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Purpose: The aim of this study was to describe macular changes associated with tilted disc syndrome (TDS) 
using multimodality imaging. Methods: This is a retrospective observational study of the consecutive TDS 
cases which were studied for macular changes using color fundus photographs and optical coherence 
tomography (OCT). Fundus autofluorescence, fundus fluorescein angiography, and OCT angiography were 
performed wherever required. Results: Twenty consecutive TDS cases (36 eyes) were included. OCT showed 
inferior depression of all layers in specific scans and macular pathologies seen included lamellar macular 
hole, full‑thickness macular hole, retinal pigment epithelial detachment, acute and resolved subretinal 
fluid, central serous chorioretinopathy, and choroidal neovascular membrane. Macular involvement was 
seen in 13 eyes (36.11%) while in the remaining 23 eyes, outer retinal changes were seen on OCT in 9 eyes 
and normal retinal layers in 14 eyes  (38.89%). Conclusion: Various macular pathologies associated with 
TDS are described using multimodality imaging. These provide understanding of changes which can occur 
with TDS. It also highlights the need for recognition, differentiation from similar confusing entities, and the 
necessity to follow‑up of these cases carefully to detect the macular changes earlier.
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Tilted disc syndrome  (TDS) is a constellation of fundus 
findings clinically seen as inferonasal tilting of the disc, 
inferior peripapillary crescent, nasalization of retinal vessels 
called situs inversus, staphyloma, asymmetric chorioretinal 
degeneration, and myopic astigmatism.[1,2] Visual acuity in 
TDS remains unaffected unless it is complicated by macular 
complications. The various macular complications described 
in TDS include retinal pigment epithelium  (RPE) atrophy, 
choroidal neovascular membrane  (CNVM), subretinal 
fluid (SRF), polypoidal choroidal vasculopathy (PCV), fovea 
plana, foveoschisis, and lamellar macular hole (LMH).[3‑13] These 
macular complications are more likely to occur when upper 
border of the inferior staphyloma lies in the macular area.

The pathogenesis of TDS and its associated complications 
are not clear[6,8]. Mechanical and hemodynamic changes in the 
choroid at the upper edge of staphyloma have been proposed to 
cause various macular complications. There has been a renewed 
interest in TDS as it shares clinical features and pathogenesis 
with another recently described entity known as dome‑shaped 
macula (DSM). Since DSM is also associated with myopia, the 
two are frequently misdiagnosed.

We herein studied consecutive cases of TDS and the 
macular changes associated using multimodality imaging. The 
management of various macular pathologies and their outcome 
is described in the setting of TDS.

Methods
This is a retrospective observational study of consecutive 
TDS cases that presented to a tertiary eye care center in north 

India for 36 months  (January 2017 to December 2019). The 
study is in accordance with the tenets of the Declaration of 
Helsinki and institutional guidelines for research. Written 
informed consent was obtained from all the patients for using 
their images. The diagnosis of TDS was made based on the 
characteristic fundus appearance. All cases underwent a 
complete ophthalmic examination including best‑corrected 
visual acuity  (BCVA, Snellen chart) and detailed slit lamp 
biomicroscopy for anterior segment and fundus examination. 
Retinal imaging in the form of fundus imaging and optical 
coherence tomography  (OCT) was performed. OCT was 
performed either on a swept‑source platform (Triton, Topcon 
Inc) or spectral‑domain platform (Spectralis, Heidelberg Inc). 
Fundus fluorescein angiography (FFA) and short‑wave fundus 
autofluorescence  (FAF) were done wherever required. OCT 
angiography was performed on swept‑source platform (Triton, 
Topcon Inc) wherever it was needed.

Results
Thirty‑six eyes of 20 patients with TDS were included. The age 
group ranged from 18‑66 years with a mean of 36.4 years with 
14 males and 6 females. OCT showed depression/outpouching 
in the inferior/inferonasal area in scans going through the area 
of chorioretinal degenerations. The depression/outpouching 
was associated with thinner choroid as compared to normal 
area in all eyes and the change in choroidal thickness was 
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prominently seen at the edge of staphyloma. The macular 
pathologies seen in 13 eyes (36.11%) included two eyes with 
central serous chorioretinopathy (CSC), three eyes with SRF, 
two eyes with resolved SRF, one with serous pigment epithelial 
detachment  (PED), two with CNVM, one with LMH and 
two with full‑thickness macular hole (FTMH). The cases are 
summarized further in Table 1. Of the remaining 23 eyes, OCT 
showed outer retinal changes at the edge of staphyloma in 9 
eyes. The other 14 eyes had normal retinal layers at the edge 
of staphyloma.

Five eyes with TDS had presented with diminution of vision 
and were found to have serous detachment on OCT. While three 
of these did not have any leak on FFA, two eyes had typical 
leaks of CSC and resolved with focal laser photocoagulation 
with corresponding improvement in vision [Fig. 1a‑f]. In one 
eye with CSC, the changes were at the edge of staphyloma while 
in other, the changes were away from the edge of staphyloma. 
In other three eyes, the SRF was not related to CSC.

A 30‑year‑old female with bilateral TDS was referred as 
a case of right eye  (RE) myopic CNVM when she failed to 
respond to two injections of intravitreal Bevacizumab. She had 
a refractive error of ‑1.5DS/‑2.0DC in RE and ‑1.25DS/‑1.75DC 
in left eye (LE). RE OCT revealed subretinal hyper‑reflective 

deposit that simulated a CNVM along with SRF. While FAF 
showed hyperautofluorescence due to chronic SRF, FFA 
showed mild staining only. OCT angiography also did not 
show any CNVM [Fig. 2a‑f]. Hence, the diagnosis was revised 
as TDS with chronic SRF and she underwent subthreshold 
micropulse laser, which led to resolution of fluid but BCVA 
failed to improve beyond presenting vision of 20/200. The LE 
was normal at baseline [Fig. 2g‑i]. One year later, LE BCVA 
dropped to 20/30 due to development of SRF at macula [Fig. 2j]; 
however, no leak was seen on FFA. She was prescribed topical 
Dorzolamide thrice a day, which led to resolution of fluid 
over 4 weeks [Fig. 2k] and BCVA improved to 20/20.

Another young male with mild SRF was prescribed 
topical dorzolamide; however, he was lost to follow‑up. Two 
eyes with TDS and pigmentary changes revealed mottled 
hyper and hypoautofluorescence at the macula which was 
suggestive of resolved SRF  [Fig.  3a‑d]. OCT in these eyes 
showed disrupted outer retinal layers and hyperreflective 
deposits over RPE [Fig. 3e‑f]. One case had TDS with LMH at 
the edge of the localized depression [Fig. 3g]. No intervention 
was advised in view of good vision. PED with outer retinal 
abnormalities was also seen in one eye with TDS [Fig. 3h]. 
This patient showed a stable course over one year without 
any need for treatment.

Table 1: Summary of eyes with tilted disc syndrome and macular pathology

Age/
sex

Eye Visual 
acuity

Macular 
pathology

FAF/FFA/OCTA SSOCT-other 
features

Management Outcome

66/F L 20/320 Macular hole Hyper AF at macular hole Macular hole PPV with ILM peeling Type 1 closure with 
final BCVA of 20/80

59/M L 20/200 Macular hole ‑ Macular Hole PPV with ILM peeling Type 1 closure with 
final BCVA of 20/60

66/M R 20/80 Lamellar 
macular hole

‑ Lamellar macular 
hole

No intervention ‑

30/F R 20/200 Chronic SRF FAF-hyper AF area
FFA-leakage

Chronic SRF Subthreshold laser SRF resolved but 
BCVA did not improve

30/F L 20/30 SRF ‑ Dorzolamide for 1 
month

SRF resolved in one 
month and BCVA 
improved to 20/20

61/M L 20/400 CNVM ‑ Type 1 CNVM with 
SRF

2 doses of intravitreal 
bevacizumab

SRF resolved but no 
change in BCVA

34/F R 20/1200 CNVM ‑ Type 2 CNVM scar Nil ‑

36/M L 20/120 Chronic CSC FAF-Hyper AF at the 
temporal area with tract 
formation s/o chronic CSC
FFA/ICG shows ink blot 
appearance

PED with Subretinal 
fibrin; Thin choroid 
with areas large 
choroidal vessels 
dilatation

Topical 
dorzolamide+Focal 
laser

Resolution of fluid 
with mild improvement 
of vision to 20/80

42/F L 20/50 CSC FFA-leak present
FAF-hypo AF with hyper 
AF margin

PED, SRF
(not at the edge of 
staphyloma)

Focal laser Resolution of fluid and 
improvement in vision 
to 20/30

28/M R 20/30 PED Observation No changes observed

30/M L 20/50 SRF Dorzolamide, lost to 
follow up

‑

50/M R 20/50 Resolved 
SRF

FAF-mottled AF at the 
slope of staphyloma

SRF Observation No changes observed

50/M L 20/30 Resolved 
SRF

FAF-mottled AF at the 
slope of staphyloma

SRF observation No changes observed

M: male; F: Female; R: right; L: left; Y: Yes; TDS: Tilted Disc Syndrome; SRF: Subretinal Fluid; CSC: central serous chorioretinopathy; CNVM: Choroidal 
neovascular membrane; PED: Pigment epithelium detachment; FAF: Fundus autofluorescent; FFA: Fundus fluorescein angiography; ICG: Indocyanine green 
angiography; SSOCT: Swept source Optical coherence tomography; PPV: Parsplana vitrectomy; ILM: Internal limiting membrane
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Another 66‑old‑female had TDS and FTMH with a 
minimum base diameter of 621 microns at the edge of the 
staphyloma. Hyperautofluorescent area at the macular hole 
was seen on FAF  [Fig.  4a‑c]. On examination, BCVA was 
20/320 in involved eye. She underwent 25‑Gauge pars‑plana 
vitrectomy with internal limiting membrane peeling and 
20% sulfur hexafluoride (SF6) gas tamponade. Three months 
after surgery, she gained a vision of 20/80. The macular 
hole had closed clinically and on OCT. Similarly, type I 
closure was seen in another case of TDS with FTMH after 
surgery [Fig. 4d, e].

Two eyes with TDS were associated with CNVM. While 
one of these presented with diminution of vision and active 
CNVM, the other was associated with scarred CNVM. OCT 
angiography confirmed the diagnosis of type 1 CNVM in first 
patient and showed vascularized membrane in outer retinal 
layer and choriocapillaris [Fig. 5a‑c]. This patient received 2 
injections of intravitreal Bevacizumab with no improvement 
in visual acuity. Second eye with CNVM did not require 
treatment, as CNVM was inactive and scarred [Fig. 5d‑e].

Thus, macular changes were seen in 13 eyes (36.11%) with all 
except one occurring at the upper edge of the staphyloma. The 
remaining 23 eyes had no gross macular pathology but outer 
retinal layer changes especially the Ellipsoid zone abnormalities 
were noted at the edge of staphyloma in 9 eyes while the 
other 14 eyes (38.89%) did not show any retinal layer changes. 
However visual acuity was not affected in any of these eyes.

Discussion
TDS is an under‑recognized congenital abnormality of the 
optic disc with a reported prevalence of 1‑2% in general 
population.[14] Macular complications are usually noted in the 
fourth to fifth decade. However, the exact pathophysiology 

underlying TDS and its associated complications is unclear. 
Abnormality in closure of embryonic fissure, abnormal 
development of the RPE affecting the development of choroid 
and sclera, local degenerative changes in retina and choroid 
due to their acute bending, ischemic changes at the edge, and 
vitreoretinal abnormality at the inner retinal layers are the 
various factors proposed.[2,6,8,15,16] The response of macular 
conditions to treatment also tends to be varied in TDS.[16‑19]

Since TDS is usually associated with moderate grade 
myopia and myopic astigmatism, it is easily confused with 
high/pathological myopia. As compared to TDS, myopic 
fundus shows temporal crescent with depigmentation of 
complete fundus and ectasia involving the posterior pole 
and peripapillary area.[1,2] Type five ‑   inferior staphyloma, 
according to original description by Curtin is sparsely detailed 
in literature and may be easily confused with TDS if other 
findings of TDS are not considered.[20]

DSM is another progressive anomaly seen in myopic eyes; 
which may be easily confused with TDS. It involves convex 
bulge at the macula area within an area of posterior staphyloma 
and may be associated with RPE atrophy, CNVM, serous retinal 
detachment, irregular PED, and subretinal pigmentary clumps 
as are seen in TDS.[1,21] In fact, some of the cases reported in 
the first series on DSM showed features of TDS.[22,23] As both 
DSM and TDS can have different orientation, multiple radial 
OCT scans are required to make a tomographic diagnosis. 
While in DSM there is an inward elevation of macula seen on 
OCT as compared to the contour of the eye wall, TDS shows 
depression/outpouching in the eye wall corresponding to the 
area of inferonasal staphyloma. Differences in the choroidal 
thickness are also seen in both the conditions. While choroidal 
thickening is more commonly seen in the area of DSM, TDS 
cases show thinning of the choroid prominent in the area of 

Figure 1: Color fundus image (a) shows tilted disc syndrome with chronic central serous chorioretinopathy and temporal subretinal fibrin that is 
seen as hypoautofluorescent on fundus autofluorescence.(b) Optical coherence tomography (OCT‑c) showed inferior steepening (blue arrow) 
with subretinal fluid, intraretinal fluid and subretinal fibrin with dilated choroidal vessels beneath and fundus fluorescein angiography (FFA‑d, e) 
showed leakage in inferotemporal area. After focal laser, resolution of intraretinal and subretinal fluid was noted at 4‑weeks follow‑up (f)
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inferonasal staphyloma as seen in all our cases [Figs. 1‑5]. This 
sudden change in choroidal thickness can lead to hemodynamic 
changes at the edge, which may lead to various macular 
changes seen in both TDS and DSM. The changes in choroidal 
thickness in DSM have been ascribed to localized variations 
in scleral thickness.[24,25] In our series, however, we could not 
appreciate any changes in scleral thickness despite using 

swept‑source OCT in several eyes. This signifies that choroidal 
thickness changes in TDS are as a result of change in the contour 
of layers rather than scleral thickness changes.

Modern‑day OCT machines provide longer scans and depth 
is also better resolved. The longer scans are especially useful 
if upper edge of inferior staphyloma is away from the fovea, 
in which case smaller OCT scans can easily miss the changes 

Figure 2: Color image of 30‑year‑old‑female  (a, g) showing features of TDS and FAF  (b, h) showing hyperautofluorescent area inferior to 
fovea resulting from chronic SRF. RE FFA (c, d) showed mild staining inferonasal to fovea. OCT (e, i) vertical scan showed inferior steepening 
with underlying choroidal thinning. RE also had intra/subretinal hyper‑reflective lesion similar to CNVM (e) at the edge of the steepening but 
OCTA (f) revealed no CNVM. LE was normal at baseline (g‑i) LE OCT showed subretinal fluid on follow‑up (j) which resolved after one‑month 
of dorzolamide treatment (k)
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in the contour of eyeball. The edge of the ectasia in relation to 
fovea can be above, at or below the level of fovea. In our series, 
92.31% cases of TDS with macular pathologies had changes 
at the upper edge of staphyloma. Thus, the TDS cases having 
upper edge of staphyloma near the fovea are more likely to 
develop macular complications. This allows us to determine the 
cases which need regular follow‑up. Another novel OCT feature 
noted in this series was attenuated Ellipsoid zone at the slope 
of depression. It is difficult to determine if this abnormality is 
actual or just an artifact because of the change in the angle of 
incident light on the slope of depression. However, these were 
more prominent in those eyes with macular pathologies. Thus, 
acute bending leading to changes in the choroid as well as retina 
may be the predisposing factor for macular pathologies in TDS.

Macular conditions seen in our study included SRF, PED, 
CSC, CNVM, and macular hole. The changes in the outer retinal 
layers along with defect in the RPE or Bruch’s layers may be the 
cause for the CNVM. However, as documented in prior case 
reports, poor response to intravitreal anti‑vascular endothelial 
growth factor  (VEGF) was observed in our series as well.[16] 
The patients with SRF in TDS may be misdiagnosed as CSC. 
The SRF in TDS, similar to that in DSM, is poorly responsive to 
treatment and tends to fluctuate over a period of time. In our 
study, the recently developed SRF subsided within four weeks 
in one eye when Dorzolamide was prescribed. This indicates the 
importance of detecting the changes early and the role of RPE 
function in resolution of SRF, which may be relatively better 
in patients with recent‑onset SRFs. The macular hole achieved 
closure with vitrectomy, internal limiting membrane  (ILM) 
peeling, and gas tamponade with moderate visual gain. This 
signifies that pathogenesis of macular hole in TDS may be 
similar to that of idiopathic macular holes and may be an 
incidental finding in the setting of TDS. However, the tangential 
vitreous traction, ILM stiffness, and chorioretinal atrophy 
within the ectatic area are additional factors which could play 
a contributing role and also affect the surgical outcome.

The study has some drawbacks. These include a small 
number of cases and the retrospective nature of the study. 

Figure 5: Color fundus image (a, d) showing features suggestive of tilted 
disc syndrome (TDS) with choroidal neovascular membrane (CNVM‑a). 
Optical coherence tomography (OCT‑b, e) vertical scan OU showed 
inferior steepening with underlying choroidal thinning. and CNVM 
at the edge of steepening. Associated overlying retinal edema and 
break in the retinal pigment epithelium is also seen on OCT (b). The 
OCT angiography (c) shows neovascularisation in outer retinal and 
choriocapillaris layer corresponding to CNVM. Another eye with TDS 
showing inactive healed CNVM (d and e)
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Figure 4: Colour imaging (a) showing tilted disc syndrome (TDS) with 
macular hole  (MH) which appears hyperautofluorescent on fundus 
autofluorescent (b). Optical coherence tomography (OCT‑c) vertical 
scan shows the inferior localized steepening with thinning of choroid 
underneath with full‑thickness MH at the beginning of steepening. 
Post‑operative fundus image (d) and OCT vertical scan (e) showed 
type 1 anatomical closure of macular hole
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Figure  3: Color fundus image and FAF of a patient with bilateral 
TDS showing clinical features of TDS (a, b) and shows mottled AF 
suggestive of resolved subretinal fluid (c, d). OCT (e‑h) showed inferior 
steepening with choroidal thinning and outer retinal changes at the 
edge of steepening. Lamellar macular hole (g) and pigment epithelial 
detachment (PED) (h) at edge of steepening in other eyes
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Though the treatment and prognosis of these cases are 
described, they are studied over a short period of time.

Conclusion
To conclude, this study describes macular associations of 
TDS using multimodal imaging and highlights the need for 
recognition of this entity as it is easily confused with myopia 
and DSM. It also suggests the necessity to follow‑up these cases 
carefully to detect the macular changes earlier.
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