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Aim

Targeted retinal photocoagulation (TRP) is an emerging laser technology for retinal targeted therapy. TRP can specifically act on unperfused retinal capillaries and retinal intermediate ischemic areas, reduce damage to tissue perfusion areas and panretinal photocoagulation (PRP) complications or adverse events. In this regard, this review discusses the treatment options, efficacy, and latest progress of TRP for diabetic retinopathy (DR) based on randomized controlled trial (RCT), meta-analysis, case review, and other existing studies.


Methods

In-depth research was conducted on articles about the proposal and development of TRP, its simple application in DR, and combined therapy. In order to review the new progress, application methods, effects, and prospects of TRP in the treatment of DR, the articles related to TRP in the databases of PubMed and Web Of Science since this century were comprehensively analyzed.


Results

TRP is effective in treating DR and may become a substitute for PRP in the future. In addition, the treatment regimen of TRP combined with intravitreal injection of anti-vascular endothelial growth factor (anti-VEGF) drugs can also be used as a new therapeutic approach to expand the treatment regimen for the treatment of DR, and this combination therapy also has effects on other retinal vascular diseases.


Conclusions

With the advancement of technology, TRP has been continuously applied in clinical practice, and its potential benefits have opened up broad prospects for the treatment of DR. The combination therapy of TRP and anti-VEGF is expected to become a new option for patients with DR an retinal diseases.
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1  Introduction

The effects of laser interaction with retinal tissue have long been mentioned, in the 1940s when German ophthalmologist Meyer-Schwickerath pioneered retinal photocoagulation (1, 2). For more than 40 years, retinal photocoagulation has been used as the standard choice for the treatment of retinal vascular diseases and complications, mainly including proliferative diabetic retinopathy (PDR), diabetic macular edema (DME), retinal vein occlusion (RVO) and retinal tears, etc (Figure 1).



Figure 1 | Advances in targeted retinal photocoagulation in the treatment of diabetic retinopathy.



The scope of traditional PRP is mainly distributed in the middle and peripheral part of the retina, 1.5-2 optic disc diameters (DD) posteriorly from the optic disc and 2 DD temporally from the fovea, bounded by the superior and inferior vascular arches; forward to the ampulla of the vortex vein (or equator). Currently, PRP is the gold standard for the treatment of extensive areas of non-perfusion (suggesting severe retinal ischemia) (Diabetic Retinopathy Research Group 1981) (3), as well as the main method for the treatment of severe nonproliferative diabetic retinopathy (NPDR) and PDR. However, due to the photochemical damage of the laser, panretinal laser photocoagulation causes more damage to the ocular tissue, and its side effects include hemorrhage, choroidal detachment, acute angle-closure glaucoma, decreased color vision and contrast sensitivity, night blindness, lens burn (4–6) and permanent retinal scarring resulting in blind spots, etc. The occurrence of these complications is closely related to laser parameters such as increased duration and power and intensive treatment in a single session, which all lead to increased diffusion of thermal energy within the retina and choroid (7).


2  Materials and methods

The databases of PubMed, Web of Science were searched using the following keyword combinations: Targeted Retinal Photocoagulation, TRP, Diabetic Retinopathy, Retinopathy. Related articles discuss the effects of various treatment options of TRP in DR and other common retinopathy through RCT, meta-analysis, case review and other research methods. Inclusion criteria included full text, English and publications from this century. Articles were initially selected by searching for titles and abstracts. The full text of the papers was reviewed and papers with titles or abstracts that did not fit the purpose of this review or did not provide sufficient data for a full evaluation were excluded. To complement the search, citations to relevant articles were also collected, and we got 23 qualified publications (Figure 2). We grouped all obtained studies into application of TRP in DR and other retinopathy (RVO and radiation retinopathy), summarized and analyzed the main research contents of TRP in treating DR in chronological order (Table 1). To try to explore the effects and potential benefits of these treatment schemes.



Figure 2 | Flow diagram of systematic search.



Table 1 | The historical process of the treatment of PDR with TRP.




3  Results

3.1  Progress of TRP

In 2009, Reddy et al. improved on the basis of panretinal laser photocoagulation and designed a peripheral laser strategy assisted by ultra-wide-angle fluorescein angiography (8),to reduce the damage to the retina caused by panretinal laser photocoagulation, which is also the prototype concept of targeted retinal laser photocoagulation.

TRP is a laser technology aimed at the peripheral non-perfusion and ischemic areas of the retina, and the laser area is determined according to the degree and progression of the patient’s retinopathy. To ensure coverage of the entire ischemic area and its margins (usually suspected of having high-density or leaking microaneurysms), the laser extends 1-2DD of the laser scan over the peripheral ischemic and non-perfused areas. Compared with panretinal laser photocoagulation, targeted retinal laser photocoagulation is more targeted to the treatment area and has fewer laser points, so it can minimize the amount of laser treatment and reduce the occurrence of ocular adverse events caused by retinal photocoagulation rate.

The value of ultra-wide-angle fluorescein fundus angiography (UWFFA) and ultra-wide-angle swept-frequency optical coherence tomography (WF SS-OCTA) in TRP. Since the key of TRP treatment is to accurately treat the non-perfused and ischemic areas of the retina, accurate positioning of the entire ischemic area of the retina is the primary condition for the successful treatment of targeted lasers. Visualization of the entire retina is fundamental to assess non-perfused areas, vascular leakage, microvascular abnormalities, and neovascularization, and ultra-wide-field (UWF) imaging improves retinal visualization by up to 82% in a single image (15).

Fluorescein angiography (FA) has been used for 50 years in the evaluation of superficial retinal vascular abnormalities in different stages of DR. In order to expand the inspection field, people currently mainly choose to use wide-field (>30° and >200°) and UWF (≥200°) fundus angiography and UWFFA (16). Since UWFFA can capture a 200° area and can view the posterior pole, central peripheral and peripheral fundus, in another study it was confirmed that the capillary non-perfusion (CNP) area detected by UWFFA in patients with DR was 3.9 times that of conventional angiography (17). Thus, UWFFA is an important aid for the successful implementation of targeted lasers.

With the advent of optical coherence tomography angiography (OCTA), it has become possible to obtain highly detailed depth-resolved images of retinal and choroidal microvascular abnormalities. While early OCTA focused on viewing the macular region, WF SS-OCTA significantly increases the field of view (FOV) at the retinal surface, and WF SS-OCTA has been shown to be effective in identifying diabetic retinopathy (18, 19). Two case analyses reported the correspondence and superiority of WF SS-OCTA relative to UWF FA in longitudinal assessment of retinal nonperfusion (RNP) in PDR, with higher detection rates in NP areas after anti-VEGF drug injection treatment (20), and provided important insights into the stability of retinal ischemia after PRP (21). However, there is no clinical report on TRP assisted by WF SS-OCTA.


3.2  Clinical application of TRP

3.2.1  TRP for DR

3.2.1.1  TRP therapy

DR is the main cause of blindness in diabetic patients, and the main pathological change in blindness is neovascularization. At present, the main method for the treatment of retinal neovascularization is retinal photocoagulation. Since this century, the research of TRP has increased year by year. Researchers have comprehensively explored the therapeutic effect and safety of TRP on DR through combined treatment, comparative control and other methods (Table 2). In 2009, the University of California reported two cases of UWFFA-assisted targeted laser treatment of diabetic retinopathy (8). For both patients, 532 nm laser was accurately applied to the ischemic area displayed and clearly demarcated by UWFFA for a total of 1000-1400 times. This treatment technology first entered the public eye as an individualized treatment plan: retinal angiography found that TRP successfully regressed retinal neovascularization in two patients. At 9-month follow-up, the patients’ vision was maintained and there was no recurrence of neovascularization and macular edema. In a clinical trial reported in the United Kingdom in 2013 (3), 20 newly treated patients with PDR were treated with TRP alone. The results of the study show that in the short term (12 weeks to 24 weeks), its clinical efficacy and safety are worthy of recognition:76% of patients experienced PDR regression at week 12; patients’ vision and visual field did not worsen or even improved; macular thickness was significantly reduced (mean baseline 251 μm, 12.1 μm at 24 weeks); disease progression was slow, and no TRP-related ocular adverse events occurred during the study period.

Table 2 | Summary of studies targeted retinal photocoagulation for diabetic retinopathy.




3.2.1.2  Ultra-wide-angle assisted guidance TRP

The visual field of fluorescein angiography of the standard fundus camera is 30 – 60°. It is necessary to take different images at different times in the study to image the periphery of the retina. This makes it very difficult to accurately delineate retinal capillary non-perfusion and accurately apply photocoagulation within the ischemic boundary. UWFFA is a very useful tool in the diagnosis, staging, management and treatment of DR (22). UWFFA can display more retinal pathology even in eyes judged as normal by 7 standard field (7SF) (16). In 2008, Friberg et al (23). first reported the feasibility of UWFA in 30 eyes of 30 DR patients. Compared with the standard system, they observed that UWFA allowed imaging of a larger area of retinal surface (8.7 ± 1.6 vs 3.4 ± 0.76DD, P<0.001) and retinal ischemia (16.9 ± 15 vs 3.4 ± 4.26 sectors, P<0.05), although the image quality was reduced. Then in 2009, the first case report (8) of TRP and UEFFA mentioned that under UWFFA, the non-perfusion area and its boundary of the patient’s retinal capillaries could be identified very accurately, providing a clearer and more discernible field of vision for the application of TRP. UWFFA can initially and accurately locate the non-perfusion area of retinal capillaries in a 200° field of vision at the early stage of application. In 2013, Muqi et al. (3) evaluated the effect of UWFFA-guided TRP in the eyes of 28 PDR patients. At 12 weeks, 76% of patients had PDR regression, and 37% had complete disease regression at 24 weeks. They found that the thickness of the central retina decreased significantly over time, measured by optical coherence tomography (22). With the gradual maturity of the UWFFA program, as an assistant retinal examination tool, it has been more and more widely used in clinical work. However, the specific use standards for its joint application with TRP still need to be further clarified through large-scale research in the future.


3.2.1.3  Compared with panretinal photocoagulation

The primary difference between targeted retinal laser and panretinal laser photocoagulation is that the narrowing of the laser range results in a significant reduction in the number of laser spots on the retina. In all randomized controlled clinical trials, regardless of whether the targeted laser range is specified as “optos-guided TRP treatment covered the area of capillary non-perfusion from the ora serrata up to 1 DD into perfused retina (10)”, “navigated, semi-automatic pattern laser application was conducted based on the treatment plan (9)” or “capillary non -perfusion and intermediate ischemic zones posterior to the equator as well as the entire retina anterior to the equator (12)”, the TRP has significantly fewer laser spots (9, 12) or lower power (10). In this regard, the visual analog scale was used to quantify the degree of pain in the treatment of patients, and it was found that the pain of TRP was significantly lower than that of PRP.

For the improvement of visual function, both treatment modalities improved visual acuity and mean visual field defect in the short term (4-12 weeks) but there was no significant difference between the two (10); in the medium and long term (at least 3 months)) The mean best-corrected visual acuity (BCVA) after treatment was significantly decreased, and the difference was not significant (12). DME is a serious complication of DR and one of the main causes of visual loss in DR patients, so central macular thickness (CMT)/central retinal thickness (CRT) is also an important research parameter. CMT decreased in the short term (4-12 weeks) after PTR treatment, and was not significantly different from PRP; although a clinical trial (NCT01232179) (12) reported that TRP or PRP alone was used to treat patients with early or high-risk PDR after 3 months There is an increase in CMT, and CMT thickening after laser treatment has been demonstrated in many other studies (9, 24–26), but there is no difference in results between the two laser modalities. In terms of safety, there were no serious ocular complications or adverse events immediately after TRP treatment, short-term or even mid-to-long term, and there were no signs of intraretinal hemorrhage, vascular damage or traction retinal detachment in the laser treatment area. There is also no adjustment to the treatment regimen for patients treated with TRP, such as switching to PRP.

Comparing the efficacy and safety of the two laser methods, after analyzing many research parameters such as the number of laser points, visual function, UWF, pain level, prognosis, and adverse events, there may be no difference in the efficacy of the two on DR. But TRP reduces retinal damage and preserves more healthy retinas due to fewer laser points, which also improves patient comfort. Therefore, TRP may be a future alternative to PRP to some extent (27)


3.2.1.4  Combination therapy of TRP and vitreous anti-VEGF drug injection

With the research on the pathophysiology of retinal vascular diseases, the use of anti-VEGF drugs for the treatment of retinal vascular diseases has become more and more popular. Such drugs can bind tightly to VEGF to reduce vascular permeability and then inhibit the formation of new blood vessels. Anti-VEGF is currently the gold standard treatment for veno-occlusive macular edema, especially BRVO (28). However, the short half-life of the drug causes its concentration in the eye to drop rapidly and the concentration in the vitreous cavity is unstable and the treatment effect is short. Retinal neovascularization and macular swelling are prone to recur after a single injection of anti-VEGF drugs (13). Therefore, frequent intravitreal injections of anti-VEGF drugs are required to control macular edema, which increases the likelihood of adverse events such as endophthalmitis and retinal detachment. Researchers have found in clinical trials that Through the combined application of vitreous drug injection and targeted laser therapy, the use of targeted laser can effectively reduce the frequency of drug injections or improve the prognosis, which may achieve the purpose of reducing the number of patient visits, costs and the risk of adverse events.

Current studies have suggested that anti-VEGF drugs can reduce retinal thickness, improve DME, and improve vision in the treatment of DR, but require repeated injections for optimal results. In this regard, in order to reduce the number of injections of anti-VEGF drugs and reduce the occurrence of adverse events, researchers considered the combined application of TRP and intravitreal injection of anti-VEGF drugs. At present, two controlled clinical trials have been completed in Japan (UMIN000007566) and the United States (NCT01552408), involving a total of 81 DME patients. Visual function and CRT were mainly compared between patients receiving TRP and anti-VEGF drugs in combination with patients receiving anti-VEGF drugs alone. However, the results of the two trials are contradictory: after a 6-month study by the Japanese team, it was found that the average best corrected visual acuity (BCVA) of the combined treatment group improved more significantly, And the CRT of the patients in the injection-only group increased to a higher degree at the 3rd, 4th, and 5th months (11);however, after a 3-year Randomized DAVE Trial, the US team found that the combined treatment group was not better than the single injection group in terms of BCVA, visual field, CRT, and the number of injections, but in In terms of safety, there were 5 new cases of new PDR-related neovascularization in the drug injection group but no endophthalmitis in the combined treatment group (13). The difference in results between the two groups may be related to the inclusion criteria, dosing schedule, and sample size. Compared with the US study, the participants in the Japanese trial were injected with bevacizumab (1.25 mg IV bevacizumab: 0.3 mg IV ranibizumab), which may explain the difference in results between the two groups.

In addition, a controlled clinical trial (NCT03904056) (14) reported by the São Paulo State University research team in 2021 compared the effect of PRP combined with intravitreal injection of ranibizumab (IVR) and TRP combined with IVR in the treatment of PDR. The results showed that there were no significant changes in BCVA and central subfield thickness (CSFT) between the two groups; the fluorescein leakage area of active new vessels (FLA) was significantly reduced in the two groups, but there was no between-group difference. In addition, we checked on the International Clinical Trials Registry website (ClinicalTrials.gov) that the Cairo University research team has initiated a RCT (NCT04674254),to compare the changes of macular area in PDR patients receiving anti-VEGF therapy combined with TRP or PRP therapy, and we will continue to pay attention to this.

Overall, TRP helps to improve DME recurrence after vitreous drug injection, additional laser may help to suppress VEGF production in the ischemic area, and combination therapy of TRP and anti-VEGF drugs may help reduce the frequency of vitreous drug injections, patient treatment costs, number of clinic visits, and adverse events (eg, endophthalmitis, retinal detachment).



3.2.2  TRP of other retinopathy

In addition to DR, the researchers also studied the therapeutic effects of TRP on other retinopathy. We mainly analyzed the effects of TRP on RVO and radiation retinopathy (Table 3). Studies have found that RVO is the second most common retinal vascular disease, and macular edema is a common complication of this disease and the main cause of reduced vision. Therefore, improving macular edema is a key link in the treatment of this disease. The researchers selected patients with RVO and macular edema (ME) who met the treatment criteria to conduct individualized treatment for a single case or controlled clinical trials with different durations of 6 months, 9 months, and 12 months have been carried out successively (28–30, 32).A total of 101 patients were enrolled, and the efficacy and safety of TRP combined with anti-VEGF drug injection and drug injection alone were compared.

Table 3 | Summary of studies targeted retinal photocoagulation for retinal vein occlusion and radiation retinopathy.



First, all patients showed significant improvement in visual function, in terms of BCVA: the mean increase in Early Treatment of Diabetic Retiopathy Study (ETDRS) letters in the RBZ group in the comparative trial with ranibizumab (RBZ) was 25.7 ± 8.2 (95% CI: 21.5–29.9), RBZ + TRP group was 23.38 ± 7.6 (95% CI: 19.3–27.4) (28); in the comparative trial of intravenous bevacizumab (IVB), the BCVA of the IVB+TRP group gradually improved and reached a significant level at 6 months, However, there was no significant improvement in the IVB group (30). In addition, the mean contrast sensitivity and visual field of the patients were significantly improved under both treatment regimens (28), and there were no disease progression or adverse events related to TRP or intravitreal injection, such as infectious ophthalmia, intravitreal hemorrhage, neovascularization, retinal detachment, etc. Second, patients’ mean CRT (or CMT) continued significant improvement (28–30). Finally, the combined application of TRP can reduce the number of injections as needed: the number of additional injections of bevacizumab in the IVB group was significantly greater than that in the IVB+TRP group (1.58 ± 0.69:0.83 ± 0.62); the RBZ group was also more frequent than the RBZ group. + TRP group (5.76 ± 1.3:4.06 ± 0.99), the above differences were all statistically significant. Therefore, compared with single drug injection, the combination therapy with TRP can achieve similar efficacy or even better prognosis on the basis of Reduce the number of injections, and reduce the development and recurrence of ME caused by RVO.

We also found on the International Clinical Trials Registry website (ClinicalTrials.gov) that the research team at the University of Leipzig has initiated a clinical trial comparing injection of ranibizumab with or without targeted photocoagulation in the treatment of central RVOwith macular edema (NCT04444492), which is expected to be completed in 2024, and the author will continue to pay attention to the progress and results of the trial.

Radiation retinopathy is a common, progressive visual side effect of ophthalmic radiation therapy for intraocular or orbital tumors. It typically presents as late-onset disease of the retinal vasculature between 6 months and 3 years after radiation therapy, with clinical signs of macular edema, cotton wool spots, neovascularization, and/or vitreous hemorrhage, which has a serious impact on the vision of patients (31, 33–36). Therefore, Hannah J Yu et al. (31) also tried to treat the disease with TRP. This randomized controlled clinical trial (NCT0222610) included 40 patients with radioactive ME, and compared the efficacy and tolerance of intraocular injection of RBZ and RBZ+TRP in the treatment of patients with radioactive retinopathy. After 2 years of treatment and follow-up, it was found that the average ETDRS BCVA of patients improved after 1 year, but the effect of combined treatment was not significantly better than that of injection alone. The trial found that additional TRP did not bring significant visual and anatomical improvement to patients, but it may prevent serious complications during treatment. Because there are few clinical trials related to this disease at present, a large number of clinical trials are still needed to confirm the efficacy and safety of TRP for this disease.




4  Conclusions

DR is one of the serious complications of diabetes and one of the four major blindness diseases in Europe and the United States. Although anti-VEGF therapy is widely used in DR and some retinal diseases, retinal laser photocoagulation remains the main treatment option for these diseases (37). Traditional PRP has some side effects due to the damage to eye tissue caused by laser light. With the advancement of technology, TRP has been continuously applied in clinical practice, and its potential benefits have opened up broad prospects for the treatment of DR. The combination therapy of TRP and anti-VEGF is expected to become a new option for patients with DR and some retinal diseases (such as RVO, radiation retinopathy, etc.). It is believed that with the advancement of science and technology, new treatment methods and approaches will surely bring new hope to DR patients.
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