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Abstract
● AIM: To review and summarize the mechanism 
hypothesis, influencing factors and possible consequences 
of macular retinal displacement after idiopathic macular 
hole (IMH) surgery.
● METHODS: PubMed and Web of Science database was 
searched for studies published before April 2023 on “Retinal 
displacement”, “Idiopathic macular holes”, and “Macular 
displacement”.
● RESULTS: Recently, more academics have begun to 
focus on retinal displacement following idiopathic macular 
holes. They found that internal limiting membrane (ILM) 
peeling was the main cause of inducing postoperative position 
shift in the macular region. Moreover, several studies have 
revealed that the macular hole itself, as well as ILM peeling 
method, will have an impact on the result. In addition, this 
phenomenon is related to postoperative changes in macular 
retinal thickness, cone outer segment tips line recovery, the 
occurrence of dissociated optic nerve fiber layer (DONFL) 
and the degree of metamorphopsia.
● CONCLUSION: As a subclinical phenomenon, the 
clinical significance of postoperative macular displacement 
cannot be underestimated as it may affect the recovery of 
anatomy and function.
● KEYWORDS: idiopathic macular holes; internal limiting 
membrane peeling; retina displacement
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INTRODUCTION

T he occurrence of macular holes (MHs) has been identified 
as being partially related to trauma, inflammation, and 

high myopia according to research studies[1-4]. Whereas, the 
majority of MHs with unidentified causes are classified as 
idiopathic macular holes (IMHs)[5]. Vitrectomy in combination 
with internal limiting membrane (ILM) peeling is currently 
the primary surgical approach to manage MHs, given that it 
is caused by retinal interface adhesion in the vitreous macular 
region[6]. In 2010, Shiragami et al[7] identified 27 out of 43 
patients with rhegmatogenous retinal detachment (RRD), who 
underwent vitrectomy, with unintentional downward retinal 
displacement, resulting in the introduction of the “retinal 
displacement” concept. Over the past decade, an increasing 
number of researchers have focused on macular displacement 
after MH surgery as shown in Table 1[8-31]. Following IMH 
surgery, scholars have selected the same intersection points 
of retinal vessels on preoperative and postoperative optical 
coherence tomography (OCT), fundus autofluorescence (FAF), 
optical coherence tomography angiography (OCTA), and even 
color fundus images, as characteristic markers to measure 
the distance between intersection points and the macular 
center. This has allowed for the determination of the direction 
of displacement and the degree of macular migration after 
surgery[8-15]. Reports indicate that macular displacement can 
be linked to the degree of metamorphopsia after surgery[9,16]. 
Yet, the occurrence of displacement could be brought on by 
the natural hole-closure process that occurs after surgery or 
by the influence of other factors like the MH or the surgical 
procedure. Therefore, additional clinical and morphological 
evaluations are warranted to explore the principles and 
related factors of this phenomenon. Despite the emergence 
of the displacement concept in recent years, its mechanism, 
contributing factors, and potential implications remain unclear. 
This paper aims to review and summarize the current studies 
on the aforementioned aspects, to establish the foundation for 
future investigations regarding this particular appearance.
WHAT IS MACULAR DISPLACEMENT? DIRECTIONS 
AND MECHANISMS
As mentioned earlier, the concept of retinal displacement was 
first proposed in postoperative studies of RRD[7]. However, 
this macular shift differs from the shift of the entire retina 
that occurs after retinal neuroepithelial detachment and 
reattachment in RRD eyes, which usually results in a regional 
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displacement of the macular area and surrounding retinal tissue 
after ILM detachment (Figure 1). In 2013, Kawano et al[14] 
conducted a study which revealed that the tissue surrounding 

the MH moves inward and the entire macular shifts toward the 
optic disc after IMH surgery. This was further confirmed by 
Nakagomi et al[13] in the same year, who observed a shortening 

Table 1 Summary of clinical studies on macular displacement

Author Year Study type
Total number 

of samples 
(eyes)

Imaging mode
Final follow-up time 

after surgery
Macular displacement 

phenomenon
Conclusion

Kim[17] 2012 Prospective study (MH)31 OCT image 6mo Asymmetric elongation of foveal 
tissue

After the postoperative hole closure, the foveal tissue 
elongates asymmetrically, and this phenomenon is related 
to metamorphopsia.

Kawano[14] 2013 Retrospective study (MH)54 OCT image >6mo Retina around the MH moves 
centripetal and toward the optic 

disc

No significant change in the distance between the optic disc 
and macula was observed after the spontaneous closure of 
the MH. However, in the successful closure of the MH after 
ILM peeling, the macula shifted towards the optic disc.

Nakagomi[13] 2013 Retrospective study (MH)27 Color fundus 
image

Average of 9mo 
(range, 6–18mo).

Macular slip toward the optic disc Macular slippage is related to postoperative parafoveal 
asymmetry and the appearance of dissociated optic nerve 
fiber layer.

Itoh[18] 2014 Retrospective, 
interventional case series

(MH)35 OCT image 12mo Displaced nasally Temporal COST line recovery was delayed compared to 
nasal recovery possibly due to the displacement of the 
temporal retina from the nasal macula by stretching forces.

Ishida[15] 2014 Retrospective interventional 
observational case series 

study

(MH)21 FAF or near-
infrared image.

12mo Toward optic disc The displacement of the temporal retina in the macular 
region displayed a stronger correlation with the diameter of 
the MH compared to the nasal retina.

Rodrigues[9] 2016 Prospective study (ERM)21, 
(MH)12

FAF image 2mo MH : retina of fovea contracting After MH surgery, the retina in macular area moves 
centripetally .

Ohta[19] 2017 Retrospective case report (MH)2 OCT image 6mo Move nasally After ILM peeling ,the macular moved nasally relative to the 
original position.

Lee[20] 2017 Retrospective controlled 
study

(MH)44 OCT image 6mo Vascular displacement of the 
macula toward the horizontal 

raphe, the optic disc, and slightly 
inferiorly

No significant difference in retinal vascular displacement 
was found between the ILM flap inversion and  the 
traditional ILM removal group for IMH.

Baba [21] 2017 Non randomized, 
retrospective series

(MH)16 OCTA image 3mo The foveal tissue move 
centripetally

The removal  of  the ILM might  be re lated to  the 
postoperative centripetal movement of foveal tissue.

Cho[22] 2017 Retrospective case series (MH)18 OCT, OCTA 
image

At least 12mo Toward the optic disc, centripetal 
contraction

ILM peeling displaces the fovea to the optic disc, causing a 
stretch of the temporal retina. This leads to reduced centripetal 
movement of the fovea as there is less tissue redundancy.

Faria[11] 2018 Nonrandomized 
prospective interventional 

study

(MH)36 OCT image 6mo Toward optic disc ILM detachment is linked to alterations in the retina’s inner 
structure and thickness, as well as a reduction in distance 
between the fovea and the optic disc.

Akahori[10] 2018 Retrospective, 
observational case series

(MH)20 OCTA and OCT 
image

2mo Toward the optic disc, centripetal 
contraction

and rotation downward

The macular retina shifted to the nasal side and partially 
upwards due to gas buoyancy post-surgery. This displacement 
can occur soon after surgery or during the closure of an MH.

Kumagai[23] 2018 Retrospective cross-
sectional study

(ERM)56, 
(MH)46

OCTA image The average interval 
from operation to FAZ 

measurement was 
78mo

Centripetal movement After ILM peeling, FAZ decreased was a significant negative 
correlation with fovea thickness. It is suspected that the 
decrease in FAZ is the result of the centripetal movement of 
the inner layer of the retina after ILM stripping.

Shiono[8] 2019 Retrospective controlled 
study

(MH)42 OCT image 1mo Toward the optic disc Half-temporal ILM peeling has less retinal displacement 
than 360° traditional ILM peeling.

Lee[24] 2019 Retrospective study (MH)26 OCT image 6mo Displaced nasally and slightly 
inferiorly

The displacement of the photoreceptor and inner retinal 
layers was concurrent after ILM movement.

Goto[25] 2019 Cross-sectional 
retrospective study

(MH)22 FAF, OCT, OCTA 
image

2mo Displaced nasally, downwardly, 
and centripetally toward the 

center of the optic disc

The retina and choroid in the macular area were displaced 
nasally after MH surgery, but the degree of displacement 
was different.

Nair[12] 2020 Retrospective 
interventional case series

(MH)40 OCT image 2mo Temporal movement was present 
in 25%, nasal movement was 

present in 75%.

The MH's displacement direction is influenced by the 
ratio of the temporal to nasal segments at its base, while 
the ratio of temporal arm to nasal arm of the hole has no 
impact on the displacement.

Ohta[26] 2020 Non-randomized 
retrospective study

(MH)40 OCT image >6mo Displaced nasally The degree of postoperative macular displacement is not 
related to postoperative stereopsis.

Yilmaz[27] 2021 Retrospective, 
observational, research

(MH)57 Multi-color, 
SLO and B-scan 
SD-OCT image

12mo Toward optic disc Temporal ILM flap inversion has advantages over 360° ILM 
peeling including faster visual rehabilitation, lower incidence 
of visual metamorphosis, and reduced foveal displacement.

Liu[28] 2021 Retrospective controlled 
study

(MH)22 FAF image 6mo Toward optic disc The direction of ILM (nasal temporal or temporal nasal) 
peeling is not related to postoperative retinal displacement.

Park[16] 2021 Retrospective, 
interventional, consecutive 

case series

(MH)28 OCT image 6mo Toward optic disc The displacement of parafoveal tissue following ILM 
peeling led to perifoveal deformation and postoperative 
metamorphopsia.

Takeyama[29] 2022 Retrospective, consecutive, 
case series study

(MH)42 OCT image 6mo Toward optic disc The degree of macular displacement is related to the inner 
nuclear layer thickness change.

Kwak[30] 2023 Retrospective  controlled 
case series

(MH)52 OCT image 12mo Toward optic disc The inverted ILM flap technique resulted in faster BCVA 
and outer retinal layer recovery, while effectively protecting 
against postoperative foveal thinning and displacement.

Takeyama[31] 2023 Retrospective, consecutive, 
case series study

(MH)41 OCT image 6mo Toward optic disc Macular retinal displacement does not affect postoperative 
metamorphops ia ,  as  th i s  i s  pr imar i ly  caused by 
photoreceptor displacement and inner retinal change. The 
most accurate predictor is the diameter of the MH.

FAZ: Foveal avascular zone; COST: Cone outer segment tips; BCVA: Best-correct visual acuity; SLO: Simultaneous confocal scanning laser 

ophthalmoscopy; ERM: Epiretinal membrane; MH: Macular hole; FAF: Fundus autofluorescence; ILM: Internal limiting membrane; OCT: Optical 

coherence tomography; OCTA: Optical coherence tomography angiography; SD-OCT: Spectral domain optical coherence tomography; IMH: 

Idiopathic macular hole.

Postoperative macular displacement
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of the distance between the optic disc and fovea after ILM 
peeling. This phenomenon was confirmed in subsequent 
studies[10,13,22,25]. Additionally, after the closure of the MH, 
postoperative OCTA images have shown a significant reduction 
in the area of the foveal avascular zone (FAZ), indicating the 
hole edge’s centripetal movement[10,21,23,25]. This movement is 
thought to be related to the proliferative process of glial cells 
induced by ILM stripping[32]. The ILM is composed of the 
foot processes of Müller cells, and its mechanical strength can 
be up to 1000 times that of the cell layer, providing stiffness 
support for the retina. This results in centrifugal traction being 
applied to the macular area[33-34], causing both edges of the 
hole to close centripetally after ILM peeling. However, the 
mechanism of the macular retina towards the optic disc has 
not been confirmed by conclusive morphological studies. But 
Ishida et al[15] found that the temporal retina in the macular 
region tends to toward the optic disk more than the nasal. 
This is due to the increased flexibility of the retina after ILM 
detachment, whereas in normal eyes, the temporal ILM has a 
stronger traction on the retina than the nasal retina because of 
the lack of ILM on the optic disc surface[14]. While the nasal 
retina is close to the fixed optic disc, so the temporal retina is 
then more flexible after ILM forces are released, allowing for 
more extensive movement to facilitate coverage and closure 
of the basement[15]. Thus, at the macroscopic level, the nasal 
displacement of the macula is the result of a rebalancing of 
forces on the nasal and temporal retinas after ILM stripping. 
On a microscopic level, ILM removal can disturb the inherent 
microenvironment on the macular area surface, leading to 
contact between exposed retinal nerve fibers and material 
in the vitreous cavity[15], and lead to depolymerization of 
nerve fiber microtubules and axon contraction. Alternatively, 

the movement of the macula to the side of the optic disc 
could be attributed to the contractile nature of myosin-actin 
interaction[35-36]. In conclusion, the nasal retina of the macula 
is subjected to two opposing forces, namely the contraction 
of the RNFL due to the centripetal closure of the foramen 
and the fixation pull of the optic disc, but the temporal region 
of the macular is subjected to these two forces in the same 
direction. Therefore, the difference in the contraction force 
of the temporal retina leads to the movement of the temporal 
retina more than the nasal retina, and the macular is closer 
to the optic disc as a whole[37]. Therefore, ILM peeling is a 
necessary step for nasal macular displacement after macular 
surgery. Interestingly, Akahori et al[10] noted a slight downward 
displacement of the macular area after surgery, with the 
phenomenon potentially due to the buoyancy of inflation gas in 
the eye and the patient’s poor prone position in the short term 
after surgery, besides the gravity factors[20,25].
It is worth noting that Liu et al[28] found that postoperative 
macular displacement toward the optic disc occurred in all 
eyes with ILM peeling. However, among the 21 cases of IMH 
observed by Ishida et al[15], the characteristic vascular markers 
on the nasal retina of 2 cases and the temporal retina of 1 case 
moved away from the optic disc after surgery. Similarly, Nair 
et al[12] reviewed 40 IMH eyes and found that up to 25% of 
those eyes experienced postoperative temporal displacement. 
However, in previous studies, this phenomenon could 
potentially be indicative of a small portion of the complete 
sample size. It did not significantly impact the results of the 
overall movement to the nasal side, leading it to be overlooked. 
The presence of temporal displacement in a limited number 
of patients warrants our attention. Future research will be 
necessary to explore any unknown factors that may contribute 
to this phenomenon.
START AND END TIME OF DISPLACEMENT
In the observation of macular displacement after IMH, the 
duration of the last follow-up varied from 1 to 12mo post-
surgery. In most reports, the vitreous cavity is filled with 
inert gas after pars plana vitrectomy (PPV), which takes 
a relatively long time to absorb in the eye. Therefore, the 
initial fundus observation is conducted approximately 7-14d 
postoperatively[15,18,29]. Studies have shown that the optic disc-
macular distance during follow-up within 1-2wk after surgery 
is significantly shortened when compared to that before 
surgery[14]. Akahori et al[10] and Goto et al[25] also found 
that the movement of the macular to the side of the optic disc 
can be observed 2wk after surgery, however, the degree of 
displacement after 2wk was no longer significant[29]. Therefore, 
the researchers believe that the displacement and the closure of 
the hole occur in the same period, so the occurrence of the two 
is considered to be related[10]. Kawano et al[14] also speculated 

Figure 1 Macular displacement toward the optic disc after surgery  

The fovea shift to the optic disc after ILM peeling, the dashed lines 

represent the retina and blood vessels near the macular area displace 

nasally after surgery, and the movement range of the temporal retina 

was larger. ILM: Internal limiting membrane.
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that displacement may be a favorable factor for the closure of 
MH. However, in some studies with longer follow-up time, 
Itoh et al’s[18] conclusion is different from the above. They 
found that displacement movement can last for 12mo after 
surgery. but the degree of displacement between 6 and 12mo 
was far less obvious than that in the first 6mo after. Therefore, 
it is still controversial when the displacement should stop. 
However, regarding the onset time of displacement, more early 
postoperative observations are needed to determine in the 
future.
PREOPERATIVE RELATED FACTORS
The preoperative diameter is commonly utilized as a 
prognostic indicator for postoperative anatomic and functional 
recovery in MHs[31,38-39]. Previous studies have noted that 
IMH frequently causes displacement of the macula towards 
the nasal direction[10-11]. Specifically, Ishida et al[15] found 
that larger preoperative basal diameters were associated with 
greater degrees of nasal displacement after surgery. Akahori 
et al[10] and Takeyama et al’s[29] conclusion is consistent with 
this. Because the nasal retina is relatively fixed due to the 
existence of the optic disc, the contribution of the temporal 
retina is greater in the process of displacement. Larger basal 
diameters typically require greater motion of the temporal 
retina to cover the base and promote healing of the hole[15]. For 
minimal diameter, the research results of Takeyama et al[29] 
and Ishida et al[15] denied the correlation between it and the 
degree of displacement. In the study of other diameters, Nair et 
al[12] found no association between arm length and the length 
of basal nasal and temporal segments (Figure 2A, the image 
has been approved by the Second Hospital of Jilin University, 
No.2022-020, and obtain the informed consent of the patient), 
and displacement. However, as described above, they also 
observed a temporal shift of the fovea in some patients after 
surgery and found that eyes with a longer temporal basal 
segment were more likely to have a temporal shift than eyes 
with a longer nasal basal segment[12]. This shift tended to occur 
more frequently in eyes with a longer temporal basal segment, 
indicating a greater detachment of the temporal retina from the 

retinal pigment epithelium (RPE) layer and thus requiring more 
repair time at the temporal edge after surgery. Consequently, 
the nasal retina is more likely to move with the temporal retina 
in such instances, as it is relatively less detached from the 
RPE[12].
Moreover, there has been a recent proposition among scholars 
that the use of the area parameter of the MH is a more reliable 
indicator in predicting postoperative closure compared to 
the traditional diameter parameter, and scholars contend that 
the area parameter is better suited to reflect the traction force 
surrounding the MH[40-41], as evidenced by the presence of 
fluid cysts at the edge of the hole resulting from traction[42] 
(Figure 2B, the image is derived from real patient data and 
has been approved by the Ethics Committee of the Second 
Hospital of Jilin University, No. 2022-020, with the informed 
consent of the patient). The area of these cysts has been found 
to be significantly associated with preoperative basal diameter, 
height of the edge on both sides of the hole, and preoperative 
best-corrected visual acuity[43-45], which suggests that the 
affected area can accurately indicate the degree of preoperative 
vitreomacular traction. Further investigations by Venkatesh 
et al[40] have revealed that a greater range of mechanical 
traction before surgery could lead to more flexible edges of 
the hole after force release, and in turn, improve the chances 
of successful closure. In addition, Ishida et al[15] proposed 
that after IMH, the temporal retina of the macular is more 
flexible than the nasal side, thus causing the macular to slide 
to the nasal side. Previous studies on macular displacement 
have always been based on the successful closure of the hole 
after surgery, and the closure of the hole may be related to 
the occurrence of displacement[10,14]. Therefore, it is worth 
exploring whether the release of a large traction force at the 
hole before surgery is conducive to the closure of the hole, 
and whether it will also result in a greater degree of nasal 
displacement. Moreover, the size of the cystic cavity area was 
significantly correlated with the preoperative basal diameter, 
and the displacement was confirmed to be correlated with 
the basal diameter, so it is worth exploring whether there is a 

Figure 2 Horizontal cross-sectional SD-OCT images  A: The white arrow indicates the nasal and temporal basal segments of the macular hole; 

B: The area selected by the wireframe indicates the area affected by traction around the hole, and the white arrow indicates the intraretinal 

cystoid cavities. SD-OCT: Spectral domain optical coherence tomography.

Postoperative macular displacement
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correlative link between cystic cavity area and displacement. 
In our recent study, we unexpectedly found that the temporal 
side of the macular hole was more affected traction than the 
nasal side preoperatively, leading to greater postoperative 
displacement[46].
At present, literature contains a limited number of studies 
examining the influence of characteristics of the MH itself 
on displacement, and most of them are based on the basal 
diameter and the minimum diameter line. Since the observation 
of the displacement phenomenon is based on the successful 
closure of holes after surgery, all kinds of indicators affecting 
the closure of holes should be further included in the study in 
the future. 
OPERATION FACTOR 
Internal Limiting Membrane Peeling  First, in 1997, Eckardt 
et al[47] first reported ILM peeling for the treatment of IMH. PPV 
combined with ILM peeling has become a common method 
for the treatment of IMH. However, Kawano et al[14] compared 
patients with spontaneous closure of MH with who underwent 
ILM peeling and found that there was no significant retinal 
displacement in the macular area after spontaneous closure of 
MH. Yoshikawa et al[48] also found that even after ILM peeling 
for diabetic macular edema, the macular area also showed the 
same displacement in the same direction. In the previous study 
of Epiretinal membrane (ERM), patients underwent ERM and 
ILM peeling. They observed a nasal shift of the macular area 
after surgery[49-50]. Rodrigues et al’s[9] study did not perform 
ILM peeling in ERM patients, it was also observed that the 
postoperative macular area moved to the nasal side. However, 
this phenomenon can be explained by the fact that in most 
cases, there is more space in the temporal retina of the macular 
fovea to facilitate the coverage of the ERM, so the center of 
contraction force is usually located on the temporal retina of 
the macular fovea, dragging the fovea to the temporal side, so 
that the nasal position shift will occur after the traction force of 
the ERM is released[49]. Furthermore, we speculate that during 
ERM peeling, the physician is unable to determine whether 
the ILM in the macular is removed at the same time because 
it is tightly adhered to the ERM. Therefore, the findings of 
this ERM study cannot deny the importance of ILM peeling 
for macular displacement. Then, Faria et al[11] also found that 
ILM stripping is related to the change and displacement of the 
inner structure of the retina[48]. The researchers believed that 
ILM peeling affects macular morphology not only through the 
release force of tangential traction mediated by the remaining 
cellular components in the anterior retina but also due to loss of 
structural support[13-14]. The ILM helps to increase the strength 
of the retina[33], and once it is stripped, retinal compliance 
increases, the temporal traction force disappears. Under the 
pulling force of the optic disc, the macular shifts nasally. 

Additionally, the Müller cell foot processes form the ILM, 
it also runs through the whole thickness of the retina. After 
the ILM as the basement membrane is torn off, the structure 
of the Müller cells changes; damage to the foot processes at 
the end of Müller cells may especially cause displacement[51]. 
Therefore, ILM peeling is vital for macular displacement[14,51].
Internal Limiting Membrane Peeling Technique  The 
traditional MH surgical treatment technique is vitrectomy 
with 360° ILM peeling near the fovea. In recent years, 
many scholars have continuously improved the ILM peeling 
technique, such as ILM packing, the inverted ILM technique, 
etc. In 2010, Michalewska et al[32] proposed the inverted 
ILM technique, which was found to provide better results 
than traditional ILM peeling for treating MH larger than 400 μm. 
Subsequent studies confirmed that the inverted ILM flap 
technique is effective for improving the closure rate of large 
MH and improving visual acuity after surgery[52-53]. Recent 
research has shown that the ILM flap covering technique 
can also provide better functional and morphological results 
in the treatment of small and medium full-thickness MH in 
the postoperative follow-up of up to one year[54]. Since the 
flip technique was proposed, surgeons have made several 
improvements to it in recent years[55-56]. The purpose of the 
ILM peeling technique is to form a compartment at the hole to 
some extent, which provides a relatively closed environment 
for the proliferation of glial cells[56], and to retain the ILM 
flap as the basement membrane to improve the scaffold 
for the proliferation of glial cells to achieve the purpose of 
closure[57-59]. In studies of postoperative macular displacement, 
Lee et al[20] did not find any difference in postoperative 
macular displacement between the traditional ILM peeling 
group and the ILM peeling group. However, Yilmaz et al[27] 
found that the foveal displacement of the former lasted for 
6mo after surgery, the latter did not change significantly after 
1mo. In terms of function, the postoperative visual acuity of 
the inverted ILM flap group recovered faster, and the portion 
of subjective visual distortion was lower. Kwak and Byeon[30] 
also supports the conclusion that the ILM flap inversion group 
can reduce the degree of foveal displacement after surgery. 
Because the scope of ILM peeling is relatively small, this 
minimally invasive method does not damage the original 
structure of Müller cells and inner retina to a certain extent 
and reduces the postoperative position movement[27]. Similarly, 
some researchers tried the method of simple peeling of the 
hemi-temporal ILM. After comparison, it was found that the 
hemi-temporal peeling method could ensure the closure rate 
while reducing the displacement of the macular to the nasal 
side. This suggests that the temporal retina plays an important 
role in the closure of the hole[8]. ILM peeling relieved the 
tangential traction of the temporal side of the macular fovea[33]. 
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As the ILM provides 50% of the retina’s stiffness, stripping 
it increases the compliance of the retina and causes its 
movement[2]. Therefore, the conclusions of the above studies 
suggest that the narrowing of the extent of ILM peeling can 
reduce the degree of postoperative foveal displacement. 
Internal Limiting Membrane Peeling Direction  Considering 
that different starting positions lead to different directions 
during ILM peeling, pull forces in different tangential 
directions may be generated on the retina. Researchers 
compared the ILM peeling mode from the temporal side to 
the nasal side (T-N) and N-T[28]. They found that after the 
successful closure of the hole, there was no difference in the 
distance between the fovea and the optic disc between the 
two groups. Therefore, the traction force of ILM peeling in 
different directions does no effect on the displacement results. 
In addition to the above-mentioned studies on membrane 
tearing methods, ILM tamponade, massage at the edge of the 
hole, autologous serum, and nerve growth factor injection have 
also been tried by surgeons to promote the closure of large 
holes in recent years[60-61]. But there is no relevant report on 
whether these improved surgical methods and different ILM 
flap initiation points affect the change of foveal displacement 
after the closure of the hole. Therefore, large sample studies are 
needed to explore the extent and method of ILM peeling that 
can effectively reduce postoperative macular displacement.
CLINICAL SIGNIFICANCE
Anatomical Prognosis
Retinal thickness  Many researchers have measured the 
retinal thickness of the fovea and the parafovea after MH 
closure[11,62-63]. Ohta et al[63] found that the angle of the nasal 
side after ILM stripping was greater than that of the temporal 
side by measuring the angle between the horizontal line of 
the retinal RPE and the slopes of both sides of the closed 
fovea in postoperative OCT images. Then in Nakagomi  et 
al’s[13] study, they found that this asymmetry was the result 
of changes in the thickness of the nasal and temporal retina, 
and called it the parafovea asymmetry (PFA) phenomenon. 
Kim et al[17] found that PFA can still be observed in some 
patients 6mo after the operation. The total thickness of the 
outer segment of the retina near the nasal macular area 
increases, which is different from that of the temporal retina, 
which reduces. Asymmetrical recovery of the fovea predicts 
postoperative inconsistency in bilateral thickness[11]. Based on 
this, Yoshikawa et al[48] found a positive correlation between 
the shortening of the distance from the optic disc to the fovea 
and the thinning of the temporal retina thickness after surgery. 
Takeyama et al[29] also observed that the greater the degree 
of postoperative macular displacement to the optic disc, the 
thinner the parafoveal temporal inner nuclear layer (INL). On 
the one hand, the INL contains a large number of retinal cell 

bodies, which are rich in water, while the other retinal layers 
are rich in fibers. Therefore, the INL is relatively susceptible 
to thickening after displacement[64]. On the other hand, PFA 
occurs due to increased flexibility of the retina around the 
macular area after ILM peeling. The nasal retina may become 
thicker due to relaxation, while the temporal retina expands 
and becomes thinner due to traction[13]. Although there was no 
correlation between nasal retinal displacement and any rate of 
retinal thickness change in the nasal region, the postoperative 
thickness of the nasal retinal nerve fiber layer (RNFL) layer 
increased significantly, which may support the hypothesis 
of RNFL contraction[35]. In summary, macular displacement 
towards the optic disc may cause relative thinning of the 
temporal retina after surgery.
In addition, Baba et al[21] found that the FAZ of patients with 
MH undergoing ILM removal decreased after the operation, 
suggesting that this represents the centripetal contraction of 
macular fovea tissue after the operation. Kumagai et al[23] also 
believes that the reduction of the FAZ in patients with MH 
after ILM stripping may be the result of the displacement of 
the inner layer of the retina to the fovea.
Cone outer segment tips line  The integrity of the 
microstructure of the outer retina has a correlation with the 
visual acuity of patients[65-67]. There are four continuous 
hyperreflective signal bands in the outer retinal structure in 
the macular OCT image. From inside to outside, they were 
the external limiting membrane, the inner segment/outer 
segment (now called ellipsoid zone), the cone outer segment 
tips (COST) line, and the RPE. Reserachers found that the 
recovery of COST line defect was significantly related to 
the postoperative foveal function and postoperative visual 
acuity recovery[68-69]. Therefore, the integrity and continuity of 
COST are very important for prognosis. Itoh et al[18] observed 
asymmetric recovery of the COST line in the OCT cross-
sectional images of MH patients after surgery. This is different 
from the other three postoperative recoveries of high-reflective 
bands, which starts from the periphery and advances to the 
center of the closed MH. Moreover, during this process, they 
observed that the fovea constantly approached the optic disc 
side at the same time. They concluded that the displacement 
of the macula may be caused the recovery speed of the COST 
line to the center of the temporal side, which could not keep up 
with the overall speed of the fovea to the optic disc, resulting 
in the asymmetric recovery of the COST line in the horizontal 
direction (Figure 3, the image is derived from real patient data 
and has been approved by the Ethics Committee of the Second 
Hospital of Jilin University, No. 2022-020, with the informed 
consent of the patient).
Dissociated optic nerve fiber layer  In 2001, Tadayoni et 
al[70] first proposed the phenomenon of dissociated optic nerve 
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fiber layer (DONFL). During the postoperative follow-up of 
ERM patients, they observed arcuate streaks on the retinal 
surface of the posterior pole that was darker than normal 
retinal tissue. In subsequent studies, it was found that the 
DONFL phenomenon typically appears 2 to 3mo after ILM 
peeling and is limited to the scope of ILM peeling[71]. DONFL 
can have a “insect erosion” appearance in horizontal OCT 
images, mainly in the temporal retina[72-74]. This phenomenon is 
considered to be related to optic nerve fiber separation caused 
by Müller cell endplate damage after ILM peeling[71,75]. In 
addition, Tadayoni et al[70] considered that the retinal surface 
of ILM was rough, and the irregular surface of optic nerve 
fibers wrapped by Müller cell processes was exposed after 
dissection, resulting in the appearance of DONFL. Later, 
Nakagomi et al[13] found that the distance between the optic 
disc and the macula was shortened after ILM peeling in IMH 
eyes. Moreover, they found that the shortening of the distance 
between the macular and optic disc in eyes with DONFL 
appearance was significantly greater than that in eyes without 
DONFL appearance, and therefore, they considered that the 
displacement was related to the appearance of DONFL. The 
change of microenvironment in the exposed area of the RNFL 
layer caused by ILM peeling or the influence of unknown 
factors leads to the contraction of optic nerve fibers[15]. And the 
traction force formed by this contraction is at the same level 
as the formation of the DONFL. Therefore, they considered 
that this delayed phenomenon may be a consequence of the 
tangential traction of the macular area toward the optic disc 
after ILM removal[13]. Moreover, Michalewska et al[56] also 
found that the modified temporal ILM flap inversion would 
cause a smaller degree of DONFL phenomenon after surgery, 
the technique was also effective in reducing the degree of 
postoperative foveal displacement to the optic disc[27,30]. 
The results show that the smaller peeling area of ILM is 
effective in reducing the extent of postoperative DONFL and 
displacement phenomenon. In addition, the latest research 
shows that the formation of DONFL phenomenon may be 
related to the decrease of the inner retinal thickness, and the 
decrease of the temporal inner retinal thickness is greater than 

that of the nasal inner retinal thickness[72]. This may also be 
related to the stretching of the temporal retina parenchyma 
caused by displacement. In conclusion, displacement, DONFL 
phenomenon and ILM peeling are correlated. However, 
there are few studies on the correlation between DONFL and 
displacement. These unexpected morphological changes may 
be a chain effect caused by ILM peeling, which is worthy of 
further exploration.
Functional Prognosis
Visual acuity  In the above studies of macular displacement 
after IMH, the visual acuity improved after surgery compared 
with that before surgery[10,14,25,27,29]. Of course, the effect of 
combined cataract surgery on visual acuity improvement 
is undeniable, but it has not been found that there is any 
correlation between the degree of displacement and visual 
prognosis. In a review of 31 patients with IMH, Kim et 
al[17] found that the fovea showed displacement of the fovea 
towards the optic disc after macular surgery, and found that its 
occurrence was not correlated with visual recovery. Similarly, 
Cobos et al[76] reviewed 20 patients with RRD and ultimately 
found no association between the postoperative retinal 
displacement of the fovea and visual acuity. In addition, the 
phenomenon of macular displacement was also observed in the 
study of Lee et al[77], and it was found that this phenomenon 
was correlated with metamorphopsia and distorted vision, 
but it did not affect the recovery of visual acuity. Kawano et 
al[14] considered that macular displacement after surgery may 
cause abnormal macular function. However, the nasal shift 
phenomenon was found in all 54 IMH eyes after surgery, 
but no diplopia, pseudoesotropia, and other symptoms were 
found, and there was no correlation with the postoperative 
visual prognosis. However, previous reports have shown 
that displacement will affect the postoperative recovery of 
the COST line. The postoperative nasal movement of the 
macular will lead to a relatively delayed recovery of the COST 
line in the temporal macular area[18], and the integrity of the 
microstructure of the outer retina is the key to ensuring the 
recovery of vision[78-79]. In the study of Itoh et al[80], it was 
found that the defect of the temporal COST line was related to 

Figure 3 Horizontal cross-sectional SD-OCT images (the images were color inverted)  A: The degree of COST line defect on both sides of the 

hole was approximately symmetrical preoperatively; B: The recovery of the COST line on both sides of the fovea was asymmetrical, and the 

relative recovery of the temporal side was delayed. SD-OCT: Spectral domain optical coherence tomography; COST: Cone outer segment tips.
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the visual recovery at 6mo after surgery. Therefore, whether 
the displacement will affect the visual prognosis by affecting 
the recovery of the COST line remains to be investigated in the 
future.
Metamorphopsia  Hikichit et al [81] believed that the 
movement of a small cluster of photoreceptors compared with 
other parts of the original retina causes abnormal visual field 
projection and metamorphopsia. Studies found that the shift 
of photoreceptors and the change of the inner retinal structure 
are important factors affecting metamorphopsia[16,31,50]. 
However, the phenomenon of macular displacement after 
ILM peeling in IMH has attracted attention[8,18,25,29]. It was 
previously believed that the centripetal movement of both 
edges of the postoperative hole was considered to contribute 
to the recovery of photoreceptor damage in the fovea and 
the improvement of visual acuity after IMH closure[11]. 
However, studies have shown that the phenomenon of the 
macula moving toward the optic disc is significantly related 
to the persistence of metamorphopsia after surgery[9,16,27]. 
They found that the asymmetric elongation of the fovea after 
IMH may not directly affect the photoreceptor layer, but 
perhaps the asymmetric tangential force from other layers 
hinders the recovery of the photoreceptor layer and leads to 
visual deformation[17]. In addition, there are three-level neural 
networks in the retina of normal human eyes. Pyramidal 
cells, bipolar cells, and ganglion cells constitute the visual 
signal transmission pathway. Researchers considered that 
any level of position change can interfere with the one-to-one 
conduction relationship among the above-mentioned neurons, 
resulting in visual dysfunction[82]. Researchers also found that 
the change in INL thickness was related to metamorphopsia, 
considering that it was related to the presence of bipolar 
cells in the INL. Takeyama et al[29] observed a correlation 
between the degree of displacement and the INL thickness; 
they considered that INL contains numerous retinal cell 
bodies that are rich in water content, unlike other retinal 
layers that are rich in fiber content. Therefore, the INL is 
relatively vulnerable following displacement[64]. Whether 
the displacement affects the postoperative metamorphopsia 
by affecting the thickness of the INL remains to be further 
studied. However, Takeyama et al[31] denied the correlation 
between displacement and metamorphopsia in their latest 
study. Therefore, the relationship between displacement and 
metamorphopsia is controversial, and whether the degree of 
postoperative displacement will become an effective index of 
metamorphopsia needs to be investigated
Stereopsis  It is common knowledge that when viewing objects 
with both eyes, there is a slight difference in the imaging of 
the retina, known as parallax. It is through this parallax that 
we are able to perceive the depth of objects in the visual field, 

also known as stereopsis. Because the retina of the fovea and 
parafovea shift after macular surgery, it is possible that when 
viewing objects, one of the binocular images will be projected 
on the macular fovea and the other on the parafovea[26]. This 
could potentially lead to impaired stereopsis. However, 
research indicates that there is no relationship between 
macular displacement and postoperative stereopsis recovery[26]. 
The same view was also expressed in the study of macular 
displacement in post-operative patients with RRD. It was 
considered that postoperative macular translocation does not 
affect the stereopsis[76]. Multiple regression analysis showed 
that the recovery of stereopsis was significantly correlated with 
postoperative visual acuity[83]. However, in previous studies, 
visual acuity recovered best at about 3mo after MH surgery[84], 
recent research suggests that improvement of stereopsis in 
MH reaches its peak at 3mo after surgery and remains stable 
thereafter[85]. At present, the displacement is more suspected 
to be related to the closure of the hiatus, which usually occurs 
in the early postoperative period[10,25]. Therefore, there is no 
correlation between the occurrence of displacement and the 
recovery of stereo vision from the perspective of time.
DISCUSSION
The displacement phenomenon has been commonly observed 
postoperatively in patients with retinal detachment and 
ERM[86-88], after which it has been found that after IMH, the 
edges of the MH were reattached to the RPE layer and moved 
centripetally with the foveal retina appearing to move closer 
to the optic disc side[10-11,15,21,25]. This phenomenon has been 
termed as foveal displacement. A review of macular location 
shift after IMH was conducted in this paper, which is the first 
of its kind. However, there is no conclusive morphological 
study on the occurrence of this phenomenon or its development 
mechanism. Some experts believe this movement may be a 
favorable physiological process to help the hole closure[14], 
while others suggest adverse effects of the preoperative hole 
morphology or surgical operation on the macular displacement. 
Other studies have shown that there may be multiple 
mechanisms and multiple retinal layers in the occurrence of 
this phenomenon[12]. The latest studies have found that the 
displacement of the macular fovea after IMH is accompanied 
by the movement of the choroid and RPE layers[25]. Therefore, 
the study of this phenomenon is still under continuous 
exploration, but the macular displacement phenomenon can 
be confirmed to be initiated by ILM peeling. Current findings 
indicate that reduction of the extent of ILM peeling can 
decrease the degree of macular displacement[27], however, 
with the need to study whether surgical factors such as ILM 
starting point, ILM packing techniques or different filling 
materials impact displacement, and whether displacement 
is correlated with healing morphology. In addition to the 
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displacement phenomenon, the DONFL phenomenon and 
the swelling of the arcuate nerve fiber layer phenomenon was 
described type of retina changes after ILM peeling in ERM or 
MH[72,89]. Study have verified that the DONFL phenomenon is 
correlated with the degree of fovea displacement to the optic 
disc and the asymmetric change of macular thickness on both 
sides after surgery[13]. These unexpected changes may be a 
chain reaction caused by ILM peeling. Fortunately, none of 
the retina changes associated with peeling have been reported 
to affect postoperative visual acuity recovery[71,80]. Therefore, 
these phenomena are more likely to be subclinical changes 
after surgery, but the occurrence of these phenomena does 
confirm that the operation of ILM peeling is bound to cause 
retinal damage to some extent. Together with the discovery of 
phenomena such as macular displacement, these will be more 
helpful in our understanding of the two sides of ILM peeling 
and help us to determine the optimal timing and method of 
surgery for ILM peeling. 
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