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Abstract

Retinal displacement refers to the strong fluorescent lines parallel to the retinal vessels that are detected through autofluores-

cence  examination  after  rhegmatogenous  retinal  detachment  (RRD)  surgery.  In  the  clinical  setting,  even  if  patients  with

rhegmatogenous retinal detachment achieve macroscopic structural reattachment after the operation, the visual function of

some patients remains suboptimal. This is associated with the incomplete recovery of retinal function, and retinal displace-

ment is one of the significant influencing factors. This paper aims to summarize the studies related to retinal displacement

after rhegmatogenous retinal detachment surgery in the recent five years and review the latest research on its possible occur-

rence mechanisms, incidence rates,  and influencing factors.  It  is  conducive to enabling surgeons to conduct better design

and planning for retinal reattachment surgeries, so that patients can obtain superior visual functions after the operation.
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The Concept of Retinal Displacement

Rhegmatogenous retinal detachment (RRD) is one

of  the  most  common  eye  diseases  causing  vision  loss  and

blindness.  In  the  past  few  decades,  the  treatment  methods

of RRD have developed rapidly. Currently, there are various

surgical methods that can achieve retinal reattachment; how-

ever, with the significant progress of retinal imaging technol-

ogy, researchers have found that after the macroscopic reat-

tachment  of  the  retina,  the  micro-anatomical  structure  of

some  retinas  does  not  achieve  a  complete  reattachment,

thus giving rise to the latest concept related to retinal reat-

tachment  -  the  integrity  of  the  retina  [1].  In  order  for  pa-

tients  to  obtain  better  postoperative  visual  function,  sur-

geons  should  not  only  pursue  macroscopic  reattachment

but  also  continuously  approach  the  ideal  retinal  reattach-

ment, that is: no retinal displacement, outer retinal folds or

discontinuity of photoreceptor structure, while maintaining

the  integrity  of  the  fovea  centralis  structure.  In  2010,  Shi-

ragami et al.  [2] discovered retinal displacement after RRD

surgery through fundus autofluorescence (FAF), manifested

as  high  autofluorescent  lines  approximately  parallel  to  the

retinal vessels, with similar shape and caliber but separated

from the vessels, at the original retinal vessel positions. Sub-

sequently,  several  scholars  have  made  relevant  reports  and

found that  retinal  displacement  after  RRD surgery  is  com-

mon, and these high fluorescent lines are called retinal pig-

ment epithelial ghost vessels or retinal vascular imprints.

The Mechanism of Retinal Displacement

The discovery of retinal displacement depends on

the high fluorescence images parallel to the vascular course

shown  in  fluorescein  angiography.  Some  studies  suggest

that  the  appearance  of  the  high  fluorescence  line  may  be

caused by the downward movement of the retina along with

the residual  subretinal  fluid under the effect  of  gravity due

to the intraocular filler after RRD surgery, exposing the reti-

nal  pigment  epithelium  under  the  blood  vessels.  The

metabolic  activity  of  the  retinal  pigment  epithelial  cells  at

this location increases under light, resulting in high fluores-

cence.  Some  also  believe  that  the  displacement  is  not  only

the movement of the retinal position but may also be accom-

panied by the stretching or distortion of  the retina.  Others

think  that  the  high  fluorescence  may  be  due  to  the  differ-

ence  in  fluorescent  substances  at  this  location.  In  conclu-

sion,  there are  various opinions on the mechanism of  reti-

nal  displacement.  However,  in  recent  years,  with  the  sup-

port  of  computer  technology,  some  researchers  have  used

computer  simulation  models  for  calculation  and  proposed

the physical  mechanism of its  occurrence.  Farahvash [3] et

al.  established a computer simulation model,  using interfa-

cial tension and the densities of gas and vitreous body to cal-

culate the contact angle and pressure between the gas filler

and  the  retina,  in  order  to  simulate  the  dynamics  of  fluid

flow  in  the  subretinal  space  and  calculate  the  deformation

of the retina. The results showed that in the simulation mod-

el,  the  overall  flow  of  the  gas  filler  away  from  the  retina

along  the  direction  of  gravity  stretched  the  retina  and

caused its displacement; the degree of displacement depend-

ed on the thickness of the subretinal fluid, the contact area

between the  filler  and the  retina,  and the  contact  pressure.

Larger gas fillers exerted greater contact pressure on the reti-

na.  They  found  that  compared  with  pneumatic  retinopexy

(PnR),  the  probability  of  retinal  displacement  increased by

more than three times during pars plana vitrectomy (PPV)

because the injected bubbles were larger. They believed that

the gas filler stretched the retina by removing the subretinal

fluid after retinal detachment repair, and this stretching was

proportional to the size of the filler. Lee [4] et al. included 3

patients  with  RRD  who  received  PnR  treatment  and  con-

ducted a prospective follow-up. Ultra-widefield fundus pho-

tography was performed at baseline and 1 to 2 minutes after

intravitreal gas injection. The results showed that subretinal

fluid  immediately  displaced  in  all  patients  after  gas  injec-

tion, indicating that the buoyancy exerted by the bubble on

the  retina  was  the  cause  of  the  displacement  of  subretinal

fluid. Based on this, the authors inferred that the buoyancy

exerted by small  and large bubbles was the cause of retinal

displacement after surgery, and that the use of large bubbles

in  vitrectomy  combined  with  gas  tamponade  would  more

likely lead to retinal displacement. That is to say, the mech-

anism of retinal displacement is that retinal displacement af-

ter RRD surgery is related to the pressure of the filler on the

retina, which causes the flow of subretinal fluid, and the rela-

tive  position  of  retinal  vessels  changes  after  displacement,

exposing the pigment epithelium that was originally shield-

ed by the vessels, thereby showing hyperfluorescence in aut-

ofluorescence.
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The Incidence and Functional Impact of Retinal Dis-
placement

The research reports on retinal displacement after

RRD surgery are relatively few nowadays. Moreover, in vari-

ous  studies  on retinal  displacement  after  RRD surgery,  the

incidence  of  retinal  displacement  varies  greatly,  ranging

from 6.4% to 62.8% [5, 6]. Some scholars believe that abnor-

mal visual function after RRD surgery is related to postoper-

ative retinal displacement,  which is of great significance.  A

multicenter retrospective study published in 2024 included

614  patients  after  RRD surgery  and  found  that  the  signifi-

cant imaging predictors affecting vision in the early postop-

erative period (3 months) were the discontinuity of the ellip-

soid zone and the presence of retinal displacement, and reti-

nal  displacement  was  associated  with  unequal  object  size

[7].  A  prospective  interventional  cross-sectional  controlled

study by Azaizy et al. [8] evaluated the changes in the posi-

tion  and  microstructure  of  the  fovea  centralis  after  retinal

reattachment  surgery.  The  results  suggested  that  the  inci-

dence of macular displacement was 70%, and fovea centralis

displacement and metamorphopsia had a significant impact

on  visual  function.  A  prospective  single-blind  randomized

clinical trial with a half-year duration included 239 patients

after retinal detachment with macular detachment. Among

them,  42% had retinal  displacement,  and the  displacement

amplitude was related to poor vision and metamorphopsia

[9].  Another  retrospective  study  included 50  RRD patients

who  received  PPV  combined  with  silicone  oil  tamponade.

54% of them had metamorphopsia after surgery, and macu-

lar folds and macular displacement were significantly relat-

ed to the occurrence of postoperative metamorphopsia [10].

Melo  et  al.  [11]  analyzed  66  patients  with  RRD  accom-

panied  by  macular  detachment.  29%  had  retinal  displace-

ment, among which 84.2% of the displacements occurred in

the macular area, and the circularity of the foveal avascular

zone in patients with displacement in the macular area was

lower  than  that  in  those  without  displacement.  The  above

studies suggest that retinal displacement, especially macular

displacement after RRD surgery, may be related to postoper-

ative  metamorphopsia,  unequal  size  of  vision,  and  abnor-

mal macular structure, thereby resulting in poor recovery of

visual function in patients after surgery.

Some  scholars  also  believe  that  retinal  displace-

ment  is  not  common  after  retinal  repositioning  surgery,

does  not  affect  postoperative  visual  function,  and has  little

clinical significance. In 2022, Rohowetz [12] et al. included

12 patients  with  unilateral  rhegmatogenous  retinal  detach-

ment  (RRD)  who  underwent  scleral  buckle  (SB)  surgery

(without gas tamponade). Only one eye (8%) had a 0.1-mm

retinal displacement in the superior vascular arcade and the

superior  temporal  periphery,  and  the  remaining  eyes

showed  no  identifiable  signs  of  retinal  displacement.  Baz-

vand et al. [13] included 23 eyes after pars plana vitrectomy

(PPV) with silicone oil  tamponade,  and only 2 eyes (8.7%)

showed  downward  retinal  displacement.  The  patients  did

not  complain  of  metamorphopsia,  and  no  abnormalities

were  found  in  the  strabismus  examination.  Filippelli  et  al.

[14] included 50 patients with RRD combined with prolifer-

ative vitreoretinopathy who underwent PPV combined with

silicone oil tamponade, and only 2 cases (4.5%) had upward

retinal displacement. A retrospective observational study in

2024 included a total of 123 eyes after RRD surgery, and on-

ly 14 eyes (11%) had macular retinal displacement. All dis-

placements  were  downward,  with  an average  angle  of  3.8°,

and were not related to the occurrence of metamorphopsia

[15]. The above studies suggest that retinal displacement af-

ter  PPV combined with silicone oil  tamponade for  RRD is

not  common,  and  even  if  macular  displacement  occurs,  it

has no significant clinical significance.

Actually, different surgical methods for RRD may

affect the incidence of postoperative retinal displacement. A

single-center case series published by Mahmoudzadeh [16]

et al. in 2024 included a total of 194 eyes and reported the in-

cidence of retinal displacement after the treatment of RRD

with PPV, SB, or combined PPV/SB. Among them, the inci-

dence in the combined group was 17.6%, in the PPV group

was 15.5%, and in the SB group was only 2.2%. In 2023, Ban-

sal [8] et al. included a total of 91 eyes, of which 42 eyes re-

ceived  SB  treatment  and  49  eyes  received  combined  PPV

and SB treatment. Three months after the surgery, 16.7% in

the SB group and 38.8% in the combined group had retinal

displacement.  A multicenter  retrospective  consecutive  case

series  study  compared  the  retinal  displacement  after  PnR

and  PPV,  and  a  total  of  238  eyes  were  included.  42.4%  in

the PPV group had retinal displacement, while 15.1% in the

PnR  group  had  it  [17].  A  retrospective  comparative  study

by Özal et al. [18] included 53 patients with macular detach-



4

JScholar Publishers J Ophthalmol Open Access 2025 | Vol 9: 103

ment  retinal  detachment  who  received  PPV.  64.2%  in  the

gas  filling  group  had  macular  displacement,  and  36.0%  in

the silicone oil filling group had macular displacement. The

above studies indicate that the incidence of retinal displace-

ment varies with different surgical methods. Currently, it is

considered that the incidence of retinal displacement is the

lowest in the simple SB surgery and the highest in the PPV

combined with gas filling.

Recent  evidence  suggests  that  different  detection

techniques may also lead to different incidences of displace-

ment. There are many fundus autofluorescence detection in-

struments.  Due  to  the  differences  in  the  excitation  wave-

length of the equipment, the nature of the barrier filter, and

the  image  processing  technology,  the  fundus  autofluores-

cence images formed by the same lesion may also be differ-

ent. Therefore, different detection instruments may also be

an influencing factor for the detection rate of postoperative

retinal displacement [19]. Cejudo et al. [20] analyzed the dif-

ferences in 30° blue autofluorescence (BAF30), 55° blue aut-

ofluorescence (BAF55), and 200° green ultra-wide-angle aut-

ofluorescence  (UWF200)  imaging  in  detecting  retinal  dis-

placement after vitrectomy for retinal detachment (RRD). A

total of 42 eyes were included, all of which underwent three-

-incision  vitrectomy.  Different  degrees  of  retinal  displace-

ment could be detected in 45.2% of the images, and the con-

sistency of detection by these three methods was only about

80%.

In  conclusion,  for  the  incidence  of  postoperative

retinal displacement in patients with RRD, there are signifi-

cant differences in various clinical studies. The reasons may

be related to the different numbers of included patients, dif-

ferent conditions, different surgical methods, and even dif-

ferent  examination  methods.  Currently,  it  is  believed  that

the incidence of retinal displacement from low to high is in

the order of SB, PnR, and PPV, and the incidence of retinal

displacement  in  PPV  combined  with  silicone  oil  filling  is

lower  than  that  with  gas  filling.  Whether  retinal  displace-

ment,  especially  in  the  macular  area,  has  an impact  on the

postoperative visual function of patients still needs to be fur-

ther clarified. Understanding the importance of the integri-

ty  of  the  anatomical  structure  by  evaluating  the  displace-

ment of the retina after reattachment may prompt improve-

ments in vitreoretinal  surgical  techniques,  and larger clini-

cal sample studies with strict baseline control are still need-

ed.

Influencing Factors of Retinal Displacement

It is believed that the occurrence of retinal displace-

ment after RRD may be related to a variety of factors, includ-

ing the degree of retinal detachment, the surgical method of

retinal reattachment, the means of subretinal fluid drainage

during the operation, the type of filler, the postoperative po-

sition,  the  detection  method,  and  many  other  factors.

Among  them,  the  most  important  ones  include  the  choice

of surgical method and filler and the difference in postopera-

tive position.

The Influence of Different Surgical Methods on Reti-
nal Displacement

In the recent 5 years, most of the clinical studies re-

lated  to  retinal  displacement  after  RRD  surgery  have  fo-

cused  on  exploring  the  influence  of  surgical  methods  and

fillers  on  its  incidence.  Most  studies  suggest  that  the  inci-

dence and degree of retinal displacement after SB and PnR

are lower than those after PPV. Among them, the incidence

of  retinal  displacement  after  SB  is  2.2%  -  16.7%,  the  inci-

dence of retinal displacement after PnR is about 15.1%, the

incidence  of  retinal  displacement  after  PPV  is  15.5%  -

42.4%,  and  that  in  the  SB  combined  with  PPV  group  is

17.6% - 38.8% [8, 16-18]. Bhambra et al. [21] used three-di-

mensional  reconstruction  of  ultra-wide-angle  fundus  laser

scanning  to  quantify  retinal  displacement.  The  results

showed that the average displacement after PPV was 0.44 ±

0.42 mm; while after PnR, the average displacement was on-

ly 0.21 ± 0.27 mm, and the difference was statistically signifi-

cant.

The  Influence  of  Different  Fillers  on  Retinal  Dis-
placement

The choice of intraoperative fillers may also affect

the  occurrence  of  retinal  displacement.  A  prospective  co-

hort  study  in  2024  included  a  total  of  103  eyes  after  PPV.

The study found that the only variable significantly related

to retinal displacement was the use of gas filling or silicone

oil filling [22]. Farahvash et al. [23] established a computer

simulation model  to evaluate the mechanism and theoreti-
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cal degree of retinal displacement during PPV with silicone

oil filling and air filling. They proposed that the contact area

and  contact  pressure  between  the  air  filler  and  the  retina

were larger than those of the silicone oil filler, which would

increase the flow of subretinal fluid and lead to an increase

in  the  amplitude  of  retinal  displacement.  In  addition,  two

case  reports  also  suggested  that  compared  with  standard

PPV or PPV combined with SB and full-volume gas filling,

minimally invasive vitrectomy using small-volume expand-

able gas filling and local scleral buckling could reduce the oc-

currence of retinal displacement [24,25].

The Influence of the Treatment Methods of Subreti-
nal Fluid on Retinal Displacement

The different ways of handling subretinal fluid dur-

ing  the  operation  may  also  affect  the  occurrence  of  retinal

displacement.  Abdi  et  al.  [26]  compared the incidence and

characteristics of retinal displacement after direct perfluoro-

carbon  liquid  (PFCL)  -  silicone  oil  exchange  and  indirect

PFCL gas exchange and gas-to-silicone oil  exchange meth-

ods in patients with RRD undergoing pars plana vitrectomy

(PPV). The results showed that there was no significant dif-

ference in the incidence and location of postoperative reti-

nal  displacement  between  the  direct  and  indirect  fluid

exchange  methods.  However,  the  average  retinal  displace-

ment in the direct exchange method was lower than that in

the indirect exchange method. Therefore, they believed that

the direct exchange method has potential advantages in re-

ducing postoperative retinal displacement. Bansal et al. [27]

investigated  whether  minimally  invasive  PPV  without  gas-

liquid  exchange  but  with  internal  or  external  drainage

would  lead  to  retinal  displacement.  The  clinical  results

showed  that  both  methods  could  cause  retinal  displace-

ment.  This  might  be  because  allowing  the  retinal  pigment

epithelium  pump  to  naturally  absorb  the  subretinal  fluid

might  reduce  the  risk  of  retinal  displacement.  Another  re-

sult of their study also suggested that in the SB group, 22.5%

(6/27) of the patients had retinal displacement after external

subretinal  fluid  drainage,  while  the  proportion  was  6.7%

(1/15) in patients without external drainage. Therefore, they

believed  that  in  the  external  drainage  of  SB,  the  artificially

caused  movement  of  subretinal  fluid  might  lead  to  retinal

stretching and displacement [8].

The  Influence  of  Postoperative  Body  Position  on
Retinal  Displacement

RRD  patients  usually  need  to  maintain  a  special

position after undergoing PPV combined with gas tampon-

ade  or  PnR  surgery  to  increase  the  success  rate  of  retinal

reattachment.  Some  surgeons  support  the  prone  position,

while  others  prefer  the  position  supporting  the  retinal

break. However, there is no consensus on the effect of differ-

ent positions on postoperative retinal displacement. A Me-

ta-analysis  published in 2024 compared whether the prone

position  could  reduce  the  risk  of  retinal  displacement  in

RRD  patients  after  PPV  and  gas  tamponade.  The  results

showed that very low certainty evidence indicated that im-

mediately adopting the prone position after PPV combined

with  gas  tamponade  had  a  lower  incidence  of  retinal  dis-

placement,  outer  retinal  folds,  and  diplopia  than  adopting

the position supporting the retinal break [28]. But Casswell

et al. [29] included 239 RRD patients who received PPV or

PnR surgery. The results showed that among 100 patients in

the  prone  position  group,  42  (42%)  had  retinal  displace-

ment, while among 103 patients in the position supporting

the retinal break group, 58 (56%) had retinal displacement,

and the degree of displacement in the prone position group

was  lower.  Other  studies  have  also  shown  that  immediate

prone position has a lower risk of retinal displacement than

delayed prone position [30].

Summary and Outlook

This  article  summarizes  the  latest  research

progress  related  to  retinal  displacement  after  RRD  surgery

in the recent five years. We conducted an English literature

search  on  PubMed  for  the  time  period  of  "the  recent  five

years"  using  the  search  terms  "rhegmatogenous  retinal  de-

tachment and retinal replacement", and a total of 50 related

articles were retrieved. We reviewed all the articles to sum-

marize  the  contents  in  four  aspects:  the  concept  of  retinal

displacement, the mechanism of retinal displacement, the in-

cidence and functional impact of retinal displacement,  and

the  influencing  factors  of  retinal  displacement.  Currently,

clinical research on retinal displacement after RRD surgery

is insufficient, and larger sample-sized studies are needed to

clarify its occurrence and development mechanism and in-

fluencing factors, and to evaluate its impact on the integrity
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of visual function recovery in postoperative patients. The au-

thor  believes  that  more  precise  quantification  of  the  pres-

ence  or  absence  of  retinal  displacement,  the  degree,  angle,

and  direction  of  displacement,  etc.  is  the  entry  point  for

achieving breakthrough progress in research related to reti-

nal displacement.
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