OCT FINDINGS AND LONG-TERM
FOLLOW-UP RESULTS OF
VITRECTOMY IN PATIENTS WITH
OPTIC DISC PIT AND ASSOCIATED
MACULOPATHY

SUMMARY

Purpose: To evaluate OCT findings and long-term follow-up results in patient with optic disc
pit (ODP) and associated maculopathy treated with pars plana vitrectomy (PPV).

Methods: Six eyes of 6 patients (3 females, 3 males) were included in a retrospective study.
We excluded patients with ODP without maculopathy. Patients were followed in years 2008-
2017. Mean age at the first examination was 40,3 years (15-70 years). Duration of worsening
of the best corrected visual acuity (BCVA) ranged from 2 days to few years. In all patients we
performed BCVA test at Early Treatment of Diabetic Retinopathy Study (ETDRS) optotype,
examination of anterior and posterior segment and photo documentation of fundus. Optic
disc, parapapillary region and macula were examined by optic coherence tomography (OCT).
Four patients underwent 23-Ga PPV with active detachment of posterior hyaloid membrane
and tamponade with perfluoropropan (16% C3F8). In 2 patients a sample of tissue from ODP
was taken during PPV to histological examination.

Results: Mean BCVA at the first examination was 0,10 (ranging from 0,05 to 0,16). OCT fin-
dings proved macular schisis in outer retinal layers (RSE) in 2 eyes, in 1 of these eyes with
additional presence of subretinal fluid. In 4 patients macular schisis in outer as well as inner
retinal layers (RSI) was present, in 2 of them with additional subretinal fluid. In 5 eyes glial
tissue and/or vitreous condensation was present in ODP. Four eyes with RSE and RSI impro-
ved both anatomically as well as functionally after vitrectomy. In 1 patient with previous
communication between ODP and RSE this was closed after vitrectomy. Mean pre-operative
BCVA was 0,11 (ranging from 0,05 to 0,16), mean final BVCA was 0,5 (ranging from 0,25 to
0,63), mean visual gain was +30 letters (ranging from +10 to +45). Mean follow-up after PPV
was 59 months (36-96).

Conclusion: Spectral OCT shows variability of morphological findings in patient with ODP
associated with maculopathy. Traction of glial tissue and/or condensed vitreous in ODP to-
gether with adherent posterior vitreous membrane could be one of the factors causing ma-
cular retinoschisis and/or secondary serous macular detachment. Complete separation of
vitreous from optic nerve head during the vitrectomy is an efficient treatment resulting in
macular reattachment and improvement in visual functions.

Key words: optic disc pit, intrapapillary proliferation, macular retinoschisis, optical coherence
tomography, pars plana vitrectomy, posterior vitreous detachment
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often localised at the temporal edge of the disc, with ad-

jacent peripapillary atrophy and pigment shifts, but may
be localised in any part of the disc. During the course
of life (most often in the 2nd to 3rd decade) a decrea-
se of visual acuity (VA) occurs in approximately 25-75%
of patients with ODP as a consequence of the incepti-
on of macular retinoschisis of the external (RSE) and/
or internal layer of the retina (RSI), degenerative proce-
sses in the outer layers of the retina and retinal pigment
epithelium, and secondary retinal detachment with and/
or without the presence of subretinal fluid (SF) (21, 22).
The etiopathogenesis of maculopathy, like the origin of
intraretinal or SF, is not entirely known. A liquified vitre-
ous body may infiltrate into the ODP upon partial deta-
chment of the posterior vitreous membrane, or this may
concern cerebrospinal fluid from the subarachnoid space
(7). Fluid may also be produced by the Bruch's membrane

Jamka terce (JT) je vzdcnd vrozend anomdlie, jejiz pato-
geOptic disc pit (ODP) is a rare congenital anomaly, the
pathogenesis of which has not yet been entirely clarified.
It is assumed that this concerns a developmental disorder
of the primitive epithelial papilla of the optic nerve, and a
disorder of the closure of the foetal ocular aperture. His-
tologically it concerns a herniation of the dysplastic reti-
nal tissue by the focal peripapillary scleral ring (2). The
prevalence of ODP is within the range of 0.02 to 0.19%
(19). In the majority of cases it concerns a unilateral af-
fliction. Both eyes are affected in only 10-15% of cases,
and this frequently concerns an autosomally dominant
hereditary disease. Biomicroscopically ODP is a rounded
or vertically oval calicyform or crater-like indentation of
yellowish-white, grey or black colour (fig. 6b). It is most
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or retinal pigment epithelium. In the majority of cases
of maculopathy with ODP, posterior vitreous detachment
(PVD) does not occur. It is expected that pars plana vit-
rectomy (PPV) with surgical PVD is an effective treatment
of maculopathy upon ODP (1, 9, 6, 4, 15).

METHOD

A retrospective study included 6 eyes of 6 patients (3 wo-
men and 3 men) with a unilateral finding of ODP with ma-
culopathy. We excluded a patient with only ODP without
maculopathy from the cohort. The patients were observed
during the period of 2008-2017, the average age of the pa-
tients at the time of the first examination was 40.3 years
(15-70 years). The period of duration of deterioration of
VA was from two days to several years. In all patients we
examined VA according to ETDRS optotypes, we perfor-
med a biomicroscopic examination on a slit lamp and exa-
mination of the fundus in artificial mydriasis with the aid of
non-contact VOLK Super Field lenses 90D and 60D, and we
documented the condition of the retina photographically
(table 1). Upon an evaluation of the findings by optical
coherence tomography (OCT/ SLO OTI, OCT Spectralis Hei-
delberg Engineering), we focused both on configuration of
the papilla of the optic nerve and on the presence of glial
tissue and/or condensation of the vitreous body in ODP, as
well as on OCT of the characteristics of maculopathy. The-
se covered communication of macular retinoschisis with
ODP, the presence of macular RSE and/or RSI, a finding of
SF and the condition of the vitreoretinal interface (table 2).
In 4 eyes, 23-G three-port non-suture PPV was performed
with active ablation of the posterior hyaloid membrane.
For visualisation of the structures of the vitreous body
we used 0.15% trypan blue (MembraneBlue, D.O.R.C. In-
ternational, Rotterdam, the Netherlands) or a suspension
of Triamcinolone acetonide (40 mg). We completed the
operation with temporary internal gas tamponade of the
retina by perfluoropropane (16% C3F8). In 2 operated eyes
(patient no. 2, patient no. 4), a tissue sample was taken
perioperatively from the region of the ODP and sent for
a histopathological examination. After the operation the
patients maintained a prone position for 2 days. We did
not perform laser photocoagulation of the temporal edge
of the papilla or peeling of the internal limiting membrane
(ILM). We did not operate on two of the patients, namely

a 54-year-old man with a deterioration of VA persisting for
several years and a 70-year-old woman who came for an
examination at the emergency outpatient Ophthalmology
Clinic during the course of a temporary residence in the
Czech Republic, and returned back abroad.

RESULTS

The clinical characteristics and findings of OCT in all pa-
tients in the observed study are presented in tables 1 and
2. The average age of the patients in the entire cohort was
40.3 years (15-70 years), the average age of the operated
patients was 29.5 years (15-52 years). Average VA of the
entire observed group upon the initial examination was
0.10 (range from 0.05 to 0.16). We operated on 4 out of the
6 observed eyes (67%). Average preoperative VA was 0.11
(range from 0.05 to 0.16). All victrectomated eyes were
phakic, towards the end of the observation period one
patient (no. 6) underwent cataract surgery with implanta-
tion of an intraocular lens due to the development of a
postoperative nuclear cataract. The indication for cataract
surgery was a symptomatic deterioration of VA. The OCT
finding confirmed macular RSE in only 2 eyes, combined
in one eye with the presence of SF. In all 4 eyes indicated
for PPV we demonstrated macular RSE and RSI according
to OCT, and in 2 eyes SF was also present (fig. 1). Macular
detachment with the presence of SF occurred in 50% of
eyes in our cohort. We determined communication of ODP
with macular RSE in one operated eye and 2 non-operated
eyes. Intrapapillary proliferation (IPP) was present in 5 out
of 6 eyes in the observed cohort and in all vitrectomated
eyes. Perioperatively removed proliferation from the ODP
in 2 eyes was immediately fixed in 2.5% glutaraldehyde
and sent for further processing by electron microscope.
In patient no. 2 the histological examination of the taken
sample in semi-thin slices confirmed a short streak with
sparse composition, in ultra-thin slices composed partially
of homogeneous, partially of hinted polygonal fine crysta-
lline structures, probably of hyaluronate, and residues of
collagen fibrils. In patient no. 4, the taken tissue was for-
med by sparse collagen ligament permeated by cells of a
fibrohistiocytic nature.

In 4 operated eyes with RSE and RSI we achieved an im-
provement of the anatomical finding in the macula in the
postoperative period. After resorption of SF the subfove-

Table 1 Anamnestic data of patients upon initial examination (n = 6)

1 F 1 month 0.1 naturally R
2 s F 6 months 0.16 naturally L
3 16 F 2 days 0.1 with correction sph -5.25 D cyl -0.5 D ax 165° L
4 35 M 3 months 0.16 naturally L
5 54 M several years 0.05 naturally L
6 52 M 24 months 0.05 with correction sph +1.0 D cyl +1.0 D ax 80° R

Key: n —number of patients, ETDRS — Early Treatment Diabetic Retinopathy Study, D — dioptre, L — left, R — right, VA — visual acuity
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Table 2 OCT findings of macular retinoschisis, optic disc pit and vitreoretinal interface upon initial examination (n = 6 eyes)

Patient | Macular retinoschisis Communication of ODP | Localisation of ODP | Intrapapillary Posterior surface of
and RSE proliferation vitreous

RSE+
2 22:5: SF+
N
* R .
5 RSE+ SF+ +
o B

IPP- PVD-
T IPP+ PVD-
T IPP+ PVD-
T IPP+ PVD-
T IPP+ PVD-
T IPP+ PVD-

Key: IPP —intrapapillary proliferation, ODP — optic disc pit, OCT — optical coherence tomography, PVD — posterior vitreous detachment, RSE
—retinoschisis of external layers, RSI — retinoschisis of internal layers, SF — subretinal fluid, T - temporally

olar detachment was reattached (fig. 2 and 3). In the case
of one patient with communication of ODP with RSE, this
connection was closed in the postoperative period (fig. 3
and 4). VA improved in all eyes from an average value of
0.11 to an average final value of VA 0.5 (range from 0.25
to 0.63), the average gain of letters was +30 (range from
+10 to + 45), (table 3). The average observation period
after surgery was 59 months (36-96 months), (table 3).

DISCUSSION

At present, despite significant advances in display
methods, it is still not clear in which layer of the retina,
external or internal, the initial schismatic changes occur.
In 1988, Lincoff et al. presumed that macular detachment
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in ODP was of a bilaminar structure, exceptional in com-
parison with other retinal detachments. The authors
were also of the opinion that fluid first of all accumulates
in the layer of nerve fibres and subsequently gradually
infiltrates to the retinal neuroepithelium via a preformed
defect between the internal and external layers of the re-
tina (12). In our cohort we diagnosed an external lamellar
defect with macular detachment (fig. 6a) in one eye. Re-
cent studies on ODP with the use of OCT have confirmed
the presence of macular retinoschisis followed by macu-
lar detachment (18, 16, 11, 8).

Moon et al. (2006) recorded macular retinoschisis only
in the external layers of the retina (14). We determined
this finding in two of our patients, in one of whom RSE
was complicated by the presence of SF with a manifest

Fig. 1 Patient no. 6

Linear horizontal transfoveolar OCT scan
of RE before PPV, macular retinoschisis
of internal and external retinal layers
with subretinal fluid

Fig. 2 Patient no. 2

Linear horizontal transfoveolar OCT
scan of LE after PPV, renewal of foveolar
depression
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preformed defect between the external layer of the re-
tina and the subretinal space (fig. 7a, b). The authors
further pointed also to the possibility of penetration of
fluid from ODP directly into the subretinal space. Maertz
et al. (2017) also documented in four eyes out of a cohort
of 16 eyes with SF and PP, observed with the aid of SD
-EDI-OCT, a hyporeflexive space with a structure similar
to meshwork, which was connected with the wall of the
ODP (13). In our cohort of 6 patients we recorded com-

Fig. 3 Patient no. 6

Linear horizontal transfoveolar OCT scan
of RE after PPV, renewal of foveolar
depression

Fig. 4 Patient no. 4

Linear horizontal transpapillary OCT scan
of LE, interpapillary proliferation (arrow),
identified communication of optic disc
pit with macular retinoschisis of external
layer of retina RSE*

munication of ODP with RSE in 2 eyes and with RSE and
RSI'in one eye.

In 5 out of 6 (83%) observed patients in our cohort, we
demonstrated and in all operated eyes we confirmed the
presence of glial tissue and/or condensation of the vitre-
ous body in ODP, which correlates with the observation
of Gregory-Roberts, which states an incidence of 89% (2).
The fibrous tissue in the region of the optic nerve may be
a residue of the Bergmeister's papilla (astrocytes which

Fig. 5 Patient no. 4

Linear horizontal transpapillary OCT scan
of LE after PPV, resorption of subretinal
fluid and closed communication
between the optic disc pit and macular
retinoschisis of external layer of retina

Table 3 Development of VA in operated patients during the course of observation and final gain of rows according to ETDRS (n = 4 eyes)

VA before

surgery
0.2 nat. 0.32 nat. 0.32 nat.
0.5 with corr.  0.63 with 0.5 with

corr. corr.
0.16 nat. 0.32 nat. 0.25 nat. 0.25 nat.
0.05 with corr. 0.5 nat. 0.16 nat. 0.25 nat.

VA after surgery

Gain of

0.32 nat. 0.63 nat. +30
0.5 with 0.5 with corr. 0.5 with corr. 0.5 with corr. +35
corr.

0.25 nat. 0.25 nat. 0.25 nat. +10
0.63 nat.* +45

Key: *VA after cataract surgery with implantation of an intraocular lens, ETDRS — Early Treatment Diabetic Retinopathy Study
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proliferated around the hyaloid artery during the course
of the 12th week of gestation and which did not suffici-
ently regress), or may concern glial tissue independent of
the vascular system of the hyaloid artery (2). Histology of
samples of IPP taken in 2 eyes from our cohort during PPV
demonstrated collagen fibrils and sparse collagen ligament
with cells of a fibrohistiocytic nature. We expect that in fu-
ture an analysis of this tissue will be conducted on a larger
set of samples. Despite the fact that the pathogenesis of
the origin of maculopathy in the case of ODP is not unequi-
vocally clarified, it is presumed that the present glial tissue
and/or condensation of the vitreous body in the optic disc
pit (1, 2) contributes in a certain extent to the generati-
on of serous retinal detachment and/or macular schisis. In
our cohort, we removed IPP in all the operated eyes.

Fig. 6b Patient no. 2
Colour image of ocular fundus of LE, optic disc pit identified tem-
porally on disc of optic nerve, in macula rounded infiltration
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Haruta et al. (2012) are of the opinion that PPV is more
effective in eyes with a non-detached posterior surface
of the vitreous body than in those in which the posterior
surface of the vitreous body is already detached (3). Ac-
tive PVD, further assisted by intravitreally administered
Triamcinolone, removes vitreomacular traction as one of
the possible causes of macular retinoschisis. Hirakata et
al., in two studies published in 2005, explain the origin
of macular retinoschisis by means of a process in which
the contraction of vitreous fibrils raises the fibroprolife-
rative tissue from the ODP and fluid subsequently infil-
trates from the ODP into the internal layers of the retina
(5, 6). In the patients in our cohort who underwent PPV,
we did not perform ILM peeling perioperatively. Opinions
on ILM peeling in eyes with macular retinoschisis in the

Fig. 6a Patient no. 2

Linear horizontal transfoveolar OCT
scan of LE before PPV, subfoveolar
accumulation of subretinal fluid,
weakening of retinal layers and
formation of external lamellar defect,
macular retinoschisis of internal and
external layer of retina.

case of ODP are not entirely uniform. Shukla et al. (2012)
attained very good surgical results in 7 patients with
ODP, macular retinoschisis and central external retinal
dihiscence following PPV with ILM peeling, despite the
possible occurrence of macular hole throughout the full
thickness, which occurred in 57,1% of eyes one month
after PPV (17). Kim et al. (2012) recommend ILM peeling
especially in eyes with posterior vitreous detachment, in
which residues of the cortical vitreous body remain on
the surface of the retina, together with vitreous cellular
detritus (10). We agree with the opinion of Rayat et al.
(2015), who do not consider ILM peeling to be essential
in primary surgery, and are of the view that active PVD
may be sufficient (15). In the view of the authors, ILM
peeling is appropriate if repeated PPV is performed in
the case of primary anatomic failure, in order to attain
further limitation of macular traction. All the operated
patients in our cohort had a temporary internal gas tam-
ponade of the retina by perfluoropropane (16% C3F8).
Intraocular gas tamponade together with positioning of

Fig. 7a Patient no. 5

Linear horizontal transpapillary OCT
scan of LE (in upper edge of disc of optic
nerve), macular retinoschisis of external
layer of retina and subretinal fluid
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the patient's head contributes to pneumatic relocation of
the fluid extramacularly, and renewal of the function of
the haematoretinal barrier, especially of the retinal pig-
ment epithelium (20, 9).

CONCLUSION

Spectral OCT demonstrates the variability of the morpho-
logy of maculopathy. Vitreomacular traction of glial tissue
and/or condensed vitreous body in ODP combined with a
non-detached posterior hyaloid artery may be one of the
factors influencing the origin of macular retinoschisis and/

Fig. 7b Patient no. 5

Linear horizontal transpapillary OCT scan
of LE (in region of optic disc pit), intrapa-
pillary proliferation, direct communicati-
on of optic disc pit with subretinal space
(arrow)

or secondary serous macular detachment. Complete deta-
chment of the vitreous body from the papilla of the optic
nerve and the macula is an effective surgical treatment,
which leads to the successful reattachment of macular reti-
noschisis and improvement of the function of the eye.
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