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Purpose: The interaction between the peripheral vitreous and retina is closely associated 
with the pathogenesis of rhegmatogenous retinal detachment (RRD). This study was con-
ducted to examine the peripheral vitreous and retina in patients with RRD using intraopera-
tive optical coherence tomography (iOCT).
Methods: This retrospective study included 50 eyes of 50 patients (mean age 59.42 ± 10.80 
years) that underwent vitrectomy using iOCT for treating RRD at the Yamagata University 
Hospital between September 2015 and September 2016. Each patient underwent 25-gauge 
pars plana vitrectomy that was performed by a single surgeon. During vitreous shaving with 
ocular indentation, the iOCT findings of the peripheral vitreous and retina were recorded and 
analyzed postoperatively.
Results: In all patients, iOCT was able to detect the peripheral retina and vitreous around the 
vitreous base. Peripheral cystoid degeneration was detected on the peripheral retina of 27 
eyes (54%). Furthermore, cystoid degeneration was detected around the retinal tear (5 
patients), at the detached retinal area (8 patients), and at the attached retinal area (14 
patients).
Conclusion: iOCT enabled the evaluation of peripheral cystoid degeneration in patients 
with RRD. Cystoid degeneration might be associated with the pathogenesis of RRD.
Keywords: peripheral retinal degeneration, rhegmatogenous retinal detachment, cystoid 
degeneration, intraoperative optical coherence tomography

Introduction
The interaction between the peripheral vitreous and retina is closely linked to the 
pathogenesis of rhegmatogenous retinal detachment (RRD). Peripheral retinal 
degenerations can result in the formation of atrophic retinal holes or tractional 
retinal tears and therefore predispose patients to the development of an RRD.1 

However, it is difficult to observe a peripheral lesion in an objective manner. 
Moreover, existing research concerning the prevention of RRD does not provide 
sufficient data to strongly support the prophylactic treatment of lesions other than 
symptomatic flap tears.2

Ghazi et al3 were the first to report the optical coherence tomography (OCT) 
findings of peripheral cystoid degeneration in an enucleated human eye. Choudhry 
et al4 also demonstrated the ultra-widefield steering spectral-domain OCT (SD-OCT) 
technique that provided the image of the peripheral retina, including peripheral cystoid 
degeneration. However, it is difficult to observe the peripheral retina in patients with 
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RRD using these procedures that are applicable to the 
attached retina. Therefore, we developed a technique that 
uses a microscope-integrated intraoperative OCT (iOCT) 
system5 to acquire an objective view of the peripheral vitr-
eous and retina during vitrectomy. Such advances in the 
objective evaluation of the peripheral vitreous and retinal 
are important as the first step in future research related to 
the prevention and treatment of RRD. Hence, the purpose of 
this study was to observe the peripheral vitreous and retina in 
patients with RRD using iOCT.

Methods
This retrospective study was performed in accordance with 
the Declaration of Helsinki and approved by the Ethics 
Committee of the Yamagata University Faculty of 
Medicine (approval number: H26-21). All data were fully 
anonymized before we accessed them and the institutional 
review board waived the requirement for informed con-
sent. We performed retrospective analyses of the medical 
records of 50 eyes of 50 consecutive patients with RRD 
who underwent 25-gauge pars plana vitrectomy using the 
wide-angle noncontact viewing system (Resight®; Carl 
Zeiss Meditec AG, Jena, Germany) with the 
Constellation Vision System (Alcon Laboratories, Inc., 
Fort Worth, TX, USA). The mean ± standard deviation 
(SD) age of the patients was 59.4 ± 10.8 years. All the 
study procedures were approved by the institutional 
review board of Yamagata University Faculty of 
Medicine. The procedures also conformed to the tenets 
of the Declaration of Helsinki. Patients were enrolled 
from September 2015 to September 2016.

The primary outcome measures were iOCT findings of 
peripheral lesions in patients with RRD obtained during 
peripheral vitreous shaving. Vitreous shaving was per-
formed under a coaxial microscope using a slit lamp 
(Visulux; Zeiss, Oberkochen, Germany) with ocular inden-
tation. The peripheral vitreous and retina were detected 
using iOCT (RESCAN; Carl Zeiss Meditec AG, Jena, 
Germany), as described previously,5 and the findings were 
recorded for postoperative analysis. The procedures used 
for detecting the peripheral retinal lesions via iOCT were as 
follows. Step 1: Performance of a scleral indentation to 
observe the peripheral part of the retina using a coaxial 
microscope. Step 2: Activation of iOCT and adjustment of 
OCT by focusing on the images of the peripheral retina and 
vitreous. For all the analyses, P < 0.05 was statically 
significant.

Results
Table 1 shows the breakdown of the iOCT findings. In all 
patients, the peripheral retina and vitreous around the vitreous 
base were detected using iOCT. There were 27 eyes (54%) in 
the cystoid degeneration positive group (Group A) and 23 eyes 
(46%) in the cystoid degeneration negative group (Group B) 
according to the iOCT findings. The mean ± SD age was 54.8 ± 
12.0 years in Group A and 61.5 ± 10.5 years in Group 
B (Mann–Whitney U-test, P = 0.271). There were 7 females 
in group A and 5 females in group B (Fisher’s exact test, P = 1). 
The mean ± SD number of retinal breaks was 1.81 ± 1.73 in 
group A and 2.26 ± 1.36 in group B (Mann–Whitney U-test, 
P = 0.064). The mean ± SD quadrant of RD was 1.74 ± 0.76 in 
group A and 1.78 ± 0.85 in group B (Mann–Whitney U-test, 
P = 0.976). In Group A, the cystoid degeneration findings 
detected by iOCT were observed in three types of locations 
(Figures 1–3), including around the retinal break (5 patients; 
18.5%), at the detached retinal area (8 patients; 29.6%), and at 
the attached retinal area (14 patients; 51.9%).

Discussion
Typical peripheral cystoid degeneration which appears as 
microscopic cystoid spaces in the inner to outer plexiform 
layers, has been detected in approximately 87% of autopsy 
eyes of patients of all age groups and in approximately 
100% of eyes of older adults.6 It is believed that this 
finding is due to aging7(figure 1, figure 2, figure 3) and 
is defined as “peripheral retinal degeneration” in the 
International Classification of Diseases, 10th revision 

Table 1 Patient Characteristics and the Results of This Study

Characteristics Group A 
N=27

Group B 
N=23

P-value

Age (years), mean ± SD 54.8 ± 12.0 59.1 ± 9.4 0.271

Sex, female/male 7 (25.9%) 5 (21.7%) 1

Success of peripheral detection 

using iOCT

27 (100%) 23 (100%)

Number of retinal breaks 1.81 ± 1.73 2.26 ± 1.36 0.064

Quadrant of retinal detachment 1.74 ± 0.76 1.78 ± 0.85 0.976

Cystoid degeneration

Around retinal break 5 (18.5%) N/A

Detached retina 8 (29.6%) N/A

Attached retina 14 (51.9%) N/A

Notes: Group A: cystoid degeneration positive. Group B: cystoid degeneration 
negative 
Abbreviations: iOCT, intraoperative optical coherence tomography; SD, standard 
deviation.
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(ICD-10). In the case of retinal breaks merging with per-
ipheral retinal degeneration, the ICD-10 classifies it as 
“retinal breaks without detachment,” Furthermore, when 
there is merging of retinal detachment with peripheral 
retinal degeneration, the ICD-10 classifies as “retinal 
detachment with retinal break.” Cheng et al8 reported 
that the prevalence of peripheral degeneration in myopic 
teenagers (aged 12–18 years) was 5% and was associated 
with an axial length of ≥26.5 mm. Hence, seemingly 
benign findings may also be associated with the onset of 
retinal detachment. Chu et al9 demonstrated that SD-OCT 
is a useful tool for evaluating peripheral retinal pathology 
and that it reliably provides structural details that may 
change clinical management.9

One of the advantages of OCT examination of the 
peripheral area is that the subject is a living eye rather 
than an autopsy eye. Moreover, iOCT allows the examina-
tion of detached retinas, which are difficult targets for 
normal preoperative OCT. Given that the prevalence of 
retinal detachment is approximately 10 in 100,000 persons 

per year,10 analysis of peripheral findings focusing on 
RRD may be better for iOCT analysis than the histological 
approach using autopsy eyes. In the present study, we 
found that 54% of patients with RRD had peripheral 
cystoid degeneration findings as evaluated by iOCT, sug-
gesting that these findings are strongly associated with 
RRD. However, there were no statistically significant dif-
ferences in age, gender, number of retinal breaks and 
quadrants of RD between group A and group B. Further 
analysis of the characteristics of patients with peripheral 
cystoid degeneration is needed.

The cystoid degeneration observed in the present study 
was found in the retinal break, detached retina, and attached 
retina and was primarily detected in the vitreous base. 
O’Malley et al6 demonstrated that 8 (11.3%) of 71 peripheral 
retinal holes occurred in areas of peripheral cystoid degen-
eration involvement in 1000 autopsy eyes. Based on their 
findings, they concluded that cystoid degeneration appears to 
be even more innocuous than generally believed.6 However, 
on the basis of our study findings, we believe that peripheral 

Figure 1 Peripheral cystoid degeneration around retinal break assessed by intrao-
perative optical coherence tomography (a 71-year-old-male).

Figure 2 Peripheral cystoid degeneration in detached retina assessed by intrao-
perative optical coherence tomography (a 49-year-old-female).
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cystoid degeneration may not only develop itself into 
a retinal break, but it may also be a finding that reflects the 
pathogenesis of RRD like traction of the vitreous on the 
retina. Provided that peripheral cystoid degeneration may 
be a predictor of RRD or retinal break, the development of 
peripheral OCT may change the current clinical management 
such as follow-up, prophylactic retinal photocoaglation9 and 
appropriate vitreous shaving.11 In conclusion, we propose 
further prospective studies comprising a large number of 
patients with RRD to verify our study findings, and iOCT 
may be a useful technique for that purpose.
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