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Abstract
Purpose  To determine factors significantly correlated with the failure of macular reattachment by pars plana vitrectomy 
(PPV) without laser photocoagulation of the optic disc margin to treat optic disc pit (ODP) maculopathy.
Design  Retrospective, interventional case series.
Methods  We reviewed the medical records of 35 consecutive patients with ODP maculopathy who underwent PPV with-
out laser photocoagulation. PPV with the creation of a posterior vitreous detachment (PVD) was performed in 34 eyes. 
An epiretinal membrane and internal limiting membrane present in the other eye with a PVD were removed. Patients were 
followed for 12–193 months (mean 58 months) after surgery. The main outcome measures were the postoperative rate of 
retinal reattachment and best-corrected visual acuity. The preoperative clinical characteristics of the successful cases were 
compared to those of the unsuccessful cases.
Results  A complete retinal reattachment was attained in 31 of 35 eyes and it required about one year. The 4 other eyes that did 
not achieve a macular reattachment after the primary PPV underwent additional therapies. The factors that were significantly 
associated with a failure of a retinal reattachment after primary PPV were the presence of a retinal detachment connected to 
the optic disc (P < 0.001) and the presence of preoperative headaches (P = 0.030).
Conclusions  Clinicians should be aware that the presence of a preoperative macular detachment connected to the optic disc 
margin and preoperative headaches are indicators for an unsuccessful outcome of PPV without laser photocoagulation in 
eyes with ODP maculopathy.

Keywords  Optic disc pit · Vitrectomy · Retinoschisis · Retinal detachment · Headache

Introduction

A congenital optic disc pit (ODP) is an abnormality of 
the optic nerve head and usually appears as a grayish or 
black circular depression on the optic disc [1–3]. ODPs are 
commonly found at the inferotemporal region of the optic 
disc [1–3]. Histological studies show a focal defect in the 
peripapillary sclera and lamina cribrosa with a herniation 
of poorly differentiated retinal tissue alongside the optic 
nerve [4, 5]. The tissue adjoins the subarachnoid space with 

vitreous herniating posteriorly through the area where the 
lamina cribrosa is absent [4, 5].

Although patients with ODPs are usually asymptomatic, 
visual disturbances can occur due to ODP maculopathy man-
ifested as retinoschisis or macular detachment [2–7]. Optical 
coherence tomographic (OCT) images show that fluid from 
the ODP can pass into the retina and create multiple intraret-
inal spaces, retinoschisis, connected to the ODP [7–9]. A 
detachment of the outer layers of the retina occurs later as a 
secondary phenomenon in most eyes with ODP maculopathy 
[6]. A spontaneous resolution of retinoschisis or macular 
detachment with improvement in vision is reported [10, 11]. 
However, the majority of ODP maculopathy cases have a 
poor prognosis with a gradual worsening and a final visual 
acuity (VA) of 20/200 or + worse [3].

A large number of treatments has been used to treat eyes 
with ODP including laser photocoagulation [12–14], gas 
tamponade [15, 16], macular buckling surgery [17], and pars 
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plana vitrectomy (PPV) [18–27]. However, none has been 
established as the optimal treatment. The predominant treat-
ment of ODP maculopathy has been PPV combined with 
laser photocoagulation at the optic disc margin. In addition, 
some authors report that the creation of a PVD without laser 
treatment was effective in reattaching the retina [19, 21, 23, 
25]. However, there were still some cases in which a retinal 
reattachment could not be achieved by PPV without laser 
treatment. Although other surgical adjuvant procedures 
including the stuffing of the ODP with a rolled ILM-flap 
have been proposed for better results [26, 27], we have to 
differentiate between cases of ODP maculopathy refractory 
to PPV with/without laser treatment to determine the addi-
tional surgical techniques needed to prevent possible further 
complications. It is important to determine the preoperative 
factors present in the unsuccessful eyes to allow clinicians 
to adjust their surgical techniques for the primary treatment 
of eyes with ODP maculopathy.

The purpose of this study was to determine the factors 
significantly correlated with failure of PPV without laser 
photocoagulation at the optic disc margin to enable surgeons 
to reattach the retina in eyes with ODP maculopathy.

Subjects and methods

This was a retrospective study of 35 eyes of 35 consecu-
tive patients with ODP maculopathy treated at the Kyorin 
Eye Center between 1994 and 2019. All patients received a 
detailed explanation of the surgical and ophthalmic examina-
tion procedures, and all signed an informed consent form. 
The procedures used in this study conformed to the ten-
ets of the Declaration of Helsinki, and the protocol of this 
study was approved by the Institutional Review Committee 
of Kyorin University School of Medicine. All of the eyes 
underwent primary PPV without laser photocoagulation 
for the treatment of ODP maculopathy. The clinical data 
from 17 of these ODP patients published with a different 
emphasis by the authors are included [19, 21]. The exclu-
sion criteria included a prior PPV and other causes of reti-
noschisis or macular detachment including glaucoma and 
myopic traction maculopathy. Patients with < 12 months of 
postoperative follow-up were also excluded.

The decimal best-corrected visual acuity (BCVA) was 
recorded and converted to the logarithm of the minimum 
angle of resolution (logMAR) units for statistical analyses. 
Indirect fundus ophthalmoscopy and slit-lamp biomicros-
copy with a 90-diopter non-contact lens were performed 
before and after surgery. The OCT images of the eyes were 
obtained with the Stratus OCT™ device (Carl Zeiss Med-
itec, Inc), OCT 4000 CirrusⓇ (Carl Zeiss Meditec, Inc.), 
SpectralisⓇ (Heidelberg Engineering), or swept-source OCT 
(SS-OCT; DRI OCT-1 AtlantisⓇ, TOPCON Corporation). 

Longitudinal OCT images parallel to and cross sections ver-
tical to the optic disc pit and margin of the retinal detach-
ment (RD) and retinoschisis were used to evaluate the retinal 
architectural before and after surgery. The size of the ODP 
was presented as the ratio of the vertical diameter of the 
ODP to the vertical diameter of the optic disc in the fundus 
photographs.

The preoperative clinical characteristics of the 35 patients 
with ODP maculopathy are shown in Table 1. The men/
women ratio was 18/17, and the mean age at the time of 
surgery was 29.6 ± 13.9 years with a range of 8–56 years. 
One of the affected eyes with ODP maculopathy was highly 
myopic at  – 12.0 diopters (D; Patient 20), but the oth-
ers did not have severe refractive errors. The preoperative 
decimal BCVA was 0.28 ± 0.45 (mean ± standard deviation; 
0.55 ± 0.35 logMAR units) with a range of 0.07–1.0. All 
patients complained of a worsening vision, a central sco-
toma, or metamorphopsia in the affected eye for several 
months prior to surgery. Eight patients (22.9%) had recurrent 
headaches and/or deep ocular pain in the affected eye. The 
pain usually developed at the time when the vision began to 
decrease, and required medication to ease the pain. Patient 
6 had been treated for the ODP maculopathy with laser pho-
tocoagulation to the edge of the ODP, but none of the other 
patients had received any prior treatment. The presence of 
both retinoschisis and macular detachment was confirmed in 
the preoperative OCT images in 27 of 35 eyes (77.1%). Six 
eyes (17.1%) had only retinoschisis and 2 eyes (5.7%) had 
only macular detachment. Seven eyes had a RD connected 
to the optic disc margin (20.0%), and a PVD was not pre-
sent preoperatively in 34 eyes. The presence or absence of 
a PVD was evaluated by preoperative fundus examinations 
and confirmed intraoperatively. The remaining eye (Patient 
34) had a glial ring of PVD with an ERM at the posterior 
pole. Vitreomacular traction was not observed in any eyes 
preoperatively either by ophthalmoscopyor OCT imaging.

PPV was performed on all patients with ODP maculopa-
thy who had a worsening of the BCVA associated with a 
progression of the retinoschisis and/or macular detachment 
as confirmed by the OCT images. Surgery was performed by 
two surgeons (AH or MI) between 1994 and 2019, and the 
patients were followed postoperatively for 12–193 months 
with a mean of 58 months. PPV was performed with the 
intention of releasing the vitreous traction at the ODP. 
Twenty-gauge (20G) vitrectomy was performed in the first 
15 eyes, 25G vitrectomy in 14 eyes, and 27G vitrectomy in 
6 eyes. Thirty-four eyes had no PVD before the surgery and 
one eye (Patient 34) had a PVD with an epiretinal membrane 
(ERM) on the macula. A PVD was created by suction over 
the optic disc or near the area of the retinoschisis with a vit-
reous cutter or microhooked needle in all 34 eyes. To limit 
the damage to the retina in the area of the ODP maculopathy 
by the surgical manipulations, special attention was given to 
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separating the posterior hyaloid membrane carefully over the 
area of the retinoschisis, macular detachment, and ODP. Tri-
amcinolone acetonide was used intraoperatively to make the 
posterior cortical vitreous more visible [28]. Brilliant blue 
G (BBG) staining was used to determine the status of the 
internal limiting membrane (ILM) [29], i.e., whether it was 
separated from the retina preoperatively or intraoperatively. 
The ILM was removed after creating the PVD in 2 eyes 
(Patients 19 and 21), because the ILM was preoperatively 
separated from the surface of retina in the OCT images. The 
ERM and ILM were removed in an eye with a PVD that was 
present before the PPV (Patient 34). Twenty percent sulfur 
hexafluoride (SF6) gas was used to tamponade the retina in 
the first 12 eyes, and air tamponade was used in two eyes that 
had a high elevation of the macular detachment (Patient 26) 
or a complication of a peripheral retinal break that occurred 
during the PPV (Patient 34). Laser photocoagulation at the 
margin of the optic disc was not performed during the pri-
mary procedure in any of the eyes. Combined cataract sur-
gery and intraocular lens (IOL) implantation with PPV were 
performed in two patients (Patients 16 and 34).

One patient reported severe headaches disappearing 
immediately after the PPV. Since then, we started to ques-
tion all patients about episodes of headaches during the 
follow-up period for the ODP maculopathy. While it was 
difficult to evaluate the headaches quantitatively, the pres-
ence of headaches was defined as headaches that required 
oral medications.

Success was defined as a complete resolution of the 
subretinal fluid (SRF) and marked reduction of macular 
retinoschisis in the OCT images postoperatively. The clini-
cal characteristics of the successful cases including those 
detected by OCT images were compared to those of the 
unsuccessful cases after primary PPV without laser applica-
tion. The significance of the correlations between the preop-
erative factors and the success of the PPV was determined.

Statistical analyses

Continuous variables are expressed as the means ± standard 
deviations. The Mann–Whitney U tests and Wilcoxon rank 
sum tests were used for the nonparametrically distributed 
data. Categorical variables are expressed as percentages, and 
group differences were analyzed using Fisher’s exact prob-
ability tests. The significance of the correlations between 
categorical variables was determined by Spearman’s corre-
lation coefficient by rank test. The data were analyzed with 
the IBM-SPSS software version 23 (IBM-SPSS). A P-value 
of < 0.05 was considered statistically significant.

Results

Anatomic results of pars plana vitrectomy (PPV)

A complete retinal reattachment was achieved after the pri-
mary PPV in 31 of 35 eyes (88.6%) although nearly 1 year 
(mean; 12.9 months) was required to attain this state in some 
of the eyes (Table 2). The postoperative OCT images showed 
that a sharp contour of the retinal elevation adjacent to the 
optic disc and inner retinoschisis separation were reduced at 
the early phase after the PPV. However, outer retinoschisis 
improved slowly in most eyes (Fig. 1). The macular detach-
ment decreased gradually with a complete absorption of 
the SRF after 8 to 19 months (average, 13 months). The 
outer segments of the photoreceptors began to thicken and 
rearrange into a regular alignment even with a persistent 
macular detachment after the PPV. A limited defect of the 
outer segments of the photoreceptors and the ellipsoid zone 
remained even after a complete retinal reattachment. The 
degree of excavation of the ODPs was not always obvious 
preoperatively, but when the retina was reattached, the pits 
were easily observed as being darker and deeper than the 
surrounding areas (Fig. 1).

The effects of a gas tamponade during vitrectomy for reti-
nal reattachment was also evaluated. The rate of retinal reat-
tachment of the cases with SF6 gas tamponade during vitrec-
tomy (10 of 10 cases, 100%) was not significantly different 
from that of the cases without gas tamponade (19 of 23 
cases, 82.6%, P = 0.22, Fisher's exact probability test). One 
eye developed a macular hole (MH) (Patient 12) at 3 months 
following the primary vitrectomy, and one eye (Patient 2) 
developed retinal atrophy as a complication. The findings 
in two eyes were excluded from the statistical analyses. 
The differences in the intervals until complete reattachment 
between the eyes with and without gas tamponade were not 
significant (P = 0.17, Mann–Whitney U test). The surgical 
manipulation of the ILM peeling (Patients 19, 21, and 34) 
did not shorten the duration reaching a complete retinal reat-
tachment. One eye (Patient 12) developed a MH at 3 months 
after the PPV during the reduction of the retinoschisis; this 
patient required a second vitrectomy with ILM peeling and 
gas tamponade. The MH was closed with complete retinal 
reattachment after the absorption of the gas and the BCVA 
improved with time.

Four patients (11.4%) did not have a complete retinal 
reattachment after the primary PPV (Patients 17, 20, 23, 
and 24). The initial gradual reduction in the height of the 
RD was observed for several months after the PPV in all 4 
eyes. However, the rate of reduction of the elevated macular 
detachment was moderate with more than 6 months with-
out visual improvement or a worsening of vision. Then, we 
decided to perform the reoperation as described below.
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Table 2   Outocomes of vitrectomy

BCVA best-corrected visual acuity, D diopters, ERM epiretinal membrane removal, F female, ILM internal limiting membrane peeling, L left, M 
male, MH macular hole, mos months, PEA phacoemulsification + IOL implantation, PPV pars plana vitrectomy, PVD posterior vitreous detach-
ment, R right,  + present, − absent, *vitrectomy for MH; **vitrectomy, gas tamponade, laser; ⁑ vitrectomy (ILM peeling + gas tamponade); 
⁂ = 2 vitrectomy (laser + ILM peeling), 2 laser; ⁑⁑ = 2 vitrectomy (laser + ILM peeling),silicone oil removal, yr year, ys years

Patient no Vitrec-
tomy 
gage

PPV procedure Additional treat-
ment

Complications Duration until 
macular attach-
ment after 1st 
PPV (mos)

Final BCVA Follow-
up 
(mos)PVD 

induc-
tion

Gas tamponade Others

1 20  +   +  Peripheral VF 
defect

12 1.2 80

2 20  +   +  Retinal damage 2 (retinal atro-
phy)

0.03 91

3 20  +   +  Peripheral reti-
nal break

8 0.8 24

4 20  +   +  – 12 1.2 73
5 20  +   +  – 12 1.0 37
6 20  +   +  – 12 1.2 15
7 20  +   +  Cataract (13ys 

later)
14 1.0 148

8 20  +   +  – 10 1.2 14
9 20  +   +  – 12 1.2 193
10 20  +   +  – 19 1.0 19
11 20  +   +  – 12 1.2 66
12 20  +   +   + *(1 time) MH (3mos 

later)
revison for MH 0.8 67

13 20  +  – 12 0.6 14
14 20  +  Cataract (7ys 

later)
14 1.2 153

15 20  +  – 10 1.2 42
16 25  +  PEA – 15 0.6 141
17 25  +   + ** (3 times) – revision 0.5 18
18 25  +  Recurrence (5ys 

later)
16 0.6 126

19 25  +  ILM Cataract (10ys 
later)

12 1.2 120

20 25  +   + ** (1 time) Reoperation revision 0.1 72
21 25  +  ILM – 9 0.9 19
22 25  +  – 12 0.5 42
23 25  +   + ⁂ (4 times) Reoperation revision 0.1 62
24 25  +   + ⁑⁑ (3 times) Reoperation revision 0.2 59
25 25  +  Cataract (1 yr 

later)
19 1.0 84

26 25  +  Air 10 1.2 43
27 25  +  15 0.5 24
28 25  +  14 0.6 17
29 27  +  15 0.7 36
30 27  +  9 0.8 33
31 27  +  13 1.2 25
32 27  +  13 0.8 15
33 27  +  15 1.2 12
34 25 – Air PEA, ERM, 

ILM,
Peripheral reti-

nal break
15 1.0 21

35 27  +  13 0.8 13
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Patient 17 required 3 additional treatments including gas 
tamponade, PPV with ILM peeling, and laser photocoagu-
lation at the edge of the ODP for a complete retinal reat-
tachment. The highly myopic eye of Patient 20 had visual 
disturbances for more than 2 years. This patient had severe 
headaches that had developed at the time of the worsening 
of vision. OCT images showed a high elevation RD con-
nected to the optic disc without retinoschisis and a decimal 
BCVA of 0.2. After the PPV, the RD began to decrease but 
did not attain a complete retinal reattachment for more than 
2 years. She moved to the USA and received surgery with 

a revision of the ILM peeling and perfluoropropane (C3F8) 
gas tamponade without laser treatment at 3 years after the 
initial PPV. The retina reattached completely after the gas 
resorption and vision was 0.1. The other 2 eyes with failed 
retinal reattachment after the primary PPV (Patients 23, 24) 
developed an unusual bullous RD during the course of the 
additional treatments (Figs. 2, 3). The preoperative OCT 
images showed that the RD was connected to the optic 
disc in both eyes. Preoperatively, Patient 24 had recurrent 
headaches which completely disappeared after the primary 
PPV. Patient 23 had severe headaches during the course of 

Fig. 1   Clinical findings of Patient 22 with optic disc pit (ODP) macu-
lopathy. A Preoperative fundus photograph of the right eye showing 
a temporal ODP associated with a large oval shaped macular eleva-
tion (black arrows) with cystic fovea. The ODP has blurred mar-
gins at the temporal edge. The preoperative decimal best-corrected 
visual acuity (BCVA) was 0.07. b Preoperative optical coherence 
tomographic (OCT) image showing a multilayer retinoschisis con-
nected to the ODP. A sharp elevation of the neural retina is present 
at the margin of the ODP. A retinal detachment is present around the 
fovea. c OCT image shows a decrease in the separation of the reti-
noschisis 3 months after pars plana vitrectomy (PPV) with the crea-

tion of a posterior vitreous detachment (PVD). The decimal BCVA 
has improved to 0.1. d OCT image showing that the retinoschisis 
and foveal detachment are decreased 10  months after the PPV. The 
outer segments of the photoreceptors are thickened and arranged 
regularly within the subfoveal lesions. The decimal BCVA was 0.2. 
e and f Fundus photograph and OCT image at 24 months postopera-
tively showing a complete reattachment with the margin of the ODP 
appearing clearer (e). A limited defect of the ellipsoid zone remained 
after the complete retinal reattachment (f). The decimal BCVA was 
0.5
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Fig. 2   Clinical findings from Patient 23 with an optic disc pit (ODP) 
and macular detachment that was unsuccessfully treated. This 
17-year-old young woman complained of reduced vision in her right 
eye of 3 months duration. a Fundus photograph of the right eye at the 
initial visit shows a temporal ODP associated with a round-shaped 
area of retinal elevation from the optic disc (black arrows). The pre-
operative decimal BCVA was 0.07. b Optical coherence tomographic 
(OCT) image at the initial visit shows a deep excavation with two 
horizontal septa in the ODP and retinal detachment connected to 
the optic disc. The outer retinal layer is slightly separated. Vitreous 
fibers can be seen attached to the septa in the pit. c OCT image at 
15 months after the pars plana vitrectomy (PPV) with the creation of 
a PVD shows a decrease of the retinal detachment (RD). The deci-

mal BCVA was slightly improved to 0.2. d About 2  years after the 
PPV, the subretinal fluid (SRF) is still present. A second PPV with 
20% sulfur hexafluoride gas tamponade was performed. However, one 
month later, a bullous total RD developed with recurrent severe head-
aches. We performed a 3rd PPV with encircling scleral buckling to 
reduce the peripheral vitreous traction, SRF drainage, laser photoco-
agulation at the optic disc margin, and a gas tamponade. e The reti-
nal elevation is markedly decreased but persisted around the macula. 
Additional laser photocoagulations were added twice at the optic disc 
margin. f and g Two years later, the RD has resolved, and the retina 
has remained attached for more than 2 years. The decimal BCVA was 
0.1



793Risk factors for failure of resolving optic disc pit maculopathy after primary vitrectomy without…

1 3

the additional treatments. The RD completely reattached 
after several additional treatments including ILM peeling, 
laser photocoagulation at the edge of the optic disc, and gas 
tamponade.

One patient had a recurrence of the RD after retinal reat-
tachment obtained by the primary PPV (Patient 18). At 
5 years after the initial surgery, he suffered a blunt ocular 
trauma to the affected eye during a soccer game. The OCT 
images at the regular follow-up examination showed a slight 
elevation of the macula connected to optic disc margin. The 
patient was followed without additional treatment. The RD 
decreased gradually over 3 years without a change in the 
BCVA.

Risk factors for unsuccessful reattachment

Comparisons of the preoperative characteristics of the 
successfully reattached group to that of the unsuccessful 
reattached group after the primary PPV without laser treat-
ment are shown in Table 3. The age, preoperative BCVA, 
and size of the ODP were not significantly different 
between the two group (P = 0.78, 0.76, 0.63, respectively, 

Mann–Whitney U test). A connection of the RD to the 
optic disc in the OCT images was observed in all 4 unsuc-
cessfully reattached eyes and in 3 of 31 successfully reat-
tached eyes (100.0% vs 9.7%, P < 0.001; Fisher’s exact 
probability test). The factors that were significantly cor-
related with the connection of the RD to the optic disc 
could not be identified by multivariate analysis. The RD 
of Patient 25 with the connection of the RD to the optic 
disc was successfully reattached after the PPV but required 
19 months until a complete reattachment was achieved. 
This was the longest duration in this series.

Preoperative headaches were present in 3 of 4 eyes in 
the unsuccessful group and 5 of 31 eyes in the successful 
group (75.0% vs 16.1%; P = 0.030, Fisher’s exact probabil-
ity test). Five of 8 eyes with preoperative headaches had 
RD connected to the optic disc (63%, correlation coeffi-
cient = 0.75, P < 0.001, Spearman’s correlation coefficient 
by rank test). These preoperative headaches disappeared 
after the primary PPV in all patients with or without a 
retinal reattachment. The other unsuccessful eye without 
preoperative headaches had severe transient headaches 
during the additional postoperative treatments.

Fig. 3   Clinical findings of a 24-year-old man with a 5-month his-
tory of reduced vision in his left eye (Patient 24, unsuccessful case). 
He reported that he had recurrent headaches which developed at the 
time his vision began to decrease. a Preoperative fundus photograph 
of the left eye shows a temporal optic disc pit (ODP) associated with 
a round-shaped macular detachment (black arrow). The preopera-
tive decimal BCVA was 0.6. b Preoperative optical coherence tomo-
graphic (OCT) image shows a deep ODP with a retinal detachment 
(RD) connected to the cavity of the ODP without retinoschisis (yel-
low arrow). Pars plana vitrectomy (PPV) with creation of a PVD was 
performed. However, the RD did not change remarkably for more 
than one year and the decimal BCVA decreased to 0.2. c and d At 
15  months after the PPV, a bullous RD (black arrows) developed 

(white arrow shows the inverted image of retina) and connected to the 
ODP cavity (yellow arrows). We performed a 2nd PPV with internal 
limiting membrane peeling at the posterior pole, drained the subreti-
nal fluid (SRF) through an intentional retinal break. Then 20% sul-
fur hexafluoride gas was used to tamponade the retina. However, the 
RD recurred after the resorption of the gas tamponade. Then, a 3rd 
PPV was performed with SRF drainage, laser photocoagulation at the 
temporal optic disc margin, and silicone oil tamponade. e and f The 
retina was reattached with the silicone oil tamponade. Four months 
later, the silicone oil was removed, and the retina remained attached 
for more than 5 years after the last PPV. The decimal BCVA reduced 
to 0.2
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Best‑corrected visual acuity (BCVA)

The BCVA continued to improve after the primary PPV in 
most of the successful eyes in spite of the presence of some 
residual retinoschisis and macular detachment (Tables 1 
and 2). The improvement coincided with a better appear-
ance of the photoreceptor outer segments in the OCT images 
(Fig. 1). The mean final decimal BCVA was 0.69 ± 0.44 
(0.16 ± 0.36 logMAR units). A preoperative decimal BCVA 
of 0.5 or better was present in 10 of 35 eyes (28.6%) and 
0.7 or better in 4 eyes (11.4%). Postoperatively, a decimal 
BCVA of 0.5 or better was found in 31 of 35 eyes (88.6%) 
and 24 eyes (68.6%). The final decimal BCVA in 31 success-
fully reattached eyes was 0.82 ± 0.51 (0.09 ± 0.29 logMAR 
units) better than that in the 4 unsuccessful reattached eyes 
with a decimal BCVA (0.18 ± 0.52 (0.75 ± 0.29 logMAR 
units), P = 0.003, Mann–Whitney U test). The final BCVA 
in the successfully reattached eyes was significantly better 
than the preoperative BCVA (decimal BCVA: 0.28 ± 0.46 
(0.55 ± 0.33 logMAR units), P < 0.001, Wilcoxon rank sum 
test). The final BCVA in 4 unsuccessful reattached eyes 
was not significantly different from the preoperative BCVA 
(decimal BCVA: 0.30 ± 0.36 (0.52 ± 0.45 logMAR units), 
P = 0.14, Wilcoxon rank sum test).

Complications

The intraoperative and postoperative complications are 
shown in Table 2. An inferior-temporal visual field defect 
due to the gas tamponade in Patient 1 and retinal damage by 
fluorescein dye-assisted PVD in Patient 2 have already been 
reported [19]. Patient 12 developed a macular hole with a 
complete retinal reattachment at 3 months after the PPV, that 
required additional surgery. Patient 3 and 34 developed an 
iatrogenic peripheral retinal break during the creation of the 
PVD that was treated successfully with laser photocoagula-
tion. Patient 18 had a recurrence of the macular detachment 

5 years postoperatively due to an ocular trauma. A cataract 
developed and was treated successfully with cataract phaco-
emulsification and IOL implantation in Patients 7, 14, 19, 
and 25.

Discussion

Our results show that PPV without laser treatment for ODP 
maculopathy led to a retinal reattachment in 88.6% of the 
patients although about 1 year was necessary until complete 
reattachment in some of these eyes. In addition, the post-
operative BCVA was excellent compared to other reports 
[22–24, 30]. However, 4 eyes did not achieve a retinal reat-
tachment after the primary PPV, and 3 of the 4 eyes required 
multiple treatments until the retina was finally reattached. 
The final BCVA was not significantly better than the preop-
erative BCVA in the unsuccessfully reattached eyes.

The results also identified the factors significantly associ-
ated with the unsuccessful reattachment after the primary 
PPV without laser photocoagulation. The eyes with the RD 
connected to the edge of optic disc and/or in patients with 
preoperative headaches were significantly correlated with 
the unsuccessfully reattached retinas.

Although in most eyes with ODP the subretinal fluid 
originates from the retinoschisis space, the eyes with a RD 
connected to the edge of optic disc had a direct pathway for 
the fluid to pass from the ODP cavity into the subretinal 
space. In these cases, there was a pathway for the movement 
of fluid from the ODP to the subretinal space through the 
opening at the edge of the optic disc. Thus, even after the 
vitreous traction was removed from the ODP rim, a small 
amount of fluid still had easy access to the subretinal space. 
The pressure gradients that develop between the intraocular 
and extraocular spaces can play a role in the pathogenesis 
of maculopathy associated with congenital disc anomalies 
[14, 30]. Thus, changes in the intraocular and extraocular 

Table 3   Comparison between 
successful and unsuccessful 
eyes after primary surgery

BCVA best-corrected visual acuity, − absent, SD standard deviation, DD disc diameter
# Mann–Whitney U test; †Fisher’s exact probability test; *p < 0.05

Group Attachment Unsuccessful P value

Number of eyes 31 4 –
Age (year, mean ± SD) 29.4 ± 14.4 31.0 ± 13.2 0.78#

Gender (man/ woman) 17 / 14 2 / 2 0.63†

Baseline decimal BCVA  (mean ± SD) 0.28 ± 0.46 0.30 ± 0.36 0.76#

Final decimal BCVA (mean ± SD) 0.82 ± 0.51 0.18 ± 0.52 0.0031*#

Optic disc pit size (DD) 0.26 ± 0.13 0.26 ± 0.05 0.63#

Continuous optic disc pit and macular detach-
ment (eyes)

3 (10%) 4 (100%)  < 0.001*†

Retinoschisis-like separation (eyes) 31 (100%) 2 (50%) 0.010*†

Headache (eyes) 5 (16%) 3 (75%) 0.030*†
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pressure even after the PPV might have caused turbulent 
flow around the deeply excavated ODP lesion to cause the 
formation of the bullous RD through the opening between 
ODP and subretinal space in our 2 cases. Similar bullous 
RDs have been reported in eyes with the morning glory 
syndrome [31] or as a complication following radial optic 
neurotomy for the treatment of central retinal vein occlu-
sion [32].

Rayat et al. report that 9 of 10 eyes that underwent repeat 
surgery had evidence of a direct communication between 
the subfoveal space and the ODP [33]. The longest duration 
of retinal reattachment after primary PPV in our cohort was 
19 months in one eye (Patient 25) which also had the RD 
connected to the optic disc. In addition, one eye with recur-
rence of the ODP maculopathy had a RD connected to the 
edge of the optic disc. These findings suggest that the retinal 
adhesion to the retinal pigment epithelium at the margin of 
the disc might not be strong even after the retinal reattach-
ment by PPV without laser photocoagulation  (Table 3).

The preoperative headaches were one factor significantly 
correlated with unsuccessful reattachments. Five of 8 eyes 
associated with headaches had RD connected to the disc. If 
the headaches were due to the acute changes in the intrac-
ranial pressure, the direct communication between the sub-
retinal space and subarachnoid space might contribute to the 
dynamic fluid flow around the ODP during the development 
of RD faster or be more severe. Headaches associated with 
optic disc anomalies are reported in a case of total RD asso-
ciated with the morning glory syndrome, and the eye was 
treated by surgical removal of a window of dura from the 
optic nerve sheath [31]. In all 8 of our cases with preopera-
tive headache, the headaches disappeared after the initial 
PPV. The release of the vitreous traction may have reduced 
the entrance space for the dynamic flow.

In the four unsuccessfully reattached eyes, several 
treatments were required before the retina was finally 
reattached. The development of the laser photocoagula-
tion scar at the edge of the optic disc was probably the 
main contributor to the final reattachment in 3 of the 4 
eyes. Our findings indicated that laser treatment and gas 
tamponade following the PPV with the creation of a PVD 
were appropriate treatments for eyes that had direct com-
munication between the ODP space and subretinal space. 
These procedures led to a closure of the pathway for fluid 
seepage. On the other hand, for the initial treatment of 
eyes without these risk factors, it would be better to com-
bine a less invasive method together with a creation of 
a PVD without laser treatment. Ooto et al. report good 
surgical outcomes by vitrectomy with inner retinal fenes-
tration without laser treatment [24]. There are reports that 
ODPs can be successfully treated by stuffing the ODPs 
with rolled ILM flaps, scleral tissue, and other available 
tissues [26, 27, 34–36]. These methods may be useful for 

eyes with preoperative factors that are found to be sig-
nificantly correlated with an unsuccessful reattachment as 
refractory or complicated cases.

Our study has several limitations including its retrospec-
tive nature, a lack of controls, and not being a multicenter 
study. However, this is the first report to show the factors 
significantly correlated with the failure of PPV without laser 
treatment.

In conclusion, the results indicate that PPV without laser 
treatment for ODP maculopathy led to a retinal reattachment 
in 88.6% of the patients although about 1 year was necessary 
until complete reattachment in some of the eyes. In addi-
tion, the postoperative BCVA was excellent compared to 
other reports. Three of the 4 eyes that did not have a retinal 
reattachment after the primary PPV required multiple treat-
ments until the retina was finally reattached. The presence 
of a retinal detachment connected to the optic disc and/or 
preoperative headaches were indications for an unsuccessful 
reattachment after the primary PPV without laser treatment.
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