial layer 
via diffusion across the subretinal space [1,24]. Ross and 
Stockl [3] also emphasized that, even in patients in whom 

Table 2. Clinical and optical coherence tomographic characteristics of patients

Patient
no. Age

(yr)
Gen-
der

Lens
status

RD
position

Preoperative
BCVA

(logMAR
units)

Duration
of  macula  

off
(day)

RD height
at fovea 

(μm)

RD 
distance 

(μm)

Preoperative
change

Postop-
erative
BCVA

(logMAR 
units)

Postoperative
change

S U IS/OS ELM

1 53 M P Su 2.52 8 1,064 NE O O 0.40 D D
2 41 F P Su 1.00 1 847 1,056 X X 0.52 I I
3 22 M IOL Su 1.30 14 1,090 NE O O 1.30 D D
4 66 F P Su 0.20 30 67 120 O X 0.52 D D
5 49 M P In 1.00 7 646 2,316 O O 0.40 D D
6 61 M IOL Su 0.70 4 404 580 O O 0.10 D D
7 56 M P In 0.82 30 761 NE O X 0.30 I I
8 67 F P In 0.52 1 76 80 X X 0.20 I I
9 21 F P In 1.85 NE 466 1,894 X X 0.52 D D
10 37 M IOL NE 1.30 7 1,210 2,555 O O 0.30 D I
11 51 M IOL Su 2.30 19 1,344 NE O O 0.40 D D
12 22 M P In 0.52 60 284 514 O X 0.30 D D
13 20 M P NE 1.30 30 360 2,225 X X 1.30 D D
14 70 F P Su 0.00 NE 422 747 X X 0.70 I I
15 74 M P In 0.22 21 239 3,681 X X 0.15 I I
16 70 F P In 0.52 8 385 518 X X 0.30 I I
17 54 M P In 0.70 42 214 688 O X 1.15 D D
18 32 M P In 0.20 4 173 264 X X 0.10 I I
19 33 F P NE 0.20 8 361 532 X X 0.20 I I
20 61 F P In 0.30 2 452 3,012 O O 1.00 D D
21 18 F P NE 0.20 15 95 210 X X 0.10 I I
22 25 M P Su 1.85 2 630 682 O O 0.10 I I
23 37 F IOL Su 1.30 14 290 567 X X 0.00 I I
24 14 M P In 1.52 30 995 2,307 X X 1.52 D D
25 60 M P Su 1.85 1 635 743 O O 0.00 I I
26 22 F P In 1.52 3 123 4,202 X X 0.20 I I
27 35 M P Su 0.70 1 120 136 O O 0.40 D D
28 43 F P In     1 14 1,035 1,154 O O 1.52 I I
29 48 M IOL In     1 42 260 2,522 X X 0.30 I D
30 41 M P In 0.20 4 203 252 X X 0.10 I I
31 63 F P Su 2.30 28 1,216 1,758 O O 0.40 D D
RD = retinal detachment; BCVA = best-corrected visual acuity; logMAR = logarithm of the minimum angle of resolution; S = intrareti-
nal (outer nuclear layer) separation; U = undulation; IS/OS = junction between the photoreceptor inner and outer segments; ELM = ex-
ternal limiting membrane; M = male; F = female; P = phakic; Su = superior; NE = not evaluable; O = exists; D = disrupted; X = does not 
exist; I = intact; IOL = intraocular lens (pseudophakia); In = inferior.
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the duration of detachment is longer, postoperative BCVA 
may nonetheless be better in patients with a low compared 
to elevated RD height. 

Our study had some limitations, including a retrospec-
tive design, a small sample size, and the possible co-exis-
tence of uncontrolled variables. In some patients treated 
early in the study, preoperative OCT did not employ SD-
OCT. However, unlike when relevant postoperative param-
eters (IS/OS junction, ELM) are evaluated, preoperative 
parameters (IRS or OLU) are easily determined using 
Stratus OCT (Fig. 1B). We thus consider our assessments to 
be accurate. A larger sample size and use of identical OCT 
equipment in all patients will render our future data more 
reliable. The postoperative OCT collection timing was not 
the same in all patients, ranging from 9 to 12 months after 
surgery. However, we consider this limitation to be accept-
able, because the postoperative functional recovery was 
reported to reach to the near-plateau level after 9 months 
following macular reattachment [25]. 

In conclusion, preoperative macular analysis using OCT 
may assist in the prediction of both postoperative foveal 
microstructure and final visual outcomes in patients with 
macula-off RRD. IRS with OLU in a detached macula is 
a poor prognostic factor for visual recovery, regardless of 
the duration of macular detachment. 
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