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Abstract: Background/Objectives: To compare the surgical outcomes of 25-gauge (G)
vitrectomy to those of 27G vitrectomy for proliferative diabetic retinopathy (PDR) with a
tractional retinal detachment (TRD). Methods: Eighty-three consecutive eyes of 71 patients
with PDR and TRD that underwent initial vitrectomy at the Kyorin Eye Center from June
2021 to August 2023 and were followed for ≥3 months were studied retrospectively. The
surgical outcomes of the 10,000 cut/min (cpm) 25G vitrectomy (25G group, 25 eyes) to
that of the 20,000 cpm 27G vitrectomy (27G group, 58 eyes) were compared. Results: The
preoperative PDR status, surgical procedures, and postoperative outcomes were assessed
relative to the surgical success. The 25G group had significantly more eyes with severe
PDR (p = 0.010), no prior laser photocoagulation (p = 0.027), macular detachment
(p = 0.006), and the use of bimanual technique (p = 0.005). However, the operative times and
incidence of iatrogenic breaks were not significantly different. The visual acuity improved
significantly in both groups at 3 months postoperatively. The primary anatomical success
was 88% in the 25G and 97% in the 27G groups (p > 0.05). The risk factors for a postopera-
tive retinal detachment were significantly associated with the grade (p = 0.042) and type of
PDR (p = 0.041), the use of perfluorocarbon liquid (p = 0.028), and bimanual techniques
(p = 0.017). Conclusions: The high anatomical success for both groups for TRD secondary
to PDR indicates that both can be used to treat eyes with PDR. The 27G vitrectomy may
reduce the need for bimanual techniques.

Keywords: tractional retinal detachment; proliferative diabetic retinopathy; vitrectomy;
27-gauge; 25-gauge; twin duty cycle

1. Introduction

Proliferative diabetic retinopathy (PDR) can progress to vitreous hemorrhages, trac-
tional retinal detachment (TRD), combined tractional and rhegmatogenous retinal detach-
ment (RRD), and neovascular glaucoma [1,2]. Pars plana vitrectomy (PPV) is used to treat
these complications, and the Diabetic Retinopathy Vitrectomy Study has reported on the
benefits of early PPV [1]. The aims of PPV are to remove the vitreous hemorrhage and the
retinal traction, create posterior vitreous detachments, remove fibrovascular membranes
(FVMs), and treat areas of retinal ischemia [2]. The degree of surgical difficulty varies
considerably and depends on the severity and degree of the PDR [2].

The essential step in PPV is to remove the FVMs, which then reduces the traction on
the retina. However, releasing the retinal traction during PPV can also induce bleeding
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and retinal breaks [3]. The procedures and instruments used during PPV have signif-
icantly improved, especially the use of microincision vitrectomy systems (MIVS) [4–6].
The use of intraoperative intraocular pressure (IOP) stabilization systems, wide-angle
endo-illumination, and wide-angle viewing systems has also improved the success rate.

Recently, beveled-tip high-speed, dual-blade, twin-duty cycle vitreous cutters have
become available. These cutters have improved the vitrectomy procedures, which, in turn,
have expanded the pathologies that can be treated by vitrectomy. There has also been an
improvement in the outcomes of vitrectomy to treat severe PDR cases [4–14]. Additionally,
the use of the 27-gauge (G) system is associated with fewer cases of postoperative low
intraocular pressure (IOP) [7,8] and the need for suturing [9–11] compared to the 25-G
systems. There are also only minor changes in the corneal topography and astigmatism,
which result in rapid postoperative visual recovery [11].

Previous studies comparing the 25G and 27G systems primarily used single-blade
cutters. Although the beveled, high-speed, and dual-blade (twin-duty cycle) cutters have
been improved, there are only a few reports on using the twin-duty cycle technology for
the treatment of PDR [12]. Thus, the purpose of this study was to assess the advantages
and risks of using the 27G twin-duty cycle system to treat eyes with PDR. The results were
compared to the results of a 25G single-blade cutter system.

2. Materials and Methods

This single-center, observational study was approved by the Institutional Review
Committee of the Kyorin University School of Medicine (2403-01). It adhered to the tenets
of the Declaration of Helsinki. All of the patients received a detailed explanation of the
surgical and ophthalmic procedures, and all signed an informed consent form. All of the
patients consented to our review of their medical records and their anonymized use in
medical publications.

2.1. Study Population

This was a retrospective study of patients who had undergone 25G vitrectomy with a
single-blade cutter at 10,000 cuts per min (cpm; 25G Group, Alcon Laboratories, Inc., Fort
Worth, TX, USA) or 27G vitrectomy with a dual blade cutter at 20,000 cpm (27G Group; Alcon
Laboratories, Inc., Fort Worth, TX, USA, Figure 1). All surgeries were performed at the Kyorin
University Hospital to treat the TRD, followed by PDR between June 2021 and August 2023.
All patients were followed for at least 3 months. Patients were excluded if they had a history of
PPV, RRD not followed by PDR, and an exudative or traumatic retinal detachment.

Figure 1. Magnified images of a 27-gauge dual-blade vitreous cutter. (A) The opening port of an outer
tube is fully opened, and an inner tube of the cutter is located behind the opening port. (B) The opening
port of the outer tube is closed by the movement of the inner tube forward (arrow). The inner tube has
another opening port (arrowhead) that enables fluid or vitreous to be aspirated. (C) The opening port of
the outer tube is closed by the movement of the inner tube forward (arrow). However, the inner tube has
another opening port (arrowhead) that enables fluid or vitreous to be aspirated. This indicates a twin-duty
cycle system. On the other hand, a single-blade cutter has no opening port in the inner tube, so when the
inner tube is closed, the aspiration is stopped.
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2.2. Objectives and Data Collection

The primary outcome was a comparison of the surgical results and the complications
of the 25G to the 27G systems. The secondary outcomes were the primary success rates
and the identification of factors associated with the success in reattaching the retinal
detachment.

The data collected from the medical records were the age at the time of surgery, sex,
type of diabetes mellitus, best-corrected visual acuity (BCVA), and IOP (mmHg) at the
baseline and at 3 months after the surgery. We also collected information on whether
any prior preoperative laser photocoagulation or injections of anti-vascular endothelial
growth factor (VEGF) agents had been performed either alone or combined with RRD or
neovascular glaucoma, macular detachment, the extent of FVM, and the surgical indications.
The extent of the FVM and the surgical indications were determined from the earlier
reports [13]. The extent of the FVM was classified as multiple-point adhesions with or
without one site plaque-like broad adhesion (Grade 1), broad adhesions in fewer than three
sites located from the posterior pole to the equator (Grade 2), broad adhesions in more than
three sites located posterior to the equator, or extending beyond the equator within one
quadrant (Grade 3), and broad adhesions extending beyond the equator for more than one
quadrant (Grade 4) [13].

The surgical indications for PDR included tractional macular thickening, elevation or
retinoschisis (Group III), tractional macular detachment (Group IV), and combined traction
and RRD (Group V). We injected anti-VEGF agents within 7 days before the PPV in selected
eyes [3]. The surgery included the use of 25G or 27G vitrectomy systems, operation time
(minutes), use of perfluorocarbon liquid, bimanual technique, incidence of iatrogenic break,
and tamponade agent (air, sulfur hexafluoride [SF6], octafluoropropane [C3F8], or silicone
oil). We analyzed the optical coherence tomographic (OCT) findings in patients (n = 63)
whose preoperative OCT images could be used to evaluate the disruption of the external
limiting membrane (ELM) or the ellipsoid zone (EZ), and disorganization of the retinal
inner layers (DRIL) of the <1 mm area of the macula. Reoperation due to postoperative
retinal detachment was also assessed. For patients who received silicone oil tamponade
during the initial surgery, primary surgical success was defined as retinal reattachment after
successful removal of silicone oil or under silicone oil without recurrent retinal detachment
at 3 months. A final surgical failure was defined as the need for additional surgeries to
manage recurrent retinal detachment or the presence of residual silicone oil tamponade at
the final follow-up. The decimal BCVA was converted to the logarithm of the minimum
angle of resolution (logMAR) for the statistical analyses. Poorer visual acuities were graded
as counting fingers, 2.0 logMAR units; hand motion, 2.3 logMAR units; light perception,
3.0 logMAR; and no light perception, 4.0 logMAR.

2.3. Surgical Techniques

All patients underwent PPV using the 10,000 cpm 25G or the 20,000 cpm 27G Constel-
lation vitrectomy systems (Alcon Laboratories, Inc., Fort Worth, TX, USA). The decision
on which vitrectomy system to use was the surgeon’s preference. The duty cycle is the
percentage of time the cutter port is open during a cutting cycle. The maximum cutting
rate was set at 10,000 cpm in the 25G group or 20,000 cpm in the 27G group. The aspiration
pressure was set at 0−650 mmHg. For posterior visualization, the Resight 700 fundus
viewing system (Carl Zeiss Meditec AG, Oberkochen, Germany) was used in all cases.
Initially, core vitrectomy was performed, and any vitreous hemorrhage was aspirated. The
FVM was removed with the vitreous cutter probe, micro-forceps, micro-scissors, or with
bimanual techniques. We removed the epiretinal membrane (ERM) or internal limiting
membrane that was made visible by injecting brilliant blue G if patients had ERM or
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macular traction. Panretinal photocoagulation was performed. Phacoemulsification was
performed in patients with lens opacities that affected the intraoperative visibility. Air, 20%
SF6, 14% C3F8, or silicone oil was used for tamponade when needed.

2.4. Statistical Analyses

The characteristics of the retina at the baseline and the surgical details were compared
between the two groups according to surgical outcomes using χ2 tests, Fisher’s exact tests,
or Wilcoxon–Mann–Whitney tests. Dunnett’s tests were used to compare the visual acuity
preoperatively and at 1 and 3 months postoperatively. The JMP software, version 18 (SAS
Inc., Cary, NC, USA), was used for all statistical analyses, and a p < 0.05 was considered
statistically significant.

3. Results

3.1. Preoperative Demographics and Surgical Procedures

The preoperative demographics and surgical procedures of 83 consecutive eyes of
71 patients are shown in Table 1. Twenty-five eyes in the 25G Group and fifty-eight eyes in
the 27G Group underwent vitrectomy. The 25G group had a significantly greater number
of eyes with severe PDR type (p = 0.010), no prior laser treatment (p = 0.027), macular
detachment (p = 0.006), and use of the bimanual technique (p = 0.005; Table 1). However,
there were no significant differences in age, type of diabetes mellitus, preoperative BCVA,
preoperative injection of anti-VEGF agents, preoperative ELM and EZ disruptions, and
preoperative DRIL. Preoperative anti-VEGF injection was performed on 14 eyes with no
significant difference in the PDR grade (p = 0.288) or PDR type (p = 0.332). Thirteen of
seventy-seven eyes were phakic, and all thirteen eyes underwent lens-sparing vitrectomy;
the other sixty-four eyes underwent phaco-vitrectomy.

Table 1. Characteristics and surgical details of patients with tractional retinal detachment according
to primary surgical outcome.

Total (n = 83) 25G (n = 25) 27G (n = 58) p Value

Age (years) (median) (range) 50.0 (27–75) 51.0 (27–75) 49.5 (31–69) 0.636 §

Male, n (%) 63 (76%) 19 (76%) 44 (76%) 0.989 †

Type 1 diabetes mellitus, n (%) 4 (5%) 2 (8%) 2 (3%) 0.921 ‡

Preoperative BCVA (logMAR) (median) (range) 1.0 (−0.08–4.0) 1.3 (0.2–4.0) 0.9 (−0.08–2.3) 0.344 §

IOP (mmHg) (median) (range) 15.0 (8–36) 13.0 (9–35) 15.0 (8–36) 0.542 §

PDR grade, n (%) 0.129 ‡

1 10 (12%) 1 (4%) 9 (16%)
2 35 (42%) 8 (32%) 27 (27%)
3 34 (41%) 14 (56%) 20 (35%)
4 4 (5%) 2 (8%) 2 (4%)

PDR type, n (%) 0.010 *,‡

III 39 (47%) 7 (28%) 32 (55%)
IV 17 (21%) 10 (40%) 7 (12%)
V 27 (33%) 19 (33%) 8 (32%)

Preoperative laser photocoagulation, n (%) 72 (87%) 19 (76%) 53 (91%) 0.027 *,†

Neovascular glaucoma, n (%) 3 (4%) 2 (8%) 1 (2%) 0.183 †

Macular detachment, n (%) 31 (37%) 15 (60%) 16 (28%) 0.006 *,†

Preoperative anti-VEGF injection, n (%) 14 (17%) 4 (16%) 10 (17%) 0.889 †

Preoperative ELM disruption, n (%) 38 (60%) 16 (73%) 22 (54%) 0.135 †

Preoperative EZ disruption, n (%) 47 (75%) 18 (82%) 29 (71%) 0.900 †

Preoperative DRIL, n (%) 49 (78%) 20 (91%) 29 (71%) 0.989 †

Operation time (minutes) (median) (range) 117.0 (38–284) 111.0 (68–188) 117.5 (38–284) 0.976 §

Iatrogenic break, n (%) 53 (64%) 16 (64%) 37 (64%) 0.986 †

Perfluorocarbon liquid, n (%) 28 (34%) 9 (36%) 19 (33%) 0.775 †

Bimanual technique, n (%) 25 (30%) 13 (52%) 12 (21%) 0.005 *,†

Tamponade agent, n (%) 64 (77%) 21 (84%) 43 (74%) 0.315 †

*: p < 0.05, †: χ2 test, ‡: Fisher’s exact test, §: Wilcoxon–Mann–Whitney test, BCVA, best-corrected visual acuity;
logMAR, logarithm of the minimum angle of resolution; IOP, intraocular pressure; PDR, proliferative diabetic
retinopathy; VEGF, vascular endothelial growth factor; ELM, external limiting membrane; EZ, ellipsoid zone;
DRIL, disorganization of retinal inner layers.
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3.2. Comparisons of Postoperative Outcomes Between 25G and 27G Groups

We used SF6 in 42 eyes, C3F8 in 12 eyes, and silicone oil in 10 eyes as a tamponade.
The operation time and incidence of iatrogenic retinal tears were not significantly different
between the two groups, despite the fact that the 25G group had more severe cases of PDR
(Table 1 and Figure 2). The operation time in both the 25G and 27G groups was significantly
associated with the PDR type (p = 0.032, Wilcoxon–Mann–Whitney test), preoperative
anti-VEGF injection (p = 0.003), use of perfluorocarbon liquid (p = 0.016), use of tamponade
agent (p = 0.001), and complications of iatrogenic breaks (p = 0.001). However, there was no
significant difference in the other factors.

Figure 2. Surgical images during surgery for proliferative diabetic retinopathy with 25-gauge or
27-gauge vitrectomy. (A) A fibrovascular membrane is dissected with a 27-gauge dual-blade cutter by
inserting the tip of the vitreous cutter beneath the fibrovascular membrane. (B) A bimanual technique
is used with scissors and forceps of 25-gauge instruments. The fibrovascular membrane is held with
the forceps and dissected with scissors in an eye with retinal detachment associated with a tractional
membrane complicated by retinal breaks.

The median BCVA at the baseline was 1.0 logMAR units with a range of −0.08 to
4.0 logMAR units. The visual acuity was significantly improved to 0.39 logMAR units
(range, −0.08 to 2.3 logMAR units; p < 0.001) at 3 months after the surgery. This significant
improvement was found in both groups (p = 0.006 in Group 1; p < 0.001 in Group 2).

3.3. Primary Success Rates and Risk Factors for Surgical Failure

The primary success rate was 94% for all cases, and it was 88% for the 25G group
and 97% for the 27G group (p = 0.153). The grade of the PDR (p = 0.042), the type of PDR
(p = 0.041), use of perfluorocarbon liquid (p = 0.028), and bimanual technique (p = 0.017)
were significantly associated with primary failure (Table 2). Otherwise, the age, preopera-
tive BCVA, macular detachment, preoperative anti-VEGF injection, preoperative ELM and
EZ disruptions, preoperative DRIL, operation time, iatrogenic break, and tamponade agent
were not significantly different between the two groups.
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Table 2. Characteristics and surgical details of patients with re-detachment.

Re-Detachment (n = 5) Primary Attachment (n = 78) p Value

Age (years) (median) (range) 46.0 (41–74) 50.5 (27–75) 0.792 §

Male, n (%) 4 (80%) 59 (75%) 0.822 †

Type 1 diabetes mellitus, n (%) 1 (25%) 4 (5%) 0.224 ‡

Preoperative BCVA (logMAR) (median)
(range) 1.2 (0.5–1.7) 0.9 (−0.08–4.0) 0.826 §

IOP mmHg (median) (range) 10.0 (10–16) 15.0 (8–36) 0.085 §

PDR grade, n (%) 0.042 *,‡

1 0 (0%) 10 (13%)
2 0 (0%) 35 (45%)
3 4 (80%) 30 (39%)
4 1 (20%) 3 (4%)

PDR type, n (%) 0.041 *,‡

III 0 (0%) 39 (50%)
IV 2 (40%) 15 (19%)
V 3 (60%) 24 (31%)

Preoperative laser photocoagulation, n (%) 3 (60%) 68 (87%) 0.146 †

Neovascular glaucoma, n (%) 0 (0%) 3 (4%) 0.538 †

Macular detachment, n (%) 5 (46%) 26 (31%) 0.577 †

Preoperative anti-VEGF injection, n (%) 2 (40%) 12 (15%) 0.203 †

Preoperative ELM disruption, n (%) 5 (100%) 33 (57%) 0.071 ‡

Preoperative EZ disruption, n (%) 5 (100%) 42 (72%) 0.218 ‡

Preoperative DRIL, n (%) 5 (100%) 44 (76%) 0.271 ‡

Operation time (minutes) (median) (range) 146.0 (96–188) 116.5 (38–284) 0.340 §

25G, n (%) 3 (12%) 22 (88%) 0.153 †

Iatrogenic break, n (%) 1 (20%) 29 (37%) 0.418 †

Perfluorocarbon liquid, n (%) 4 (80%) 24 (31%) 0.028 *,†

Bimanual technique, n (%) 4 (80%) 21 (27%) 0.017 *,†

Tamponade agent, n (%) 5 (100%) 59 (76%) 0.101 †

*: p < 0.05, †: χ2 test, ‡: Fisher’s exact test, §: Wilcoxon–Mann–Whitney test, BCVA, best-corrected visual acuity;
logMAR, logarithm of the minimum angle of resolution; IOP, intraocular pressure; PDR, proliferative diabetic
retinopathy; VEGF, vascular endothelial growth factor, ELM, external limiting membrane; EZ, ellipsoid zone;
DRIL, disorganization of retinal inner layers.

3.4. Surgical Failures and Complications

A postoperative retinal detachment was observed in five eyes, and a recurrent retinal
detachment caused by the TRD in four eyes (two eyes in the 25G group and two eyes in the
27G group), RRD in one eye (25G group). These five eyes had more severe PDR; four eyes had
PDR grade 3, one eye had grade 4, two eyes had type IV PDR, and three eyes had type V. Of the
10 eyes that received silicone oil, 8 eyes had the silicone oil removed, and the retina remained
attached. However, a final anatomical success was achieved in 81 eyes (98%), and silicone oil
remained in 2 eyes (1 eye in the 25G group and 1 eye in the 27G group).

4. Discussion

The 25G high-speed single-blade cutter and the 27G high-speed dual-blade cutter were
used for vitrectomy in eyes with a TRD secondary to PDR. The results showed no significant
differences in the operative times or incidence of iatrogenic breaks. Despite the higher
proportion of severe PDR cases in the 25G group, the primary retinal reattachment rate,
operation time, and incidence of iatrogenic breaks were not significantly different between
the two groups. Previous studies have similarly reported no significant differences between
25G and 27G vitrectomies in the primary success rate, operative times, and incidence of
iatrogenic breaks [14–16]. The advancements in MIVS, especially with the bevel-tips and
27G vitrectomy probes, allowed more accurate approaches between the FVM and the retina,
which had been difficult with the larger cutters [2]. The smaller port size and the more
apical location of the port in the 27G cutters enhanced the removal of FVM and reduced
the retinal traction during the removal of FVMs. Furthermore, the 27G cutter can function
as a multifunctional tool, e.g., as scissors, picks, and back-flush needles, thus reducing the
need to change from the cutter to the other instruments [4]. Previous studies indicated that
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the 27G system had significantly fewer needs for vitreous forceps [10,14] and diathermy
coagulation [10], and more efficient FVM removal [10] than the 25G system. The bimanual
technique was used significantly less in the 27G group. Despite these advantages, some
studies have reported no significant differences in the operative times [10,14,16], iatrogenic
breaks [10,14], need for a tamponade [10,16], or reoperation rates [14,16] between the two
groups. The nonsignificant differences in the operation times between vitrectomy with
25G single-blade cutters and 27G dual-blade cutters were likely due to the reduced times
for instrument changes and increased vitreous aspiration efficiency with the twin-duty
cycle system [17,18]. Furthermore, this has been assumed to be because of the design
of the inner tube of the dual-blade cutter. The single-blade vitreous cutter has one port
on one side, and an inner tube goes back and forth to open and close the port. On the
other hand, the dual-blade cutter had an additional inner opening, which led to a constant
aspiration [18]. These differences increased the opening time of the port, and the cutting
was from both the forward and backward blades of the cutter [18]. The aspiration rates of
the twin-duty cycle cutters for balanced salt solution and vitreous have been reported to
be significantly higher than those of single-blade cutters at the maximal cutting rate [18].
On the other hand, the fact that the operative time was comparable between the two
groups could be attributed to less severe cases in the 27G group that take less time for FVM
removal and more time for vitreous cutting. In the 25G group, the opposite reasons applied.
The operation time was significantly associated with PDR type, preoperative anti-VEGF
injection, use of perfluorocarbon liquid, use of tamponade agent, and complications of
iatrogenic breaks. Further randomized and prospective studies are needed.

Our primary reattachment rate was 94% for TRD secondary to severe PDR. This agrees
with earlier MIVS reports of 69.2% to 98.9% [13,16,19]. Severe PDR grade and type were
significantly associated with a recurrence of retinal detachment. In contrast, previous
studies have identified the poor preoperative BCVA factors as younger age, complication of
RRD, and silicon oil tamponade as risk factors for redetachment [13,20,21]. Cases involving
severe PDR grades or types and extensive proliferative membranes may require more
complex surgical procedures, such as perfluorocarbon or silicon oil tamponade [22,23].
In such cases, a postoperative retinal detachment may develop due to iatrogenic breaks,
postoperative rhegmatogenous retinal detachment, or persistent or recurrent traction [24].

There are several limitations in our study. First, this was a single-center, retrospective
study, and the selection of the PPV system was dependent on each surgeon’s preference
and the preoperative findings. Thus, there may have been a selection bias and variability
in each case. Second, the number of patients was small, and meaningful statistical analyses
could not be performed, especially in cases of postoperative retinal detachments. Third,
the follow-up period was relatively short. Thus, a prospective study with a larger number
of cases is needed to validate the findings of this study.

5. Conclusions

In conclusion, very good primary and final anatomical success was achieved with
both the 25G and 27G vitrectomy for TRD secondary to PDR, with significant visual
improvements and no difference in operative time or incidence of iatrogenic break. The
use of 27G vitrectomy may reduce the use of bimanual techniques, and the 25G vitrectomy
is probably a good procedure for severe PDR.
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Abstract: Background: Chorioretinal folds are observed after vitrectomy due to ocular collapse
caused by low intraocular pressure. The purpose of this study is to investigate the relationship
between the postoperative hypotony, chorioretinal folds, and the fundus autofluorescence (FAF)
findings. Methods: Two-hundred-and-seventy consecutive eyes that had undergone 25- or 27-gauge
vitrectomy were examined. The associations between the arch-shaped hypo-autofluorescent lesions
in the FAF images and the postoperative hypotony with intraocular pressure (IOP) ≤ 4 mmHg were
determined on the day after the surgery. Results: Arch-shaped hypo-autofluorescent lesions were
seen in 4 of the 270 eyes (1.5%), and hypo-autofluorescence was observed in 3 of 14 hypotonic eyes
(18.5%). This was significantly more frequent than in the non-hypotony group (0.4%, p = 0.0004).
Optical coherence tomography showed a loss of the ellipsoid zone and retinal pigment epithelial
layer in the region of the arch-shaped lesions. None of the arch-shaped hypo-autofluorescent lesions
involved the fovea, and the vision recovered in all cases. The hypo-autofluorescent lesions did not
disappear during the 4 to 16 month observation period. Conclusions: The postoperative arch-shaped
hypo-autofluorescent lesions were associated with postoperative hypotony and RPE damage due to
chorioretinal folds. These findings remained even when the IOP was normalized and chorioretinal
folds disappeared.

Keywords: chorioretinal fold; fundus autofluorescence; microincision vitrectomy surgery; postoperative
hypotony; vitrectomy

1. Introduction

Pars plana vitrectomy is performed for various retinal diseases, and in recent years,
microincision and minimally invasive techniques have been used. Microincision vitrectomy
surgery (MIVS) with 25-gauge (G) and 27G instruments have been performed with greater
safety and reduced complications [1–3]. However, postoperative hypotony is one of the
complications after vitrectomy [4–16]. The presence of early postoperative hypotony after
25G pars plana vitrectomy with nonexpansive endotamponade was highly associated with
a younger age, prior vitreoretinal surgeries, higher incidence of preoperative ocular hyper-
tension, pseudophakia, silicone oil removal, and use of external diathermy [15]. Bourgault
and associates [12] compared the incidence of hypotony after oblique and straight sclero-
tomies in 25G transconjunctival sutureless vitrectomy. They reported that the incidence
of hypotony was not significant different between eyes which had oblique and straight
incisions. It has also been reported that the incidence of hypotony was significantly lower in
eyes with air or gas tamponade than in fluid-filled eyes [12]. The incidence of ciliochoroidal
detachment at sclerotomy sites was detected by anterior segment swept-source optical
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coherence tomography in 63.3% of 30 eyes with an epiretinal membrane that underwent
MIVS during a 1-day observation period [13]. The mean postoperative intraocular pres-
sure (IOP) was significantly lower than the preoperative IOP in eyes with a ciliochoroidal
detachment. The mean postoperative IOP was significantly higher in eyes without a cil-
iochoroidal detachment than in eyes with a ciliochoroidal detachment. The incidence of
open sclerotomies was significantly higher in eyes with a ciliochoroidal detachment than
in eyes without a ciliochoroidal detachment at 3 h postoperation. Hypotony during the
early postoperative period appeared to be associated with a ciliochoroidal detachment at
the sclerotomy sites [13].

Earlier studies have shown that in hypotonic eyes with choroidal folds, the retinal
pigment epithelium (RPE) is stretched at the crest of the fold and compressed at the trough.
These morphological alterations resulted in hyperfluorescence at the crest and hypofluores-
cence at the trough in the fluorescein angiograms (FA). There is also hyper-autofluorescence
at the crest and hypo-autofluorescence at the trough of the fundus autofluorescence (FAF)
images [17,18].

We have had cases of postoperative hypotony after vitrectomy that developed arch-
shaped hypo-autofluorescent lesions that were coincident with the choroidal folds. How-
ever, the relationship between the hypotony and the FAF images has not been determined.

Thus, the purpose of this study was to determine the relationship between the postop-
erative hypotony and the arch-shaped hypo-autofluorescent lesions that developed after
routine pars plana vitrectomy.

2. Materials and Methods

This single-centre observational study was approved by the Institutional Review
Committee of the Kyorin University School of Medicine (R04-056). It adhered to the tenets
of the Declaration of Helsinki. All of the patients received a detailed explanation of the
surgical and ophthalmic procedures, and all signed an informed consent form. All of the
patients consented to our review of their medical records and their anonymized use in
medical publications.

2.1. Subjects

We reviewed the medical records of 270 consecutive eyes that had undergone routine
25G and 27G pars plana vitrectomy (PPV) between January 2021 and February 2022 and
had FAF examinations. The patients were followed for at least 3 months. The procedures
used for the vitrectomy were approved by the Kyorin University Hospital Ethics Com-
mittee (Reference number; R04-056), and they conformed to the tenets of the Declaration
of Helsinki.

2.2. Measurement of Chorieretinal Folds by Optical Coherence Tomography (OCT) and Fundus
Autofluorescence (FAF)

The eyes on which a single surgeon (M.I.) had performed the vitrectomy were studied.
We collected the age, sex, pre- and postoperative best-corrected visual acuity (BCVA), pre-
and postoperative IOP, and axial length from the medical records. OCT images (Spectralis,
Heidelberg Engineering, Heidelberg, Germany), infrared scanning laser ophthalmoscopic
(SLO) images (Spectralis, Heidelberg Engineering, Heidelberg, Germany), and widefield
FAF images (200Tx® or California, Optos Inc., Dunfermline, UK) were also collected. The
frequency of arch-shaped hypo-autofluorescent lesions in the FAF images before and after
vitrectomy was determined. Then, we determined the association between the arch-shaped
hypo-autofluorescent lesions and the pre- and postoperative findings.

2.3. Statistical Analyses

All data are expressed as the means ± standard deviations. A postoperative hypotony
was defined as an IOP of ≤4 mmHg on the day after the surgery. Non-parametric tests
(Fischer’s exact test and Mann–Whitney U test) were used to determine the significance
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of the differences in the systemic and ocular parameters between the hypotony and non-
hypotony groups. All statistical analyses were performed using SPSS (version 28.0; IBM,
Armonk, New York, NY, USA).

3. Results

In total, 270 eyes from 270 patients (120 women; 150 men) met the inclusion criteria.
The mean age of all participants was 64 ± 14 (±standard deviation) years, and the mean
axial length was 25.2 ± 2.1 mm. The pre- and postoperative BCVA was 0.55 ± 0.67 and
0.16 ± 0.47 logarithm of the minimum angle of resolution (logMAR) units, respectively.
The pre- and postoperative IOP was 14.6 ± 4.3 and 13.2 ± 6.0 mmHg, respectively. In total,
77 eyes (29%) underwent 25G vitrectomy, and 193 eyes (71%) underwent 27G vitrectomy.
Of the 270 eyes, 73 eyes (27%) had an epiretinal membrane, 59 eyes (22%) had a macular
hole, 22 eyes (8%) had a dislocation of intraocular lens, 51 eyes (19%) had a rhegmatoge-
nous retinal detachment and/or proliferative vitreoretinopathy, and 28 eyes (10%) had
proliferative diabetic retinopathy (Table 1).

Table 1. Demographics of the patients.

Age (years) 64 ± 14
Sex (woman/man) 120/150
Preoperative BCVA (logMAR units) 0.55 ± 0.67
Postoperative BCVA (logMAR units) 0.16 ± 0.47
Preoperative IOP (mmHg) 14.6 ± 4.3
Postoperative IOP (mmHg) 13.2 ± 6.0
Axial length (mm) 25.2 ± 2.1
Arch-shaped hypo-autofluorescent lesions (eyes [%]) 4 eyes (1.5%)

Gauge of the vitrectomy (eyes [%]) 25G: 77 (29%)
27G:193 (71%)

Pathologies (eyes [%])
ERM 73 (27%)
MH 59 (22%)
IOL dislocation 22 (8%)
RRD/PVR 51 (19%)
PDR 28 (10%)
Other 37 (14%)

BCVA = best-corrected visual acuity, IOP = intraocular pressure, ERM = epiretinal membrane, MH = macular
hole, IOL = intraocular lens, RRD = rhegmtogenous retinal detachment, PVR = proliferative vitreoretinopathy,
PDR = proliferative diabetic retinopathy.

The arch-shaped hypo-autofluorescent findings were seen in 4 of the 270 eyes (1.5%)
and in 3 of 14 hypotonic eyes (18.5%), which was significantly more frequent than in
the non-hypotony eyes (0.4%, p = 0.0004, Tables 2 and 3). In three eyes with markedly
low IOP on the day after the surgery, chorioretinal infoldings were observed due to an
ocular collapse (Figures 1–4). The FAF images also showed chorioretinal infoldings with
the shadowed area corresponding to the trough (valley) of the chorioretinal infoldings.
Intravitreal air injection was performed immediately to treat the low IOP. The IOP improved
3 days after the surgery, and the choroidal folds were also improved in all three eyes. The
FAF images showed arch-shaped hypo-autofluorescent lesions, which corresponded to the
troughs of the chorioretinal folds next to the dark shadowed area.
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Figure 1. Postoperative fundus photograph and fundus autofluorescent (FAF) images of an eye
with an epiretinal membrane in a 64-year-old woman. (A) Fundus photograph showing that the
eye appears to be deformed by the very low intraocular pressure (IOP) on the day after the surgery,
resulting in deformation and severe chorioretinal infoldings with crests (black arrows) and troughs
(white arrows). (B) FAF image showing the chorioretinal infoldings next to the shadowed area.
(C) On day 3, the chorioretinal folds are reduced and the IOP is normal. The crests (black arrows) and
troughs (white arrows) are flattened. (D) FAF image shows arch-shaped hypo-autofluorescent lesions
(yellow arrowheads) corresponding to the troughs of the chorioretinal folds with a dark shadowed
area next to it. (E) At one month, the chorioretinal folds are not present, and vision has recovered to
20/20. (F) FAF image shows the arch-shaped hypo-autofluorescent lesions (yellow arrowhead) with
hyper-autofluorescent lesions near the hypo-autofluorescent lesions. (G,H) The hypo-autofluorescent
lesions (yellow arrowhead) persisted at 7 months, and were present for 12 months postoperatively.

Figure 2. Cont.
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Figure 2. Postoperative fundus autofluorescence (FAF) and optical coherence tomography (OCT)
images of the upper chorioretinal fold of the same eye as Figure 1 at one month. (A) FAF image and
(B) magnified FAF image (the dashed square of A) show the arch-shaped hypo-autofluorescent lesions
(white arrows) with hyper-autofluorescent lesions (yellow arrows). (C) Infrared image showing arch-
shaped bright lesions (yellow arrows) corresponding to the hypo-autofluorescent lesions in the FAF
image. White arrows point to a retinal artery, white dots arrow point to a retinal vein. (D) OCT image
and (E) magnified OCT image (the dashed square of D) of a vertical scan (green line of Figure 2B,C)
showing the hyperreflective area of the retinal pigment epithelium (yellow arrows), hyperreflective
area of the photoreceptor outer segments (blue arrows), and disruption of the ellipsoid zone. White
arrows: retinal artery; white dotted arrow: retinal vein.

Table 2. Comparison of cases with or without arch-shaped hypo-autofluorescent lesions.

Arch-Shaped Hypo-Autofluorescent
Lesions (+)

(−) p-Value

Eyes 4 266 -
Age, years 61 ± 5 64 ± 14 0.573 *
Preoperative BCVA (logMAR units) 0.06 ± 0.05 0.56 ± 0.68 0.050 *
Postoperative Maximum BCVA (log MAR units) 0.19 ± 0.43 0.16 ± 0.47 0.752 *
Pre-IOP (mmHg) 14.3 ± 2.2 14.6 ± 4.3 0.948 *
Axial length (mm) 27.7 ± 3.5 25.1 ± 2.0 0.114 *
Postoperative Hypotony (+) 3 (18.5%) 13 (4.8%) 0.0004 †
Postoperative Hypotony (−) 1 (0.4%) 253 (93.7%) -

BCVA = best-corrected visual acuity, IOP = intraocular pressure. * Mann–Whitney U test, † Fischer’s exact test.

Table 3. Comparison of cases with or without postoperative hypotony.

Hypotony Group,
(n = 16, 5.9%)

Non-Hypotony Group, (n
= 254, 94.1%)

p-Value

Age, year 62 ± 11 64 ± 14 0.387 *
Preoperative BCVA (logMAR) 0.33 ± 0.51 0.57 ± 0.68 0.139 *
Postoperative Maximum BCVA (log MAR) 0.11 ± 0.29 0.17 ± 0.48 0.431 *
Pre-IOP (mmHg) 14.6 ± 3.0 14.6 ± 4.3 0.874 *
Axial length (mm) 26.7 ± 2.7 25.2 ± 2.1 0.011 *
Arch-shaped hypo-autofluorescent lesions, eyes (%) 3 (18.5%) 1 (0.4%) 0.0004 †

Gauge of the vitrectomy (eyes [%]) 25G: 2 (12.5%), 25G: 75 (29.5%),
0.112 †27G: 14 (87.5%) 27G: 179 (70.5%)

Pathologies (eyes [%])
ERM 6 (38%) 67 (26%)
MH 3 (19%) 56 (22%)
IOL/lens dislocation 5 (31%) 17 (7%)
RRD/PVR 0 (0%) 51 (20%)
PDR 1 (6%) 27 (11%)
others 1 (6%) 36 (14%)

BCVA = best-corrected visual acuity, IOP = intraocular pressure, ERM = epiretinal membrane, MH = macular
hole, IOL = intraocular lens, RRD = rhegmtogenous retinal detachment, PVR = proliferative vitreoretinopathy,
PDR = proliferative diabetic retinopathy. * Mann–Whitney U test, † Fischer’s exact test.
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Figure 3. Postoperative fundus autofluorescence (FAF) and optical coherence tomographic (OCT)
images of the lower chorioretinal fold of the same eye as Figure 1 at one month. (A) FAF image and
(B) magnified FAF image (the dashed square of A) showing the arch-shaped hypo-autofluorescent le-
sions (white arrows) with hyper-autofluorescent lesions (yellow arrows). (C) Infrared image showing
bright lesions (yellow arrows) corresponding to the hypo-autofluorescent and hyper-autofluorescent
lesions in the FAF image. White arrows point to retinal artery, white dots arrows point to retinal vein.
(D) OCT image and (E) magnified OCT image (the dashed square of D) of a vertical scan (green line
in Figure 3B,C) showing the hyperreflective area of retinal pigment epithelium and photoreceptor
outer segments (yellow arrows), the hyperreflective area of ellipsoid zone band (blue arrows), and
disruption of the ellipsoid zone. White arrows: retinal artery; white dotted arrow: retinal vein.

One month after the surgery, fundus examination showed that the chorioretinal folds
were not present, but the FAF images showed that the arch-shaped hypo-autofluorescent
lesions with hyper-autofluorescent lesions near the hypo-autofluorescent lesions were still
present (Figures 1–3). The infrared scanning laser ophthalmoscopic (SLO) images showed
that the arch-shaped bright lesions corresponded to the hypo-autofluorescent lesions in
the FAF images. The OCT images showed a hyperreflective area of the retinal pigment
epithelium and hyperreflective area of photoreceptor outer segments next to the area of
the disrupted ellipsoid zone band. The Humphrey 30-2 visual field test did not detect any
decreased sensitivity at the site corresponding to the chorioretinal folds in two eyes.

Arched hypo-autofluorescent lesions in the FAF images were observed nasal to the
optic disc in all four eyes, and the lesion did not extend to the macula in all four eyes
(Figures 1–6). These findings were observed until the last postoperative examination at
16 months. The postoperative BCVA did not differ significantly between the eyes with and
without the hypo-autofluorescent lesions (Table 2).
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Figure 4. Postoperative fundus photograph and fundus autofluorescent (FAF) images of the left eye of
a 63-year-old man with an epiretinal membrane after treatment for a retinal detachment. (A) Fundus
photograph showing that the eye appears to be deformed by a low intraocular pressure (IOP) of
2 mmHg on day 1 after the surgery. (B) Postoperative FAF image on postoperative day 1 showing
arched hypo-autofluorescent lesions (yellow arrowheads). (C) Optical coherence tomographic (OCT)
image of a horizontal section on postoperative 6 days showing the hyperreflective area of the
photoreceptor outer segments (yellow arrowheads). (D) Postoperative image and FAF image (E) at
7 months showing no chorioretinal folds, but persistent arched hypo-autofluorescent lesions (yellow
arrowheads). Vision improved to 20/18. (F) OCT image showing an absence of the hyperreflective
area of the photoreceptor outer segments.
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Figure 5. Postoperative fundus photograph and fundus autofluorescent (FAF) images of the left
eye of a 64-year-old man with a lamellar macular hole. (A) Fundus photograph on postoperative
day 7 showing that the eye has recovered from the deformity present on the day after the surgery.
Intraocular pressure (IOP) has recovered to 16 mmHg from 3 mmHg on day 1. Intravitreal tamponade
air is still present. (B) Postoperative FAF image shows arched hypo-autofluorescent lesions (yellow
arrowheads) on the nasal side. (C) Optical coherence tomographic (OCT) images in a horizontal
section on postoperative day 7 showing the hyperreflective elongated area of the photoreceptor outer
segment layer (yellow arrowheads). (D) Postoperative images and (E) FAF image at 4 months after
vitrectomy shows the persisted arched hypo-autofluorescent lesions (yellow arrowheads). Vision
has improved to 20/20. (F) OCT image showing the absence of the hyperreflective area of the
photoreceptor outer segment layer.
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Figure 6. Postoperative images and fundus autofluorescent (FAF) images of the left eye of a 55-year-
old man after vitrectomy for a dislocated intraocular lens. (A) Fundus photograph on postoperative
one month showing no chorioretinal folds. IOP on postoperative day 1 was 12 mmHg. (B) FAF
image showing arched hypo-autofluorescent lesions (yellow arrowheads) and hyper-autofluorescent
lesions (yellow arrows) near and away from the hypo-autofluorescent lesions. (C) FAF images at
postoperative 7 months showing the persistent hypo-autofluorescent lesions (yellow arrowheads).
The hyper-autofluorescent lesions have become fuzzy. Vision was 20/133 due to a previous retinal
detachment. Hypo-autofluorescent dots (arrows) were seen before the surgery.

4. Discussion

The arch-shaped hypo-autofluorescent lesions seen in the FAF images after vitrectomy
were seen significantly more frequently in the postoperative hypotony group. The sites
of these lesions corresponded with the location of the chorioretinal folds, which suggests
that they were related to the ocular collapse caused by postoperative hypotony. In addi-
tion, these findings persisted for up to 12 months after the surgery, even when the IOP
was normalized. The axial length of the eyes in the postoperative hypotony group was
significantly longer than that of the non-hypotony group, which indicates that the recovery
from early postoperative hypotony was affected by the size of the eyeball. However, the
incidence of arch-shaped hypo-autofluorescent lesions was not related to the axial length,
but rather to the ocular collapse caused by postoperative hypotony.

In general, hypotony is known to occur after trauma or glaucoma filtering surgery [19,20].
In cases with chorioretinal folds caused by hypotonic maculopathy, the RPE cells are com-
pressed together in the troughs of the folds, resulting in the hyper-autofluorescent lesions in
the FAF images. The RPE atrophy occurs at the crests of the folds. These changes result in the
hypo-autofluorescent lesions in the FAF images. On the other hand, a posterior staphyloma
in highly myopic eyes is known to cause hypo-autofluorescent lesions due to RPE atrophy
caused by the expansion of the eyeball [21].

The arched hypo-autofluorescent lesions with hyper-autofluorescent lesions in the
FAF images were detected at the troughs of the chorioretinal folds. These folds represent
RPE damages due to deformation of the eyeball. In contrast, the hypo-autofluorescent
or hyper-autofluorescent lesions in the FAF images were not detected at the crests of the
chorioretinal folds. The OCT images revealed hyperreflective areas of the RPE and the
photoreceptor outer segments, which represented aggregated RPE cells and the accumu-
lation of photoreceptor outer segments due to RPE damage. The region of the ellipsoid
zone in the OCT images also corresponded to the hypo-autofluorescent lesion caused by
the RPE damage. The infrared SLO images showed that the arch-shaped bright lesions also
corresponded to the RPE damage by their increased reflectivity. These findings in the FAF
and SLO images may differ because the chorioretinal folds were displaced and recovered
after the recovery from hypotony.
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The RPE atrophy was not clearly seen in the OCT images, but the damage of the
ellipsoid zone and RPE in the troughs of the chorioretinal fold caused by the extraocular
deformation appeared to be more severe than the deformation that usually occurs in
hypotonic maculopathy. These changes resulted in the hypo-autofluorescent lesions in the
FAF images. There were also cases of arched hyper-autofluorescent lesions located next
to hypo-autofluorescent lesions. Hypotonic maculopathy typically occurs after glaucoma
surgery. However, the changes in our study were different from the changes seen in
hypotonic maculopathy after glaucoma surgery. Possibly, the absence of the vitreous gel
made it difficult to maintain the ocular morphology at low IOP, resulting in a more severe
ocular collapse and chorioretinal folds that can damage the RPE and photoreceptor cells.
Experiments in animal models of myopia have reported that stretching the RPE causes
cell expansion and proliferation [22]. The degree of scleral deformation was less at sites
away from the chorioretinal troughs, suggesting that the hyper-autofluorescent lesions
were caused by RPE aggregation, as seen in hypotonic maculopathy.

These findings did not occur in the macular area and did not affect the postoperative
visual acuity. The severe postoperative hypotony on the first postoperative day was treated
immediately by the intravitreal injection of air. However, the absence of deformation
might be because the location of the optic disc prevented the deformation of the macular
area. The chorioretinal folds were described to radiate outward temporally in a branching
fashion from the optic disc. However, nasal to the disc, the folds tended to be arranged
concentrically by the traction exerted nasally by the optic nerve fibres as they moved [23,24].
One of the four eyes with the postoperative arch-shaped hypo-autofluorescent lesions did
not have low IOP the day after the surgery, and no retinal choroidal folds were seen on
fundus examination on the next day. The reason for this is not clear, but it is possible that
the eye had low IOP immediately after surgery and the IOP had recovered on the next day.

Our study has several limitations. First, the very small number of eyes studied and
the retrospective nature limited the strength of the conclusions that can be made. Second,
the number of the patients with choroidal fold was too few to perform statistical analyses
of findings of the FAF and OCT images. Third, the follow-up period may be too short
to make a conclusion to evaluate the eventual outcome of hyper-autofluorescent and
hypo-autofluorescent lesions.

5. Conclusions

In conclusion, postoperative arch-shaped hypo-autofluorescent lesions were associated
with the postoperative hypotony and RPE damage due to the chorioretinal folds. These
changes remained even after the IOP recovered and the chorioretinal folds disappeared.
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Abstract: Objective: To determine if basal linear deposit (BLinD) is a specific lesion of age-related
macular degeneration (AMD). Methods: The cohort was selected from a clinically and histopatholog-
ically validated archive (Sarks Archive) and consisted of 10 normal eyes (age 55–80 years) without any
macular basal laminar deposit (BLamD) (Sarks Group I) and 16 normal aged eyes (age 57–88 years)
with patchy BLamD (Sarks Group II). Only eyes with in vivo fundus assessment and corresponding
high-resolution transmission electron microscopy (TEM) micrographs of the macula were included.
Semithin sections and fellow-eye paraffin sections were additionally examined. BLinD was defined as
a diffuse layer of electron-lucent vesicles external to the retinal pigment epithelium (RPE) basement
membrane by TEM and was graded as follows: (i) Grade 0, absence of a continuous layer; (ii) Grade
1, a continuous layer up to three times the thickness of the RPE basement membrane (0.9 μm);
(iii) Grade 2, a continuous layer greater than 0.9 μm. Bruch’s membrane (BrM) hyalinisation and
RPE abnormalities were determined by light microscopic examination of corresponding semithin
and paraffin sections. Results: BLinD was identified in both normal (30%) and normal aged (62.5%)
eyes. BLinD was thicker in normal aged eyes (p = 0.045; 95% CI 0.04–3.4). BLinD thickness positively
correlated with both the degree of BrM hyalinisation (p = 0.049; 95% CI 0.05–2.69) and increasing
microscopic RPE abnormalities (p = 0.022; 95% CI 0.188–2.422). RPE abnormalities were more likely
to be observed in eyes with increased BrM hyalinisation (p = 0.044; 95% CI 0.61–4.319). Conclusions:

BLinD is most likely an age-related deposit rather than a specific lesion of AMD. Its accumulation
is associated with increasing BrM hyalinisation and microscopic RPE abnormalities, suggesting a
relationship with dysregulated RPE metabolism and/or transport.

Keywords: age-related macular degeneration; basal linear deposit; basal laminar deposit; ageing

1. Introduction

Age-related macular degeneration (AMD) is a clinically diagnosed disease. Upon
fundus ophthalmoscopy, early and intermediate AMD is defined by the presence of soft
drusen, with or without pigment changes, whereas late AMD is defined by the presence
of geographic atrophy and/or macular neovascularisation (advanced AMD) [1]. Sarks [2]
was the first to document the continuum of specific histological changes that accompany
each stage of AMD in a large cohort of clinically validated eyes. A continuous and diffuse
layer of sub-retinal pigment epithelium (RPE) basal laminar deposit (BLamD) was shown
to be the defining histological lesion of AMD. A second diffuse deposit, basal linear deposit
(BLinD), was later revealed by transmission electron microscopy (TEM) to be present in
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all eyes with AMD [3]. BLinD appears as electron-lucent vesicles that accumulate in the
inner collagenous zone (ICZ) of Bruch’s membrane (BrM), external to the RPE basement
membrane. Because BLinD is seen in continuity with soft drusen [4] and is composed of
similar electron-lucent vesicles, it is considered a soft drusen precursor [5].

There is extensive evidence that the lipid content within BrM increases with age [6].
There is also substantial evidence that the electron-lucent vesicles that comprise BLinD and
soft drusen are lipid-rich [7,8]. Subsequent histological and ultrastructural investigations
showed that a BLinD-like deposit could also be found in younger eyes without AMD [4].
These observations raise an important question: is BLinD a specific AMD lesion or is it
associated with normal ageing?

One of the difficulties in reconciling published findings to date is the lack of a universal
definition of BLinD. The study cohorts on which observations have been based were mixed,
with mostly small sample sizes and without in vivo clinical validation. This limits the
clinical and histological correlation of identified markers. To address this question, we
studied a clinically and histologically validated archive of 10 normal and 16 normal aged
human eyes. Using a standardised definition of BLinD, we measured its thickness in
electron micrographs and correlated our findings to age as well as light microscopic
evaluation of BrM hyalinisation and RPE abnormalities.

2. Materials and Methods

2.1. Ethics

The study protocol was approved by the St Vincent’s Hospital Human Research Ethics
Committee (REF: 2021/ETH01147) and was monitored by the St Vincent’s Hospital Sydney
Research Office. Archival records were accessed for research from January to December
2023. Authors did not have access to sufficient information to identify participants during
or after data collection.

2.2. Cohort

The Sarks archive consists of over 600 eyes obtained from 1967 to 1995 from over
350 prospectively consenting patients, each with detailed clinical annotations and histologi-
cal assessment. During the clinical assessment, the best corrected distance visual acuity,
fundus assessment, medical history and other intra-ocular findings [2] were documented.
In vivo fundus photography was captured when possible. Post-mortem, macular histology
was assessed by light microscopy. TEM assessment was also performed in most cases on
fellow eyes. In vivo fundus findings and clinical progression were correlated with detailed
histological and ultrastructural analyses.

2.3. Sarks Histological AMD Grading

Sarks [2] was the first to define ageing and AMD as a continuum of histological
changes in a large cohort of clinically validated human eyes. Group I (normal) eyes have
no macular BLamD and have a normal fundus. Group II (normal aged) eyes contain
patchy, macular BLamD. Group III (early AMD) eyes have a continuous (at least 250 μm),
thin (less than half the height of an RPE cell) layer of macular BLamD. The presence of
continuous BLamD marks the histological threshold of AMD. Group IV (intermediate
AMD) eyes are characterised by continuous, thick (greater than half the height of an RPE
cell) macular BLamD, corresponding to the presence of early and intermediate AMD upon
fundus examination. Group V eyes are defined by the presence of geographic atrophy and
Group VI by disciform scar formation.

2.4. Cohort Inclusion and Exclusion Criteria

Eyes from the Sarks Archive were selected if they met the following inclusion criteria:
(i) Group I (normal; no macular BLamD) and Group II (normal aged; patchy macular
BLamD); (ii) at least two TEM images of the macula available for assessment; (iii) corre-
sponding macular resin semithin sections for light microscopic evaluation and (iv) well-
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documented in vivo fundus findings. Cases with paraffin sections of the fellow eye were
prioritised for inclusion. Eyes with any macular pathology were excluded. Normal clinical
fundus examination findings were confirmed by a review of the clinical notes and, where
available, in vivo fundus photographs. Light microscopic review of semithin resin sections
and picro-Mallory-stained paraffin sections was undertaken to confirm (i) the absence of
AMD, defined by the absence of continuous macular BLamD and (ii) the absence of any
other microscopic macular pathology.

2.5. Light and Electron Microscopy

Eyes prepared for TEM were fixed in 2.5% glutaraldehyde in 0.1 M cacodylate buffer,
and the macula and optic disc were punched out using an 8 mm corneal trephine [9,10].
After the retina and choroid were dissected away, the tissue was subdivided into blocks and
washed in fresh cacodylate buffer, then postfixed in 2% osmium tetroxide in 0.1 M cacodylate
buffer. This was followed by 2% uranyl acetate staining. Next, tissue blocks were dehydrated
through graded alcohols and acetone, before being embedded in Spurrs low-viscosity resin
and cured at 60 ◦C for 8 h. Semithin 0.5 μm sections were cut and stained with toluidine
blue. Ultrastructural areas of interest were identified on semithin resin sections and examined
by TEM (Philips 300 Electron Microscope; Eindhoven, The Netherlands) at an accelerating
voltage of 80 Kv. TEM micrographs were examined after digital scanning.

Paraffin section methods, described previously [2], were as follows: after fixation in
neutral buffered formalin and paraffin embedding, the pupil-to-optic nerve block was
sectioned at 8 μm thickness through the macula. Every 10th paraffin section was stained
with picro-Mallory trichrome. Coverslipped glass slides of resin and paraffin sections were
digitally scanned for microscopic review and data collection.

2.6. Bruch Membrane Hyalinisation

BrM hyalinisation was graded using a scale previously defined by Sarks [2] and later
validated by van der Schaft et al. [11]. Briefly, Grade 1 hyalinisation does not extend
beyond BrM; Grade 2 hyalinisation reaches the intercapillary pillars; Grade 3 hyalinisation
extends through the intercapillary pillars entirely and Grade 4 hyalinisation encircles
the choriocapillaries.

2.7. Basal Linear Deposit: Definition

The term “basal linear deposit” was originally used to describe what is now under-
stood to be BLamD, a diffuse, aberrant basement membrane-like deposit internal to the
RPE basement membrane that is readily identifiable upon light microscopic examination
of paraffin sections after histological staining [2,12]. The distinct properties of BLamD and
BLinD only became apparent with the routine availability of TEM. BLinD was first defined
in published literature as a layer of electron-lucent vesicles external to the RPE basement
membrane using TEM [13]. It was further defined as the precursor lesion for soft drusen
in 1994 [14] and subsequently confirmed to be present in all eyes, with histological ev-
idence of early AMD defined as a continuous layer of macular BLamD [3]. There are
no published criteria for defining BLinD in terms of thickness or extent in tissue cross-
sections. In the absence of published consensus criteria, we defined BLinD as a diffuse
layer of electron-lucent vesicles external to the RPE basement membrane that is at least
the thickness of the RPE basement membrane (approximately 0.3 μm) [15]. Here, we use
the term “electron-lucent vesicles” purely as an ultrastructural morphological descriptor
without any functional or biochemical inferences. This deposit was classified as BLinD
only when it was seen spanning the entirety of a TEM photograph at low magnification
(13.5 × 1000) (approximately 9 μm). The maximum thickness of BLinD in each eye was
recorded and graded into the following categories: (i) less than 0.3 μm (Grade 0); (ii) up to
3 × 0.3 μm (Grade 1); and (iii) greater than 3 × 0.3 μm (Grade 2). Three other histological
landmarks were used to confirm BLinD thickness: (i) the diameter of a red blood cell within
the choriocapillaris, approximately 8 μm [16]; (ii) the diameter of a macular RPE nucleus,
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approximately 8–12 μm [17]; and (iii) the height of a macular RPE cell, approximately 14
μm [18].

2.8. Imaging and Scanning

Coverslipped glass slides of stained paraffin and resin semithin sections were scanned
using an Olympus Slideview VS200 (Olympus Life Science; Tokyo, Japan), a high through-
put brightfield and fluorescent slide scanner. The 60×/1.42 oil objective and brightfield
imaging mode were used for scanning all slides. Once scanned, slides were assessed using
the OlyVIA software Version 2.9.1 (Olympus Life Science; Tokyo, Japan). Kodachromes and
archival paper photographs were scanned using the Epson Perfection V700 Photo Scanner
(Epson Australia Pty Ltd., North Ryde, Australia).

2.9. Statistical Analysis

Statistical analysis was performed using GraphPad Prism 8 (GraphPad Software, San
Diego, CA, USA) and SPSS Version 28 (IBM Corp, Armonk, NY, USA). The Fisher exact test
was used to analyse (i) the presence of BLinD vs. Sarks Group I/II; (ii) RPE detachment on
paraffin sections vs. the presence of BLinD upon TEM; and (iii) the presence of a sub-RPE
space on semithin resin sections vs. the presence of BLinD upon TEM. A two-group t-test
was used to evaluate the mean age and the mean number of TEM and semithin sections
analysed between Sarks Groups I and II. Ordinal regression was used to analyse (i) BLinD
grade vs. Group I/II; (ii) BrM hyalinisation grade vs. Group I/II; (iii) BrM hyalinisation
vs. BLinD grade; (iv) BrM hyalinisation vs. age; (v) RPE microscopic morphology vs. Group
I/II; and (vi) RPE morphology vs. BrM hyalinisation.

3. Results

3.1. Cohort

A total of 10 Sarks Group I (mean age 63.0 ± 8.3 years) and 16 Group II eyes (mean age
74.2 ± 7.3 years) (Figure 1) met the inclusion criteria summarised in Table 1. Group I eyes were
significantly younger (p = 0.0014, 95% CI 4.8–17.6), with a trend towards better visual acuity
(p = 0.11, 95% CI –0.05–0.5), compared with Group II. The interval between death and tissue
fixation ranged from 1 to 12 h. The mean time from the last clinical review and patient death
was 12.6 months in Group I and 18.1 months in Group II. There was no statistical difference
in the number of semithin sections examined in Group I compared to Group II (7.5 ± 6.2 vs.
5.4 ± 3.8; p = 0.30, 95% CI –6.1–1.9) or in the number of TEM photographs reviewed per eye
between the two groups (25.6 ± 20.4 vs. 19.0 ± 14.6; p = 0.34, 95% CI –20.7–7.53).

Table 1. Cohort characteristics. Ten normal Group I and 16 normal aged Group II eyes met the inclusion
criteria. Compared with Group II eyes, the Group I eyes were significantly younger (p = 0.0014, 95% CI
4.8–17.6), with a trend towards better visual acuity (p = 0.11, 95% CI –0.05–0.5). The fundus was normal
in all eyes at the last in vivo (clinical) examination, except for two eyes with non-specific pigment spots
(noted as “vitelliform spots”) seen in the context of a few small hard drusen.

Sarks Group a Age
(Years)

Sex
Post-Mortem

Delay
(Hours)

Visual
Acuity b

(LogMAR)

Follow-Up
to Death
Interval

(Months)

Fundus
Appearance

Last
Examination

Macular
Paraffin
Sections

Reviewed

Macular
Semithin

Resin
Sections

Reviewed

Macular
TEM

Photographs
Reviewed

Group I
No macular BLamD

1 73 M Unknown 0 36 Normal 15 22 49
2 58 M 3 0 1 Normal - 10 12
3 80 M Unknown 0.18 36 Normal - 4 6
4 55 M Unknown 0 12 Normal 16 4 7
5 60 M Unknown 0 5 Pigment spot 15 3 47
6 59 M 5 - 10 Normal 15 5 3
7 55 M 1 0 1 Normal 17 12 43
8 59 M Unknown 0.18 10 Normal 20 10 55
9 69 M Unknown 0 8 Normal - 2 17
10 62 M Unknown 0.18 7 Normal 15 3 17
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Table 1. Cont.

Sarks Group a Age
(Years)

Sex
Post-Mortem

Delay
(Hours)

Visual
Acuity b

(LogMAR)

Follow-Up
to Death
Interval

(Months)

Fundus
Appearance

Last
Examination

Macular
Paraffin
Sections

Reviewed

Macular
Semithin

Resin
Sections

Reviewed

Macular
TEM

Photographs
Reviewed

Group II
Patchy macular

BLamD
1 72 M Unknown −0.08 6 Normal - 2 43
2 72 M 1.5 h 0 24 Normal 22 2 14
3 81 M 2 h 0.18 Unknown Normal 15 6 55
4 74 M 12 h 0.18 2 Normal - 8 11
5 74 M 12 h 0.8 2 Normal - 7 2
6 88 M Unknown 0.3 4 Normal 19 13 11
7 74 F Unknown 0 9 Normal - 9 16
8 74 F Unknown CF 9 Normal - 1 12
9 72 M Unknown 0.07 9 Normal - 3 26
10 73 M 4.5 h 0.18 36 Normal - 2 11
11 57 M Unknown 0.3 31 Normal - 12 30
12 66 M Unknown 0.6 5 Normal - 2 15
13 86 M Unknown 0.18 5 Normal 18 2 17
14 77 M 11 h 0 64 Normal - 8 2
15 77 M 11 h 0 64 Pigment spot - 5 31
16 70 F Unknown 0.18 1 Normal 15 5 8

a Histopathological grade based on the appearance of macular BLamD. b Corrected distance VA at last clinical visit.
Abbreviations: VA—visual acuity; BLamD—basal laminar deposit; TEM—transmission electron microscopy.

Figure 1. Study cohort: selection criteria. Abbreviations: BLamD—basal laminar deposit; TEM—
transmission electron microscopy; RPE—retinal pigment epithelium; BrM—Bruch’s membrane.
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3.2. Basal Linear Deposit in Normal and Normal Aged Eyes

Electron-lucent vesicles were found in BrM in all study eyes. These were seen travers-
ing through the RPE basement membrane and dispersed throughout all layers of BrM,
from the inner to the outer collagenous zones. The vesicle size generally decreased with
increasing distance from the RPE basement membrane as seen by TEM (Figures 2–6). A
diffuse layer meeting our definition for BLinD was found in both normal (Group I) and
normal aged (Group II) eyes (Table 2). Representative in vivo fundus photos and the corre-
sponding macula paraffin, resin and TEM findings are shown in Figures 2 and 3. BLinD
thickness grades are shown in Figures 4–6. BLinD was more frequently observed in Group
II (10/16; 62.5%) compared with Group I (3/10; 30%) eyes. While this difference was not
statistically significant (Fisher’s exact test p = 0.23), the thickness of BLinD was greater
in Group II (up to Grade 3) compared with Group I (up to Grade 2) (ordinal regression
p = 0.045; 95% CI 0.04–3.4).

Table 2. BLinD in normal and normal aged eyes by ultrastructural analysis. BLinD was found
in both normal Group I and normal aged Group II eyes. BrM hyalinisation was more advanced in
Group II compared with Group I (p = 0.013; 95% CI 0.6–5.3), with a positive correlation between
the degree of BrM hyalinisation and BLinD thickness (p = 0.049; 95% CI 0.05–2.69). The presence
of BLinD in TEM photographs was not significantly associated with the RPE detachment seen in
paraffin (p > 0.99) or resin sections (p > 0.99). There was no significant association between the RPE
detachment seen in paraffin versus resin sections (p = 0.12).

Sarks Group a Presence
of BLinD b

BLinD Thickness
(Grade) b

BrM Hyalinisation
(Grade)

RPE Morphology
RPE Detachment in

Paraffin Section

RPE Detachment in
Semithin Resin

Section

Group I
No macular BLamD

1 Present 1 2 Preserved Diffuse Focal
2 None 0 2 Preserved - None
3 Present 1 2 Preserved - Focal

4 Present 1 1 Foci of hypertrophy and
hyperpigmentation Diffuse Focal

5 None 0 2 Preserved Diffuse Diffuse
6 None 0 2 Preserved Diffuse Focal
7 None 0 1 Preserved Diffuse None
8 None 0 1 Preserved Diffuse Diffuse
9 None 0 0 Preserved - Focal
10 None 0 1 Preserved None None

Group II
Patchy macular

BLamD
1 Present 2 2 Preserved - None
2 None 0 2 Preserved Focal None
3 Present 2 2 Preserved Diffuse None

4 Present 1 2 Foci of hypo and
hyperpigmentation - Focal

5 Present 1 2 Foci of hypo and
hyperpigmentation - Focal

6 None 0 2 Preserved Focal None
7 Present 2 2 Abnormal - Focal
8 Present 2 2 Abnormal - Focal
9 Present 2 2 Preserved - None
10 None 0 2 Preserved - None
11 None 0 2 Preserved - None
12 None 0 1 Preserved - None

13 Present 1 3 Foci of hypo and
hyperpigmentation Diffuse Diffuse

14 Present 2 3 Foci of hypopigmentation - Focal

15 Present 2 3 Foci of hypertrophy and
thinning - None

16 None 0 3 Foci of hypertrophy Focal None

a Histopathological grade based on the appearance of macular BLamD. b Ultrastructural findings from TEM
photographs of macular resin sections. - indicates that no paraffin sections were available for review. BLinD
grades: 0 = none (less than the thickness of the RPE basement membrane; 0.3 μm); 1 = up to 3 × 0.3 μm; 2 = greater
than 3 × 0.3 μm. Abbreviations: BLamD—basal laminar deposit; BLinD—basal linear deposit; BrM—Bruch’s
membrane; RPE—retinal pigment epithelium; TEM—transmission electron microscopy.
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Figure 2. Study cohort: Group I (normal) eyes. epresentative Group I eye (55 year old male) with a
normal bilateral fundus examination at the last clinical visit (A,B). Macular sections were examined
under light (left and right eyes) and electron (right eye) microscopy. (C) Foci of RPE separation
from BrM (purple arrows) are visible on the paraffin section of the macula. (D) In the semithin
resin section, a small, unstained space is just visible between the base of the RPE and BrM (yellow
arrows). (E) This space consists of a layer of vesicles when viewed by TEM (green arrows) and is
external to the RPE basement membrane (yellow arrow). There is some variability in the thickness
of this layer across different ultrastructural fields (F), seen here at 173,600× magnification. Scale
bars: C = 20 μm; D = 20 μm; E = 1 μm; F = 1 μm. Paraffin section: picro-Mallory trichrome stain.
Abbreviations: RPE—retinal pigment epithelium; BrM—Bruch’s membrane; TEM—transmission
electron microscopy.
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Figure 3. Study cohort: Group II (normal aged) eyes. (A) Representative Group II eye (85-year-old
male). The fundus photo of the right eye at the last examination is shown. Macular sections were
examined under light (left and right eyes) and electron (right eye) microscopy. (B) The macular
paraffin section of the right eye shows diffuse RPE detachment (purple arrows) from BrM (Grade
3 hyalinisation). (C) In the semithin section, there are focal separations of the RPE (orange arrows)
from the hyalinised BrM. Early-type BLamD is seen in thin patches (between asterisks). (D,E) In the
TEM micrograph, BLinD (green arrows) is seen external to the RPE basement membrane (yellow
arrows). Patchy BLamD (red arrows) is seen internal to the RPE basement membrane. Paraffin section
scale bar = 15 μm; picro-Mallory trichrome stain. Resin section scale bar = 15 μm; toluidine blue
stain. TEM scale bar: 1 μm. Abbreviations: RPE—retinal pigment epithelium; BLamD—basal laminar
deposit; BLinD—basal linear deposit; TEM—transmission electron microscopy.
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Figure 4. Grade 0 BLinD. Electron-lucent vesicles (purple arrows) external to the RPE basement
membrane (yellow arrows) were present on the TEM micrographs in all study eyes, even those not
meeting our definition for BLinD (a diffuse layer at least as thick as the RPE basement membrane).
(A,B) TEM micrographs of two representative Group I (normal) eyes. Part of a choriocapillary red
blood cell (white arrow) is captured. (C,D) Two representative Group II (normal aged) eyes with
absent BLinD. Eyes without BLinD were almost twice as frequent in Group I (7/10; 70%) compared
with Group II (6/16; 37.5%). The large, heterogenous, electron-dense structure next to mitochondria
(blue arrow) in C likely represents melanolipofuscin. Scale bar: 1 μm. Abbreviations: RPE—retinal
pigment epithelium; TEM—transmission electron microscopy; BLinD—basal linear deposit.

3.3. Bruch’s Membrane Hyalinisation, RPE Abnormalities and Basal Linear Deposit

BrM was less hyalinised in Group I eyes (Grades 0 to 2) compared with Group II
(Grades 1 to 3) (ordinal regression: p = 0.013; 95% CI 0.6–5.3). Increasing BrM hyalinisa-
tion was associated with increasing age across both groups (ordinal regression: p < 0.08,
95% CI 0.038–0.253) (Table 2). There was a positive correlation between BLinD thickness
and the degree of BrM hyalinisation (ordinal regression p = 0.049; 95% CI 0.05–2.69). The
morphology of the macular RPE was largely preserved and seen as a cuboidal monolayer
in both groups, although mild abnormalities (focal decrease or increase in pigmentation,
mild attenuation or hypertrophy) were more frequently observed in Group II (p = 0.06;
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95% CI −0.89 to 4.484) (Table 2). Mild RPE abnormalities were positively correlated with
both BrM hyalinisation (p = 0.044; 95% CI 0.61–4.319) and BLinD thickness (p = 0.022;
95% CI 0.188–2.422).

 

Figure 5. Grade 1 BLinD. Grade 1 BLinD (green arrows) was defined as up to 3 times the thickness
of the RPE basement membrane (yellow arrows): 3 × 0.3 μm = approximately 0.9 μm was found
in 2/10 Group I (normal) eyes and 3/16 Group II (normal aged) eyes. Macular TEM micrographs
of Group I (A,B) and Group II eyes (C,D). Note the vesicles seen traversing the inner collagenous,
elastic and outer collagenous layers of BrM, which become smaller and more dispersed with in-
creasing distance from the RPE basement membrane. The larger vacuoles seen in (C,D) are within
the cytoplasm of choriocapillary endothelial cells (best illustrated in (D)). Pigment granules (blue
arrows) within the basal RPE cytoplasm are seen admixed with mitochondria. A patch of early-type
BLamD, composed largely of long-spacing collagen (red arrow) is captured in (D). Scale bar: 1 μm.
Abbreviations: BLinD—basal linear deposit; RPE—retinal pigment epithelium; TEM—transmission
electron microscopy; BLamD—basal laminar deposit; BrM—Bruch’s membrane.
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Figure 6. Grade 2 BLinD. Grade 2 BLinD (green arrows), defined as more than 3 times the thickness
of the RPE basement membrane (>3 × 0.3 μm ≥ 0.9 μm) (yellow arrows), was only seen in Group
II (normal aged) eyes (7/16). Macular TEM micrographs of 4 representative Group II eyes are
shown in (A–D). The blue arrows identify RPE cytoplasmic pigment granules. A patch of early-type
BLamD (red arrow) is captured in (A). Again, electron-lucent vesicles are seen extending to the outer
collagenous zone of BrM, decreasing in size and becoming sparser with increasing distance from
the RPE basement membrane. Of note, larger lipid vesicles are seen internal to the RPE basement
membrane, within the basal RPE cytoplasm (purple asterisk), best demonstrated in (C,D). TEM
scale bar: 1 μm. Abbreviations: BLinD—basal linear deposit; RPE—retinal pigment epithelium;
TEM—transmission electron microscopy; BLamD—basal laminar deposit; BrM—Bruch’s membrane.

3.4. BLinD in AMD Eyes

Variations in BLinD thickness were observed between eyes in both Group I and II eyes
and were also seen within the same eye across different TEM fields. To determine if this was
also true for AMD eyes, we examined a representative clinically and histologically validated
eye from Sarks Group III (early AMD) and Group IV (intermediate AMD). BLinD thickness
also varied within both eyes (Figure 7). Group III and IV eyes also had a greater degree of
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RPE detachment in semithin resin sections and more conspicuous RPE abnormalities by
light microscopy.

Figure 7. BLinD thickness in clinically and histologically validated AMD eyes. (A,B) A Sarks
Group IV (intermediate AMD) eye (75-year-old male). Bilateral soft drusen and pigment changes
at the last in vivo fundus examination. (C,D) Thick, continuous BLamD (red arrows) of both early
(pale blue staining) and late (magenta inclusions) types is seen in the paraffin section of the left eye.
Soft drusen appear as “optically empty” dome-shaped separations of both the RPE and BLamD
from the hyalinised BrM (purple asterisk). RPE abnormalities are conspicuous, consisting of hy-
pertrophy or attenuation and hyper- and hypopigmentation. Variability in BLinD thickness (green
arrows) beneath the RPE-BM (yellow arrows) is seen in the right eye, shown here in two TEM fields
(E,F) without soft drusen. Paraffin section scale: C = 50 μm, D = 20 μm. TEM scale bar: 1 μm.
Abbreviations: BLinD—basal linear deposit; RPE—retinal pigment epithelium; TEM—transmission
electron microscopy; BLamD—basal laminar deposit; BrM—Bruch’s membrane.
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3.5. RPE Detachment and BLinD

To determine if separation of the RPE from BrM on paraffin and resin sections could
be used as a light microscopic marker of BLinD, we correlated this finding to the presence
of BLinD upon TEM. RPE separation from BrM was more frequently seen in paraffin
sections compared with resin sections (Table 2), and the degree of RPE separation was
greater. Diffuse RPE separation was only seen in paraffin sections (Figure 8A). There was
no significant association between the presence of BLinD by TEM and RPE separation
in paraffin (Fisher’s exact test p > 0.99) or resin (p = 0.12 for resin) sections. BLinD was
observed in eyes with and without RPE separation in both paraffin and semithin sections
(Figure 8). There was no association between the RPE separation observed in paraffin
sections and the RPE separation observed in resin sections (Fisher’s exact p > 0.99).

 
Figure 8. Separation of the RPE from BrM. RPE separation from BrM was not a reliable light
microscopic marker for the presence of BLinD in this cohort of normal and normal aged eyes. A
representative Group I eye with diffuse RPE detachment from BrM on paraffin section (A) and Grade 0
BLinD using TEM (B); note, instead, a layer of larger vesicles internal to the RPE basement membrane
(yellow arrows). Areas of patchy BLamD (red arrows) and no RPE separation is seen in this macular
semithin section (C) from a representative Group II eye with grade 1 BLinD (green arrows) by TEM (D).
Diffuse separation of the RPE from BrM in the macular semithin section of a Group I eye (E) with
grade 1 BLinD by TEM (F). TEM scale bar: 1 μm. Resin section scale bar: 15 μm. Paraffin section
scale bar: 75 μm. Abbreviations: BLinD—basal linear deposit; RPE—retinal pigment epithelium;
TEM—transmission electron microscopy; BLamD—basal laminar deposit; BrM—Bruch’s membrane.

3.6. Diffuse Vesicle Layer Internal to the RPE Basement Membrane

In 3 of 26 normal and normal aged eyes, we observed a diffuse layer of electron-lucent
vesicles internal to the RPE-BM by TEM (Figure 9). These vesicles were larger in size than
those found within BLinD and often at least half the size of an RPE mitochondrion (at
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least 0.5 um). This layer has not been previously described in the published literature
and was observed in two eyes with BLinD (n = 1 Group I; n = 1 Group II) and one eye
without BLinD (Group I). There was no RPE detachment in the semithin sections for two
of these eyes and focal detachment in one eye. Paraffin sections were available for one
eye and showed diffuse RPE detachment. Identifying this layer prompted a review of all
TEM micrographs of the study cohort. Similarly large, electron-lucent vesicles were seen
in Group I and II eyes, irrespective of BLinD grade, but these did not form a continuous
layer. There was, however, continuity between larger vesicles internal to the RPE basement
membrane, smaller vesicles traversing the basement membrane, and BLinD external to the
basement membrane (e.g., Figure 6C,D). Vesicles further extended into the elastin layer
and outer collagenous zone of BrM, generally becoming smaller with increasing distance
from the RPE.

 

Figure 9. Diffuse layer of vesicles internal to the RPE basement membrane. A diffuse layer of
larger, electron-lucent vesicles was seen in 3 of the 26 eyes in the normal and normal aged cohort.
(A,B) A Group I eye with Grade 0 BLinD and a diffuse layer of large-vesicle deposition (purple
arrows) internal to the RPE basement membrane (yellow arrows). (C,D). The same layer seen in
another eye with Grade 1 BLinD (green arrows). Note the smaller electron-lucent vesicles traversing
the RPE basement membrane (D) that extends into the inner collagenous zone through the elastin
layer and into the outer collagenous zone of BrM (B), where some can be seen coalescing around
the wall (C) of a choriocapillary. White arrows identify red blood cells in the choriocapillary lumen.
TEM scale bar: 1 μm. Abbreviations: BLinD—basal linear deposit; RPE—retinal pigment epithelium;
TEM—transmission electron microscopy.

4. Discussion

While the defining light microscopic lesion of AMD is the presence of continuous
sub-macular BLamD, BLinD has, to date, been accepted as a co-occurring lesion observable
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by electron microscopy [3,4,19]. We found BLinD upon ultrastructural analysis of the
RPE-BrM interface in a clinically and histologically validated cohort of adult human eyes
without AMD. Because none of these eyes had continuous BLamD, our findings suggest
that BLinD, when strictly defined, is likely an age-related lesion that precedes the onset of
early AMD.

The use of a grading scale for BLinD thickness revealed an association with age, BrM
hyalinisation and microscopic RPE abnormalities in this cohort of normal and normal
aged eyes. This grading may be helpful in future studies to semi-quantitatively assess if
age-related changes in BrM lipid content [6] is attributable to BLinD and whether BLinD
thickness corresponds to AMD histological grade. BLinD was first described by Sarks
as “an unbroken layer of vesicular membranous debris” external to the RPE basement
membrane upon electron microscopic examination [5]. The same study defined undulations
within this layer as soft drusen, and this was confirmed by correlation with soft drusen
found through in vivo fundoscopy. The first published use of the term “BLinD” to describe
this material appeared in 1993 and was defined as “vesicular material present throughout
BrM”, with each vesicle measuring “up to 120 nm” in diameter [13]. Our grading scale for
BLinD is in accord with these original definitions and extends their utility by providing a
semi-quantitative estimate. It may be helpful to clarify that the term ”pre-BLinD”, defined
by Chen et al. [19] as a uniform, non-undulating layer ranging from 0.6–1.1 μm in thickness,
is equivalent to BLinD Grades 1 to 2 in our study.

Our finding that BLinD thickness is correlated with both age and BrM hyalinisation
also agrees with published observations. With ageing, there is a change in BrM matrix
composition [20], reflected histologically by progressive degrees of hyalinisation [2,11].
Age-related BrM matrix changes are known to impede bidirectional transport between the
RPE and photoreceptors [21–23]. These changes slow the transit of macromolecules and
their carriers, some of which may manifest as the accumulations of debris within BrM.

In this study, the term “electron-lucent vesicle” is used purely as an ultrastructural
descriptor of BLinD composition. In the general biological literature, a “vesicle” is defined
as a sac bound by a selectively permeable, bilayered lipid membrane [24]. Extracellular
vesicles facilitate intercellular communication and transport a wide array of biomolecules
between cells, including proteins, nucleic acids, and lipids. The commonest extracellular
vesicles observed in tissue are exosomes (30–100 nm) and microvesicles (100–1000 nm) [25].
While exosomes are derived from the endosomal pathway and microvesicles by directly
budding from a cell’s surface, both pathways are involved in physiological and pathological
processes. Importantly, the cargo of both types of extracellular vesicles can be rich in
lipids [26,27].

Several observations have been used to infer that BLinD is comprised of solid lipopro-
tein “particles” rather than vesicles. These include (i) the presence of esterified (bound)
cholesterol in macular BrM [27], ”basal deposits” and ”drusen” [7]; (ii) the increased
electron density of some BLinD constituents seen using lipid-preserving (OTAP) electron
microscopy processing [8,28]; (iii) the presence of ApoB and ApoE (lipoproteins) in ”basal
deposits” and ”drusen” [7]; and (iv) the appearance of spherical structures within BLinD
by quick-freeze deep-etch scanning electron microscopy [29]. This biogenesis framework
derives from an extensive range of published literature on the pathology of atheroma-
tous plaques [30], which may be a poor fit to describe senescence-associated changes in
bidirectional transport between RPE and the choriocapillaris. In atheroma pathogenesis,
blood-derived lipoproteins are forced into an extracellular compartment (the vascular
intima) under high arterial blood pressure, made possible once the barrier function of
the endothelial monolayer is damaged [31]. This context shares few similarities with the
physiological lipid transport that occurs between the RPE (neuroepithelium) and the chori-
ocapillaris (low pressure, fenestrated capillary network) across a specialised extracellular
matrix (BrM) within an immune-privileged intraocular microenvironment.

Lipoproteins act as vehicles for the transport of hydrophobic lipids within the aqueous
environment of circulating blood; they are not a component of the normal extracellular
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matrix. Cell-to-cell transport of lipids, including esterified cholesterol and lipoproteins,
occurs largely via extracellular vesicles [32,33]. Since BLinD can be found in normal eyes
without AMD, its accumulation likely represents a physiological and dynamic process that
increases with age and BrM hyalinisation.

Unless lipid transport between the RPE and the choriocapillaris can be uniquely es-
tablished to occur via the release of free lipoproteins, it is likely that the cholesterol and
lipoproteins observed within BrM and BLinD exist as the cargo of extracellular vesicles.
This conceptual framework accommodates the key ultrastructural observations of BLinD.
The electron-lucent vesicles in BLinD range from 50–200 nm in our study, which accords
with previous observations [13]. Thus, they fall more within the range of exosomes and
microvesicles (30–1000 nm) rather than lipoproteins (7–90 nm) [25,34]. More critically,
BLinD vesicles are highly variable in both shape and size, whereas lipoproteins are uni-
formly shaped and sized [34]. Using the OTAP method, the most consistent finding is
the electron-dense, lipid-rich outer membranes of BLinD structures [8], although there is
insufficient evidence to determine if these are monolayer-like lipoproteins [8] or bilayer-like
extracellular vesicles [3]. More importantly, OTAP reveals BLinD structures with a range of
electron densities, from very dense to entirely lucent, suggesting a highly variable lipid
content. This conflicts with findings expected for lipoproteins, which have a consistently
high and uniform lipid content. The significance of the larger electron-lucent vesicles we
found internal to the RPE basement membrane remains uncertain. However, the basolateral
docking of vesicles prior to transport is biologically more plausible than attempting to fit
this observation into the atheroma pathogenesis conceptual framework.

Limitations of this study include the unknown and long postmortem time to fixation
in some eyes, which may have led to reduced tissue preservation. Furthermore, variation
in fixation techniques (glutaraldehyde and formalin fixation) between paraffin and resin
sections may have impacted the degree of RPE detachment observed and limited direct
comparability. Additionally, thickness measurements may have been impacted by the angle
at which the tissues were sectioned.

While our study is morphological, we contend that the science of BLinD biogenesis is
far from settled, and that lipid transport mechanisms between the RPE and the choriocapil-
laris deserve further investigation. The point at which BLinD develops into soft drusen
indicates the biological disease threshold for AMD. Evidence to date suggests that this
threshold occurs when there is continuous macular BLamD [3]. Our data supports the use
of BLinD grading to complement the AMD grading based on BLamD, serving to improve
histopathological validation in study cohorts.
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Abstract: (1) Background/Objectives: To investigate the nationwide screening practices and trends
in tamoxifen retinal toxicity (tamoxifen retinopathy) in South Korea using national health insurance
claims data. (2) Methods: A total of 43,848 patients who started tamoxifen therapy between 2015 and
2020 and had no prior ophthalmic diseases or other conditions requiring screening for retinopathy
were included. The annual numbers of tamoxifen users and new initiators of tamoxifen therapy were
assessed. The screening examinations were separated into baseline (first ophthalmic examination
after tamoxifen administration) and subsequent monitoring examinations. The timing and modalities
for the baseline and subsequent monitoring examinations performed between 2015 and 2021 were
assessed in tamoxifen users. (3) Results: The annual number of tamoxifen users increased over the
study period from 54,056 in 2015 to 81,720 in 2021. The number of patients who underwent ophthalmic
examination after tamoxifen administration was 8961 (20.4%). Baseline screening was performed in
6.5% of patients within 1 year of use, and subsequent monitoring was performed in 27.8% of patients
who underwent baseline screening. Funduscopy or fundus photography was performed most
commonly for baseline screening and subsequent monitoring (99.0% and 98.6%, respectively), while
optical coherence tomography was performed only in 21.9% and 29.6% of baseline and monitoring
examinations, respectively. The average number of monitoring examinations per year was 0.68 ± 0.45.
Although the annual percentage of patients receiving a baseline examination within 1 year gradually
increased over time, the percentage of those with subsequent monitoring performed within 1 year
was similar over the study period. (4) Conclusions: Our finding, appropriate screening in a small
proportion of patients receiving tamoxifen, suggests the need to promote awareness among healthcare
professionals and develop a standardized approach for screening for tamoxifen retinopathy.

Keywords: drug usage; retinal toxicity; screening practices; tamoxifen

1. Introduction

Tamoxifen, a selective estrogen receptor (ER) modulator, is widely used to treat and
prevent hormone-receptor-positive breast cancer [1,2]. It has proven effective in reducing
the risk of cancer recurrence and improving survival rates in women with ER-positive breast
tumors [3,4]. However, long-term use of tamoxifen has been associated with ocular side
effects, including tamoxifen retinopathy, a condition that affects the retina and potentially
leads to vision loss [1,5,6].

Tamoxifen retinal toxicity, namely, tamoxifen retinopathy, typically manifests as a
bilateral symmetrical condition, although asymmetrical involvement can also occur. The
clinical features of tamoxifen retinopathy vary from mild to severe. The common signs of
tamoxifen retinopathy include crystalline deposits within the macula, known as refractile
bodies or tamoxifen crystals [1]. These deposits are often observed in the inner retinal layers
and can be visualized by fundus examination. As the condition progresses, other character-
istic findings may emerge, such as retinal pigment epithelial changes including granularity,
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mottling, and pigment clumping. Pseudocystic macular changes and edema may develop,
leading to visual disturbances [2]. In advanced stages of tamoxifen retinopathy, retinal
atrophy and optic disc pallor may be observed [7].

Accordingly, the timely detection of tamoxifen retinopathy is crucial for implementing
appropriate interventions to prevent irreversible structural and functional (vision) loss [1].
Unfortunately, recommendations have not yet been provided by expert panels or orga-
nizations, nor has there been a consensus on the screening frequency and modalities for
tamoxifen retinopathy. Nationwide practice patterns for tamoxifen retinopathy screening
have not yet been reported.

This study intended to investigate practice patterns for screening for tamoxifen
retinopathy in Korean population. We aimed to explore the timing and diagnostic modali-
ties employed in screening for retinopathy and highlight the challenges and limitations of
real-world practice in Korea.

2. Materials and Methods

2.1. Study Population

The participants in this cohort study were identified using the Health Insurance
Review and Assessment database, which holds comprehensive health claims data for
approximately 50 million individuals in South Korea. This database includes detailed
records of medication prescriptions, visit dates, and demographic information, along with
diagnoses categorized according to the Korean Standard Classification of Diseases, 8th Re-
vision, with adaptations based on the International Statistical Classification of Diseases
and Related Health Problems, Tenth Revision (ICD-10). From the database, we identified
tamoxifen users who were treated with tamoxifen between 1 January 2012 and 31 December
2021. Patients who had used tamoxifen before 1 January 2015 were excluded to obtain
the population who started the therapy between 2015 and 2021 (and thus their treatment
duration could be accurately assessed within the study period).

Additionally, individuals who had undergone ophthalmic examinations, including
fundus photography or optical coherence tomography (OCT), for any preexisting oph-
thalmic disease (ICD-10 codes H00-H59) before the initiation of tamoxifen treatment or
those with diabetes mellitus or common ophthalmic diseases were excluded to eliminate
visits scheduled for monitoring preexisting or common eye diseases or diabetic retinopathy.
Further details of the inclusion and exclusion criteria, as well as the number of patients, are
presented in Figure 1.

Figure 1. A flowchart of the study population and inclusion/exclusion criteria in this study.
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The study was approved by the Institutional Review Board of Hanyang University
Hospital (IRB file no. 2023-01-003) and conducted in accordance with the principles of the
Declaration of Helsinki. The need for informed consent was waived by the Institutional
Review Board of Hanyang University Hospital because of the retrospective nature of the
study and the use of deidentified data.

2.2. Definitions and Evaluations

Several definitions are used in this study. Baseline examination was defined as the
first ophthalmic examination performed after the initiation of tamoxifen therapy as the
initial assessment of retinal toxicity associated with tamoxifen use. Subsequent monitoring
was defined as examinations performed after baseline examination [8].

Several parameters and outcome measures were evaluated as follows. First, we
evaluated the annual number of tamoxifen users from 2015 to 2021. This provided the trends
and changes in total and new tamoxifen users. Second, the timing of the examinations,
baseline or subsequent monitoring, was assessed. Together with the interval between
the start date of tamoxifen use and baseline examination, and that between baseline
and subsequent monitoring examinations, we examined the frequency of patients who
underwent baseline screening within 1 year of initiating tamoxifen therapy, as well as the
percentage of patients receiving subsequent monitoring within 6 months and 1 year from
the time of baseline screening. The modalities used for baseline screening and subsequent
monitoring examinations were also documented. We specifically recorded the use of OCT,
funduscopy/fundus photography, automated visual field (VF), fundus autofluorescence
(FAF), and fluorescein angiography (FA) for both baseline and monitoring examinations
to obtain information on the preferred diagnostic techniques for screening for tamoxifen-
induced retinal toxicity. Finally, the number of monitoring examinations per year was
calculated to assess the frequency at which patients underwent subsequent monitoring
examinations.

2.3. Data Analysis

This study employed descriptive statistics to summarize and present the findings. Cat-
egorical variables are presented as frequencies and percentages, while continuous variables
are reported as mean (standard deviation) or median (interquartile range) values. Fisher’s
exact or Chi-square tests were used to compare categorical variables between groups. All
p-values are based on two-sided tests, and statistical significance was considered at p < 0.05.
Statistical analyses were conducted using SAS Enterprise Guide version 7.1 (SAS Institute,
Cary, NC, USA).

3. Results

3.1. Population of Tamoxifen Users and Trends over Time

In our study, we identified 43,848 tamoxifen users without prior ophthalmic diseases or
conditions requiring retinopathy screening, of whom 88.6% were female. The demographic
and clinical characteristics of tamoxifen users included in this study are presented in
Table 1. The mean age of the users was 45.0 ± 9.7 years. In terms of age groups, most
users were 40–49 years old (54.0%), followed by 50–59 years old (18.0%). The indications
for tamoxifen use varied, with breast cancer being the most common (69.9%), followed
by ductal carcinoma in situ (17.7%) and gynecomastia (10.5%). The mean duration of
tamoxifen use was 36.0 ± 21.8 months, and the mean daily dose was 20.0 ± 3.0 mg.

The annual trends in the number of overall tamoxifen users and initiators between
2015 and 2021 are presented in Table 2, and the proportion of users in the entire Korean
population each year is also depicted in the table. In 2015, there were 54,056 patients
using tamoxifen, accounting for 0.106% of the Korean population. The number of patients
who initiated tamoxifen therapy that year was 14,065, representing 0.028% of the Korean
population. Over the subsequent years, both the total number of tamoxifen users and
the number of patients who initiated therapy gradually increased. By 2021, the total
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number of patients using tamoxifen reached 81,720, comprising 0.158% of the Korean
population, while 18,012 patients initiated tamoxifen therapy, accounting for 0.035% of the
population. These findings demonstrate an increasing trend in the numbers of tamoxifen
users and initiators over the study period, indicating an increasing population at risk of
tamoxifen-induced retinal toxicity in South Korea.

Table 1. Demographic and clinical information of the tamoxifen users included in this study.

Characteristics Overall Users (n = 43,848)

Sex
Male 5003 (11.4%)
Female 38,845 (88.6%)

Mean age (±SD), years 45.0 ± 9.7
<20 688 (1.6%)
20–29 1860 (4.2%)
30–39 6968 (15.9%)
40–49 23,667 (54.0%)
50–59 7903 (18.0%)
60–69 1945 (4.4%)
≥70 817 (1.9%)

Indication for tamoxifen use
Breast cancer 30,629 (69.9%)
Ductal carcinoma in situ 7744 (17.7%)
Gynecomastia 4606 (10.5%)
Others 869 (2.0%)

Mean duration of tamoxifen use (±SD), months 36.0 ± 21.8
Less than 1 year 7858 (17.9%)
1–2 years 6287 (14.3%)
2–3 years 7857 (17.9%)
3–4 years 6849 (15.6%)
4–5 years 8715 (19.9%)
5 years or longer 6282 (14.3%)

Mean daily dose of tamoxifen (±SD), mg/day 20.0 ± 3.0
Less than 15 mg 1064 (2.4%)
15–20 mg 808 (1.8%)
20–25 mg 41,261 (94.1%)
25 mg or greater 715 (1.6%)

SD, standard deviation.

Table 2. Annual number of tamoxifen users and those who started tamoxifen therapy between
2015 and 2021.

Year
Total Number of Patients Using Tamoxifen (%

among Entire Korean Population in Each Year †)
Annual Number of Patients Who Initiated Tamoxifen

Therapy (% among Korean Population †)

2015 54,056 (0.106%) 14,065 (0.028%)
2016 59,426 (0.116%) 15,690 (0.031%)
2017 64,760 (0.126%) 16,689 (0.032%)
2018 69,957 (0.136%) 17,272 (0.033%)
2019 74,860 (0.145%) 17,990 (0.035%)
2020 77,943 (0.150%) 17,169 (0.033%)
2021 81,720 (0.158%) 18,012 (0.035%)

† Obtained by dividing the number of tamoxifen users by that of the entire Korean population in each year (from
51,014,947 in 2015 to 51,744,876 in 2021).

3.2. Performance, Timing, and Modalities of Baseline and Subsequent Monitoring Examinations

Only a small proportion (6.5%) of the study population underwent baseline screen-
ing within 1 year of initiating tamoxifen therapy (Table 3). The proportion of patients
who underwent ophthalmic examination at any time after tamoxifen administration was
20.4%. Figure S1 shows the timing of baseline screening from the start date of tamoxifen
treatment, showing a gradual decrease in percentages over time. Funduscopy/fundus
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photography was the most commonly used modality for baseline screening and was per-
formed in 99.0% of cases. OCT was used in only 21.9% of patients who underwent baseline
examinations. A small fraction of patients underwent automated VF (6.7%), FAF (2.8%),
and FA (0.8%).

Table 3. Descriptive statistics of the timing and modalities used for the baseline examination (1st oph-
thalmic examination after tamoxifen use) and monitoring (subsequent follow-up screening) among
all patients between 2015 and 2021.

Characteristics Value

Timing
No. of patients receiving any ophthalmic examination after tamoxifen use/No. of users (%) 8961/43,848 (20.4%)
No. of patients receiving ophthalmic examination within 1 year of tamoxifen use/No. of users (%) 2836/43,848 (6.5%)
No. of patients receiving any subsequent monitoring examination/No. of patients receiving
baseline screening (%) 2492/8961 (27.8%)

No. of monitoring examinations per year after baseline ones, numbers/year 0.68 ± 0.45
Timing of the baseline examination since tamoxifen use, median (Q1–Q3), days 645 (280–1161)
Mean/median (Q1–Q3) interval between baseline examination and 1st monitoring exam, months 12.5 ± 14.2/7.1 (1.2–19.3)
Mean/median (Q1–Q3) interval of monitoring between 1st and 2nd monitoring exam, months 6.9 ± 8.7/3.4 (0.7–10.1)
Mean/median (Q1–Q3) interval of monitoring between 2nd and 3rd monitoring exam, months 5.8 ± 8.4/2.8 (0.6–7.1)

Modalities used
Funduscopy/fundus photography
Optical coherence tomography
Automated visual fields
Fundus autofluorescence
Fluorescein angiography
Others

Baseline/Monitoring (%)
8873 (99.0%)/2458 (98.6%)
1960 (21.9%)/738 (29.6%)

602 (6.7%)/205 (8.2%)
253 (2.8%)/138 (5.5%)

70 (0.8%)/52 (2.1%)
270 (3.0%)/162 (6.5%)

Among the patients who underwent baseline screening, 27.8% underwent subsequent
monitoring examinations at any time after baseline. The mean number of monitoring exam-
inations per year in those receiving monitoring examinations was found to be 0.68 ± 0.45,
indicating a relatively low frequency of monitoring. The mean/median intervals from
one examination to the subsequent examination were shortened from the baseline ex-
amination to the subsequent follow-up examinations. Similar to the baseline examina-
tions, funduscopy/fundus photography was the most commonly employed modality
for subsequent monitoring (98.6% utilization). OCT was used in 29.6% for the subse-
quent monitoring examinations, whereas other modalities were rarely used for baseline or
monitoring examinations.

3.3. Trends of Retinopathy Screening among Tamoxifen Users over the Study Period

Table 4 presents the yearly trends in the proportion of tamoxifen users receiving
retinopathy screening, including baseline examination and subsequent monitoring. From
2015 to 2020, the number of patients who underwent baseline examinations within 1 year
gradually increased from 290 (4.6% among the annual users) in 2015 to 573 (7.7%) in 2020.
Regarding subsequent monitoring, the percentage of patients examined within 6 months
among those with baseline examinations ranged from 11.4% (in 2015) to 13.4% (in 2016)
over the study period, while some fluctuations without a definite trend over time were
noted. The percentage of patients monitored within 1 year of baseline screening among
those with baseline examinations also showed a similar trend (Figure S2), with fluctuations
ranging between 16.1% (in 2020) and 19.0% (in 2016).
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Table 4. Yearly trends in the proportion of tamoxifen users undergoing retinopathy screening
(baseline examination and subsequent monitoring).

Year
Baseline Examination

within 1 Year

Monitoring

Examined within 6 Months from Baseline
Exam (% among Those with Baseline)

Examined within 1 Year from Baseline
Exam (% among Those with Baseline)

2015 290 (4.6%) 210 (11.4%) 286 (16.3%)
2016 411 (5.7%) 252 (13.4%) 358 (19.0%)
2017 453 (6.0%) 225 (12.9%) 302 (17.4%)
2018 524 (6.9%) 196 (13.2%) 268 (18.0%)
2019 585 (7.4%) 150 (11.7%) 221 (17.3%)
2020 573 (7.7%) 102 (12.5%) 131 (16.1%)

4. Discussion

This study aimed to investigate the trends and patterns of retinopathy screening
among tamoxifen users in South Korea. Our analyses showed the population of tamoxifen
users, performance and timing of baseline and subsequent monitoring examinations,
and trends in retinopathy screening over the study period. Our data indicate that the
frequency of monitoring was relatively low, with funduscopy/fundus photography being
the preferred modality, followed by OCT. These findings suggest that screening practices
for tamoxifen retinopathy should be enhanced to ensure regular and appropriate screening.

Regarding pathogenesis, tamoxifen retinopathy shares common features with Macular
Telangiectasia type 2 (MacTel) [9,10], including telangiectasia of macular blood vessels
and crystalline deposits in the macula, as highlighted by various studies [11,12]. These
similarities suggest potential overlapping mechanisms in the development of tamoxifen
retinopathy and MacTel type 2, warranting further investigation into their shared patho-
physiology. For example, both conditions may involve vascular endothelial growth factor
(VEGF) pathways and Muller cell defects in their pathogenesis, as suggested by recent
research [9,10,13]. In addition, emerging evidence suggests a potential link between inflam-
mation and tamoxifen-induced retinal changes [14], although further validation is needed
to confirm this association. Moreover, there is a notable paucity of studies investigating
biomarkers for tamoxifen retinopathy, highlighting the importance of research efforts aimed
at identifying such markers for earlier detection and improved management strategies.

Analysis of annual trends in the number of tamoxifen users and initiators revealed a
gradual increase over the study period. The total number of tamoxifen users was expected
to reach 81,720 by 2021, representing 0.158% of the Korean population. Similarly, the
number of patients initiating tamoxifen therapy has increased, reaching 18,012 by 2021.
These findings suggest a growing population at a risk of tamoxifen-induced retinal toxicity
in South Korea. As the number of tamoxifen users and initiators increases, it becomes
crucial to establish effective retinopathy screening programs to ensure the early detection
of potential retinal toxicity.

The study population consisted of 43,848 tamoxifen users, excluding those with prior
ophthalmic diseases or conditions requiring retinopathy screening (i.e., diabetes mellitus),
to include those requiring toxicity screening. Most users were female, consistent with
the prevalent use of tamoxifen for breast cancer treatment. The mean age of the users
was 45.0 years, with the highest proportion being 40–49 years old. The mean duration
of tamoxifen use in our population was 36.0 months, indicating a significant period of
medication exposure that is deemed sufficient to cause tamoxifen retinopathy according
to the literature [2,15–17]. These data underscore the clinical significance of retinopathy
screening for tamoxifen users, particularly in light of the escalating prevalence of breast
cancer worldwide.

Our study identified several findings regarding the performance and timing of the
baseline and subsequent monitoring examinations. Only a small proportion (6.5%) of
tamoxifen users received baseline screening within 1 year of initiating therapy, indicating
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delayed or no referral to ophthalmologists for retinopathy screening. Remarkably, the
overall proportion of patients undergoing any ophthalmic examination after tamoxifen
use was only 20.4%, highlighting the need for increased awareness of tamoxifen-induced
retinal toxicity and screening among prescribing physicians. By disseminating knowledge
about the potential ocular side effects and the need for baseline and regular screening, oph-
thalmologists can raise awareness among prescribing physicians and promote appropriate
referrals for screening examinations.

Funduscopy/fundus photography is the most commonly used modality for baseline
screening and subsequent monitoring, indicating its widespread availability and ability to
detect crystalline retinopathy with sensitivity [1,18]. However, the limited utilization of
OCT shown in our data (21.9% at baseline and 29.6% for subsequent monitoring) may result
in the failure to detect the subtle retinal changes associated with tamoxifen use [11,15].
For instance, tamoxifen retinopathy can present with pseudocystic foveal cavitation or
photoreceptor disruption in OCT [2,19,20], in addition to typical refractile crystalline
depositions in fundus photographs (crystalline retinopathy). Recent studies have shown
a significant role of OCT in the sensitive detection of earlier changes, such as intraretinal
pseudocysts and alterations of the photoreceptor layer [2,15,19,20]. Thus, our data suggest
the need for the enhanced use of OCT for tamoxifen retinopathy screening. In light of this,
the establishment of expert recommendations or guidelines emphasizing the utilization
of OCT for tamoxifen retinopathy screening may be useful. In contrast, other modalities
such as automated VF, FAF, and FA were rarely used, possibly reflecting their minor roles
in retinopathy screening compared with funduscopy or OCT for tamoxifen users [1].

The frequency of subsequent monitoring examinations was relatively low, with a mean
of 0.68 monitoring examinations per year. Furthermore, the percentage of patients receiving
subsequent monitoring examinations within 1 year (annual examination) after the baseline
examination was less than 20%. This finding implies that the frequency of monitoring
should be increased and standardized. Ophthalmologists should contribute to ensuring
the timely detection of retinopathy through several measures, including regular and timely
monitoring and patient education/motivation for follow-up visits. Moreover, the analysis
of the yearly trend in retinopathy screening among tamoxifen users further highlights the
role of ophthalmologists in improving screening practices for tamoxifen retinopathy. For
instance, although the proportion of patients undergoing baseline examinations within
1 year of tamoxifen use gradually increased, the percentage of patients examined within
6 months or 1 year after baseline screening fluctuated without a clear trend over time. This
indicates an improvement in the timely initiation of retinopathy screening, which is mainly
determined by prescribing physicians’ referral to ophthalmologists, but no improvement in
regular monitoring over time. Therefore, ophthalmologists should educate tamoxifen users
about the importance of retinopathy screening, potential symptoms of retinal toxicity, and
the significance of regular follow-up visits and motivate them to receive regular monitoring.

Additionally, ophthalmologists can contribute to the development and dissemination
of evidence-based guidelines for screening for tamoxifen retinopathy. Specific guidelines
may ensure consistent and standardized screening practices by ophthalmologists. For hy-
droxychloroquine, another well-known drug causing toxic retinopathy, recommendations
for screening established by multiple organizations play significant roles in standardized
screening practices and sensitive detection of the retinal toxicity [21,22]. In our previous
study on hydroxychloroquine, there were significant improvements in timely baseline and
annual monitoring over the same study period [8]. We believe that the difference in the
presence of established guidelines between tamoxifen and hydroxychloroquine retinopathy
might have led to the difference in the trend of screening practices over time between
the two.

More specifically, for consistency and frequency of tamoxifen retinopathy screening, it
is essential to establish a standardized protocol. This protocol should entail regular ophthal-
mologic evaluations for patients undergoing tamoxifen therapy, with initial screening at
treatment initiation and subsequent follow-up examinations scheduled at regular intervals
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thereafter. Although the timing and frequency of screenings may vary based on factors such
as treatment duration (or cumulative dosage) and individual risk factors, there is currently
no consensus on the optimal schedule. However, a common recommendation is to conduct
regular screenings including OCT, perhaps every 6 months, particularly for patients who
have been on tamoxifen at a dosage of 20 mg/day for at least 2 years [1]. More frequent
assessments may be warranted for individuals with higher risk profiles, preexisting ocular
conditions, or symptomatic presentations. Effective collaboration between oncologists and
ophthalmologists is imperative to ensure comprehensive and timely monitoring in patients
undergoing tamoxifen therapy.

At present, there is no established consensus on the optimal treatment for tamoxifen-
induced retinal toxicity. Discontinuing tamoxifen therapy should be considered as a
preventative measure against further retinal damage. However, one promising approach
involves the use of intravitreal steroids or anti-VEGF agents, similar to treatments em-
ployed for MacTel type 2 [1,23]. These medications have shown potential in alleviating
pathological changes such as the cystic changes and macular edema commonly observed
in tamoxifen retinopathy [1,24]. Additionally, it is important to address comorbidities such
as hyperlipidemia and elevated body mass index as these have been linked to a higher risk
of retinal changes with tamoxifen use [2]. Therefore, lowering lipid levels, promoting a
low-fat diet and lifestyle modifications, might be beneficial in reducing the risk of retinal
toxicity. Overall, further research is needed to fully understand the efficacy and safety
of potential treatment modalities for tamoxifen-induced retinal toxicity and to develop
novel therapies.

Although our study provides valuable insights into the trends and patterns of retinopa-
thy screening among tamoxifen users, several limitations should be acknowledged when
interpreting the results. First, it was conducted in South Korea, which may limit the
generalizability of the findings to other populations with potentially different healthcare
systems, cultural practices, and tamoxifen utilization patterns. Therefore, caution should
be exercised when extrapolating these results to other populations. Second, our study
relied on retrospective data obtained from the health claims database, which may include
inherent limitations, such as missing or incorrect information, particularly in the diagnosis
codes. Additionally, the study lacked information on the specific indications for ophthalmic
examinations, which could have impacted the frequency and modality choices [25]. Finally,
the study did not explore the reasons behind the observed trends in retinopathy screening
or the potential barriers to screening practices. Understanding the factors influencing
screening practices and identifying potential barriers to timely and adequate monitoring
are crucial for developing targeted interventions and improving screening rates among
tamoxifen users.

Another significant limitation of our study is the absence of an analysis of tamoxifen
retinopathy cases. The lack of a specific diagnostic code for toxic maculopathy in the
eighth revision of the Korean Standard Classification of Diseases hampered our ability
to accurately identify all instances of tamoxifen retinopathy, potentially introducing bias.
Moreover, tamoxifen retinopathy can manifest with diverse features like macular edema,
which further complicates the interpretation of diagnostic codes. Although including the
code for macular edema might enhance the detection of tamoxifen retinopathy cases, it
also raises the risk of bias due to the other diverse causes of macular edema. Therefore,
we intended to focus our analyses on investigating practice patterns for retinal toxicity
and drug usage among tamoxifen users in this study rather than determining the precise
incidence or prevalence of tamoxifen retinopathy.

5. Conclusions

Our study provides insights into the population of tamoxifen users, the performance
of baseline and subsequent monitoring examinations, and trends in retinopathy screening
over time. These findings highlight the need for continued efforts to optimize screening
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protocols, increase awareness among prescribing physicians and tamoxifen users, and
improve the consistency and frequency of retinopathy screening in this at-risk population.

Supplementary Materials: The following supporting information can be downloaded at: https://www.
mdpi.com/article/10.3390/jcm13082167/s1, Figure S1: Timing of baseline screening for tamoxifen
retinopathy. The figure illustrates the timing of baseline screening for tamoxifen retinopathy, pre-
sented as the interval from the start date of tamoxifen treatment; Figure S2: Proportion of patients
receiving baseline screening within 1 year of tamoxifen use and that of those with subsequent moni-
toring (within 1 year from the baseline examination) among those with baseline screening in each
year between 2015 and 2020.
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Abstract: Purpose: Mutations in Topoisomerase I–binding RS protein (TOPORS) have been previ-
ously documented and have been described to result in pathological autosomal dominant retinitis
pigmentosa (adRP). In our study, we describe the various genotypes and clinical/phenotypic man-
ifestations of TOPORS-related mutations of our unique patient population in Rural Appalachia.
Methods: The medical records of 416 patients with inherited retinal disease at the West Virginia
University Eye Institute who had undergone genetic testing between the years of 2015–2022 were re-
viewed. Patients found to have pathologic RP and mutations related to TOPORS were then analyzed.
Results: In total, 7 patients (ages 12–70) were identified amongst three unique families. All patients
were female in our study. The average follow-up period was 7.7 years. A mother (70 yr) and daughter
(51 yr) had a novel heterozygous nonsense point mutation in TOPORS c.2431C > T, p.Gln811X (Exon 3)
that led to premature termination of the desired protein resulting in early onset vision loss, cataract
formation, and visual field restriction. The mother developed a full-thickness macular hole which
was successfully repaired. Five other patients were found to have previously described TOPORS
mutations. Visual field loss was progressive with age in both cohorts. Conclusions: Seven patients
at our institution were identified to have mutations in TOPORS resulting in autosomal dominant
retinitis pigmentosa. Two patients were found to have novel truncating mutations in the TOPORS
gene resulting in profound night blindness and visual field loss, recurrent macular edema, and in
one individual, epiretinal membrane formation leading to a macular hole which was able to be
successfully repaired.

Keywords: TOPORS; retinitis pigmentosa; OCT; retina; ADRP; Appalachia; inherited retinal disease;
retinal degeneration; RP; genetics; mutation; macular hole

1. Introduction

Retinitis pigmentosa (RP) is a group of inherited retinal dystrophies characterized
by the progressive degeneration of photoreceptors and retinal pigment epithelium (RPE),
leading to night blindness, visual field constriction, and eventual loss of central vision. RP
affects approximately 1 in 4000 individuals worldwide and is genetically heterogeneous,
with more than 80 genes implicated in its pathogenesis [1–3]. Autosomal dominant RP
(adRP) accounts for about 15–30% of all RP cases and is caused by mutations in at least
25 genes [1,3,4].

One of the genes associated with adRP is TOPORS, which encodes topoisomerase I-
binding RS protein, a dual E3 ubiquitin and SUMO1 nuclear protein ligase that is involved
in cell cycle regulation, protein synthesis, DNA repair, and chromatin modification in
different cell types [3–6]. The gene itself is present on the short arm of chromosome 9
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band 21, is roughly 12,000 base pairs in length, and encodes a ubiquitous multidomain
SUMO1-Protein E3 ligase protein comprised of 3 exons. Mutations in TOPORS have been
reported to cause adRP linked to chromosome 9p21.1 (locus RP31) in several families
from different ethnic backgrounds. Pathologic mutations in the retina eventually lead to
loss of the outer portions of the photoreceptors which is likely related to the disruption
of cilia-dependent photoreceptor cell maintenance pathways [4,7]. The majority of these
mutations are located in the terminal half of exon 3 and result in premature truncation or
missense changes of the TOPORS protein.

The phenotypic features of TOPORS-related RP may include early onset of night
blindness, severe progressive visual field constriction, cystoid maculopathy (CM), and
reduced electroretinogram (ERG) stimulatory responses. Given the rare nature of TOPORS-
related RP, genotype–phenotype correlations of TOPORS mutations and the exact molecular
mechanisms behind retinal degeneration caused by TOPORS dysfunction are still not fully
understood [3].

In this case, we report the prevalence and characterization of TOPORS mutations in
a cohort of patients with inherited retinal disease from rural Appalachia. We identified
seven patients from three separate families with mutations in TOPORS, including the
identification of a novel nonsense mutation that causes premature truncation of the protein.
Their clinical course and examination findings are described in detail below. Lastly, we
describe an isolated case of full thickness macular hole that was successfully repaired
and was able to restore limited vision in one of our patients with TOPORS-related RP. A
preliminary review of the research gathered from this study was presented at the 2023
ARVO Annual Meeting in New Orleans, LA.

2. Methods

2.1. Patient Population

We performed a retrospective review of 416 patients who were diagnosed with inher-
ited retinal disease at the WVU Eye Institute from January 2015 to June 2023. Most patients
underwent comprehensive ophthalmic examination, including best-corrected visual acuity
(BCVA), slit-lamp biomicroscopy, fundus photography, optical coherence tomography
(OCT), visual field testing, and electrophysiology testing. The diagnosis of TOPORS related
retinitis pigmentosa was based on clinical findings and confirmatory genetic testing. The
study was approved by the Institutional Review Board of West Virginia University.

2.2. Genetic Analysis

Confirmatory genetic testing was completed at three different laboratories. Blueprint
Genetics (MyRetinaTracker; Helsinki, Finland) with support from Foundation Fighting
Blindness (Columbia, MD, USA), Invitae (ID Your IRD panel; San Francisco, CA, USA) with
support from Spark Therapeutics (Philadelphia, PA, USA), and the Laboratory for Molecu-
lar Diagnosis of Inherited Eye Diseases (LMDIED Human Genetics Center—Houston, TX,
USA) with support from The National Ophthalmic Disease Genotyping and Phenotyping
Network eyeGENE NEI (Bethesda, MD, USA).

Samples processed by Blueprint Genetics were sequenced via high-quality custom
capture technology and next-generation sequencing (NGS) for the IRB study protocol panel
of 322 genes. Samples processed by Invitae were sequenced through similar technologies
as part of a 248 to 330 gene panel. Confirmatory sequence analysis for samples processed
by LMDIED were tested against a limited 9 gene panel for common mutations responsible
for adRP after preliminary screening through eyeGENE at NEI. The members of Family 1
(F1) underwent testing with Blueprint Genetics. The members of Family 2 (F2) underwent
testing with Invitae. Lastly, the members of Family 3 underwent testing with LMDIED.
Within F3, Patient 7 (P7) underwent dual testing with LMDIED and Invitae.
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3. Results

3.1. Identification of TOPORS Mutations

Among the 416 patients with inherited retinal disease at our institution, we identified
a total of 7 patients from three separate families who had mutations in TOPORS (Figure 1).
All identified patients were female and initially presented to our clinic with ages ranging
from 12 to 70 years of age. A total of 7 out of 7 patients underwent confirmatory genetic
testing. The average follow-up time in our patient population was (7.7 years). All mutations
were heterozygous and segregated with the disease phenotype in each family.

Figure 1. Shown above is the pedigree for the three study populations. All families demonstrate
autosomal dominant inheritance patterns found in TOPORS related retinitis pigmentosa. The “*”
represents probands with known mutational variants.

Of the study population, two families (F1 and F2) were found to have a previously
reported frameshift mutation at c.2556_2557del (p.Glu852fs) that introduces a premature
stop codon at position 871. One family (F3) had a novel nonsense mutation c.2431C>T
(p.Gln811X) that replaces a glutamine codon into a stop codon at position 811.

3.2. Clinical Features of Patients with TOPORS Mutations

The exam findings and clinical characteristics of the 7 patients with TOPORS mutations
are summarized in Table 1. Of note, missing data points are the result of incomplete
documentation or loss to follow-up during retrospective chart review using the institutions
electronic medical record. For symptomatic individuals, the average age of onset for vision
loss was in their early 20′s. The most common complaint was night blindness, followed by
progressive loss of peripheral vision and central vision in symptomatic individuals. The
BCVA at the time of last follow up ranged from 20/20 to 20/60.

Fundus examination revealed typical RP features, such as bone spicule pigmentation,
attenuated retinal vessels, optic disc pallor, and macular changes (Figure 2). There was
significant thinning of the outer nuclear layer and disruption of the ellipsoid zone in all
patients who underwent spectral domain OCT (SD-OCT) testing. CM was only present
in two patients (P6 and P7). Patient P7 suffered from chronic bilateral vitreomacular
traction (VMT) that eventually led to the development of a full thickness macular hole
leading to rapid vision loss throughout the follow-up period. When available, all patients
undergoing fundus autofluorescence photography (FAF) demonstrated diffuse reduced
peripheral retina autofluorescence with a central fluorescent ring within the area of the
macula correlating to remaining island of functional central photoreceptors at the fovea as
seen in Figure 3. Visual field defects vary between individuals and the severity of peripheral
vision loss correlated with age and the stage of the of RP. The visual field testing for P6 and
P3 are shown below. In addition to abnormal FAF, ERG changes were documented in a
subset of our patients who were able to undergo testing. Figure 4 demonstrates diminished
full field ERG testing in P4 in primary in a dark-adapted scotopic environment consistent
with the chief complaint of night blindness.
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Figure 2. Ultra-Wide Field Fundus Images with FAF and OCT of the macula in P6 (Right Column—
Right Eye, Left Column—Left Eye. The classic triad waxy optic nerve pallor, vascular attenuation,
and bone spicules are all demonstrated in this image series. Notice the reduced peripheral fundus aut-
ofluorescence with a preserved central island in the macula. OCT findings of the macula demonstrate
cystoid maculopathy with diffuse loss of the ellipsoid zone and outer retinal thinning.
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Figure 3. Goldmann Visual fields for P6 (above: (A)—Right Eye, (B)—Left Eye) and P3 (below:
(C)—Right Eye, (D)—Left Eye). Notice the diffuse progressive loss in peripheral vision in both patients.

Figure 4. Full—field ERG demonstrating reduced a and b waves in a dark and light adapted setting
ins subject P4. A wave amplitude is markedly attenuated which is consistent with the patients
diminished photoreceptor function (Top—Right Eye, Bottom—Left Eye).
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3.3. An Isolated Case of Full Thickness Macular Hole Leading to Rapid Vision Loss with
Successful Repair

Within the subset of our patients with symptomatic RP secondary to TOPORS muta-
tions, we report a 70-year-old female patient (P7) who developed a full thickness macular
hole (FTMH) in her right eye measuring approximately 230 μm. The patient had a history
of chronic vision loss in both eyes since the age of 30 years old. She also had a history of
CM for years with concomitant VMT, which was refractory to topical carbonic anhydrase
inhibitors and a series of intravitreal steroid injections. Genetic testing revealed that she
carried the novel c.2431C>T (p.Gln811X) TOPORS mutation.

At the time of presentation for her full FTMH, her best corrected visual acuity (BCVA)
was found to be 20/60 − 1 in the right eye and 20/50 − 1 in the left. She underwent
25-gauge pars plana vitrectomy (PPV) with epiretinal membrane (ERM) peel, internal
limiting membrane (ILM) peel, and sulfur hexafluoride (SF6) gas tamponade with 7-day
face down positioning in both eyes.

In the first OCT sequence (Figure 5), the patient presented with a full thickness macular
hole measuring 230 μm in diameter in the right eye. Her BCVA was 20/60 − 1 and her
Goldmann visual field (GVF) showed less than the central 10◦ in the affected eye. In the
third sequence, one year after the surgery, the macular hole was closed and the foveal
contour was restored in the right eye. Her BCVA improved to 20/40 and she reported
subjective improvement in central metamorphopsia which was also demonstrated on
interval Amsler gird testing. The macular hole was found to remain closed at the time of
her 3-year follow up.

Figure 5. Spectral Domain OCT series of the right macula in P7. The first sequence (top) demonstrates
the presence of a full thickness macular hole with adjacent cystoid macular edema and a faint
epiretinal membrane. The second (middle) sequence was taken 1 month following the patient
macular hole repair via pars plana vitrectomy with ERM and ILM peeling. In the third and final
(bottom) sequence, we can appreciate persistent surgical closure of the full thickness macular hole
1 year following surgery. In all image series, there is diffuse outer retinal atrophy and photoreceptor
loss consistent with late-stage retinitis pigmentosa.
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4. Discussion

Mutations in TOPORS are a rare cause of autosomal dominant retinitis pigmentosa,
with only a few families reported worldwide. In this study, we identified 7 patients from
3 families with TOPORS mutations in a cohort of 416 patients with inherited retinal disease
from rural Appalachia treated at our institution. This represents the prevalence of TOPORs
related RP to be 1.68% of adRP cases in our cohort similar to the estimated prevalence of
1% reported by Daiger, further emphasizing the rare nature of TOPORs related disease [1].

We identified a novel nonsense mutation c.2431C>T (p.Gln811X) in one family (F3),
which is predicted to replace a glutamine codon with a stop codon, truncating the TOPORS
protein by about 233 amino acids. Similar to previously described mutations, early trunca-
tion of the protein within exon 3 leads to deterioration of the Really Interesting New Gene
(RING) finger motif function that is essential for ubiquitin ligase activity. Previous studies
have shown that mutations in this domain impair the ubiquitination and degradation of
p53, a tumor suppressor protein that regulates cell cycle and apoptosis [5]. It is possible
that this mutation affects the stability and function of p53 in photoreceptors, leading to
their degeneration. This mutation also agrees with the finding by Wang et al. that amino
acid residues damaged at positions 807 to 867 which results in pathologic TOPORS pheno-
types [8]. At the time of publication, only one other similar mutation reported by Invitae to
NIH’s ClinVar database has been documented at c.2431C>G (p.Gln811Glu). This single
nucleotide mutation has been described at the same location which replaces a glutamine
with glutamic acid residue at the 811 position, which as of now is listed as a mutation of
uncertain significance [9].

The two other families (F1, F2) had a previously reported frameshift mutation
c.2556_2557del (p.Glu852fs), which is one of the most common TOPORS mutations found
in adRP patients [1,7,10]. This nonsense mutation also results in a premature stop codon
at position 871, which may lead to early degradation of the mRNA or a truncated protein
with an absent RING finger domain.

The clinical features of our patients with TOPORS mutations appear to be consistent
with previous reports of TOPORS-related RP. In most cases, disease onset was early, with
night blindness being the first symptom. Similar to other aggressive RP, progression was
severe, with the loss of peripheral then central vision leading to legal blindness by the fifth
or sixth decade of life. Fundus appearance was also consistent with that of typical RP, such
as bone spicule pigmentation, vessel attenuation, optic disc pallor, and pigmentary macular
changes. On SD-OCT, findings revealed thinning of the outer nuclear layer and irregularity
of the ellipsoid zone indicating photoreceptor loss. The visual field defects varied between
individuals and the severity of peripheral vision loss correlated with age and the stage of
the RP.

CM was present in two patients (P6 and P7). This appears to be a common complica-
tion of RP that can affect visual acuity and quality of life in patients with already limited
vison. Interestingly enough, CM was not seen in the other families. Diabetes and other
renal dysfunctions which are known independent causes of CM formation were not comor-
bid conditions in our study group. This may suggest that the patients in novel mutation
group (F3) may be more predisposed to CM formation. However, further evidence to
support this claim may be confounded by VMT or other variables not accounted for in
our analysis. CME typically can be treated with topical or systemic anti-inflammatory
agents, carbonic anhydrase inhibitors, or other intravitreal injections [11]. However, treat-
ment response is variable depending on the severity of disease and often affected by other
underlying comorbidities.

In our study group, one patient developed a full thickness macular hole (FTMH),
which can be a rare occurrence in RP patients. FTMH is primarily a byproduct of abnormal
vitreomacular forces [12]. It is characterized by a defect in the foveal neurosensory retina
that extends through all retinal layers and causes detrimental central vision loss. The patho-
genesis of FTMH in RP patients is not well understood, but has been previously described
to be related to chronic VMT, ERM formation, or retinal atrophy [13,14]. FTMH can be
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surgically repaired by PPV with ILM peeling and supplemental gas tamponade. Repair of
macular holes in RP patient is rare and long-term outcomes are poorly understood [13,14].
As in the case of our patient (P7), we performed a successful repair of a FTMH surgery,
which resulted in improved visual acuity and persistent primary surgical success given
persistent closure of the macular hole over three years of follow up.

The exact function of TOPORS in the retina is still unknown. Prior research has
demonstrated TOPORS importance in maintaining photoreceptor homeostasis and sur-
vival through its supportive ubiquitin and SUMO1 ligase activities [5,6,15]. Mutations
in TOPORS cause an aggressive form of RP compared to other adRP genes, which may
reflect its involvement in multiple cellular pathways and processes as previously described.
Further studies are needed to define the exact pathologic mechanisms underlying TOPORS-
related RP and to identify potential therapeutic targets.

At the time of publication, the c.2431C>T (p.Gln811X) mutational variant demon-
strated in F3 was recently changed in classification from a variant of uncertain significance
(VUS) to “Likely Pathogenic” by Invitae in the latest report received in December 2023.
Family 3 was affected by this variant had demonstrated early onset and aggressive RP
in our study. Not all variants present in a gene cause disease, and some may be benign
polymorphisms [2,9,15–18]. Similar to prior studies, premature translational stop signals
in TOPORS related RP at exon 3 have shown to be pathologic, which provides additional
evidence for the pathogenicity of our novel mutation [8].

5. Conclusions

In conclusion, we report the prevalence and characterization of TOPORS related RP
mutations in a cohort of patients with inherited retinal disease from rural Appalachia. In our
study population, we identified a novel nonsense TOPORS mutation c.2431C>T (p.Gln811X)
in one family and a previously described frameshift mutation c.2556_2557del(p.Glu852fs) in
two other unrelated families with pathologic adRP. Both of these mutations would appear
to truncate the TOPORS protein and impair its E3 ubiquitin ligase activity, which may
affect the stability and function of supportive cell cycle regulatory proteins in photorecep-
tors. We were also able to confirm that TOPORS-related RP is an early onset and severe
form of RP that leads to legal blindness by the fifth or sixth decade of life in our unique
study population.

The fundus appearance, OCT findings, ERG responses, and visual field defects were
consistent with typical RP. CM was present in two patients and FTMH was present in one
patient. We also describe a case of successful FTMH surgery in one of our patients with
the novel mutational variant (P6), which resulted in improved visual acuity and persistent
anatomical closure of the macular hole after three years of follow up. Our findings expand
on the existing fund of knowledge related to the genetic and phenotypic spectrum of
TOPORS-related RP, providing insights into its pathogenesis and management. Further
studies are needed to elucidate the molecular mechanisms underlying TOPORS-related RP
and to identify a potential for therapeutic targets or the possibility of gene therapy in the
relative future.
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Abstract: We aimed to investigate the success rate of planned fixed quarterly aflibercept injections
after three loading doses (QDA3L) to achieve stability without recurrence in neovascular age-related
macular degeneration (nAMD) at a tertiary eye centre. A retrospective study was conducted over five
years (2017–2021) by including all consecutive cases of nAMD treated with three initial aflibercept
injections four weeks apart, followed by planned injection appointments every 12 to 16 weeks starting
from week 20. The primary endpoint was to determine the proportion of patients who maintained
disease inactivity at week 52 and week 104. A total of 40 eyes of 40 patients were included. The overall
mean age was 80.8, with a male preponderance. The overall success rate in our study population was
52.9% and 53.6% at week 52 and week 104, respectively. The fovea remained dry at 85.3% at week 52
and 82.1% at week 104, and 85.3% and 85.7% of subjects lost fewer than 15 ETDRS letters at week
52 and week 104, respectively. While this study does not suggest the superiority of this regimen,
the success and failure rates obtained in our study can be used in the counselling process for this
particular fixed treatment regimen for nAMD.

Keywords: anti-VEGF; macular degeneration; aflibercept; treat and extend; quarterly injections

1. Introduction

1.1. Anti-Vascular Endothelial Growth Factors and the Global Treatment Burden

Age-related macular degeneration (AMD) accounts for 8.7% of all causes of blind-
ness worldwide and is the most common cause of blindness in developed nations [1]. Its
prevalence is likely to increase as a consequence of exponential population ageing [1]. The
estimated population suffering from AMD worldwide was 196 million in 2020, projected
to increase to 288 million by 2040 [1]. Wet, or neovascular, AMD affects 10–15% of AMD
patients and is characterised by macular neovascularisation (MNV), where new immature
blood vessels grow towards the outer retina, typically from the underlying choroid, result-
ing in leakage, fluid accumulation, and haemorrhage [2]. Vascular endothelial growth factors
(VEGF), as proangiogenic messengers, play a significant role in neovascularisation [2]. Anti-
vascular endothelial growth factors (Anti-VEGF) are important medications regarded as the
gold standard used to treat neovascular age-related macular degeneration (nAMD) [3]. One
of the main goals of anti-VEGF treatment regimens is to minimise the fluctuations of central
subfield thickness of the macula to improve functional outcomes [3–5]. Different treatment
regimens exist, including the pro re nata (PRN) and the treat and extend (T&E) approaches.
The T&E regimen was thought by experts to be more proactive and personalised and is
associated with decreased treatment and monitoring burden, better utilisation of clinical
resources, and minimisation of the risk of visual loss [3].
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Treating macular disease with anti-VEGF has been an enormous burden to ophthalmic
services globally. Hong Kong is not an exception. Treatment burden involves frequent
clinic visits, travel, emotional burden, caregiver support, appointment booking, visual
acuity checks, fundus imaging, financial burden for the patients, and workload for the
staff involved in administering the injections [6]. In Hong Kong, anti-VEGF treatment is
self-financed, hindering access for the underprivileged. It has been mentioned that most
public hospitals in the region are less likely to adopt a T&E regimen directly after the
loading phase but are more inclined towards PRN regimen because of limited manpower
and resources [7]. With the number of injections administered in the territory exponentially
rising in recent years due to the ageing population, there is clearly a need to explore better
alternatives to the PRN approach and this forms the basis of our study.

1.2. The Planned Quarterly Dosing after Three Loading Doses Regimen (QDA3L) Protocol

Generally, three monthly or four-weekly injections would be arranged for newly
diagnosed patients with nAMD during the initial visit at our institution. Due to the
difficulty of booking injections well in advance, some ophthalmologists would also help
secure a further injection clinic booking at week 20 during that initial visit, on a case-by-case
basis, primarily for operational reasons. No specific selection criteria were applied. These
patients would be offered a follow-up appointment after the three loading doses, usually at
week 12. The objective was to establish a consistent injection interval of 12 to 16 weeks. We
have termed this regimen “planned quarterly dosing after three loading doses” (QDA3L)
(Figure 1). Previous guidelines suggested that the interval between injections could be
extended in four-week increments after the three initial doses, up to a maximum interval
of 12 weeks for patients with inactive disease [8]. The ALTAIR study confirmed that a
large proportion of patients (35.1–40.5%) had an intended injection interval of 16 weeks
by week 52 in patients treated with aflibercept for treatment-naïve exudative AMD [9].
The PIER and EXCITE studies were earlier trials that examined the fixed dosing regimen
for ranibizumab [10,11]. The PIER study was a controlled trial that randomized patients
with subfoveal MNV to receive sham or ranibizumab monthly for three months, followed
by quarterly treatment. The EXCITE study randomised subjects to three initial monthly
doses of ranibizumab, followed by a quarterly fixed regimen of different dosing (0.3 mg or
0.5 mg) or monthly ranibizumab. In line with the overall approach of these regimens to
ultimately achieve an intended injection interval of 12 to 16 weeks, some of our doctors
would discuss with our patients and maintain a fixed quarterly injection interval to sustain
disease inactivity. This would reduce the burden of frequent clinic visits when the patient
is on a stable treatment protocol.

Figure 1. Example of a quarterly dosing after three loading doses (QDA3L) regimen.
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During each clinic visit, patients underwent visual acuity (VA) testing, optical coher-
ence tomography (OCT), slit lamp biomicroscopy, indirect ophthalmoscopy, and fundus
photos for selected cases. During the week 12 appointment and subsequent appointments,
the decision on whether to maintain the treatment interval would be made. If there were
no signs of increase in activity, the injection at week 20 would be kept, and subsequent
injection intervals would be between 12 and 16 weeks (Figure 1). Any decision to shorten
the treatment interval to below 12 weeks, due to increased activity, would be regarded as
failing the intended planned quarterly dosing.

2. Materials and Methods

2.1. Study Setting and Population

In light of the increasing treatment burden for all parties involved, we decided to look
into whether some fixed, straightforward, and less-treatment intensive regimens would
be comparable to the current widely practised treat-and-extend (T&E) regimen [12]. We
aimed to investigate the success rate of a planned quarterly aflibercept injection schedule,
following three initial loading doses of aflibercept, for neovascular age-related macular
degeneration (nAMD) to achieve stability without recurrence at a tertiary eye centre. Our
goal is to test the hypothesis that a less frequent dosing regimen may be sustainable to
our healthcare system and beneficial to our patients, allowing for a stable disease state
without recurrence while reducing the treatment burden and the frequency of visits to an
acceptable level.

A retrospective study of electronic health records was conducted, including all con-
secutive cases of nAMD treated with three initial aflibercept injections four weeks apart,
followed by a planned injection appointment at week 20 for at least one year, at United
Christian Hospital and Tseung Kwan O Hospital in Hong Kong, over five years (January
2017–December 2021). Our centres provide tertiary eye care to the eastern peninsula of
Kowloon in Hong Kong, China, with a catchment population of 1.1 million.

The study received approval from the local research ethics committee (Reference:
KC/KE-23-0029/ER-3) and complied with the Declaration of Helsinki.

2.2. Inclusion and Exclusion Criteria

Inclusion and exclusion criteria were adopted from major randomized controlled trials
(RCTs) [4,9]. The inclusion criteria were as follows: subjects aged over 50 years, neovascular
AMD with foveal involvement, both treatment-naïve and recurrent cases, and patients who
had injections for at least one year. There were no specific criteria for initial best-correted
visual acuity (BCVA). Only active subfoveal MNV were included, including types 1, 2, and
3. Polypoidal choroidal vasculopathy (PCV), a variant of type 1 MNV, was included to
represent the real-life data in our locality.

Exclusion criteria were as follows: eyes that received any anti-VEGF therapy in the
prior six months, eyes with other disease entities (e.g., diabetic macula oedema, retinal
vein occlusions, central serous chorioretinopathy, myopic macular neovascularisation), a
follow-up period of less than one year, concurrent macula laser (except photodynamic
therapy) and ocular surgery (e.g., cataract surgery or vitrectomy) in the prior six months
and the study period, planned injections between week 12 and week 19, and patients who
decided to stop injections and opted for a PRN regimen after three injections or within the
first year.

2.3. Imaging and Evaluation

The spectral-domain optical coherence tomography (SD-OCT) (Spectralis, Heidel-
berg Engineering, Heidelberg, Germany), fundus fluorescein angiography (FFA), and
indocyanine green angiography (ICGA) (Spectralis HRA+OCT, Heidelberg Engineering,
Heidelberg, Germany) images were reviewed. In this retrospective study, the neovascular
lesions were classified and confirmed via the reviewing of all the multimodal imaging
available for each case by one retinal specialist. The subtypes of nAMD were classified
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according to FFA, ICGA, and OCT findings. Subjects were confirmed to have nAMD with
foveal involvement, with confirmation of leakage on fundus fluorescein angiogram before
the start of treatment. All cases of PCV were confirmed with ICGA [13]. OCT was the pri-
mary imaging modality used to assess dryness of the fovea. Safety evaluation was recorded
in clinical notes if any positive findings were observed. Major adverse events screened for
included endophthalmitis, retinal detachment, hyphema, vitreous haemorrhage, retinal
pigment epithelium tear, thromboembolic events, and death related to the injection.

2.4. Treatment Success and Failure

Our definitions of treatment success include overall, anatomical, and functional at W52
and W104. Anatomical success was defined as no increase in disease activity of the AMD on
clinical examination or OCT throughout the study period while remaining on the quarterly
dosing schedule, without the need to shorten the treatment interval. Functional success
was characterised by a loss of fewer than five ETDRS letters, without the need to shorten
the treatment interval. Overall success combined both. Treatment failure was defined as
an increase in disease activity during the two-year quarterly dosing maintenance stage,
i.e. new macular haemorrhage, neovascularisation, and/or an increase in OCT biomarkers
for neovascular activity, and thus a decision for rescue treatment with shorter treatment
intervals. The widely recognized OCT biomarkers for neovascular activity, including
intraretinal fluid, subretinal fluid, subretinal pigment epithelium fluid, and subretinal
hyperreflective material, were used when supplementing the clinical findings with OCT
response [14–17].

2.5. Statistical Analysis

Frequencies were compared between the groups using either chi-square test or Fisher’s
exact test. Continuous unpaired data were compared using Mann–Whitney U test and
change in visual acuity with Friedman test and Kruskal–Wallis test. Success rates and
outcomes were summarised descriptively. The two-sided 95% confidence intervals of
the proportions of success and failure were estimated using normal approximation. A
p value of less than 0.05 was considered statistically significant. Statistical evaluation was
performed using SPSS software version 26 (IBM, Armonk, NY, USA).

3. Results

The flow diagram showing subject recruitment is shown in Figure 2 and the patient
demographics are summarised in Table 1. A total of 956 eyes met the criteria of nAMD
requiring anti-VEGF in the 5-year study period. Among these, 57 eyes met the inclusion
criteria for following the QDA3L schedule with aflibercept. However, 17 of them were
excluded due to various reasons, such as not having completed at least one year of injec-
tions, voluntary withdrawal, receiving anti-VEGF in the 6 months prior to the study, and
undergoing intraocular surgery (Table 2). Of the remaining 40 eyes of 40 patients, 18 cases
had polypoidal choroidal vasculopathy (PCV); 6 of them had concurrent photodynamic
therapy (PDT) within the first month of their first injection, and thus they were excluded
from the main monotherapy group analysis. These six eyes in the combination therapy
group were analysed separately. None of the included PCV cases received PDT outside the
first month period throughout the study.
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Figure 2. Flow diagram showing the number of patients assessed for eligibility, included in the
study, and analysed at each time point. nAMD: neovascular age-related macular degeneration.
QDA3L: quarterly dosing after three loading doses. MNV: macular neovascularization. PCV: poly-
poidal choroidal vasculopathy. PDT: photodynamic therapy. Anti-VEGF: anti-vascular endothelial
growth factor.

A total of 34 eyes of 34 patients were included in the aflibercept monotherapy group
and analysed. Among them, 24 cases were treatment-naïve, and 10 were recurrence cases.
In total, 64.7% (n = 22) of them had a diagnosis of macular neovascularisation (MNV), and
12 of them had PCV with monotherapy. Among the MNV group, 59% (n = 13) had type 1
MNV, 36% (n = 8) had type 2 MNV, and one case had type 3 MNV.
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Table 1. Patient demographics of the main monotherapy group.

n = 34 (%) p Value for Treatment Success at 1 Year

Age 0.85 #
• Mean ± SD 80.8 ± 7.9
• Median (min–max) 81 (64–97)

Laterality, n (% left) 13 (38.2%) 0.62 ˆ
Gender, n (% female) 12 (35.2%) 0.47 ˆ
Ethnicity
• Chinese 40 (100%)

Diagnosis 0.22 ˆ
• MNV 22 (64.7%)
◦ Type 1 MNV 13
◦ Type 2 MNV 8
◦ Type 3 MNV 1

• PCV 12 (29.4%)
Baseline visual acuity (ETDRS letters) 0.80 #
• Mean ± SD 46.93 ± 14.98
• Median (min–max) 46.93 (19.95–73.91)

Treatment more than 6 months before the
first injection in the study period 0.27 ˆ

• Treatment-naïve 24 (70.5%)
• Recurrence 10 (29.4%)

Lens status 0.68 ˆ
• Pseudophakic 19 (55.9%)
• Clear lens 1 (0.03%)
• Nucleus sclerosis grade 1–2 14 (41.1%)
• Nucleus sclerosis grade 3 or above 0

Other ocular pathology
• Nil 30 (88.2%) -
• Epiretinal membrane 2 (0.05%) -
• Old branch retinal vein occlusion 1 (0.03%) -
• Normal tension glaucoma 1 (0.03%) -

ˆ Chi-square or Fisher’s exact test. # Mann–Whitney U test. SD: standard deviation. MNV: macular neovasculari-
sation. ETDRS: Early Treatment of Diabetic Retinopathy Study.

Table 2. Excluded cases that initially met the quarterly dosing after three loading doses (QDA3L)
schedule.

Reasons n = 17

Having less than one year of injections (death of other causes,
withdrawal, financial difficulty) 10

Having ocular surgery e.g., cataract surgery in the study period 3
Received anti-VEGF in the 6 months prior to the study period 4

Anti-VEGF: anti-vascular endothelial growth factor.

All patients underwent OCT imaging at their initial visit and subsequent visits. All
patients had FFA before their first injection. All PCV cases had ICGA for diagnosis con-
firmation before their first injection. Not all MNV cases, however, had ICGA: 27% (n = 6)
only had FFA.

The mean baseline visual acuity was 46.93 ± 14.98 letters. 55.9% (n = 19) of the cases
were pseudophakic, and the rest had clear lens or mild cataract. A total of 88.2% of the
cases did not have any co-existing macula pathology or glaucoma. Four of the cases had
mild co-existing pathology such as epiretinal membrane or old retinal vein occlusion. All
these did not show any statistical significance in relation to treatment success or failure.

The mean visual acuity across the subjects improved with treatment, and the final
visual outcomes are summarised in Table 3. The overall anatomical and functional success
at W52 and W104 in our cohort are summarised in Table 4. The mean change in BCVA
(ETDRS letters) after three loading doses, from baseline to week 52, and from baseline
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to week 104 was 5.4 letters (95% CI −0.6 to 11.4), 3.5 letters (95% CI −3.7 to 10.6), and
1.7 letters, respectively (95% CI −4.3 to 7.7). The proportion of subjects who achieved
anatomical success at week 52 and week 104 was 73.5% (95% CI 58.7% to 88.4%) and 64.3%
(95% CI 46.5% to 82.0%), respectively. The proportion of subjects who achieved functional
success at week 52 and week 104 was 55.8% (95% CI 39.2% to 75.6%) and 53.6% (95% CI
35.1% to 72.0%), respectively. The overall success rate in our study population was 52.9%
(95% CI 36.2% to 69.7%) at week 52 and 53.6% (95% CI 35.1% to 72.0%) at week 104. The
anatomical success rate was higher than the corresponding functional success rate. There
were no major adverse events reported during the study period.

Table 3. Functional outcomes.

ETDRS Score p-Value #

Baseline visual acuity
• Mean ± SD 46.93 ± 14.98 -
• Median (min–max) 46.93 (19.95–73.91)

Visual acuity after first 3 injections
• Mean ± SD 52.35 ± 17.81 0.01 a @
• Median (min, max) 58.86 (6.57–80.15)

Visual acuity at Week 52
• Mean ± SD 50.37 ± 21.11 0.15 a 0.26 b

• Median (min, max) 54.45 (19.95–82.71)
Visual acuity at Week 104 ˆ
• Mean ± SD 45.90 ± 22.70 0.47 a 0.06 b 0.47 c

• Median (min, max) 46.93 (6.57–77.25)

# Friedman test with post hoc analysis. a vs. baseline. b vs. after three injections. c vs. week 52. @ p < 0.05. ˆ Only
cases who had follow-up at week 104 (2 years) and who were not excluded from the study were analysed (n = 28).
ETDRS: Early Treatment of Diabetic Retinopathy Study. SD: Standard deviation.

Table 4. Overall, anatomical, and functional success at W52 and W104 in our cohort.

Anatomical Success # Functional Success # Overall Success

Week 52
n 25/34 19/34 18/34
% (95% CI) 73.5% (58.7% to 88.4%) 55.8% (39.2% to 75.6%) 52.9% (36.2% to 69.7%)

Week 104 ˆ
n 18/28 15/28 15/28
% (95% CI) 64.3% (46.5% to 82.0%) 53.6% (35.1% to 72.0%) 53.6% (35.1% to 72.0%)

# Anatomical success was defined as no increase in activity of the AMD on clinical examination and OCT through-
out the study period without the need to shorten the treatment interval. Functional success was characterised
by a loss of fewer than five ETDRS letters without the need to shorten the treatment interval. Overall success
combined both. ˆ 6 were excluded from analysis for functional success at week 104, yielding only 28 cases for
analyses, due to the following events after 1 year: death (n = 3), lost to follow-up (n = 2), switched to another
anti-VEGF agent (n = 1). 95% CI: 95% confidence interval.

Regardless of the anatomical success during the study period, the fovea remained dry
on OCT in 85.3% (n = 29/34, 95% CI 73.4% to 97.2%) and 82.1% (n = 23/28, 95% CI 68.0% to
96.3%) of the cases at week 52 and week 104, respectively. The proportion of subjects who
lost fewer than 15 ETDRS letters was 85.3% (95% CI 73.4% to 97.2%) and 85.7% (95% CI
72.8% to 98.7%) at weeks 52 and 104, respectively. The proportion of subjects who gained
more than 15 ETDRS letters was 35.3% (95% CI 19.2% to 51.4%) and 25.0% (95% CI 9.0% to
41.0%) at weeks 52 and 104, respectively.

The visual acuity after the initial loading doses, but not the VA at weeks 52 or 104,
showed a significant difference from with the baseline VA (Friedman test, p = 0.01) (Table 3).
Between the treatment success and failure groups, there was no statistical difference in
the baseline demographics, including gender, age at presentation, baseline visual acuity,
whether treatment-naïve or recurrent cases, and lens status. The survival curve is shown
in Figure 3. Subgroup analysis for treatment outcomes is shown in Table 5. Statistical
analysis did not show a significant difference in outcomes among the different groups
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of MNV (Table 6). Comparison of outcomes was also performed between the aflibercept
monotherapy group and the combination treatment group with PDT for the PCV cases,
and the results are shown in Table 7. Due to the small sample size of the PDT subgroup, no
significant conclusion can be drawn, although both groups had a fair success rate.

 
Figure 3. Kaplan–Meier survival curve for treatment to failure time (in months) in our cohort.

Table 5. Subgroup analysis of the overall, anatomical, and functional success at week 52 and week
104 for type 1 and type 2 MNV and PCV monotherapy.

Anatomical Success Functional Success Overall Success

Type 1 MNV—Week 52 10/13 (76.9%) 8/13 (61.5%) 7/13 (53.8%)

Type 2 MNV—Week 52 6/8 (75.0%) 4/8 (50.0%) 4/8 (50.0%)

PCV monotherapy—Week 52 9/12 (75.0%) 7/12 (58.3%) 7/12 (58.3%)

Type 1 MNV—Week 104 ˆa 5/10 (50.0%) 5/10 (50.0%) 5/10 (50.0%)

Type 2 MNV— Week 104 ˆb 5/7 (71.4%) 3/7 (42.9%) 3/7 (42.9%)

PCV monotherapy—Week 104 ˆc 8/11 (72.7%) 7/11 (63.6%) 7/11 (63.6%)

ˆa Excluded as subjects passed away n = 2 and was lost to follow up n = 1. ˆb Excluded as subject was lost to
follow up n = 1. ˆc Excluded as subject passed away after week 52 n = 1. MNV: macular neovascularisation. PCV:
polypoidal choroidal vasculopathy.

Table 6. Subgroup comparison of outcomes for type 1 MNV, type 2 MNV, and PCV monotherapy
(p-value).

After 3 Injections Week 52 Week 104

Visual acuity gain # 0.49 0.42 0.55

Anatomical success ˆ - 0.50 0.87

Functional success ˆ - 0.87 0.66

Overall success ˆ - 0.93 0.66

Dryness of fovea ˆ - 0.86 0.33

# Kruskal–Wallis test. ˆ Chi-square test. MNV: macular neovascularisation. PCV: polypoidal choroidal vasculopathy.
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Table 7. Subgroup analysis of the combo and anti-VEGF monotherapy group of polypoidal choroidal
vasculopathy on the overall, anatomical, and functional success at W52 and W104.

Anatomical Success Functional Success Overall Success

Monotherapy—Week 52 9/12 (75.0%) 7/12 (58.3%) 7/12 (58.3%)

Combination therapy—Week 52 5/6 (83.3%) 5/6 (83.3%) 5/6 (83.3%)

Monotherapy—Week 104 ˆ 8/11 (72.7%) 7/11 (63.6%) 7/11 (63.6%)

Combination therapy—Week 104 ˆ 4/6 (66.7%) 4/6 (66.7%) 4/6 (66.7%)

ˆ Excluded at 104 as subject passed away after week 52 n = 1. Anti-VEGF: anti-vascular endothelial growth factor.

4. Discussion

Hong Kong is a densely populated city, and many people in our locality still live
in poverty. Although subsidized programmes from the government and charitable pro-
grammes from private organisations are available in limited numbers, treating macular
disease with anti-VEGF has been an enormous burden to our ophthalmic services. As
these injections are locally self-financed, patients who are experiencing financial pressure
in our locality cannot afford or are unwilling to comply with tight injection schedules. This
group of patients opt out of the treat-and-extend regimen and prefer a pro re nata (PRN)
approach instead.

In 2020, a panel of retinal experts from the United Kingdom released practical guidance
and recommendations to optimize the aflibercept T&E pathway for nAMD patients that
could be implemented in clinical practice [12]. They recommended, for aflibercept, an
initial loading phase with three injections four weeks apart, followed by the fourth injection
at week 20, and then a decision as to whether to maintain injections every eight weeks or to
extend the injection interval by 2 to 4 weeks for active and inactive disease, respectively.
The incremental intervals were set at two to four weeks.

Quarterly dosing was studied in larger, multicentre, randomised controlled trials [18].
Both the PIER and EXCITE studies, which were published over a decade ago, studied
ranibizumab and found quarterly dosing inferior to monthly dosing [10,11]. There has
been a lack of similar studies on fixed quarterly dosing for aflibercept in the past decade.
Studies have shown that the intraocular suppression times of VEGF following intravitreal
aflibercept in human eyes can last up to 16 weeks [9,19]. Therefore, dosing every 12
to 16 weeks could theoretically be useful to suppress VEGF to prevent recurrence. The
subsequent landmark studies, such as ALTAIR, on aflibercept dosing of intervals longer
than their labelled bimonthly dosing, were based on a stepwise T&E increment to a 16-week
interval [20]. Khanna et al. commented that the switch of research focus to variable
frequency anti-VEGF regimens resulted from the unfavourable outcomes from PIER and
EXCITE [18]. Subjects in the PIER study were monitored and treated quarterly [18].

Compared to the traditional treat and extend regimen, by planning the fourth injection
at week 20, the injection interval will be extended all the way to 12–16 weeks in the
QDA3L regimen, without incremental intervals of 2 to 4 weeks. In our study, those who
demonstrated increased activity were considered treatment failures and received earlier
rescue injections. In prospective real-life practice, we recommend closer monthly follow-up
during the initial ‘extend’ period between week 8 and week 20, prior to the injection at
week 20. This allows for some degree of individualisation to prevent undertreatment and
to identify cases that are stable enough and approaching a dry fovea before transitioning to
the QDA3L schedule.

In the ALTAIR study published in 2019, 246 patients were randomised at week 16,
after three initial doses of aflibercept, 1:1 to T&E with either 2- or 4-week adjustments [9].
This study was the first randomised controlled study to examine the outcomes associated
with 4-week adjustments and injection intervals beyond 12 weeks for aflibercept-treated
patients [9]. The proportion of subjects with the last injection interval of 12 weeks or longer
was 43.2–49.6% for both groups up to week 52 and 56.9–60.2% up to week 96 [9]. The
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AIRES study in 2021 was a randomized study involving 271 patients having received
aflibercept. Their regimen involved monthly injections till week 16, after which patients
were randomised into early-start (with 2-week interval adjustments) or late-start (8-week
intervals until W48 then 2-week interval adjustments) T&E [4]. The percentage of patients
with the last treatment intervals of 12 weeks or longer up to week 104 was between 47.2
and 51.9% for the early start T&E and late-start T&E groups, respectively [4]. Due to the
retrospective nature of our study, while we are not able to compare head-to-head with the
randomised trials, our initial study result shows that our protocol has a fair and acceptable
response to this group of patients. It should also be noted that our population had a worse
baseline visual acuity before treatment and a higher proportion of patients with PCV.

Our study is based on real-life patient data and is not a large randomised clinical trial
like ALTAIR or AIRES. In our public healthcare setting, there is a waiting time between the
initial visit date and the first injection. Nevertheless, we acknowledge certain weaknesses
in the present study, including its retrospective nature and small sample size. The selection
of patients into this quarterly regimen by individual doctors at the clinic could result in
selection bias, although we did not observe any specific patient population that would
be favoured for selection for this booking of the initial four injections at the initial visit,
other than for operational reasons. The strict inclusion criteria also mean that this only
represented a small proportion of all the injections performed at our institution in the
study period. Recent evidence also suggested the use of optical coherence tomography
angiography (OCT-A) as a non-invasive technique for detecting macular neovascularisation
cases with persistent fluid [14]. We acknowledge the lack of use of such imaging modality
in our cases during the study period. Furthermore, it should be noted that our results
may not be generalisable to other populations worldwide as all cases in our study were of
Chinese ethnicity. Further prospective controlled trials with larger sample size, detailed
rescue criteria, and investigations into the success rate of anti-VEGF treatment for different
types of MNV may provide additional evidence to support our conclusions.

5. Conclusions

Quarterly aflibercept injections after three initial doses were able to maintain a dry
fovea for 82.1 to 85.3% of the patients in our locality; 85.3% to 85.7% of patients lost fewer
than 15 ETDRS letters, with an overall success rate of 52.9% at 1 year and 53.6% at 2 years.
This regimen can be recommended to patients in our locality who have financial constraints
and prefer an alternative to the PRN approach, with a lower number of injections. It is
important to note that various treatment regimens have been described in the literature,
and this retrospective study does not imply the superiority or inferiority of this regimen.
Further prospective controlled trials of larger sample sizes may provide more evidence
for our conclusions. The success and failure rates observed in our study can provide
information for counselling patients considering this specific fixed treatment regimen.
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Abstract: Background/Objectives: To provide insight into populations at higher risk of
COVID-19-related retinal vascular occlusion, we identified the baseline characteristics
of COVID-19 patients and vaccine recipients who developed this condition by conduct-
ing a systematic review to summarize the findings and evaluate the current knowledge
on this subject. Methods: An electronic search on the PubMed and Scopus databases
was performed for relevant case reports or series regarding retinal vascular occlusion in
patients with past or present COVID-19 infection or SARS-CoV-2 immunization. This
study was conducted using a pre-determined protocol following the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines. Results: A total
of 34 studies were enrolled in this systematic review. A total of 21 patients (14 males,
66.7%) have been diagnosed with COVID-19 related retinal vein occlusion (RVO, mean
age = 41.9 ± 10.3 years), and 15 patients (12 males, 80%) have been diagnosed with retinal
artery occlusion (RAO, mean age = 56.9 ± 13.2 years). The time to RVO since COVID-19
infection or SARS-CoV-2 immunization ranged from 8 h to 51 days (mean = 12.3 ± 15.7
days), while the time to RAO ranged from 2 to 40 days (mean = 14.9 ± 10.8 days). Fifteen
out of the twenty-one patients (71.4%) with RVO had a significant improvement in visual
acuity after the resolution of symptoms while eight out of the fifteen patients (53.3%) with
RAO did not show improvement. Conclusions: COVID-19 seems to play a significant
role in the pathogenesis of vascular occlusion, as it is suggested to increase the risk of
thromboembolic episodes. However, the pathophysiologic mechanisms have not been fully
elucidated, and further studies are expected to shed light on this phenomenon.

Keywords: COVID-19; SARS-CoV-2; vaccination; retinal vascular occlusion; vein occlusion;
artery occlusion

1. Introduction

Although COVID-19 affects mainly the respiratory system, it has also been associated
with coagulopathies and venous or arterial thromboembolism [1,2]. Moreover, SARS-CoV-2
infection is associated with ocular manifestations, such as conjunctivitis (most common),
changes in the retinal vasculature, and ocular thromboembolic events [3].

Retinal vascular occlusions are divided into two main categories: Retinal vein occlu-
sions (RVO) and retinal artery occlusions (RAO), the former being much more common
than the latter, with a better prognosis. Common risk factors for both types of occlusions
are age over 50 years and the presence of cardiovascular risk factors [4]. Most acute artery
occlusions are embolic, secondary to internal carotid artery disease. Non-embolic occlu-
sions can occur from vasculitis and infectious causes. On the other side, predisposing
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factors for retinal vein thrombosis are hypertension, diabetes, arterial nicking (narrowing),
and glaucoma [5].

The first case of ocular vascular occlusion (OVO) related to COVID-19 infection was
published only some months after the pandemic outbreak, in June 2020 [6], while the
first case of OVO related to COVID-19 vaccination was reported in January 2022 [7], and
soon additional, similar case reports started emerging [8–39]. Although several cases
have already been published on this subject, there is still controversy regarding the true
relationship between COVID-19 and retinal vascular occlusion events. Therefore, we have
conducted a systematic review attempting to summarize the findings and evaluate the
current knowledge on this topic.

The primary objective of this study was to identify the baseline characteristics of
COVID-19 patients and vaccine recipients who are more likely to develop retinal vascular
occlusion, attempting to provide insight into populations at higher risk. The secondary
objective was to thoroughly review these cases’ presenting clinical images, laboratory
examinations, management strategies, and outcomes, attempting to evaluate the association
between COVID-19 and retinal vascular occlusion.

2. Methods

2.1. Conduct of Review

This study was conducted in line with a pre-determined protocol agreed upon by
all co-authors, following the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines.

2.2. Search Strategy and Study Selection

An electronic search on the PubMed and Scopus databases was performed (end date
3 November 2024) for relevant case reports or case series regarding retinal vascular occlu-
sion in patients with past or present COVID-19 infection or SARS-CoV-2 immunization.
The search terms used are thoroughly presented in Figure 1. Time restrictions were applied
from 2019 to that date, and no linguistic restrictions were used. Subsequently, all relevant
articles were screened for eligibility against the inclusion/exclusion criteria by three inde-
pendent reviewers (NT, MG, MF). Articles were included if they involved patients with a
history of COVID-19 infection or SARS-CoV-2 immunization and if they reported on retinal
vascular occlusion in those patients. Articles were excluded if they did not present original
data, had incomplete data, or did not meet certain additional eligibility criteria. These
criteria encompassed articles not available in English, reporting on booster vaccinations,
involving patients under 16 years old, and articles without confirmed COVID-19 infection
or vaccination before or at the onset of ocular symptoms. Additional exclusions were
applied for articles involving conditions beyond COVID-19 and retinal vascular occlusion,
for articles with combined retinal vascular occlusion, and for articles where an additional
COVID-19 infection or vaccination occurred after the retinal vascular occlusion, as these
could confound the results. Finally, the three independent reviewers systematically re-
viewed the reference lists of eligible manuscripts (“snowballing”) for potentially eligible
articles. The search aimed to find original articles describing retinal vascular occlusion in
COVID-19 patients or vaccine recipients. For this reason, review articles and correspon-
dence presenting original data were included. Institutional review board approval was
obtained before data extraction. The research methodology complied with the principles of
the Declaration of Helsinki. The requirement for informed consent was waived due to the
retrospective nature of the study.
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Figure 1. Search terms used for conducting this systematic review.

2.3. Data Extraction

The articles included in the study were reviewed by three independent reviewers.
Data were extracted and organized into a pre-piloted, standardized form. Each reviewer
independently extracted the data, and any discrepancies identified were resolved through
consensus, with input from a senior author (AT). We identified and extracted the following
data for analysis from each paper, where available: number of patients, age, weight,
BMI, sex, comorbidities, type of ophthalmic vascular occlusion, occlusion symptoms,
vaccine type, method of COVID-19 diagnosis, laboratory exams, previous COVID-19
diagnosis status, relevant imaging studies, exam findings, clinical features, management,
and outcome.

2.4. Statistical Analysis

Statistical analysis was performed with Medcalc statistical software (version 9.3.0.0,
Medcalc, Mariakerke, Belgium) and SPSS (v. 22.0 for Windows, SPSS INC, Chicago, IL,
USA). Normality was checked using the Kolmogorov–Smirnov test. Since the data were
normally distributed for all continuous parameters tested, mostly parametric methods
were used. Descriptive statistics were employed to summarize all variables. Categorical
variables are represented as frequencies and percentages, while continuous variables are
summarized as means and standard deviations (SDs). All relative rates were calculated
using the available data for the variables of interest, and all analyses were conducted
following the principles outlined in the Cochrane Handbook [40].

3. Results

In total, we identified 1975 potentially relevant articles in the initial database search.
From these, 1941 were excluded following screening, as they were duplicates or not relevant.
A total of 34 studies were finally enrolled in this systematic review (Figure 2). Among
these, 32 were reports of single cases and 2 were case series, each one including reports of
2 cases. Thorough demographic data of the patients and details of each study are provided
in Tables 1 and 2.
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Figure 2. PRISMA Flowchart.

Table 1. Cases of retinal vein occlusion associated with COVID-19 infection or SARS-CoV-2
immunization.

Year,
Authors

Age Sex
Type of
Occlu-
sion

Eye
Clinical
Symp-
toms

Time Since
COVID-19
Infection
or SARS-

CoV-2
Immuniza-
tion (days)

Comorbi-
dities

BCVA
at Base-

line

Intervent-
ions

Final
BCVA

Follow-
up

Period

2020,
Gaba

et al. [8]
40 Male CRVO OU DV 4

(infection)

Hyperten-
sion;

Obesity

RE 6/9
LE 6/18

LMWH;
Rivaroxa-

ban

RE 6/6
LE 6/12 1 week

2020,
Insausti-
García

et al. [9]

40 Male CRVO/
PapillophlebitisOS DV 42

(infection) None 20/200

ASA;
Bromfenac;
Intravitreal
dexametha-

sone
implant

20/40 2 weeks

75



J. Clin. Med. 2025, 14, 1183

Table 1. Cont.

Year,
Authors

Age Sex
Type of
Occlu-
sion

Eye
Clinical
Symp-
toms

Time Since
COVID-19
Infection
or SARS-

CoV-2
Immuniza-
tion (days)

Comorbi-
dities

BCVA
at Base-

line

Intervent-
ions

Final
BCVA

Follow-
up

Period

2020,
Rego
Lorca

et al. [10]

30 Female CRVO OU DV,
floaters

N/A
(infection)

Maturity-
onset
DM of

the
young

BE 7/10 N/A N/A N/A

2020, Ka-
patayes

et al. [11]
59 Male CRVO OD DV N/A

(infection)

Micro-
scopic
colitis

20/20 None 20/20 N/A

2020,
Sheth

et al. [12]
52 Male BRVO OS DV 10

(infection) None 6/60

Oral
methyl-

pred-
nisolone;

Intravitreal
anti-VEGF

6/9 1
month

2020,
Walinjkar
et al. [13]

17 Female CRVO OD DV 22
(infection) PCOS 6/24 Intravitreal

anti-VEGF 6/18 1
month

2020,
Yahalomi
et al. [14]

33 Male CRVO OS DV,
flashes

35
(infection) None 20/25 None 20/20 Several

months

2021,
Finn

et al. [15]
32 Male CRVO OD VF

defect
N/A

(infection) None 20/20 N/A N/A N/A

2021,
Raval

et al. [16]
39 Male CRVO OD DV,

floaters
7

(infection) None 20/150 Intravitreal
anti-VEGF 20/30 N/A

2021,
Venkatesh
et al. [17]

56 Female CRVO OS DV N/A
(infection) DM 6/18 Low dose

ASA 6/6 1
month

2022,
Sugihara
et al. [7]

38 Male BRVO OS DV

2
(2nd dose

of
BNT162b2,
Comirnaty,

Pfizer-
BioNTech
vaccine)

None 20/25 Intravitreal
anti-VEGF 20/20 7

months

2022, Son-
awane

et al. [18]
50 Male CRVO OD DV

4
(2nd dose

of
ChAdOx1
nCoV-19,

Covishield,
AstraZeneca-

Oxford
vaccine)

DM 6/60 Intravitreal
anti-VEGF N/A N/A
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Table 1. Cont.

Year,
Authors

Age Sex
Type of
Occlu-
sion

Eye
Clinical
Symp-
toms

Time Since
COVID-19
Infection
or SARS-

CoV-2
Immuniza-
tion (days)

Comorbi-
dities

BCVA
at Base-

line

Intervent-
ions

Final
BCVA

Follow-
up

Period

2022, Son-
awane

et al. [18]
43 Female CRVO OD DV

3
(2nd dose

of
ChAdOx1
nCoV-19,

Covishield,
AstraZeneca-

Oxford
vaccine)

None 5/60 None N/A N/A

2022,
Cuadros
Sánchez
et al. [19]

32 Male CRVO OD
DV,

photop-
sia

51
(infection) None 20/32

Intravitreal
dexametha-

sone
implant

20/20 4
months

2022,
Garduño

Vieyra
et al. [20]

43 Male BRVO OD DV 4
(infection)

Coats
disease 20/400

Intravitreal
anti-VEGF;
Periocular

triamci-
nolone;

Focal laser
treatment

20/20 3
months

2022,
Pur

et al. [21]
34 Male BRVO OD

Inferior
VF

defect,
photop-

sia

2
(1st dose of
BNT162b2,
Comirnaty,

Pfizer-
BioNTech
vaccine)

None 20/20 None 20/20 10
months

2022,
Tanaka

et al. [22]
50 Female BRVO OD DV

3
(1st dose of
BNT162b2,
Comirnaty,

Pfizer-
BioNTech
vaccine)

Breast
cancer

(treated
with

tamox-
ifen)

20/25 Intravitreal
anti-VEGF 20/20 2

months

2022,
Tanaka

et al. [22]
56 Female BRVO OD DV

3
(1st dose of
BNT162b2,
Comirnaty,

Pfizer-
BioNTech
vaccine)

None 13/20 Intravitreal
anti-VEGF 20/20 2

months

2023,
Lin

et al. [23]
48 Male CRVO OU DV 14

(infection)

Hypertension;
DM type

II;
CKD

stage IV

OU CF
BE

Intravitreal
anti-VEGF

OU
20/20

Several
months
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Table 1. Cont.

Year,
Authors

Age Sex
Type of
Occlu-
sion

Eye
Clinical
Symp-
toms

Time Since
COVID-19
Infection
or SARS-

CoV-2
Immuniza-
tion (days)

Comorbi-
dities

BCVA
at Base-

line

Intervent-
ions

Final
BCVA

Follow-
up

Period

2023,
Ishiguro
et al. [24]

47 Male CRVO OD DV

8 h
(1st dose of
BNT162b2,
Comirnaty,

Pfizer-
BioNTech
vaccine)

None 20/200 Intravitreal
anti-VEGF 20/20 10

months

2023,
Lee

et al. [25]
41 Female BRVO OD

Central
VF

defect

3
(2nd dose

of
BNT162b2,
Comirnaty,

Pfizer-
BioNTech
vaccine)

None 6/18 Intravitreal
anti-VEGF 6/6 1

month

BCVA = Best-corrected visual acuity; CRVO = Central retinal vein occlusion; BRVO = Branch retinal vein occlusion;
OD = Right eye; OS = Left eye; OU = Both eyes; DV = Decreased vision; VF = Visual field; CF = Count-
ing fingers; DM = Diabetes mellitus; PCOS = Polycystic ovarian syndrome; CKD = Chronic kidney disease;
ASA = Acetylsalicylic acid; LMWH = Low molecular weight heparin; VEGF = Vascular endothelial growth factor;
N/A = Not available.

Table 2. Cases of retinal artery occlusion associated with COVID-19 infection or SARS-CoV-2
immunization.

Year,
Authors

Age Sex
Type of
Occlu-
sion

Eye
Clinical
Symp-
toms

Time Since
COVID-19
Infection
or SARS-

CoV-2
Immuniza-
tion (days)

Comorbi-
dities

BCVA
at Base-

line

Intervent-
ions

Final
BCVA

Follow-
up

Period

2020,
Acharya
et al. [6]

60 Male CRAO OD PVL 12
(infection)

Hyperten-
sion;

Dyslipi-
demia;

Coronary
artery

disease;
COPD

NLP N/A NLP N/A

2020,
Montesel
et al. [26]

59 Male CRAO OS PVL 21
(infection)

Hyperten-
sion;

Hyper-
uricemia;
Heterozy-

gous
hemoglobin

S
(sickle

cell trait)

LP None CF 1 month
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Table 2. Cont.

Year,
Authors

Age Sex
Type of
Occlu-
sion

Eye
Clinical
Symp-
toms

Time Since
COVID-19
Infection
or SARS-

CoV-2
Immuniza-
tion (days)

Comorbi-
dities

BCVA
at Base-

line

Intervent-
ions

Final
BCVA

Follow-
up

Period

2021,
Bapaye

et al. [27]
42 Male CRAO OU PVL 13

(infection) None OU LP

ASA;
Oral

dexam-
ethasone

OU
LP 6 weeks

2021,
Murchi-

son
et al. [28]

5th
dec-
ade

Male CRAO OD PVL 2
(infection)

Hyperten-
sion HM LMWH HM N/A

2021,
Raj

et al. [29]
37 Male CRAO OS

PVL,
propto-

sis,
ptosis,

ophthal-
mo-

plegia

14
(infection) None NLP

IV
steroids;

IV
antibiotics;
IV antico-
agulants;

Symp-
tomatic

care

NLP N/A

2021,
Sanjay

et al. [30]
66 Male CRAO OD PVL 10

(infection)
DM type

II 20/2666

Topical
pred-

nisolone;
Topical

anticholin-
ergic

N/A N/A

2021,
Savas-
tano

et al. [31]

58 Male BRAO OS None 40
(infection)

Coronary
artery

disease;
Hyper-
tension;
Hyper-

uricemia

55/55 None 55/55 1 week

2021,
Turedi

et al. [32]
54 Male CRAO OD PVL 14

(infection) None CF

Anti-
glaucoma
eye drops;

Hyper-
baric

oxygen
therapy;
Ocular

massage

CF 5 days

2022,
Abdin

et al. [33]
76 Female CRAO OS PVL

2
(1st dose of
ChAdOx1-

S
[recombi-

nant],
Vaxzevria,

AstraZeneca-
Oxford
vaccine)

Hypothy-
roidism HM

ASA;
IV va-

sodilator;
Anti-

glaucoma
eye drops;

Ocular
massage

N/A N/A
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Table 2. Cont.

Year,
Authors

Age Sex
Type of
Occlu-
sion

Eye
Clinical
Symp-
toms

Time Since
COVID-19
Infection
or SARS-

CoV-2
Immuniza-
tion (days)

Comorbi-
dities

BCVA
at Base-

line

Intervent-
ions

Final
BCVA

Follow-
up

Period

2022,
Chow

et al. [34]
70 Male CRAO OD PVL

5
(1st dose of

mRNA-
1273,

Spikevax,
Moderna
vaccine)

Hyperten-
sion;

Dyslipi-
demia

CF

Clopidog-
rel;

Hyper-
baric

oxygen
therapy

CF 4
months

2022,
Thakar

et al. [35]
44 Male CRAO OS PVL

10
(1st dose of

BBV152,
Covaxin,
Bharat
Biotech
vaccine)

None LP None N/A N/A

2023,
Rv

et al. [36]
68 Female CRAO OS PVL N/A

(infection)
Hyperten-

sion 20/400

Anti-
glaucoma
eye drops;

Ocular
massage;

CF 4
months

2023, Hei-
darzadeh
et al. [37]

44 Male CRAO OS PVL 20
(infection) None LP

Oral pred-
nisolone;

Anti-
glaucoma
eye drops;
Panretinal
photoco-
agulation

NLP N/A

2024,
Kunihiko
et al. [38]

43 Female BRAO OD DV 33
(infection) None 20/25 IV va-

sodilator N/A 6
months

2024,
Jiang

et al. [39]
76 Male BRAO OS DV 12

(infection)
Hyperten-

sion 6/20

ASA;
LMWH;

Oral pred-
nisolone;

IV va-
sodilator;
Retrobul-

bar
anticholin-

ergic;
Anterior
chamber
puncture;
Supple-
mental
oxygen

20/20 12
months

BCVA = Best-corrected visual acuity; CRAO = Central retinal artery occlusion; BRAO = Branch retinal artery
occlusion; OD = Right eye; OS = Left eye; OU = Both eyes; DV = Decreased vision; PVL = Painless vision loss;
DM = Diabetes mellitus; COPD = Chronic obstructive pulmonary disease; NLP = No light perception; LP = Light
perception; HM = Hand motion; CF = Counting fingers; ASA = Acetylsalicylic acid; LMWH = Low molecular
weight heparin; IV = Intravenous; N/A = Not available.

We further divided retinal vascular occlusion cases into artery (RAO) and vein
(RVO) ones. A total of 21 patients (14 males, 66.7%) aged between 17 to 59 years old
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(mean ± SD = 41.9 ± 10.3 years, Table 1) have been diagnosed with RVO. Among these,
13 cases of retinal vein occlusion (61.9%) occurred after COVID-19 infection, while 8 cases
(38.1%) were noted after vaccination. The time to RVO since COVID-19 infection or SARS-
CoV-2 immunization ranged from 8 h (1/3 day) to 51 days (mean ± SD = 12.3 ± 15.7 days),
with all of the patients complaining about decreased vision or respective visual field de-
fects. The imaging techniques used for the diagnosis of RVO included fundoscopy, optical
coherence tomography (OCT), and fluorescein angiography (FA). Nine out of twenty-one
patients underwent all three imaging techniques, nine had only fundoscopy and OCT,
two patients were examined with fundoscopy and FA, and one patient had only fundo-
scopic examination available. Twelve out of twenty-one patients were previously healthy,
and eight had systemic comorbidities such as obesity, diabetes, hypertension, polycystic
ovary syndrome (PCOS), microscopic colitis, chronic kidney disease (CKD), and cancer.
One patient had Coats disease as a comorbidity. The laboratory workup showed that
six patients had elevated inflammatory markers (6/21, 28.6%) and six patients had elevated
coagulation markers (D-dimers, 6/21, 28.6%).

Various treatment modalities were applied to these patients (Figure 3a). One patient
was treated with oral methylprednisolone along with intravitreal anti-VEGF injections; one
with intravitreal anti-VEGF and periocular triamcinolone injections along with focal laser;
nine patients received only intravitreal anti-VEGF injections; one patient was treated with
low molecular weight heparin (LMWH) along with rivaroxaban; one was treated only with
aspirin; another patient received aspirin, bromfenac eye drops, and an intravitreal dexam-
ethasone implant; another patient was treated only with an intravitreal dexamethasone
implant; four patients received no treatment; and for two patients there were no available
data. Fifteen out of the twenty-one patients (15/21, 71.4%) had a significant improvement in
visual acuity after the resolution of symptoms while two patients maintained their optimal
visual acuity both at the onset of retinal vein occlusion and at follow-up. There were no
available data for the other four cases.

As far as retinal artery occlusions are concerned, a total of 15 patients (12 males, 80%)
aged between 37 to 76 years old (mean ± SD = 56.9 ± 13.2 years, Table 2) have been
reported with COVID-19 related RAO. Among these, 12 cases of retinal artery occlusion
(80%) occurred after COVID-19 infection, while 3 cases (20%) were reported after vaccina-
tion. The time to RAO since COVID-19 infection or SARS-CoV-2 immunization ranged
from 2 to 40 days (mean ± SD = 14.9 ± 10.8 days), with the majority of patients (12/15,
80%) complaining of painless vision loss. One patient had no ocular symptoms. The
imaging techniques used for diagnosis included fundoscopy, OCT, FA, brain and orbit
computed tomography angiography (CTA), head magnetic resonance imaging (MRI), and
visually evoked potentials. Six out of the fifteen patients were previously healthy and the
other nine had comorbidities such as diabetes, hypertension, dyslipidemia, hyperuricemia,
coronary artery disease, chronic obstructive pulmonary disease, hypothyroidism, and
sickle cell trait. Six out of the fifteen RAO patients (6/15, 40%) had elevated inflamma-
tory markers, and eight (8/15, 53.3%) did not show improvement. For each patient a
different intervention was used (Figure 3b): a combination of aspirin and dexamethasone;
LMWH; intravenous (IV) steroids with antibiotics and anticoagulants and symptomatic
care; topical prednisolone in a patient with concurrent bilateral panuveitis; ocular massage
with hypotensive eye drops; ocular massage with hypotensive eye drops and hyperbaric
oxygen therapy; ocular massage with hypotensive eye drops, aspirin, and IV vasodilator;
IV vasodilator; clopidogrel and hyperbaric oxygen therapy; a combination of prednisolone
and hypotensive eye drops and panretinal photocoagulation; and a combination of aspirin,
prednisolone, IV vasodilator, retrobulbar anticholinergic injections, anterior chamber punc-
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ture, and supplemental oxygen. Three patients received no treatment and for one patient
there were no available data.

(a) 

(b) 

Figure 3. Treatment modalities applied in cases of retinal vein occlusion (RVO, (a)), and retinal
arterial occlusion (RAO, (b)) related to COVID-19 infection or immunization.
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4. Discussion

Retinal vascular occlusions are classified among the most common causes of visual
loss that occur in people aged >50 years, usually with additional cardiovascular risk factors,
such as hypertension and diabetes [4]. CRAO can be either embolic or non-embolic. More
commonly, emboli from the heart due to atrial fibrillation and internal carotid artery
atherosclerosis lead to acute obstruction of the arterial retinal blood flow, similar to cerebral
infarctions. Thus, acute CRAO can lead to irreversible cell death and a permanent decrease
in vision within a few hours [5]. A non-embolic way that carotid artery atherosclerosis can
cause CRAO is through a significant stenosis of the vessel diameter (>70%), thus reducing
the ocular blood flow. Moreover, it is hypothesized that the platelet aggregation in the
atherosclerotic plaque results in the release of serotonin, which is a powerful vasoconstrictor
and can produce a transient spasm in the retinal arteries [41].

Other non-atherosclerotic causes of CRAO include systemic diseases, such as vasculitis
and giant cell arteritis, and hematological diseases such as sickle cell anemia, leukemia, and
lymphoma [5]. Autoimmune mediated and infectious disorders, as well as thrombophilia,
are also related to CRAO, which has also been reported following hemodialysis and orbital
and eye surgery or head injuries [5,41].

Risk factors for central retinal vein occlusion (CRVO) include hypertension, diabetes,
glaucoma, and cardiovascular disease [5]. Although the pathogenesis of CRVO is not
completely understood, it is considered that the venous obstruction occurs in the region of
or most likely just posterior to the lamina cribrosa. It is considered that when the occlusion
of the central retinal vein occurs in the lamina cribrosa, it usually causes a more complete
obstruction and, therefore, a worse prognosis, while an occlusion posterior to the lamina
cribrosa leads to less severe or non-ischemic obstruction [42]. Increased intraocular pressure
in particular can displace the lamina cribrosa and change the shape of the central retinal
vein, leading to increased turbulence and endothelial stress [5]. Moreover, the central
retinal vein can be compressed by a rigid retinal arterial wall, especially in those with
atherosclerosis. This occurs because the central retinal artery and vein share a common
adventitial sheath [42]. Other predisposing factors include systemic vascular comorbidities
and a prothrombotic state [5]. Interestingly, inflammation, dehydration, and exercise can
also lead to CRVO in younger people with congenital anomalies but without any other
comorbidity [42].

SARS-CoV-2 uses angiotensin-converting-enzyme-2 (ACE-2) receptors to release its
RNA inside the host’s epithelial cells [43–45]. After the virus has infected the epithelial
cells of the lungs, it can enter the bloodstream and travel throughout various parts of
the body, including the heart, brain, gastrointestinal tract, kidney, and liver, thus causing
symptomatology from the affected organs, such as cerebral hemorrhage and ischemic
stroke. Once the virus infects the epithelial cells, it releases cytokines that lead to localized
inflammation, endothelial activation, and tissue damage [45]. Zhou et al. have shown
that the ACE-2 receptor is also expressed in many non-vascular retinal cells, such as the
photoreceptor outer segments, the inner nuclear layer, the inner plexiform layer, and the
retinal ganglion cell layer. Furthermore, they observed that there is increased expression of
vascular ACE-2 in the retinas of diabetic retinopathy patients [46].

In the case reports that we examined [6–39], around half of RAO and one-third of
RVO patients had at least one risk factor, and the remaining patients were individuals
without any comorbidity or medication use associated with an increased risk of retinal
vascular occlusion. We hypothesize that SARS-CoV-2 infection or immunization, through
the release of inflammatory cytokines, has resulted in CRAO or CRVO in patients with
other cardiovascular risk factors. Moreover, SARS-CoV-2 may have reached the retinal cells
of previously healthy patients, thus causing CRVO and CRAO in younger people through
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the release of inflammatory cytokines, since inflammation and infectious disorders have
already been related to CRVO and CRAO, respectively [5,43,45]. However, further research
is essential to understand the link between COVID-19 infection or vaccination and retinal
vascular occlusion.

Interestingly, the case of a 58-year-old patient diagnosed with BRAO who did not
complain of any symptoms has been reported [17]. This suggests that there may be some
subclinical cases of retinal obstruction that go undetected. Another possibility could be
that some patients may not be detected because more serious types of thrombosis, such as
deep vein thrombosis, mask the presentation of retinal vascular obstruction as a primary
clinical concern.

Clinical presentation of COVID-19 related retinal vascular occlusions reviewed in
this study did not seem to differ significantly from non-COVID respective cases, as most
patients demonstrated decreased vision in vein occlusions and painless vision loss in
arterial ones. A male predominance was noticed for both RVO (14/21, 66.7%) and RAO
cases (12/15, 80%). Regarding patients’ age, patients with COVID-19 related RAO seemed
to be older (56.9 ± 13.2 years old) than patients presenting with vein occlusions during or
after their COVID-19 infection or SARS-CoV-2 vaccination (41.9 ± 10.3 years old) and this
difference was found to be statistically significant (Students t-test, p = 0.001).

Regarding management, several therapeutic modalities have been applied to patients
with COVID-related retinal occlusions. The most common among cases reported in this
review were anti-VEGF intravitreal injections in vein occlusions, especially in the presence
of macular edema, and antiplatelet/anticoagulant medication in arterial ones (Figure 3a,b).
The type of treatment, however, did not seem to play a substantial role in terms of visual
acuity improvement. The final visual outcome of vein occlusions was much more favorable
than that of arterial occlusions, as expected.

Thrombotic complications such as acute limb ischemia due to COVID-19 usually
present around 13 days according to one study by Topcu et al. [47], while Fournier et al.
estimated the time to presentation at 11 days, with a range of 5 to 20 days [48]. In the case
studies included in this review, arterial events in COVID-19 patients and vaccine recipients
were detected 2 to 40 days after infection or vaccination (mean ± SD = 14.9 ± 10.8 days).
Fournier et al. also noted that arterial thrombotic events in COVID-19 seem to be associated
with typical cardiovascular risk factors, and that in these patients, mortality is higher [48].
This may be indicative of the assumption that COVID-19 may need “fertile ground” to
cause arterial occlusions.

Venous thromboembolism is, similar to arterial events, associated with common risk
factors, such as male sex, older age, elevated D-dimers, coronary artery disease, and prior
myocardial infarction [49]. It is known that complement activation is increased in COVID-19
patients compared to other causes of pneumonia, suggesting a possible pathophysiologic
mechanism implicating local inflammatory responses and the endothelium in venous
thrombosis [50–52]. Retinal vein occlusion could also be attributed to comorbidities of
the patients included in this study rather than COVID-19 infection or immunization. For
instance, Garduno et al. reported on a 43-year-old patient with known Coat’s disease
who developed BRVO 4 days after testing positive for COVID-19 [20]. These cases with
significant risk factors for retinal vein occlusions were not excluded from the analysis as a
cause–effect relationship cannot be certain but should be dealt with skepticism.

Another possible “sibling pathology” could be any cerebrovascular complication
of COVID-19, due to the common embryologic origin with retinal tissue. Patients with
cerebrovascular disease and COVID-19 have worse outcomes than those with non-COVID
cerebrovascular disease. This may mean that COVID-19 infection worsens outcomes in
patients already at high risk for cerebrovascular complications [53,54]. However, the
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currently available data does not support any probable pathophysiologic mechanism by
which SARS-CoV-2 could cause acute ischemic strokes as a primary culprit [55]. Recently, a
multicenter study by Li et al., enrolling more than 1 million COVID-19 patients and controls
from 46 healthcare organizations in the United States, demonstrated that people suffering
from COVID-19 were more prone to develop branch retinal vein occlusions compared to
healthy individuals. The authors concluded that COVID-19 may be associated with retinal
vein occlusion, strengthening the results of our study [56].

In conclusion, COVID-19 seems to play a role in the pathogenesis of retinal vascular
occlusions, as several cases of RVO and RAO have been reported during or after SARS-CoV-
2 infections and vaccinations. Several mechanisms can be proposed by examining various
clinical entities with vascular complications associated with COVID-19. However, whether
SARS-CoV-2 may be strongly associated with an increased risk of retinal vascular events
and the possible pathophysiologic mechanisms have not been fully elucidated. Future
studies are expected to shed light on this phenomenon.
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Abstract: Purpose: To determine the prevalence and risk factors of epiretinal membranes (ERMs)
in an adult English population. Methods: The Bridlington Eye Assessment Project is a population-
based study of eye disease among residents aged 65 years or older. Comprehensive interviews
and ophthalmic examinations were conducted to assess potential risk factors. Digital mydriatic
nonstereoscopic 30◦ colour fundus photography (CFP) was performed. ERMs were classified as
primary/idiopathic or secondary on the basis of findings from the ocular examination and the
structured questionnaire. Logistic regression models were used to determine the independence of
potential risk factors for idiopathic ERMs. Results: In a comprehensive screening of 3588 patients
aged over 65, we identified an eye-based prevalence of ERMs of 4.26% and a subject-based prevalence
of ERMs of 6.88%. The majority of these cases were idiopathic in nature (90.7%), while 9.3% were
secondary ERMs; predominantly, there was a history of cataract surgery (43.5%). No significant
correlation between idiopathic ERMs and factors such as age, gender, diabetes, hypertension, a
history of stroke, or the presence of AMD was found. Conclusions: The prevalence of ERMs in
an elderly English population and the proportion of idiopathic and secondary ERMs are similar to
previous reports. However, in elderly patients aged over 65 years, age is not a risk factor for the
presence of idiopathic ERMs. The presence of diabetes, hypertension, a history of stroke, and AMD
of any grade was not associated with ERMs.

Keywords: epiretinal membrane; ERM; prevalence; risk factors; ageing; hypertension; diabetes;
stroke; English population; European population

1. Introduction

Epiretinal membranes (ERMs) are a common retinal condition among the elderly.
Although mostly asymptomatic, they can lead to a significant loss of visual acuity, cause
visual symptoms such as distortion and metamorphopsia, and negatively impact the
quality of life [1–3]. They may occur in the absence of any comorbid ocular pathology other
than posterior vitreous detachment (PVD), where they are termed idiopathic or primary
ERMs [4]. Secondary ERMs are those associated with other ocular diseases, including
previous intraocular surgery, various retinal pathologies including retinal breaks and
detachments, retinal vein occlusions, diabetic retinopathy, retinitis pigmentosa, previous
retinal laser/cryopexy, and uveitis [5].
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The Beaver Dam Eye Study (BDES) was the first population-based report of ERM
prevalence in 1994 [6]. Since then, many other large population studies have reported the
epidemiology of ERMs, mostly utilising colour fundus photography (CFP); however, the
more recent studies have additionally used spectral domain optical coherence tomogra-
phy (SDOCT) [7,8]. These studies, across different ethnicities and geographical regions,
demonstrate great heterogeneity in ERM prevalence, including 1% in a Chinese population
and 18.5% among Latinos [9,10]. The reasons for such variation are likely complex and
may relate to the study design, population demographics such as the age range, as well
as the grading methodology and imaging techniques. A recent systematic review and
meta-analysis of population-based studies concluded that in specific regions, including
Europe, robust evidence for prevalence and risk factors for ERMs remains absent, with
most studies included being carried out in the Pacific Rim nations of the USA, Australia,
Japan, Singapore, and China [11]. Although it could be argued that many of these already
include large Caucasian populations of European ancestry, it is possible that true ethnic and
population variations exist and relate to genetic predispositions, lifestyle factors including
smoking, or clinical comorbidities such as diabetes, which vary between countries [6,12].
Interestingly, in the Melbourne Collaborative Cohort Study, among an older Australian
population, the prevalence of ERMs was almost twice as high in participants of Southern
European origin compared to those of Northern European ancestry [13]. It could be argued
that Southern Europeans have a more pigmented fundus when compared to their Northern
European counterparts, and ERMs are subsequently more easily detectable. However,
the difference in pigmentation does not seem adequate to explain the result. While some
other studies report higher prevalence rates among subjects with more pigmented skin,
such as the Singapore Indian Eye Study (SINDI) (10.5%) and the Los Angeles Latino Eye
Study (LALES) (18.5%), others have reported lower prevalence measures than the largest
Caucasian studies [14,15]. Examples include the Beijing Eye Study in China (2.2%) and
the Funagata study in Japan (5.44%) [16,17]. On the other hand, a recent study on vit-
reoretinal interface changes in Ghanaian Africans reported an ERM prevalence of 13.2%
(eye-based) [18].

To date, there are two European studies that report ERM prevalence among European
populations. However, the UK Biobank study reports prevalence among a 25% subsample
of subjects, all of whom have visual impairment, and is not representative of the general UK
population [19]. The Maastricht Study in the Netherlands did not recruit patients randomly
or consecutively from within their population. Subjects were recruited following media
campaigns for volunteers and from various registries, including a regional diabetes patient
registry. The study stratified recruitment according to known type 2 diabetes mellitus, with
an oversampling of individuals with diabetes [20].

To address the paucity of data among European populations, we aimed to describe
the prevalence of ERMs and associated risk factors in an adult English population using
data from the Bridlington Eye Assessment Project (BEAP).

2. Materials and Methods

2.1. Study Population

The BEAP is a single-centre population-based study in East Yorkshire, England, aimed
at assessing the efficacy of eye disease screening in a population aged 65 and over. The
approach utilised clinical assessments conducted by trained optometrists alongside digital
imaging technology. The principal ocular conditions investigated were age-related macular
degeneration (AMD), cataracts, and glaucoma. An exhaustive description of the study’s
design and methodology has been detailed in previous publications [21,22]. In summary,
all permanent residents aged ≥65 years registered with the town’s only GP practice were
invited to attend by letter on a street-by-street basis. Patients registered as blind, bed-bound,
or known to have significant dementia were excluded from the study. The Scarborough
and North Yorkshire Local Ethics Research Committee approved the study protocol (Ref
No. PB/RH/02/288), and the study was conducted according to the recommendations of
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the Declaration of Helsinki. Study recruitment occurred between 5 November 2002 and 29
March 2006.

2.2. Interview and Examination Procedures

A trained research nurse conducted in-person interviews with all participants, employ-
ing a structured questionnaire to gather demographic details and information pertaining to
their ophthalmic and medical histories, including diabetes, previous strokes, and hyperten-
sion. Specific histories of previous ophthalmic surgeries, diabetic retinopathy, glaucoma,
and macular degeneration were sought.

LogMAR VA was recorded for each eye corrected with both current glasses or con-
tact lenses and a pinhole (Baylie Lovie no. 4 chart). A full biomicroscopic ophthalmic
examination was then performed, including grading of lens status (LOCS III), intraocular
pressure, central corneal thickness, and the presence of pseudophakia, which were docu-
mented during the slit lamp examination. A dilated fundus examination was performed
using a 90D lens (Volk Optical, Mentor, OH, USA) by one of four specially trained op-
tometrists. The findings were documented on a structured proforma by research staff, who
maintained anonymity in the data recording process. A digital nonstereoscopic CFP was
conducted using a fundus camera (model TRC NWS, Topcon, Tokyo, Japan) equipped with
a 10-megapixel camera back (Nikon, Tokyo, Japan). For each eye, a single 30-degree field
focused on the macula (corresponding to the Early Treatment for Diabetic Retinopathy
Study standard field 2) was captured. In cases where the initial images were deemed
unsatisfactory, they were promptly retaken.

2.3. Grading of Retinal Photographs

The methodology for grading macular pathology, specifically AMD, and the quality
control and adjudication procedures, including assessments of intergrader reliability, have
been detailed in a previous publication [23]. All fundus photographs were assessed in a
masked fashion by a single ophthalmologist who had received training in image grading
using standard definitions and grids as described by the International Classification System
for AMD [24]. No medical records or subject demographic data were available during
the grading process. Images were graded for macular ERMs using a grid with an outer
diameter of 3000 μm, which was placed over the image during grading. No enhancement
tools were used for the grading of ERMs. Epiretinal membranes were identified in keeping
with the original definitions as used in the BDES [7] and were recorded as present if there
was a patch or patches of irregular increased reflection from the inner retinal surface giving
a ‘glinting, water-silk, and shifting light reflex’ without retinal folds or the presence of a
more opaque and grey appearance on the inner retinal surface with superficial retinal folds
or traction lines. ERMs outside the grid were graded as absent.

2.4. Classification of ERM

ERMs were classified as primary/idiopathic or secondary on the basis of findings
from the ocular examination and the structured questionnaire after data merging. Primary
ERMs were recorded if no cause for ERM development was evident. Secondary ERMs were
defined as those occurring in the eyes in the presence of ocular comorbidities, including
previous retinal detachment or retinal tear, previous retinal laser or cryopexy, retinal
vascular disease, previous cataract surgery, and diabetic retinopathy [6,25].

2.5. Definitions

In the context of this study, the diagnosis of diabetes mellitus was based on either a
self-reported history of diagnosis by a physician or the receipt of drug treatment, including
insulin or oral hypoglycaemic agents. Hypertension was identified through a self-reported
history of diagnosis by a physician, the use of medication for hypertension, or the pres-
ence of elevated blood pressure observed during clinical measurements (systolic blood
pressure ≥ 140 mmHg or diastolic blood pressure ≥ 90 mmHg).
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2.6. Statistical Analysis

Data obtained from the grading process were inputted and subjected to internal quality
control checks, with any identified discrepancies subsequently corrected. Statistical analysis
was performed using MedCalc Statistical Software version 18.2.1 (MedCalc Software bv,
Ostend, Belgium) and Jamovi version 2.4 (The Jamovi Project (2023), https://www.jamovi.
org accessed on 15 December 2023). The prevalence of ERMs was determined by calculating
the percentage of the total population in which cases were identified in either one or
both eyes. For idiopathic ERMs, logistic regression models were used to determine the
independence of potential risk factors. Potential associations included age, gender (female),
history of stroke (yes or no), diabetes (present or absent), and hypertension (present or
absent). Odds ratios (OR) and 95% confidence intervals (CI) were calculated. p-values
less than 0.05 were deemed to indicate statistical significance. The goodness of fit of the
logistic regression model was evaluated using the Hosmer–Lemeshow test. Additionally, a
logistic mixed model, accounting for within-subject correlation, was used to determine the
association between AMD and ERMs.

3. Results

In total, 3588 patients aged over 65 years old were screened, of whom 2017 were
female (56.2% female and 43.8% male). The mean age ± SD of the patients was 74.3 ± 6.6
years. ERMs were detected in CFP in 306 eyes (eye-based prevalence of 4.26%) from 247
subjects (subject-based prevalence of 6.88%). Idiopathic ERMs were found in 224 patients
(90.7%) and secondary ERMs in 23 patients (9.3%). A summary of the results is depicted in
Table 1.

Table 1. A summary of the results of the study.

Total number of patients 3588

Age (mean ± SD) 74.3 ± 6.6 years

Gender distribution 2016 (56.2%) female, 1572 (43.8%) male

Eye-based ERM prevalence 4.26%

Subject-based ERM prevalence 6.88%

Idiopathic ERM 224 (90.7%)

Secondary ERM 23 (9.3%)

The patients diagnosed with ERMs had a mean age of 75.1 ± 5.25 years. The BCVA for
these patients, calculated on an eye-based analysis, was recorded at 0.26 logMAR ± 0.57.
Regarding the gender distribution among ERM patients, there were 127 females and
120 males. In terms of associated health conditions, 22 of the ERM patients were identified
as having diabetes. A significant number of patients, 122 in total, were found to have
hypertension, and 19 patients had a history of stroke. Additionally, our data showed that
among the ERM patients, 49 had dry AMD, while 2 patients were identified with wet AMD.

Table 2 illustrates a comprehensive summary of the characteristics of patients with ERMs.
Logistic regression analysis failed to show a correlation between the presence of

idiopathic ERMs and factors such as age, gender (female), diabetes, hypertension, and a
history of stroke (see Table 3). Among the 23 cases (9.3%) with secondary ERMs, the most
frequent cause was a history of cataract surgery, accounting for 43.5% (10 out of 23). The
model was a good fit for the data (Hosmer–Lemeshow test, p = 0.77). Moreover, there was
no evidence of an association between ERMs and any AMD grade (all p > 0.05, Table 4).
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Table 2. A summary of the ERM patients’ characteristics.

Characteristic Data

Mean age (years) 75.1 ± 5.25
Mean best corrected visual acuity (logMAR) 0.26 ± 0.57
Gender distribution
-Female 127 (51.4%)
-Male 120 (48.6%)
Patients with diabetes 22 (8.9%)
Patients with hypertension 122 (49.4%)
Patients with stroke 19 (7.7%)
Patients with dry AMD 49 (19.8%)
Patients with wet AMD 2 (0.8%)

Table 3. Results of the logistic regression analysis.

Factor Coefficient Std. Error Wald
Odds
Ratio

95% CI p

Age 0.013612 0.010315 1.7415 1.0137 0.9934 to 1.0344 0.1869
Gender
(female) −0.22238 0.13274 2.8064 0.8006 0.6172 to 1.0385 0.0939

Diabetes −0.12292 0.23350 0.2772 0.8843 0.5596 to 1.3976 0.5986
Hypertension −0.084716 0.13579 0.3892 0.9188 0.7041 to 1.1989 0.5327
Stroke −0.20336 0.24978 0.6629 0.8160 0.5001 to 1.3314 0.4155

Table 4. Relationship between ERMs and AMD (logistic mixed model).

Odds Ratio 95% CI p

Dry AMD 1.80 0.0207 to 157 0.797

Geographic atrophy 0 - 1.0

Neovascular AMD 6.00 × 10−10 2.83 × 10−226 to 1.28 × 10207 0.978

4. Discussion

Our investigation into the prevalence and risk factors associated with ERMs in an
elderly population offers a comprehensive global perspective, enriched by comparisons
with findings from a diverse array of international studies. Our study, revealing an eye-
based prevalence of 4.26% and a subject-based prevalence of 6.88%, presents a striking
contrast to other studies. Notably, the Handan Eye Study reported a prevalence of 3.4%
in a rural Chinese cohort, markedly lower than rates observed in other Asian populations
and Caucasian groups [26]. This disparity in prevalence rates across different ethnicities,
as also seen in the LALES, Melbourne Collaborative Cohort Study (MCCS), SINDI, and
Singapore Malay Eye Study (SiMES), underscores the possible significant influence of
ethnic and racial factors on ERM prevalence [13–15,27]. Contrary to findings from other
studies where age emerged as a predominant risk factor, our study did not identify age
as a significant factor, likely due to the exclusive focus on an elderly cohort over 65 years
old. Previous research has indicated that the prevalence of ERMs increases with age until
75 years [6]. Given that the mean age in our study was 74.3 years, this aligns with the
notion that beyond this age threshold, age may not be a primary risk factor. Furthermore,
this finding is similar to the absence of age correlation in the recent report from Ghana [18].
Additionally, it is also plausible that the presence of cataracts can obscure the detection of
very mild ERMs when using direct ophthalmoscopy or fundus photography. This oversight
might contribute, at least in part, to underestimating the presence of ERMs in older patients,
thereby potentially influencing the perceived lack of correlation between age and ERM
risk. This also suggests that, within the older age group, other factors may play a more
crucial role in the development of ERMs. Moreover, unlike several other studies, female
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gender was not identified as a risk factor in our study. This could be attributed to the
specific demographic and health characteristics of our elderly cohort, where gender-related
differences in ocular health might be less pronounced or overshadowed by age-related
changes and comorbidities. This absence of gender correlation with vitreomacular interface
changes is similar to that in the recent report from Ghana [18]. Furthermore, our findings
indicate that the presence of diabetes, hypertension, and a history of stroke were not
associated with ERMs. These results are particularly noteworthy as they contrast with
common assumptions about these systemic conditions as risk factors for ocular diseases.
Our study also found that AMD of any grade was not correlated with ERMs, a finding
that aligns with the results of the Ghana AMD Study Group [18]. This consistency across
different studies and populations suggests a more complex relationship between AMD and
vitreoretinal interface changes than previously understood [28–30], potentially influenced
by factors other than those commonly associated with AMD.

While increasing age was a consistent risk factor in most studies, the Handan Eye
Study’s association of myopia with primary ERMs aligns with findings from the Visual
Impairment Project (VIP) Study [26,31]. Intriguingly, an inverse association between cur-
rent smoking and primary ERMs was observed in the Handan Eye Study, paralleling
reports from the VIP and SiMES [26,27,31]. This could suggest a protective effect of smok-
ing or a survival bias among smokers, a hypothesis warranting further exploration. The
methodological choices, particularly the use of OCT versus CFP, significantly impact ERM
detection and prevalence estimation. The Handan Eye Study’s integration of OCT with
retinal photographic diagnosis likely reduced the underestimation of ERM prevalence,
highlighting the critical role of diagnostic methodologies in epidemiological research [26].
The SiMES and SINDI studies, focusing on Malay and Indian populations in Singapore,
reported higher ERM prevalence rates compared to Caucasian populations, challenging
previous assumptions about lower ERM prevalence in Asian groups [14,27]. These findings,
along with the higher prevalence observed in the LALES among Latinos, suggest a complex
interplay of genetic, environmental, and lifestyle factors influencing ERM development
across different ethnicities [15]. Our study, along with international comparisons, under-
scores the need for heightened clinical awareness and targeted screening strategies for
ERMs, particularly in ageing populations. The varying prevalence rates and risk factor
associations across different ethnicities and regions highlight the importance of culturally
tailored public health interventions and eye care services. While our study and interna-
tional comparisons provide valuable insights, they also reveal limitations, such as potential
residual confounding and variations in diagnostic criteria and methodologies. Notably, our
study’s lack of OCT examinations is a significant limitation. Although CFP, our employed
method, is a gold-standard technique and our study’s results are comparable to most previ-
ous studies, the inclusion of OCT would have provided much higher sensitivity, crucial
for detecting subtle retinal changes. Additionally, the absence of refractive error and axial
length measurements in our study represents another limitation. These measurements are
important for understanding the development and progression of ocular conditions, and
their omission could impact the comprehensiveness of our findings.

Future research should focus on longitudinal studies to elucidate causal relationships,
explore any possible genetic underpinnings of ERMs, and assess the impact of lifestyle
factors such as diet and smoking. Additionally, advancements in imaging technologies
(including OCT) would refine the detection and classification of ERMs, enhancing our un-
derstanding of their epidemiology and pathophysiology. A detailed future study exploring
the longitudinal relationship between the vitreoretinal interface and the development of a
posterior vitreous detachment and association with ERMs would be invaluable. Localised
anatomical considerations, such as axial length and refractive status variations, would be
useful future considerations in population studies.

In conclusion, our study, enriched by global comparisons, contributes significantly to
the existing literature on ERM prevalence, highlighting the importance of methodological
consistency, demographic considerations, and the need for ongoing research to elucidate

93



J. Clin. Med. 2024, 13, 739

the incidence and risk factors of ERMs in diverse populations and ethnic groups with a
particular emphasis on age-specific cohorts and the nuanced role of gender.
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