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ABSTRACT 
Purpose: To evaluate the role of OCT and OCTA as prognostic tools in 
the evaluation of the results of idiopathic macular hole surgery from the 
anatomical and functional points of view. 
 

Methods: This is a review article gathering the conclusions of many articles 
in the literature discussing this important issue.  
 

Results: The integrity of the external limiting membrane and the ellipsoid 
zone were found to be the most important prognostic criteria for visual 
recovery. A U-type shape pattern of closure and a flat closed closure were 
also associated with a favorable visual gain.  On the other hand, retinal 
displacement following surgery may be responsible for post operative 
residual metamorphopsia. A foveal hyper-reflective lesion during the 
healing process and age-related sub foveal deposits are poor prognostic 
signs for visual improvement. An early post operative appearance of a 
foveal detachment, outer foveolar defects or signs of a dissociated optic 
nerve fiber layer were not found to be important signs in the 
determination of the final post operative visual acuity.  
 

Conclusion: OCT and OCTA proved to be very beneficial in the evaluation 
of the macular status following successful macular hole (MH) surgery and 
in linking the anatomic success criteria to the expected functional status. 
 

Keywords: OCT--OCTA– idiopathic macular hole– macular hole closure– 
macular hole surgery– vitrectomy. 
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1. Introduction 
Idiopathic macular hole surgery has been greatly 
refined in the past few years with high primary rate 
of anatomical closure reaching up to 90 % in several 
studies. The degree of functional improvement, 
however, showed variable results1.  
 

Through OCT and OCTA, this study comprehensively 
reviewed the post successful macular hole surgery 
changes in retinal and choroidal morphology 
linking each morphologic finding to its effect on 
the final visual function. 
 

2. Post-operative role of OCT: 
anatomic versus functional success 
criteria 
It was found suitable to divide the OCT  
tomographic signs analyzed in this review 
according to the involved portion of the retina into ; 
“external retinal layers” (Fig 1) including, the four 
hyper-reflective outer lines on SD OCT: the 
external limiting membrane (ELM); the inner 
segment ellipsoid zone (EZ); the cone outer 
segment tips (COST) or interdigitation zone (IZ); 
and the retinal pigment epithelium (RPE)  and 
“inner retinal layers” including all the structures 
between the internal limiting membrane (ILM) and 
the external limiting membrane (ELM) namely, the 
retinal nerve fiber layer (RNFL) the ganglion cell 
layer (GCL) and the inner plexiform layer (IPL)2. 
 

2.1.  OUTER RETINAL LAYERS 
Successful macular hole surgery (MHS) is followed 
by sequential restoration of the external limiting 

membrane (ELM) and ellipsoid zone (EZ). 
Reconstruction of the foveal ELM precedes 
restoration of EZ 4. It is believed that an intact ELM 
is mandatory for the restoration of the EZ 5,6. 
Restoration of EZ is necessary for visual 
improvement as visual outcomes are significantly  
better in eyes with restored EZ than in those with 
disrupted EZ3. 
 

A grading system showing the degree of 
restoration of the ELM and EZ (fig2) was developed 
as follows3: 
 

a) Grade 0: macular hole has closed, but the ELM 
and EZ are discontinuous (arrow). Normal foveal 
contour has been restored. 
 

b) Grade 1 macular hole has closed with complete 
restoration of the ELM. EZ defect persists (arrow) 
(defect length- 51 µm). 
 

c)  Grade 2: macular hole has closed and both the 
ELM and EZ have been restored3. 
 

⮚ In the postoperative period, the ELM, EZ, and 
COST line get restored in 100%, 69%, and 17% of 
eyes, respectively. Foveal reconstruction after 
successful closure of FTMH depended on a fine 
balance between the proliferating glial and Muller 
cells and the centripetal bridging of ELM. This is 
usually followed by subsequent reapproximation of 
the normal photoreceptors to the central fovea. 
This is a slow but progressive process and takes place 
in the first 6 months after the surgical procedure7. 
 

⮚ Before the process gets completed, three 
different tomographic signs can be recognized in 
the foveal area; 

 

 
 

Fig 1: SD-OCT scan showing a small operculum on the roof of the macular hole. Bottom right: magnification of the scan showing a 
detail of the four external retinal layers2.  
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Fig 2: Successful macular hole surgery grading system, high lightening the healing of the ELM and EZ in SD-OCT images: 
 

a). First, a foveal detachment (Fig 3) can persist in 
the first months in up to 43% of closed MHs 

suggesting that bridging of the inner neuroretinal 
tissue may be the initial step in MH repair8,9. 

 

 
 

Fig 3: Foveal detachment following successful macular hole surgery10. 
 

b). Secondarily, outer foveolar defects (OFDs), (Fig 
4) also called “foveolar lucencies,” or “foveolar 
cysts,” can be transiently recognized in the early 
postoperative follow up in about 26% of patients 
undergoing successful macular hole surgery and 
were more observed with smaller preoperative 
MH. They occur with and without indocyanine 
green–assisted internal limiting membrane 
peeling. Earlier disappearance of the foveolar 
lucency does not correlate with the type of gas 
used for tamponade. They gradually decrease and 
eventually resolve with time without additional 
surgical intervention and with further improvement 
of visual acuity. They disappear between one and 
eleven months after the surgery. Recently, the 

development of these lesions has been interpreted 
as a normal state of recovery after MH repair, 
associated with a more favorable surgical outcome 
and need only follow up and patient reassurance11. 
 
 
 
 
 
 
 
 
 
 
 

Grade 0 

Grade 1 

Grade 2 
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Fig 4: Macular lucencies following successful macular hole surgery and their disappearance by time 11. 
 

c ). Finally, a foveal hyper-reflective lesion (Fig 5) was 
noticed, formed of a cluster of proliferative glial 
cells (Müller cells or astrocytes), reapproximating 
the normal photoreceptors to the central fovea. 
The persistence of this (glial seal) for a long time 

postoperatively was associated with worse visual 
recovery because if the foveal defect is filled by the 
proliferating glial cells before the bridging of the 
ELM takes place, reestablishment of EZ at the 
central fovea will be impeded12. 

 

 
 

Fig 5 : Glial sealing defined as a hyper-reflective lesion that replaced normal foveal retinal layers, including the external limiting 
membrane and the EZ 12. 
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⮚ Age related subfoveal deposits (fig 6): 
Better visual outcomes and earlier recovery of ELM 
and/or EZ were achieved in younger age 
subgroups after surgery13-15. 
 

This can be explained by the fact that in older age 
there is: 
 

● Impaired ionic calcium homeostasis which 
underlies the increased susceptibility of neurons to 
damage and decrease their ability to regenerate16. 

● Failing of subretinal macrophages in the aged 
retina with the accumulation of debris in them 
formed mainly of lipoproteins and fatty acids from 
oxidized photoreceptors might lead to diminished 
regeneration of macular hole induced damaged 
neurons17,18. 
 

 

 

 

 

 

 

 

 

Fig 6: Age re lated subfoveal deposits post successful macular hole surgery17. 
 

2.2. INNER RETINAL LAYERS 
 

OCT changes in eyes undergoing internal limiting 
membrane peeling during macular hole surgery: 
ILM peeling during vitrectomy has become a 
standard surgical procedure for the treatment of 
idiopathic MH, as the procedure, as proved by 
many studies, significantly increases the MH 
closure rate and lowers the recurrence rate19-24.  
 

ILM is, however, the basement membrane of 
Müller cells, the inner barrier of the neural retina, 
and anatomically adjacent to RNFL and GCL which 
poses a great challenge for the surgeon not to 
injure those important structures during the peel to 
preserve the best of functional visual 
improvement25-29.  
 

a)  Dissociated optic nerve fiber layer : 
Qualitatively, more than 50% of the eyes that 
underwent successful MH repair surgery 

developed alterations named as Dissociated optic 
nerve fiber layer (DONFL) which appeared on 
fundus photography as arcuate, slightly dark, 
extramacular striae along the course of optic nerve 
fiber (fig 7)30. 

 
 
 
 
 
 
 
 
 
 
 
 

A-79-year-old woman 
patient with MH 

6 mon postop.  

12 mon postop. 
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Fig 7: Dissociated optic nerve fiber layer appeared on fundus photography as arcuate, slightly d ark, extramacular striae along the 
course of optic nerve fiber30. 
 
On en face OCT, they appear as multiple dark dots 
along the course of RNFL, called concentric 
macular dark spots (CMDSs), and on cross sectional 
OCT they appear as dimples in the inner retinal 
layers called dissociated optic nerve fiber layer 
(DONFL): 31. 

CMDS were mostly found on the temporal side of 
the macula within two months after the ILM peeling 
procedure. The lesion progresses within 6 months 
after the surgery but remains unchanged after 12 
months 30. Fig 8: 

 

 

 
 

 

Fig 8: DONFLs progression in the postoperative period 30. 

 
⮚ DONFLs do not develop in eyes without ILM 
peeling and are detectable only in the areas where 
the ILM peeling was performed 33. In the temporal 
inverted ILM flap technique, where a 2-disk-
diameter ILM is removed from the temporal side of 
the fovea and inverted to cover the macular hole 

preserving the nasal ILM in place it was observed 
that there was a decrease in the area of dissociated 
optic nerve fiber layer appearance (only limited to 
the peeled area) with the same anatomical and 
functional results compared with the original 
inverted ILM flap technique34, 35 (fig9). 

Preoperative fundus photography 

Intraoperative view showing the ILM 
around the macular hole removed 
after indocyanine green staining 

Arcuate dark s triae dis tributed along 
the direction of nerve fibers  were 
observed on fundus photography at 
two months postoperatively 

cross  sectional OCT 

En face OCT 
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Fig 9: Inner retinal dimpling (white arrowheads) was observed in the area where the ILM was peeled to create the flap (black arrow heads)36. 
 

⮚ At 1-year postoperative follow-up, the extent 
and depth of DONFL as diagnosed by OCT were 
greater on the temporal side of the macula, both 
as early as 2 months and up to 12 months 
postoperatively 30.  
 

Several speculations were given to explain this 
distribution and can be summarized as follows: 
 

● More nerve fibers enter the optic disc from the 
nasal side than from the temporal side, while there 
are more glial cells on the temporal side37.  
 

● The absence of large blood vessels temporal to 
the macula decreases the resistance of this area to 
stretch38.  
 

● Within the superior and inferior vascular 
archades, more branches are present on the 
temporal side of the macula increasing the 
susceptibility of this area for the formation of 
adjacent recesses30.. 

● The temporal nerve fiber layer is thinner, 
rendering the retinal dimples to be more 
pronounced39. 
 

● After ILM peeling, the fovea in many cases is 
displaced toward the optic disc, widening the 
spaces between the RNFL bundles temporal to the 
macula, making the DONFL more apparent30. 
 

⮚ Studies have shown that DONFL is not restricted 
to the RNFL, but can extend to the GCL and IPL40.. 
 

● Sabry et al. divided the changes in the inner 
retina after ILM peeling into CMDS with intact GC-
IPL and CMDS with evident localized defects in the 
underlying GC-IPL based on en face OCT32.  
 

Kim et al, classified DONFLs into three types: 
unidirectional, bidirectional, and complicated 
bidirectional dimples43.fig 10. 

 

 
 

Fig 10: Unidirectional, bidirectional, and complicated bidirectional dimples43 
 

Unidirectional dimple (white arrow heads) is a 
dimple without underlying retinal change.  
 

Bidirectional dimple (yellow and red arrows) is a 
dimple associated with both a dent in the inner 
retinal surface and upward bowing of the interface 
between the inner plexiform layer and inner 
nuclear layer (yellow and red dashed lines). 
Bidirectional dimples were further subdivided into: 
 

▪ Bidirectional uncomplicated dimples when there 
is no bulging of the outer nuclear layer (yellow 
arrow and yellow dotted line)  

▪  Complicated bidirectional dimple when bulging 
of the outer nuclear layer was apparent (red dashed 
lines)43. 
 

⮚ Correlation between the DONFL and macular 
function: 
 

● Ito et al. suggested that eyes with DONFL have 
no functional abnormalities in microperimetric 
testing33. 
 

● Other authors found that postoperative BCVA 
did not differ significantly based on the depth of 
the dimples38,43. 

1 month postop 6 months postop 
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● Distortions in the retinal layers, however, have 
been proposed to underlie the pathogenesis of 
scotomas by other authors 44,45. 
 

b) Changes in the thickness of the inner retinal layers 
and alterations of their architecture: 
 

⮚ Changes in thickness of the RNFL after ILM peeling: 
It was found that there is an increase in RNFL 
thickness, only in the area nasal to fovea, where 
ILM was peeled, 1 month postoperatively, with 
subsequent reduction in thickness at 6 months 
postoperatively. This was attributed to the early 
inflammatory responses with subsequent reduction 
of thickness secondary to the damage inflicted to 
the macular retinal nerve fiber layer as a result of 
ILM peeling46. 
 

⮚ Changes in GCL thickness after ILM peeling: 
Ganglion cell layer was found to be the only layer 
to show thinning in medial and temporal sectors 
signifying the fact that this layer bears maximum 
brunt of the maneuver and show significant 
damage over a large area around the fovea47. . 
 

GCL thinning can be caused by several postulated 
theories: 
 

● The loss or alteration of Muller cells in the region 
of DONFLs secondary to trauma during ILM 
peeling may be the cause of GCL thinning not the 
GC death40,41. 
 

● A protein involved in apoptosis (i.e., βA3/A1 
crystallin) was identified 42. This protein was found 

to be expressed in retinal ganglion cells, 
speculating that anoikis (apoptosis) of retinal 
ganglion cells is the cause of GCL thinning 
following ILM peeling30. 
 

It could, therefore, be speculated that the 
formation of DONFL may be related to GCL-IPL 
defect, secondary to changes in muller cells and/or 
retinal ganglion cells. 
 

⮚ Changes in thickness of the other inner retinal 
layers: 
There is significant thickening of retina in central, 
inner, and outer nasal quadrants with maximum 
contribution from increase in thickness to inner 
nuclear and IPLs while temporally, significant 
reduction in retinal thickness was observed, with 
maximum thinning observed in ganglion cell and 
IPLs at 3 months post-operatively47. 
 

⮚ Influence of the type of dye used in macular hole 
surgery on the above retinal changes: 
Apart from ICG which has largely been proven to 
provide a dose and time dependent retinal 
cytotoxicity, other dyes as Trypan blue (TB) and 
Brillant Blue has shown a very high biocompatibility  
with retinal structures. Heavy dyes for macular 
surgery as Double dyne TM and Twin TM also were 
proven to be safe48,49. 
 

⮚ Correlation between CRT and visual outcome:  
It was found that an increased CRT at 1 month post 
successful macular hole surgery was positively 
correlated with a better visual outcome50. 

 
c) Retinal and choroidal displacement: Fig 11: 
 

 
 

Fig 11: OCT pre and 2 weeks after successful macular hole surgery showing the displacement of the retina and choroid. 
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● The yellow line indicates the temporal edge of 
the optic disc, and no displacement was observed 
after the surgery. 
 

●  The fovea was displaced after the surgery (red line) 
 

●  The choroid was also displaced after the surgery 
(yellow dot line) especially in the temporal 
quadrants53. 
 

The degree of choroidal displacement was found 
to be different from the degree of retinal displacement. 
This effect could be explained as follows: 
 

● The removal of the ILM (which comprises 50% of 
the retinal rigidity)51 causes a lack of the structural 
support of the retina which probably causes the 
contraction of the nerve fibers (where the ILM was 
peeled) towards the lamina cribrosa to which the 
nerve fibers are connected with subsequent 
displacement of the inner retina toward the optic 
disc52,53. 
 

● The choriocapillaris is opposed to the outer layer 
of Bruch’s membrane which adheres to the RPE 
layer so it is proposed that the choriocapillaris is 
not displaced from the RPE layer. 

● However, there is no adhesive connection 
between the intermediate choroidal vessels and 
the choriocapillaris as the choroidal vasculature is 
embedded in a stroma of collagen and elastic 
fibers causing a gap in the displacement between 
the choroid and the retina following the surgery53. 
 

This means that the subfoveal choroid following 
surgery is different as regards thickness and 
vasculature from that before surgery53.  
 

2.3.  THE PATTERNS OF POST OPERATIVE 
MACULAR HOLE CLOSURE BY OCT 
Basically, there are 2 types of macular closure 
diagnosed post operatively by OCT: Fig.12: 
 

1) Type 1 closure indicates that the macular hole is 
closed with an intact foveal neurosensory retina 
covering the RPE. 
 

2) Type 2 closure indicates that a foveal defect of 
the neurosensory retina persists postoperatively at 
the base of the macular hole although the whole 
rim of the macular hole is attached to the 
underlying RPE54. 

 

 
Type 1 closure Type 2 closure 

 

Fig 12:  
 

Imai et al55categorised the successfully repaired macular 
hole into three patterns with OCT; U-type (normal 

foveal contour), V-type (steep foveal contour), and 
W-type (foveal defect of neurosensory retina). Fig 13: 

 

 
U-type closure 

 
V- type closure 

 
W-type closure 

 

Fig 13:  
 

Type (1) closure may correspond to a U or V 
pattern, and type 2 closure to a W pattern54.  
 

Post operative visual acuity was best with the U-
type followed by the V-type and worst in the W-

type group55. Similarly, visual acuity was better in 
the type 1 group as compared to the type 2 group54. 
 

Tornambe et al 56 classified the macular state post 
macular hole surgery into three types fig 14: 
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Fig. 14: Macular hole surgery end points 
 
1) Elevated opened: In this type the circular edge of 
the hole is elevated with fluid under the hole. This 
type indicates unsuccessful surgery with no 
improvement in visual acuity. 
 

2) Flat opened:  In this type, although the hole is flat 
against the RPE, yet its edges are visible and 
separated. This type can be considered as a 
successful surgery but with moderate visual 
improvement. 
 

3) Flat closed:  In this type, the hole is flat against 
the RPE and the edges are not visible. Visual acuity 
is best in this type56. 
 

In one study, it was found that the presence of a 
fluid cuff at the margin of the macular hole 
facilitates the centripetal movement of retinal 
tissue towards the fovea increasing the chance of 

success of a second surgical intervention to close 
the macular hole as compared to those cases 
without this fluid cuff57,58. 
 

2.4. LATE REOPENING OF PREVIOUSLY REPAIRED 
MACULAR HOLES 
Reopening of macular holes occurs in 
approximately 5% of cases following successful 
macular hole surgery59-61. Several mechanisms have 
been postulated for spontaneous reopening of 
previously repaired macular holes: 
 

⮚ Tangential tractional type of MH:  
This occurs secondary to the development of an 
epiretinal membrane (ERM) which exerts tangential 
traction on the fovea leading to the development 
of a MH62.Fig 15. 

 

         
 

Fig 15: ERM exerting tangential traction Formation of FTMH 
 
⮚ A degenerative process without vitreofoveal 
traction,63,64 in which dehiscence of an umbo of 
glial tissue, was proposed as one of the steps of 
full-thickness MH formation. 
 

⮚ The cystoid degeneration type of MH: MH 
develops in eyes with cystoid macular edema. In 

this type two mechanisms are postulated, either 
small cysts are merged with one another to form a 
larger cyst or a larger cyst can directly rupture to 
form a full-thickness MH usually by degenerative 
forces62. Fig 16: 

 

  
 

Fig 16: Extensive post operative Formation of MH macular edema 

Elevated opened 

Flat opened 

Flat closed 
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⮚ Iatrogenic trauma during vitrectomy might be 
another possible mechanism for triggering the 
formation of secondary MHs65. 
 

2.5. SPONTANEOUS CLOSURE OF SECONDARY 
MACULAR HOLES 
Spontaneous closure of reopened macular holes 
after an initial successful surgery can be caused by 

a shift in the tractional forces of an epiretinal 
membrane and/or the bridging of retinal tissues or 
epiretinal proliferations in the macular hole66-68.Fig 17 
 
 

 

 
ERM 8 months postoperative. created a MH 

 
Spontaneous closure of MH after 2 weeks66 

 

Fig 17:  
 

3. Postoperative role of OCTA after 
successful macular surgery 
 

3.1. MACULAR PERFUSION FOLLOWING MACULAR 
HOLE SURGERY 
It was observed that 2 weeks post operatively there 
was marked reduction in FAZ parameters. This 

finding could be explained by centripetal 
movement of the foveal tissue towards the central 
fovea after macular hole closure69. Fig 18. 
 
 

 

 
Preoperative Postoperative 

 

Fig 18: Reduction of FAZ area post successful MH surgery  70. 
 
⮚ Kim et al71 and Demirel et al72 observed that the 
vascular densities in post operatively successfully 
closed macular holes, particularly in the deep 
plexus, was lower than that in both fellow eyes or 
healthy eyes. Most VD values recovered only to the 
preoperative status; this may impede the healing 
process and be one cause for unsatisfactory 
postoperative visual gain in spite of successful 
anatomic closure of the MH. It was also postulated 
that the deep plexus was more prone to ischemia 
and this might partially lead to disruption of the 
photoreceptors and contribute to a lower visual 

function. It was postulated that if the preoperative 
macular microvasculature was dense especially in 
the deep capillaries, VA after surgery post operatively 
was expected to improve to better degrees73. 
 
⮚ The superficial retinal blood flow density (SRBFD) 
increased at 1 month and 3 months after the 
operation, and the choroidal blood flow density 
(CBFD) continued to increase post operatively. 
Quantification of SRBFD and CBFD may serve as a 
biomarker for assessing macular disease progression 
and prognosis74. 
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Although Scupola et al 75 reported significant 
improvement in retinal function at 3months after 
successful macular hole closure and was 
maintained at 6 and 12months as confirmed by 
focal electroretinography , yet other authors claim 

that at least half of successfully treated macular 
hole patients remain to have relatively low vision 
and that it is difficult to definitely correlate between 
anatomical and functional recovery70,76. 

 

3.2. DIAGNOSING RETINAL DISPLACEMENT BY OCTA IN EYES UNDERGOING MACULAR HOLE 
SURGERY FIG 19: 
 

 
Preoperative view 6 months postop. 

 

Fig 19: Pre and post operative OCTA measurement of the distances between the bifurcations of two sets of retinal vessels that cross 
the macula77. 
 

Following successful macular hole surgery, the 
vessels in the macular region are displaced nasally 
towards the optic disc. The retina in the temporal 
quadrant is displaced significantly more than in the 
nasal quadrant and the area of the superficial FAZ 
became smaller, indicating a centripetal retinal 
movement78-80. 
 

Although retinal displacement near the macular 
region contributes to MH closure after surgery yet 
it displaces the photoreceptors which cause residual 
metamorphopsia in some cases. The larger the MH 
diameter and the thinner the outer retinal thickness 
after surgery the greater the retinal displacement 
and consequent metamorphopsia77.  
 

Conclusion: 
The integrity of the external limiting membrane 
(ELM) and the ellipsoid zone (EZ) were found to be 
the most important prognostic criteria for visual 
recovery. A U-type shape pattern of closure and a 
flat closed closure were also associated with a 
favorable visual gain.  On the other hand, retinal 
displacement following surgery may be responsible 
for postoperative residual metamorphopsia. A 
foveal hyper-reflective lesion during the healing 
process and age-related sub foveal deposits are 
poor prognostic signs for visual improvement. An 
early postoperative appearance of a foveal 
detachment, outer foveolar defects or signs of a 
dissociated optic nerve fiber layer (DONFL) were 

not found to be important signs in the determination 
of the final postoperative visual acuity. 
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