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Purpose: Intravitreal injection of anti-vascular endothelial growth factor (anti-VEGF) agents reduces microaneurysms in patients with
diabetic macular edema (DME). However, residual anti-VEGF-resistant telangiectatic capillaries (TelCaps) have been reported. In this
study, we investigated changes in the size of TelCaps after intravitreal injection of anti-VEGF agents in DME.

Patients and Methods: Indocyanine green angiography (IA) and optical coherence tomography were performed before and 3
months after the intravitreal injection of anti-VEGF agents (pro re nata regimen after three monthly loading doses) in 12 eyes of 12
patients (7 males and 5 females, mean age 65.2 + 8.8 years) with DME. The number and size of TelCaps within a 6-mm diameter
macular region of the edema were measured using optical coherence tomography B-scan images overlaid on IA images.

Results: There were significant reductions in the number and size of TelCaps between the baseline and 3 months after anti-VEGF agent
administration (P < 0.05 and P <0.0001, respectively). The maximum corrected visual acuity (logMAR visual acuity) and the central macular
thickness after anti-VEGF therapy were significantly improved (P <0.01 and P < 0.02, respectively). The TelCaps remaining after loading three
consecutive anti-VEGF agents had a significantly larger mean size at baseline than the TelCaps that resolved after the treatment (P < 0.03).
Conclusion: Our study demonstrated that intravitreal injection of anti-VEGF agents could reduce TelCap size in patients with DME.
We propose that larger-sized TelCaps detected by IA might be useful predictors of refractory DME, which could thus be principal
targets of laser photocoagulation.

Keywords: anti-VEGF therapy, diabetic retinopathy, TelCap, indocyanine green angiography, microaneurysm, optical coherence
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Introduction

Diabetic macular edema (DME) is a major complication in patients with diabetes mellitus that can lead to severe vision
reduction.'” The pathogenesis of DME is due to diabetic blood—retinal barrier breakdown and intraretinal fluid leakage
from microaneurysms (MAs).?

Vascular endothelial growth factor (VEGF) has been identified as a critical mediator of retinal neovascularization and
permeability in eyes with diabetic retinopathy (DR).* The management of DME has changed considerably in recent years,
especially following the development of intravitreal anti-VEGF therapy, which has emerged as a first-line therapy for center-
involved DME. Laser treatment,’ intravitreal steroid therapy, and vitrectomy are also important treatment options for DME."
Many randomized clinical trials have demonstrated that intravitreal injection of anti-VEGF agents (eg, ranibizumab and
aflibercept) showed improved visual acuity and macular swelling.®” However, macular edema (ME) did not improve but rather

persisted in a significant number of patients, even after repeated intravitreal anti-VEGF injections.®’
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Microvascular abnormalities such as MAs are the most characteristic signs of DR, and extravascular leakage from
these can cause DME.'® Regarding the relationship between VEGF and MAs, we'' and others'* ™' have recently
demonstrated that intravitreal injection of anti-VEGF agents can reduce the number of MAs present in DME patients.
Sugimoto et al further demonstrated that the reduction in the number of MAs correlated with a reduction in the central
retinal thickness.'? However, there were non-responding MAs even after three consecutive loading injections.'''? Thus,
it remains unclear as to what type of MA responds to anti-VEGF agents and which is associated with recurrent DME.

Pathologic studies have shown that the cellular components in the lumens of the MAs are erythrocytes or poly-

morphonuclear leukocytes and intramural cells, endothelial cells, or pericytes,'®'”

and that dense hyalinized MAs are
often acellular, whereas hypercellular MAs have a thin wall.'® The association between the vascular wall and the cellular
content in MAs indicates that there are multiple types of MAs in vivo. This led us to hypothesize that the pace of
reducing the size of MA in response to anti-VEGF may vary depending on each different pathology of MA.
Occasionally, microvascular abnormalities reach several hundreds of microns in diameter, and such large lesions have
been termed capillary MAs."'>'® Castro-Farias et al recently proposed the name ‘telangiectatic capillaries’ (TelCaps) to
describe capillary abnormalities >150 pm to avoid confusion with the term “retinal arterial microaneurysm”.'*°
TelCaps are often detected by fluorescein- and indocyanine green angiography (IA). The fluorescein molecule is only
60% to 80% bound to proteins and leaks through vessels, whereas the indocyanine green molecule is 98% bound to
proteins and does not leak through vessels.?' This allows IA to better visualize TelCaps in DME.'"'? In this study, we
investigated changes in the size of TelCaps after intravitreal injection of anti-VEGF agents in DME, and examined the

characteristics of anti-VEGF-resistant TelCaps.

Materials and Methods

Patients and Study Design

This study was approved by the Institutional Ethics Committee of Kurume University Hospital (Fukuoka, Japan) with the
number (22191) and was conducted in accordance with the tenets of the Declaration of Helsinki regarding biomedical
research involving human subjects. Written informed consent was obtained from all patients.

Twelve eyes of 12 patients with center-involved DME were included in this retrospective study. The mean age of the
patients was 65.2 + 8.8 years. All patients were examined at Kurume University Hospital and were followed for
a minimum of 3 months during the period between October 2020 and October 2022. All patients received an initial
loading dose of three injections of anti-VEGF agents administered monthly; thereafter, they received a pro re nata
regimen for a minimum of 1 month of follow-up. The pro re nata regimen was applied until an improvement in the
central macular edema was confirmed by optical coherence tomography (OCT) or until stable visual acuity was
achieved.!' TA images were obtained for all patients before and at 3 months after the initial injection. The exclusion
criteria were (1) a history of vitreoretinal surgery; (2) previous treatment with anti-VEGF agents or sub-tenon triamci-
nolone acetonide injection within 3 months; (3) active intraocular inflammation; (4) uncontrolled glaucoma; and (5) the
presence of epiretinal membrane or vitreomacular traction syndrome.

We assessed the best-corrected visual acuity (BCVA) using Landolt decimal visual acuity charts at 5 m (CV-6000,
Tomey, Nagoya, Japan; or AVC-36, Kowa, Nagoya, Japan) or single Landolt test cards (HP-1258, Handaya, Tokyo,
Japan). The BCVA was converted to the logarithm of the minimum angle of resolution (logMAR).

Indocyanine Green Angiography and Optical Coherence Tomography
IA images were obtained using the Heidelberg SPECTRALIS HRA2 + OCT device (Heidelberg Engineering, Heidelberg,
Germany) with a 30° field of view. A was performed after intravenous injection of 5 mL indocyanine green and late phases
were included in the analysis (>10 min). TelCaps were defined as isolated or clustered large punctiform lesions (>100
microns) that were hypercyanescent on late-phase IA (>10 min) (Figure 1), as previously described.'*-**

In each eye, we automatically overlaid the retinal thickness topographic map (6 x 6 mm) obtained by the SPECTRALIS
HRA2 + OCT device (Figure 1A) onto the images of late-phase IA (Figure 1B) obtained using the same device (Figure 1C).

We defined the area where the retinal thickness was >400 um (orange-red to white in the SPECTRALIS color chart) as the area
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Figure | Representative optical coherence tomography (OCT) and indocyanine green angiography (IA) for calculating TelCap size. Spectralis OCT image (6 * 6 mm) (A)
and late-phase IA at baseline (B). Retinal topographic map of the OCT was overlaid onto the late-phase IA (C). A single TelCap is shown (B-D; yellow arrow). Spectralis
OCT image (6 * 6 mm) (E) and late-phase IA (F). Retinal topographic map overlaid onto the late-phase IA (G) after three consecutive treatments. A TelCap of reduced size
is shown (F—H; yellow arrow). The area of the TelCap was reduced from 16,733.06 um? to 4779.94 um>. The number of the TelCaps was decreased from 5 to 2. Areas of
the retina where the thickness was >400 pm are depicted as Orange-red to white in the retinal topographic map.

of the macular edema. The number of TelCaps as hyperfluorescent spots on late-phase IA in the area with macular edema was
determined using Image J software (National Institutes of Health; available at http://rsb.info.nih.gov/ij/index.html), as

previously described.'®**** On spectral-domain optical coherence tomography, TelCaps appeared as hyper-reflective,
round, or oval cockade lesions with clearly visible parietal thickening (Figure 1D). OCT allowed measurement of the
TelCaps size using the caliper placed on the longest axis.'”** The same analyses were performed at 1 month after three
consecutive anti-VEGF injections (Figures 1E—-1H). The presence of TelCaps was evaluated by two experienced retinal
specialists (KI and SY) based primarily on size and the IA staining pattern.

Statistical Analysis

Statistical analyses were performed using a commercial statistical software package (JMP ver.16; SAS Institute, Cary,
NC, USA). The results were expressed as the mean + standard deviation. Paired #-tests were used to compare the BCVA
and central macular thickness (CMT) before and at 3 months after the initial injection. The Wilcoxon signed-rank test
was performed to compare the number and size of TelCaps detected before and at 3 months after the initial injection. The
Mann—Whitney U-test was applied to compare the size of TelCaps between two groups.

Results
A total of 12 eyes from 12 patients met the inclusion criteria for this study. Table 1 presents baseline and 3-month
measurements of all patients eligible for inclusion in this study. No patients were excluded from the analyses. Patients
received three consecutive injections between the initial and follow-up IA. All 12 eyes received aflibercept, while one
of the eyes also received ranibizumab. The mean BCVA improved from 0.24 + 0.04 logMAR before treatment to 0.16
+ 0.06 logMAR at 3 months after treatment initiation (P < 0.01). The mean CMT significantly decreased from 470 +
135 pm at baseline to 356 £ 79 pm at 3 months (P < 0.02). All 12 eyes showed partially decreased retinal thickness
but persistent thickening located selectively around the remaining TelCaps after three consecutive anti-VEGF
injections.

At baseline, the mean number of TelCaps was 3.75 + 1.60 in the late phase (>10 min) IA. At 3 months, the mean
number of TelCaps was 2.25 £+ 1.48 in late-phase IA. Therefore, at 3 months, the number of TelCaps had significantly
decreased from baseline (P < 0.05; Figure 2).
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Table | Baseline and 3-Month Characteristics of Patients Included in the Study

Case, n (eyes) 12 (12)

Sex (male/female), n 7/5

Age, years 65.2 + 8.8
HbAlc, % 7.0 £ 1.7
LogMAR VA (baseline, at 3 months) 0.24 + 0.04, 0.16 = 0.06
Foveal retinal thickness (baseline, at 3 months), ym 470 = 135, 356 + 79
Drug administration (ranibizumab/aflibercept), times 3/42
Proliferative diabetic retinopathy, eyes (%) 1 (8)
Spongy swelling, eyes (%) 10 (83)
Cystoid macular edema, eyes (%) 10 (83)
Serous retinal detachment, eyes (%) 4 (33)
Panretinal photocoagulation, eyes (%) 4 (33)

Note: Values are presented as mean * standard deviation.
Abbreviations: LogMAR, logarithm of the minimum angle of resolution; VA, visual acuity.

We subsequently determined whether the TelCap size was altered after anti-VEGF treatment. At baseline, the mean
TelCap size was 19,762.72 + 6548.61 um? in late-phase IA. At 3 months, the mean TelCap size was 12,939.88 + 5965.86
um? in late-phase IA, which was significantly decreased compared with the baseline (P < 0.0001; Figure 3).

Of the 45 TelCaps from all examined patients, the size at baseline was 21,613.18 £ 7509.17 um? in the 27 TelCaps
that remained, even after the three consecutive injections, and 16,987.04 + 3340.47 um? in the 18 TelCaps that were
resolved, which was statistically significantly different (P < 0.03; Figure 4).

Discussion

To the best of our knowledge, this is the first report to demonstrate significant reductions in TelCap size between the
baseline and 3 months after treatment with anti-VEGF agents. The absence of pericytes is characteristic of MAs, possibly
because VEGF abolishes pericyte coverage of nascent vascular sprouts, leading to vessel destabilization,> although some
researchers have reported that VEGF is required for pericyte survival.”® We postulated that the injection of anti-VEGF
agents may accelerate pericyte recruitment around the retinal vascular endothelial cells in TelCaps.?” These pericytes
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Figure 2 Effects of intravitreal injection of anti-VEGF agents on the number of TelCaps. The number of TelCaps in late-phase IA is visualized by dot plots at baseline and at 3
months after the initial treatment. The horizontal line in each plot indicates the median score. There were significant reductions in TelCaps between the baseline and at 3
months (P<0.05).
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Figure 3 Effects of intravitreal injection of anti-VEGF agents on the size of TelCaps. The TelCaps size is visualized by dot plots at baseline and at 3 months after the initial
treatment. The horizontal line in each plot indicates the median score. There were significant reductions in the TelCaps between the baseline and at 3 months (P<0.0001).
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Figure 4 Relationship between recurrent macular edema and the size of TelCaps at baseline. The TelCaps size is visualized by dot plots at the baseline. The horizontal line in
each plot indicates the median score. We classified TelCaps at 3 months after the start of treatment into two groups: remained and resolved groups. The TelCaps size in late-
phase |A at baseline was significantly larger in the remained group than in the resolved group (P<0.03).

subsequently produce type IV collagen and multiple laminin isoforms,”® which reduce the depth of each TelCap. These
may subsequently stabilize retinal vascular endothelial cells and reduce TelCap size.>

We found that those TelCaps that remained after three consecutive anti-VEGF agent injections had a significantly larger
mean size at baseline (Figure 4). We speculated that relatively new TelCaps that occur with endothelial proliferation are
smaller and more sensitive to anti-VEGF agents. In contrast, larger TelCaps may represent a more chronic and advanced stage
with intraluminal material such as hyaline and fat deposition,'” which may possess affinity for IA. These larger TelCaps may
be closely associated with less sensitive recurrent or refractory macular edema. This is consistent with a previous report that
greater TelCap size (outer and inner diameters) and wall thickness correlated with increased endothelial dysfunction in non-
proliferative DR, and that late IA staining is an indicator of severe breakdown of the blood—retinal barrier."”

It was reported that eyes receiving both ranibizumab and deferred laser photocoagulation for DME exhibited better
long-term vision improvement than eyes receiving ranibizumab with prompt laser photocoagulation.®’ Together with the
results of recent studies including ours,*® our findings in the current study suggest that deferred laser photocoagulation
should first be performed only for some of the largest TelCaps detected by IA after TelCaps reduction by injection of
anti-VEGF agents, especially when the number of TelCaps is high. In this manner, we expect to achieve a more effective
minimally invasive DME therapy by selective targeting of “refractory, anti-VEGF therapy-resistant TelCaps” with lesser
impaired visual function. In parallel, laser photocoagulation may be performed in some cases before anti-VEGF therapy
in which single or a few isolated TelCaps are easily reachable and clearly visible to spare some injections.>”

Although the detection of refractory TelCaps by IA appears to be useful, the routine clinical use of IA could be
challenging in real-world practice because it is invasive, costly, and time-consuming. Recently, OCT angiography
(OCTA) has been gaining interest because of its capacity to non-invasively document the retinal vasculature, and it
has been reported to be able to record features of DR.** However, OCTA detection of TelCaps in DR may depend on
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intra-aneurysmal blood flow, rather than their size or leakage.** The decrease in blood flow due to the vessel wall
thickening and intraluminal material accumulation has been considered as the cause of the poor detection of some of the
largest TelCaps.'” OCTA is, therefore, not a sufficient imaging technique for cases with TelCaps.

Accordingly, Bourhis et al reported that structural OCT is highly sensitive for the detection of TelCaps and superior to
IA because of the visualization of the TelCap wall.'> Therefore, multimodal imaging approaches other than OCTA, such
as structural OCT,* multicolor scanning laser ophthalmoscopy,®® and infrared reflectance imaging,”® may have a better
therapeutic effect on DME in a less time- and labor-consuming manner.

The limitations of the present study were the small number of evaluated patients and the short follow-up period. It is also
possible that some of the TelCaps defined in this study were MAs, mainly because there is currently no consensus to
differentiate MAs from TelCaps as well as there probably being a continuum between these lesions.*” Because these factors
may have biased our results, prospective studies are required with a larger number of patients and a longer follow-up period.

Conclusions

Our study showed that intravitreal injection of anti-VEGF agents could reduce TelCap size in patients with DME. We
propose that larger-sized TelCaps detected by IA might be useful predictors of refractory DME, which could thus be
principal targets of laser photocoagulation.
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