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Abstract 

Subretinal injections provide direct access to photoreceptors and RPE, which is crucial for the delivery of gene therapy 
and neuroprotective approaches. To access the subretinal space, transvitreal (TV) and transscleral (TS) subretinal injec-
tions have been widely used in humans and animal models. In this work, we investigated recent trends and outcomes 
of utilizing TV and TS subretinal models of retinal detachment (RD). A literature review revealed an increasing utiliza-
tion of both models over the past two decades, with TS emerging as the predominant model since 2012. Subretinal 
injection in CX3CR1 + /GFP CCR2 + /RFP mice revealed early inflammatory responses, with TS injections inducing 
higher infiltration of CD11b + CCR2 + cells compared to TV. Further leukocyte immunophenotyping indicated diver-
gent infiltration patterns, with the TS approach exhibiting higher proportions of neutrophils and macrophages/micro-
glia-like cells, while the TV injections had higher CD45hi CD11b + Ly6G- Ly6C + infiltration. Notably, late-stage analysis 
demonstrates higher photoreceptor cell death in the TS approach, paralleled by increased subretinal infiltration 
of CD11b + cells. Both models showed significant reactive gliosis, suggesting comparable late-stage wound healing 
responses. These findings underscore the utility of these approaches for subretinal delivery, offering insights into their 
distinctive leukocyte infiltration and late-stage tissue responses.
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Introduction
The subretinal space (SRS) is a virtual space between 
the neurosensory retina and retinal pigment epithelium 
(RPE), which provides direct access to photoreceptors 

and other retina neurons. For this reason, the subreti-
nal injection of genetic vectors and cellular therapies for 
these cells has been instrumental in delivering neuropro-
tective and regenerative approaches for retinal degen-
eration. To access the SRS, different subretinal injection 
approaches have been described to deliver such agents. 
In rodent preclinical studies, the most widely used meth-
ods to access the subretinal space are: i) transvitreal (TV) 
or ab interno, accessing the eye through an external scle-
rotomy, though the choroid, RPE, retina, vitreous cavity 
posterior to the lens, and tapping into the retina from 
the inner limiting membrane to the subretinal space [1, 
2]; and ii) transscleral (TS) or ab externo, via an external 
sclerotomy, penetrating through the sclera, choroid, and 
RPE, ultimately reaching the subretinal space, without 
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creating a retinotomy [3]. Additionally, the suprachoroi-
dal space can also be accessed using this approach.

Subretinal injections provide straightforward access to 
photoreceptors and RPE at the expense of a local retinal 
detachment (RD). Chorioretinal atrophy following sub-
retinal gene therapy delivery has been described within 
and outside the injection site [4]. Moreover, injection 
of small volumes (100 µL) to the SRS in nonhuman pri-
mates has shown early electrophysiological suppres-
sion and late ultrastructural retinal changes [5]. The 
response of the host retina to these injections has been 
extensively studied using experimental models of RD, 
which provide invaluable insights into the kinetics of 
photoreceptor cell death [6–10]. Moreover, these models 
have been instrumental in unveiling the neuroinflamma-
tory mechanisms associated with the detachment of the 
neurosensory retina by subretinal injection, identifying 
critical cellular and humoral mediators in this process 
[11–16]. Although technically challenging, experimental 
RD models are crucial to tailoring neuroprotective and 
regenerative therapeutic approaches, including drug and 
gene therapy delivery [17]. However, given the different 
structures involved while accessing the SRS via TV or 
TS injections, the impact of these different approaches 
on immune-mediated photoreceptor damage of the host 
retina remains unknown.

In this work, we investigated the early and late cellular 
events associated with an induced retinal detachment via 
TV and TS subretinal injections, particularly photorecep-
tor cell death, leukocyte infiltration, and retinal gliosis. 
We observed significant differences in photoreceptor cell 
death and divergence in leukocyte subtype infiltration of 
the retina across these injection types. These results sug-
gest that given its different burden on the host retina, 
the injection route is a relevant factor in subretinal drug 
delivery. The appropriate selection of these routes can 
ultimately affect the clinical applicability of therapeutic 
strategies for retinal degenerative diseases.

Materials and Methods
All reagents used in this work are listed in Supplemen-
tary Table 1 with their respective manufacturer and cata-
log number.

Animals and Breeding
The animals used for experiments and breeding strictly 
followed the guidelines set forth by the Association for 
Research in Vision and Ophthalmology (ARVO). The 
Animal Care Committee of the University of Illinois Chi-
cago reviewed and approved all animal protocols. The 
C57BL/6  J and CX3CR1+/GFP CCR2+/RFP strains were 
procured from The Jackson Laboratories. Nrl-EGFP+ 
mice were kindly provided by Anand Swaroop, Ph.D. 

(National Eye Institute, Bethesda, MD). Eight-week-old 
male and female mice were used for experiments. Ani-
mals were maintained in a standard 12-h light/dark cycle 
and provided ad  libitum access to standard chow. Mice 
were randomly assigned to experimental groups.

Retinal Detachment Model
Animals were anesthetized with ketamine (80  mg/kg) 
and xylazine (5  mg/kg) via intraperitoneal injection. 
Pupils were dilated with phenylephrine 2.5% and tropi-
camide 1% drops. Proparacaine hydrochloride 0.5% was 
instilled to provide topical anesthesia. All retinal detach-
ments were performed by a single investigator (DEM).

The TV retinal detachment model was performed as 
previously described [1, 2]. Briefly, a sclerotomy was per-
formed in the nasal sclera, and a 34-gauge injector was 
inserted through the sclera/choroid, RPE, nasal retina, 
and vitreous cavity posterior to the lens. Under direct 
visualization, the tip of the injector was placed on the ret-
inal surface and tapped into the subretinal space. A total 
of 4 µL of 1% sodium hyaluronate (Provisc, Alcon) was 
injected into the subretinal space to detach the temporal 
retina. The injector was removed with caution from the 
eye to avoid lens contact. 

The TS model was performed as described by Mat-
sumoto et al. [3] Briefly, a sclerotomy was performed in 
the temporal sclera, and a corneal paracentesis was per-
formed. A 34-gauge injector was inserted through the 
sclera/choroid and RPE. Four µL of 1% sodium hyalu-
ronate were injected into the subretinal space to detach 
the temporal retina. The injector was removed slowly to 
avoid leakage. The sclerotomy was sealed with cyanoacr-
ylate-based surgical adhesive (Vetbond®, 3 M).

Following RD, Bacitracin ointment was placed in the 
eye. Eyes with cataracts, leakage, vitreous, retinal, or sub-
retinal hemorrhage were excluded from further analysis.

Immunofluorescence
Eyes were harvested and fixed in 4% paraformaldehyde 
solution. Samples were embedded in Tissue-Tek® optimal 
cutting temperature compound (Sakura Finetek USA, 
CA). Eyecups were dissected, and the retina was isolated 
for wholemount analysis. Primary antibodies were incu-
bated overnight at 4ºC, while secondary antibodies were 
incubated for 2 h at room temperature. Whole eyes were 
processed to 10 µm axial cryosections, starting at 800 µm 
from the eye, and stored at −80ºC. Slides were counter-
stained with 4’,6-diamidino-2-phenylindole (DAPI). Ret-
ina wholemounts and cryosections were mounted with 
Fluoromount-G mounting medium. Photoreceptor cell 
count was performed as previously described [10, 18]. 
The thickness of the outer nuclear layer (ONL) and inner 
nuclear layer (INL) was quantitated with the Thickness 
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Tool [19]. Slides were imaged with or ZEISS (Thornwood, 
NY) LSM 800 laser confocal microscope or ZEISS Axio 
epifluorescence microscope. Fluorescence (integrated 
density) was quantitated in 8-bit digital images using 
ImageJ (version 1.52, http://​imagej.​nih.​gov/​ij/; provided 
in the public domain by the National Institutes of Health, 
Bethesda, MD).

Flow Cytometry Analyses
Retinas were isolated following RD and processed using 
the Papain Dissociation System (Worthington, Colum-
bus, OH) into a single-cell suspension, according to the 
manufacturer’s instructions. For flow cytometry analy-
sis, we used Zombie NIR live/dead exclusion assay from 
BioLegend (San Diego, CA) and DAPI staining to detect 
nucleated live singlets. Antibodies were purchased 
from BioLegend (CD11b) and BD Biosciences (CD45, 
Ly6G, and Ly6C). Fluorescence-minus-one, unstained, 
and singlestain controls were used to compensate set-
tings for each antibody or fluorescent reporter. Gating 
was performed as previously described [1, 16]. Samples 
were acquired with Aurora Spectral Cytometer (Cytek 
Biosciences, Fremont, CA) and data was analyzed with 
Kaluza cytometry software (Beckman Coulter, Brea, CA).

Statistical Analyses
Statistical analyses were performed with SAS Software 
(2016, SAS Institute Inc., Cary, NC). The Shapiro–Wilk 
test was used to check for normality. Statistical signifi-
cance for differences between groups was determined 
with a two-sided T-test or Student’s T-test for two-group 
comparisons. Results are expressed as mean ± standard 

error of the mean (SEM). A p-value of 0.05 or less was 
deemed to indicate statistical significance.

Results
Recent Use of Transvitreal and Transscleral Models of RD
We performed a literature search to investigate the 
usage of RD models over the past decades. We identified 
a steady increase in the use of this experimental model 
from 2003 to 2023 (Fig. 1C), with 24 references using the 
TV model and 39 the TS model. The TV model was more 
frequently used between 2003–2011 (TV = 14, TS = 9), 
while the TS succeeded and became the most predomi-
nant model between 2012–2023 (TV = 10, TS = 30) 
(Fig. 1D). These results suggest that the TS model is cur-
rently the most widely used preclinical RD model.

Transscleral RD Model Induces Higher CCR2+ Infiltration 
in Early RD
We hypothesized that the different approaches to induce 
an RD in the TV and TS models could trigger a differ-
ential expression of inflammatory markers and leuko-
cyte recruitment. To determine the early expression of 
these markers in the detached retina, we induced an RD 
in CX3CR1+/GFP CCR2+/RFP mice and quantitated the 
number of CD11b+, CX3CR1+, and CCR2+ cells in the 
detached retina (Fig. 2A-H). We observed that the num-
ber of total CD11b+ and CD11b+ CX3CR1+ cells in the 
TS model was higher than in the TV model at day one 
post-RD, yet not statistically significant (p = 0.104 and 
0.252, respectively) (Fig.  2I). In contrast, the number 
of CD11b+ CCR2+ cells increased over threefold in the 
TS model, significantly higher than in the TV model 

Fig. 1  Outline of Transvitreal and Transscleral Experimental Retinal Detachment (RD) Models. A Outline and fundus image of transvitreal RD model 
displaying bullous detachment and retinotomy at the injection site (arrowhead). B Outline and fundus image of transscleral RD model showing 
bullous detachment without retinal tears/holes. (A-B) Created with BioRender.com. C Experimental retinal detachment publications from 2003 
to 2023. D References using transvitreal and transscleral models from 2003 to 2023

http://imagej.nih.gov/ij/
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(99.17 ± 24.34 vs. 30.57 ± 11.33 cells, p = 0.021). These 
results indicate that the TS model has an early pre-
dominance of CD11b+ CCR2+ inflammatory cells, likely 
derived from peripheral leukocytes.

Divergence in Ly6G+ and Ly6C+ Early Infiltration 
in Transvitreal and Transscleral RD Models
Given the early infiltration of the detached retina in these 
models, we immunophenotyped the infiltrating leuko-
cytes using flow cytometry (Fig.  3A-D). We observed 
that the TS model had a significantly higher propor-
tion of CD45hi CD11b+ macrophage/microglia-like 
cells (p = 0.010) and CD45hi CD11b+ Ly6G+ neutrophils 
(p = 0.017) than the TV model. In contrast, there was a 
significantly higher proportion of CD45hi CD11b+ Ly6G− 
Ly6C+ monocytes in the TV model (p = 0.048) compared 
to the TS model. These results suggest that in early RD, 
the TV and TS model diverge in their Ly6G+ neutrophil 
and Ly6C+ monocyte infiltration.

Transscleral RD Induces Higher Photoreceptor Cell Death 
in Late RD
Considering the divergence in retinal leukocyte infiltra-
tion, we hypothesized that such an inflammatory burden 
could translate into different photoreceptor cell death 
in late RD. For this purpose, we analyzed the photore-
ceptor survival at day seven following RD, as previously 
described (Fig.  4A-G) [10]. Using Nrl-EGFP+ mice, 
which specifically labels rod photoreceptors, we found 
that transscleral delivery resulted in a reduced number 
of rods and segments seven days after retinal detach-
ment. We observed that the number of photoreceptors 
in the detached retina was significantly  lower in the TS 
model compared to the TV model (1067.41 ± 32.49 vs. 
920.58 ± 34.40 photoreceptors, p = 0.019), which indicates 
a higher cell death rate in the TS model. The normalized 
photoreceptor survival rate (detached/attached count) 
was 63.85 ± 1.76% for the TV model and 48.80 ± 2.79% 
for the TS model (p < 0.004). Similarly, the ONL/INL 
ratio of the detached retina was lower in the TS model 
(1.16 ± 0.20) than in the TV model (1.22 ± 0.20), yet not 
significantly (p = 0.542). Similarly, the increased photo-
receptor death in the TS model was paralleled by higher 
subretinal infiltration of CD11b+ cells (12.31 ± 1.76 cells) 

Fig. 2  Differences in Early Retinal Infiltration after Retinal 
Detachment (RD) in CX3CR1+/GFP CCR2+/RFP mice. Retinal 
infiltration of total CD11b+, CD11b+ CX3CR1+, and CD11b+ CCR2+ 
cells in the (A-D) Transvitreal and (E–H) Transscleral RD models. 
Scale bar 50 µm (A-H). (I) Quantitation of CD11b + , CX3CR1 + , 
and CCR2 + cells in the detached retina in retinal wholemounts (n = 3). 
* = p < 0.05; NS = not significant

◂
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compared to the TV model (11.16 ± 1.16 cells), yet not 
statistically significant (p = 0.614).

Transvitreal and Transscleral RD Models Induce Significant 
Reactive Gliosis
Considering the tapping into the retinal tissue required 
for the TV model and the higher cell death observed in 
the TS model, we sought to investigate the wound heal-
ing response in the detached retina in late RD. For this 
purpose, we quantitated retinal gliosis by glial fibrillary 
acidic protein (GFAP) fluorescence (integrated density) 
in retinal cryosections and whole-mounts on day seven 
following RD (Fig.  5A-G). We found that both the TV 
and TS models had a significant gliotic reaction in the 
detached retina compared to the attached region (TV, 
p < 0.001; TS, p = 0.026) (Fig.  5G). We found no differ-
ences between the TV and TS models in the attached 
(p = 0.146) or detached retina (p = 0.698). These results 
suggest that the higher cell death in the TS model and 
higher expected gliotic response for this model might 
be compensated by the direct retinal tapping in the TV 

model, given comparable late GFAP intensities in these 
models.

Discussion
In this work, we showed that the TS injection caused 
higher CD45++ CD11b+, CD11b+ CCR2+, and Ly6G+ 
leukocyte infiltration of the retina, while the TV model 
was associated with higher Ly6C + cell infiltration in early 
phases. Moreover, we observed that the TS subretinal 
approach caused higher photoreceptor cell death than 
the TV model. These results indicate the divergence in 
immune response and different photoreceptor demise 
between the two subretinal delivery approaches.

The TS model has been the predominant subretinal 
delivery approach for RD during the period of 2012–
2014. In 2013, Matsumoto et  al. described in 2013 a 
technical modification to the TS model, using surgical 
adhesives to seal the sclerotomy [3]. This modification 
reduced sodium hyaluronate leakage and subsequent 
retinal detachments in a reproducible manner, in both 
height and duration, and resulted in lower retinal/
choroidal hemorrhage rates. We speculate that this 

Fig. 3  Immunophenotype of Early Retinal Infiltration in Retinal Detachment (RD) Models. A Flow cytometry analyses of retinal single-cell 
suspension isolated form the detached retina at day 1 after RD in transvitreal and transscleral models. Quantitation of (B) live CD45hi CD11b+ cells, 
(C) CD45hi CD11b+ Ly6G+, and (D) CD45hi CD11b+ Ly6G+ Ly6C+ in the detached retina at day 1 after RD. (n = 6). * = p < 0.05
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modification facilitated the study of late RD phases by 
providing a more reproducible RD model and by giving 
an edge over the technically complex TV model.

Preclinical adaptation of this subretinal injection RD 
model in rodents has enabled research by improving 
cost-effectiveness, reliability, and reproducibility of ani-
mal experiments, while allowing genetic manipulations 
for gain- or loss-of-function studies [20]. Despite their 
widespread applicability, both TV and TS approaches 
have limitations that need consideration. For example, 
the TV approach requires inserting a needle or cannula 
through the vitreous under direct retina visualization. 
At the entry site (nasal sclerotomy), there is a local outer 
blood-retinal-barrier (BRB) disruption and likely inner 
BRB disturbance due to the retinotomy created to access 
the vitreous cavity. At the temporal retina, tapping into 
the retina and creating a retinotomy to access the SRS 
induces physical trauma and likely affects the inner BRB. 
Besides the possibility of vitreous, preretinal, intrareti-
nal, subretinal, or sub-RPE hemorrhages, this approach 
may carry risks associated with vitreous humor manip-
ulation, such as traumatic cataracts. Leon et  al. have 
shown that puncture of the lens can induce macrophage 

infiltration of the retina in an optic nerve crush model 
[21]. In addition, the persistence of a retinotomy allows 
vitreous contents to seep through this gap and enter the 
subretinal space, as observed in rhegmatogenous RD. 
The TS subretinal injection provides access to the SRS 
and suprachoroidal space without entering the vitreous 
cavity or tapping into the retina. Compared to the TV 
model, there is only a local disruption of the outer BRB 
at the entry site (temporal sclerotomy). Such differences 
in BRB disruption between these approaches may affect 
the subsequent inflammatory response [22]. Inasmuch, 
the clinical applications for this approach are promising, 
as dedicated microinjectors are being developed for a 
reproducible and safer TS suprachoroidal injection [23].

Previous work in rodents showed that photoreceptor 
cell death following RD peaks at day 1, with approxi-
mately 25% of total photoreceptors lost in that period 
[10, 24]. Clinical trials for gene therapy have injected 
volumes of 150 to 300 µL to the SRS [25, 26]. Despite 
prompt reabsorption [25], the subretinal injection of 
100 µL of balanced salt solution in the macular region of 
cynomolgus macaques has been associated with mfERG 
suppression in retinal areas corresponding to the bleb but 

Fig. 4  Late Photoreceptor Survival and Subretinal Space Infiltration in Transvitreal and Transscleral Models. A-B Representative retinal cryosection 
images of detached retinas outlining the outer nuclear layer region of interest (yellow line). (C-D) Representative cryosection images of retinal 
detachment in Nrl-EGFP animals showing fewer rods with shorter segments. (C-D) Scale bar 100 µm (A-B) and 40 µm (C-D). Quantitation 
of (C) photoreceptor cell count, (D) ONL/INL ratio, and (E) subretinal space infiltration of CD11b+ cells (n = 4–6). * = p < 0.05; NS = not significant; 
PhotoRc = photoreceptor; ONL = outer nuclear layer; INL = inner nuclear layer
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also adjacent to this site [5]. Despite recovery of mfERG 
amplitudes after 90  days, authors describe decreased 
reflectivity of the photoreceptor inner segment/outer 
segment line in SD-OCT and histological retinal disor-
ganization in transmission electron microscopy. These 

findings suggest that the impact of subretinal injections 
and localized retinal detachment on photoreceptor struc-
ture and function is worth considering.

Regarding the inflammatory response, subretinal injec-
tion of phosphate-buffered saline using the TS approach 
in rd10 mice showed overexpression of CCL2 and CCL12 
in the retina and RPE/choroid compared to wild-type 
mice [2]. These exaggerated cytokine responses suggest 
the different burden of these injections in retinas with 
preexisting photoreceptor degeneration. Previous work 
from our group showed that peripheral neutrophils and 
monocytes contribute to photoreceptor cell death in RD 
[16]. Using the TS approach, the depletion of neutrophils 
and monocytes protected the outer retina. This detri-
mental role of peripheral monocytes could be even more 
relevant in the TV model since this approach had higher 
infiltration of Ly6C + cells than the TS model.

Our work has several limitations. First, there are tech-
nical differences between these subretinal injection 
approaches, such as: i) tapping into the retinal surface; ii) 
injection of viscoelastic materials; iii) corneal paracente-
sis; and iv) use of surgical adhesives. First, the touchdown 
of the injector on the retina has been linked to areas of 
early chorioretinal atrophy following subretinal deliv-
ery of voretigene neparvovec-rzyl [4]. In our work, we 
used a 34-gauge injector to access the subretinal space 
through the retina. Several authors use different injec-
tors with different needle gauges, from 34-35G [1, 2] to 
an 80G [27] glass injector. Given the lower gauge of our 
injector, we observe the retinotomy in the retinal sur-
face in the TV model, which suggests a higher degree 
of retinal injury or sodium hyaluronate leakage into the 
vitreous cavity. However, photoreceptor cell death was 
lower in the TV model, and the retinal detachment had 
a similar aspect and height at seven days post-RD com-
pared to the TS model. These findings suggest that the 
impact of the retinotomy on local photoreceptor cell 
death may not be as high as anticipated and that leak-
age of the viscoelastic material into the vitreous would 
be minimal, if any. Second, since hyaluronic acid is the 
predominant glycosaminoglycan in the human vitreous 
[28], different concentrations of sodium hyaluronate have 
been delivered to the subretinal space to create an RD. In 
this work, we used sodium hyaluronate 1%, while differ-
ent research groups have used solutions from 1% [1, 16, 
29] (Provisc®, Alcon) to 1.4% [7, 27, 30, 31] (Healon GV®, 
Alcon) sodium hyaluronate. However, results obtained 
with these viscoelastic materials may not necessarily par-
allel those observed with solutions delivered in clinical 
trials since even solution osmolarity can affect subretinal 
bleb resorption [32]. Third, a corneal paracentesis is cre-
ated in the TS model to avoid increased intraocular pres-
sure while injecting sodium hyaluronate. Such pressure 

Fig. 5  Late Gliotic Changes in Transvitreal and Transscleral Retinal 
Detachment (RD) Models. A-B Representative cryosection images 
of retinal detachment on day 7. C-F Representative wholemount 
confocal images of glial fibrillary acidic protein (GFAP) intensity 
in the attached and detached retina. Scale bar 70 µm (A-B) 
and 100 µm (C-F). (G) Quantitation of GFAP fluorescence intensity 
in transvitreal and transscleral RD models at day 7 (n = 4). * = p < 0.05
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increase would lead to leakage of this viscoelastic mate-
rial from the sclerotomy and, ultimately, a shallow RD. 
In the TV model, the initial sclerotomy accesses the vit-
reous cavity and allows liquified vitreous to egress from 
the eye. This prevents an increase in intraocular pres-
sure while injecting sodium hyaluronate. However, the 
effects of corneal paracentesis should not be overlooked. 
Lambiase and colleagues showed that a corneal para-
centesis, used as a sham control for surgical iridectomy 
in rabbits, increased the concentration of nerve growth 
factor (NGF) in the aqueous humor after four hours 
and remained elevated at four days compared to base-
line [33]. Interestingly, endogenous NGF, likely secreted 
by retinal microglia, has been linked to increased neu-
ronal cell death during development in the chick retina 
and in the cultured 661w murine photoreceptor cell line 
[34–36]. Likewise, Chen et al., demonstrated that a pen-
etrating injury to the cornea results in rapid infiltration 
of bone marrow-derived CX3CR1+ monocytes into the 
retina with subsequent neuroretinal cell death as a result 
of TNF-α, IL-1β, and IL-6 cytokine upregulation in the 
retina [37]. The reported severity of retinal damage was 
shown to be proportional to the degree of ocular injury. 
We speculate that this mechanism could contribute to 
the higher photoreceptor cell death observed in the TS 
model. Finally, wound closure is critical to avoid scler-
otomy leakage in TS approaches. Cyanoacrylate-based 
surgical adhesives have been used to manage corneal 
wounds in clinical practice and veterinary medicine [38, 
39]. Ollivier et  al. showed that these adhesives caused 
minimal inflammation when sealing a corneal defect 
while not interfering with the wound healing response 
[38]. However, it is worth mentioning that cyanoacrylate 
has been associated with corneal neovascularization after 
one month [40], suggesting that the impact of such adhe-
sives on inflammation and angiogenesis is not negligible.

In summary, this work demonstrates that TV and TS 
approaches are instrumental for subretinal delivery. 
Divergence in immune response and different cell death 
kinetics should be considered when designing neuro-
protective or regenerative strategies. Tailored subretinal 
approaches for selected retinal degenerative diseases can 
improve the outcomes of such therapies.
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Literature Search
A literature search to investigate the retinal detachment models in mice over 
the past 20 years was conducted. The terms were “retinal detachment” and 
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