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Abstract: Diabetic retinopathy (DR) is considered one of the leading causes of vision loss globally. It principally causes upregulation 
of pro-angiogenic, proinflammatory, and vascular permeability factors such as vascular endothelial growth factor (VEGF), leading to 
neovascularisation. The advanced stage of DR or proliferative diabetic retinopathy (PDR) is of more concern, as it leads to vitreous 
haemorrhage and traction retinal detachment. Various risk factors associated with PDR include hyperglycemia, hypertension, neuro-
pathy, dyslipidemia, anaemia, nephropathy, and retinal complications of drugs used for diabetes. Current management approaches for 
PDR have been stratified and involve pan-retinal photocoagulation, vitrectomy, and anti-VEGF agents. Given the emerging role of 
anti-VEGF agents as a favourable adjunct or alternative therapy, they have a critical role in the management of PDR. The review 
emphasises current management approaches for PDR focusing on anti-VEGF therapy. The review also highlights the risk/benefit 
evaluation of the various approaches employed for PDR management in various clinical scenarios. 
Keywords: neovascularisation, diabetic retinopathy, pan-retinal photocoagulation, vitrectomy, anti-VEGF, PDR in India

Introduction
Diabetes mellitus (DM) is one of the most common noncommunicable diseases in the world.1 According to International 
Diabetes Federation Atlas 2021, it was estimated that approximately 537 million individuals in the world had diabetes 
(types 1 and 2), aged between 20 and 79 years representing 10.5% of the world population. India ranks second in terms 
of disease burden globally with around 74.2 million individuals having diabetes.2 The national survey conducted in India 
establishes the prevalence of DM to be 11.2%.3 It was established that diabetic retinopathy (DR) is one of the major 
diabetes-related complication having vision loss as a global concern, leading to substantial financial implications.4 The 
global prevalence of DR was observed to be ranging between 22% and 35% in patients with diabetes as reported in 
different studies.5–7 In 2020, the individuals affected with DR is estimated to be 103.12 million which is projected to 
increase to 160.50 million by 2045.6 However, a disproportionate representation of DR is observed across geography 
where maximum prevalence is observed in Middle East and North Africa and the Western Pacific.6 Additionally, no 
significant inter-gender difference was observed in the DR prevalence (females: 25.93%; males: 28.95%).7 Sight- 
threatening DR or vision-threatening DR is defined as “presence of severe non-proliferative diabetic retinopathy 
(NPDR), proliferative diabetic retinopathy (PDR) and/or macular oedema in at least one eye”.8 The incidence of sight- 
threatening DR is more in type 1 when compared with type 2 DM.9

Advanced DR or PDR represents angiogenic response of the retina to extensive ischaemia from capillary closure.10 

The characteristics of PDR include retinal neovascularisation (NV), serum leakage, haemorrhage, and fibrovascular 
proliferation in the vitreous retinal interface. The characteristic clinical feature of PDR is growth of new vessels arising at 
the interface of perfused or nonperfused retina, viz. new vessels on the disc (NVD) or new vessels elsewhere (NVE). All 
these characteristics ultimately lead to vitreous haemorrhage (VH) and traction retinal detachment (TRD).11 In some 

Clinical Ophthalmology 2022:16 3005–3017                                                                  3005
© 2022 Raman et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms. 
php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the 

work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Clinical Ophthalmology                                                                        Dovepress
open access to scientific and medical research

Open Access Full Text Article

Received: 10 May 2022
Accepted: 22 August 2022
Published: 8 September 2022

http://orcid.org/0000-0001-5842-0233
http://orcid.org/0000-0003-0650-1220
http://orcid.org/0000-0003-4479-5733
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com


instances, new vessels on the iris (NVI) and iridocorneal angle (NVA) also develop owing to advanced posterior segment 
ischaemic changes.12

Experimentally, it has been observed that elevated levels of vascular endothelial growth factor (VEGF) induce NV in 
mouse models and also that large amounts of miR-410 efficiently downregulates vascular endothelial growth factor 
expression, suppressing retinal NV.13 Additionally, inhibition of intraocular VEGF was noted to prevent NVI in nonhu-
man primates.14 It has also been reported that elevated levels of VEGF are found in the vitreous humour of patients with 
PDR.15 Elevated levels of angiogenic factors are associated with endothelial cell proliferation and migration and 
disruption of tight junctions, which lead to new vessel formation and increased vascular permeability. Molecular studies 
have shown that VEGF-A encourages the process of vascular permeability and angiogenesis.16,17

Current management approaches for PDR include pan-retinal photocoagulation therapy (PRP), vitrectomy, and anti-VEGF 
agents.18 Data from the Early Treatment Diabetic Retinopathy Study and the Diabetic Retinopathy Study (DRS) advocate pan- 
retinal photocoagulation (PRP) as the gold standard for the management of PDR.18,19 However, surgical intervention was noted to 
help in achieving increasingly better outcomes in a select group of patients with advanced PDR.11 The ongoing attempts to modify 
the treatment landscape of PDR have led to researches where intravitreal injection of human mesenchymal stem cells has 
demonstrated a decline in progression of diabetic retinopathy.20

It has been noted that glycosylated haemoglobin (Hb1Ac) is an important biomarker to monitor the level of glucose in 
diabetic patients. An elevation in the level of Hb1Ac is an indicator of increased risk of developing diabetes associated 
retinal complications and negatively influences the visual outcomes of anti-VEGF therapy. Patients with lower HbA1c 
level tend to have an improvement in visual outcomes post treatment suggesting the role of blood sugar control in the 
management of PDR.21,22 Patients with diabetes having higher Hb1Ac variability demonstrated increased risk of PDR 
requiring laser therapy, particularly in type 1 diabetes.23

For the majority of PDR cases, the mainstay treatment remains laser; however, there is growing evidence on the benefits 
offered by anti-VEGF injections regardless of Diabetic Macula Oedema (DME) presence or absence.16,18 As the treatment 
landscape for PDR is evolving, this narrative review aims to combine currently available knowledge on anti-VEGF agents 
and their role in the management of PDR. It emphasises the risk-benefit evaluation of various approaches employed for 
PDR management and discusses consensus statements for managing a few clinical scenarios in the context of PDR.

Screening of Patients for DR
Sight-threatening DR (STDR) is an important cause of visual impairment in patients with diabetes and one of the most 
common causes of avoidable blindness. Regular dilated fundus examination is the first step in the identification and 
management of STDR.24 Patients with no DR and mild NPDR are considered non-referable, whereas patients with or 
above moderate NPDR with or without macular oedema are considered referable DR Identification of DR in the early 
stages not only helps in preventing blindness but is also cost-effective for patients (expenses for treatment). The main aim 
of screening for DR is timely detection of STDR.25

Management of PDR
There are various treatment approaches to PDR with specific goals to halt or regress neovascular activity in the retina.

Pan-Retinal Photocoagulation Therapy (PRP)
According to the Diabetic Retinopathy Study Research group (DRS), PRP was the first line of treatment for PDR in past 
decades.18 It is a category of laser treatment employed to preserve existing vision and prevent any further possible visual 
impairment. The conversion of hypoxic regions to anoxic areas leads to a decrease in oxygen consumption, causing 
a reduction in angiogenic stimuli, thus regressing NV. Elevated levels of VEGF were observed more in patients with PDR 
in comparison with patients with NPDR; however, the level decreased significantly after PRP treatment.26,27 Early 
treatment with PRP is recommended to prevent progression of disease processes and any further complications.26–28 

A decrease in arteriolar branching angle in patients with non-progression of PDR from baseline to 6 months of follow-up 
has also been observed with the PRP.29 A decline in large foveal avascular zone area and in deep capillary plexus 
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vascular density in perifoveal region in patients with NPDR was also established with PRP.30 Regression of PDR was 
also evident with PRP therapy with maximum regression in mild PDR (75%).31

It has been observed that PRP has the potential to reduce the incidence of severe vision loss in PDR by 50%. According 
to ICO 2017 guidelines, the typical initial settings on the Argon laser would be a 500-μm spot size, 0.1-second exposure, 
and 250–270-mW power. However, the power is gradually increased until a whitish reaction is obtained in the retina. A total 
of 1600–3000 burns are placed in one or more sittings. There is recent evidence of development in laser therapy, wherein 
several laser spots are delivered simultaneous, eg, patterned scanning laser, conventional laser, and navigated laser delivery 
system, eg, Navilas® (OD-OS, Germany). It has been noted that PRP provides long-lasting effects and is a highly cost- 
effective method and once off therapy.26–28 The macular vessel density at the superficial, deep, and choriocapillaris levels 
significantly increased from baseline to 6 months of follow-up after PRP treatment. Foveal avascular zone area also 
improved from baseline to 6 months of follow-up (0.56 ± 0.27 vs 0.46 ± 0.21).32 Additionally, macular thickness also 
increased significantly (p<0.05) after PRP therapy at 6 months of follow-up.33 A decrease in amplitude and increase in 
latency of pattern-reversal visual evoked potentials was observed in patients with PDR post completion of PRP session. 
However, a partial recovery of these parameters were observed after 1.5 months of the therapy.34

However, as with other treatment methods, there are adverse effects and/or risks associated with PRP: laser scars, 
incidence of transient choroidal and exudative retinal detachments, diminished acuity and scotopic vision, reduction in 
visual field, and aggravation in macular oedema. Additionally, loss of colour vision, macular burn, pain during the 
sessions in some cases, rupture of the Bruch membrane might be unavoidable. The possibility of retreatment is present if 
there is incomplete regression. Furthermore, marginal improvement in mean and binocular visual acuity from baseline in 
certain cases, development of VH, ocular inflammation, cataract extraction, neovascular glaucoma, elevation in intrao-
cular pressure were also observed in a few PRP-treated eyes.27,35 The electroretinogram findings over the course of 
multiple PRP sessions demonstrated decreased retinal function after each session that partially recovers by 6 weeks after 
the completion of therapy.36 However, the complications associated with PRP are mostly attributable to inadequate PRP 
and could be minimised by conducting multiple PRP sessions rather than one session. The risk factors are further 
aggravated due to the use of short duration and high-intensity burns.35

Apart from PRP, focal laser is another laser therapy that is being applied on limited area of the posterior pole to minimise 
the macular oedema. It is expected to obstruct the leaking microaneurysms in the retina and stimulation of cytokine 
production. This leads to the restoration of retinal pigment epithelium and fluid reabsorption in the macula.37 Subthreshold 
micropulse laser treatment is also used that leaves the retinal cells intact. In this technique, micropulse mode of different 
wavelengths is available in conventional laser and releases short repetitive impulses allowing cooling of the retinal tissues. 
It reduces the diffusion of heat in the surrounding tissues and increases the production of heat shock proteins and a reduction 
in VEGF level.38,39 It was established in a prospective randomised pilot trial that subthreshold microsecond laser could be 
used as an alternative to PRP in early PDR to avoid complications associated with PRP.40

Surgical Intervention
Surgical intervention is required in advanced stages of PDR. The goal of the intervention (Pars Plana vitrectomy; PPV) is 
to relieve traction (tangential and/or antero-posterior) and clear significant vitreous opacities, thus facilitating early visual 
rehabilitation in patients. The two most common conditions where surgical intervention is mandatory are non-clearing 
VH and TRD involving the macula.41–43 In a randomised trial, 616 eyes with severe VH reducing visual acuity to 5/200 
or less were randomly assigned to either early vitrectomy or deferral of vitrectomy for 1 year. After 2 years of follow-up, 
eyes receiving early vitrectomy showed improved visual acuity in comparison to deferred eyes,44 thereby necessitating 
early intervention for better visual outcomes in these patients. Nevertheless, PPV is associated with certain limitations, 
including recurrent VH, vision loss, and infectious endophthalmitis.43 In a retrospective case study series, 116 eyes of 92 
patients who underwent PPV for PDR were followed up for 24 months in the young (18–44 years) and senior (>45 years) 
patient groups. A TRD secondary to PDR was observed in 62.1% and 12.1% of the eyes in the young and senior patient 
groups, respectively. There were certain postoperative complications detected, viz. VH, retinal detachment, neovascular 
glaucoma (NVG), and cataract.43–46
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Anti-VEGF Therapy
A significant causal relationship has been established between the development and progression of PDR and 
VEGF.13,14,17 Hence, the need to overcome the effect and influence of VEGF in PDR could be handled by anti-VEGF 
agents such as ranibizumab and aflibercept.15,16,18

The multicenter Phase II PRIDE study (ClinicalTrials.gov study identifier: NCT01594281) of 12 months’ duration 
was conducted to evaluate the efficacy and safety of intravitreal ranibizumab (IVR) with or without PRP in comparison 
to PRP alone in the management of PDR. A total of 106 patients with PDR and without DME were randomised to 
receive different therapeutic regimens (IVR 0.5 mg monotherapy to 35 patients, PRP alone to 35 patients, combined 
ranibizumab 0.5 mg and PRP to 36 patients). The primary endpoint of the study was to determine the area of retinal NV, 
while the secondary endpoints were complete regression of leakage and best-corrected visual acuity (BCVA). The results 
obtained favoured IVR monotherapy since it exhibited superior effects in comparison to PRP alone. At 12 months, 
a statistically significant difference of −2.83 mm2 in the mean change in NV between IVR monotherapy and PRP was 
observed, favouring IVR therapy. Around 67% and 28% complete regression of NV were also observed with IVR 
monotherapy in 3 months and 12 months, respectively.47 The combination of PRP and anti-VEGF therapy has also 
demonstrated improvement in BCVA (reduction in units of logMAR of −0.23) and in mean neovascularisation on the 
disc (−28.41) as established from a meta-analysis.48

Protocol T shows a significant improvement in diabetic retinopathy severity score (DRSS) in the aflibercept group 
over a period of 12 months.49,50 It was also reported to have a longer duration of action in comparison to other anti- 
VEGF agents.51

The Pan-American Collaborative Retina Study Group (PACORES), which is a collaborative research consortium, 
studied the clinical outcomes of intravitreal bevacizumab (IVB) for PDR management. Based on the results, the group 
recommended that in patients with prior PRP, IVB can control the retinal NV up to 70%. Additionally, improvement in 
BCVA was also observed. Moreover, it was evident that IVB, if administered prior to PPV, was associated with a 3.5% 
lower risk of developing TRD. However, a dose greater than 2.5 mg of bevacizumab was found to increase the risk of 
TRD progression.52

Advantages of Using Anti-VEGF Therapy in PDR
These agents are advantageous in cases where delivering PRP is difficult, such as VH and dense cataract or when PRP 
cannot prevent PDR progression.45,53 Ranibizumab has demonstrated a potentially protective effect in eyes with DME in 
terms of progression to PDR in the RIDE/RISE trials (NCT00473382, NCT00473330). Similarly, the role of aflibercept 
in PDR has been studied in VIVID/VISTA trials (INCT01331681/NCT01363440).39,40 In the RIDE/RISE Phase III 
clinical trials, which evaluated the efficacy and safety of ranibizumab for DME, monthly IVR delayed progression to 
PDR.54,55 In a post hoc analysis of the RISE and RIDE trials, IVR treatment groups demonstrated clinically significant 
improvement from baseline.54 There are other various pivotal global studies that established the effectiveness of anti- 
VEGF therapy.56–58 Preoperative anti-VEGF injections have also been shown to decrease surgical time required, as well 
as being associated with reduced intraoperative bleeding. An IVB also helps in overcoming the complications of VH by 
minimising the need for PPV and decreasing vitreous clear-up time.59 In a meta-analysis conducted by Gao et al to 
compare anti-VEGF therapy with PRP for PDR, anti-VEGF therapy was associated with superior visual acuity and 
reduced PDR-associated complications, although results showing recurrence of new vessels was lower for PRP mono-
therapy. It was observed from trial data that anti-VEGF therapy is instrumental in ameliorating worsening of PDR and 
preventing regression of retinopathy. Additionally, it has been reported to improve visual acuity even in subjects with 
satisfactory vision and without DME.53,59

It has been evident that high levels of VEGF are the primary cause of retinal/macular ischaemia in PDR and is 
represented as disease severity and progression. Anti-VEGF therapy was observed to be safe in macular ischaemia at 
baseline since it did not cause macular perfusion index aggravation. Vessel density and FAZ area also remained 
statistically unaltered during short term as evaluated using optical coherence tomography angiography (OCTA).60,61 

Certain studies have also established stable or improved macular perfusion post anti-VEGF treatment using fluorescein 
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angiography and OCTA.62,63 Studies have demonstrated no change in macular non-perfusion based on the findings from 
fundus fluorescein angiography and OCTA in patients with PDR after anti-VEGF treatment.61

On comparing the PRP and anti-VEGF therapy, it was seen that patients receiving the anti-VEGF therapy did not 
show a significant change in macular vessel density. However, in patients who received PRP therapy, vessel density 
increased upon treatment which is significantly related to the impairment in visual acuity.64 Currently, a trial is being 
undertaken to evaluate the macular perfusion changes in patients with PDR following anti-VEGF therapy versus PRP 
using OCTA (NCT04674254).65

Limitations of Anti-VEGF Agents in PDR
There are certain limitations associated with the use of anti-VEGF agents. There are local and systemic adverse effects 
associated with the use of anti-VEGF therapy, including TRD, rise in intraocular pressure (IOP), foveal avascular zone 
(FAZ) enlargement, macular hole. Further, anti-VEGF agents have a short-term effect on abnormal vessels and the risk of 
endophthalmitis. They might also cause thromboembolic events and intraocular inflammation.66 There have also been 
studies demonstrating increased fibrosis in patients with PDR receiving IVB before PRP.67 Further, the relatively limited 
half-life poses an escalating treatment burden. The increased treatment burden, along with the increased number of 
hospital visits, gives rise to patient noncompliance. Monotherapy with anti-VEGF is not suggested for advanced PDR 
with macular traction. Such cases would see the use of individualised treatment regimens using selective anti-VEGF in 
combination with PRP or vitrectomy.57 The use of intravitreal anti-VEGF also leads to an infrequent complication termed 
“crunch syndrome”, which is characterised by the sudden loss of vision within 1–6 weeks of anti-VEGF injection due to 
new or progressing TRD, especially bevacizumab.68 Further, anti-VEGF is associated with the problem of microdosing: 
research findings reveal that giving half the dose is suitable to prevent bleeding during PPV. A similar approach was 
envisaged in patients with tractional components not involving the macula, where a reduced dose of anti-VEGF injection 
is administered to patients a few days prior to PRP.53

In a prospective cohort study, patients with PDR and incomplete response to PRP were followed monthly and 
administered IVB to determine regression of new vessels. However, the therapy was not considered successful due to the 
occurrence of certain events (NV in three eyes), traction development in five eyes, dense VH in six eyes.57 In certain rare 
scenarios, protein aggregation has been observed after IVB injection in the American Academy of Ophthalmology 
survey. This might be attributable to the other ingredients present in the injection besides the active ingredients.69

Effect of Anti-VEGF on Tractional Component
Anti-VEGF agents have been noted to play a significant role when the tractional component of PDR is considered. 
A TRD is associated with multiplication of fibrous tissue or neovascular growth arising from retinal vasculature.70 

Excessive tractional component occasionally leads bleeding of intricate new vessels into the vitreous or preretinal space, 
leading to vitreous/subhyaloid haemorrhage and retinal detachment.71 If PRP is performed before the development of 
serious PDR complications, including TRD, the incidence of severe vision loss is reduced by 50%.26,72 Additionally, 
patients with extramacular TRD would require additional PRP to halt the extension of detachment to the macula.26,28 In 
patients affected by PDR with TRD, bevacizumab was injected to prepare prior to surgical intervention. It was noted that 
in the 38 eyes with PDR that received preoperative bevacizumab, two eyes suffered worsening retinal tractional within 
1.5–2 months.73 In a separate series, worsening of tractional component within 3–31 days (13 days mean) of bevacizu-
mab injection suggested a cause–effect relationship. Studies have thus proved that anti-VEGF agents can lead to 
worsening of TRD conditions in affected patients or might cause combined rhegmatogenous and tractional detachment.74

Safety Evaluation Studies
Interim safety outcomes generated from the 2-year follow-up of Protocol S where intravitreal ranibizumab (IVR) was 
compared with PRP in PDR patients, suggested the noninferior characteristics of IVR in terms of mean visual acuity 
from the baseline over 2 years. Additionally, the secondary outcomes showed better outcomes with IVR therapy as an 
alternative to PRP, since 2-year data did not indicate any systemic safety concerns.69,75 In a post hoc analysis of Protocol 
S, NV status through 2 years was measured. The results obtained confirmed that at 2 years, 43% had NV resolution, 5% 
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showed improvement, 23% were stable, and 27% deteriorated since the last visit.76 Moreover, the 5-year results of 
Protocol S also question the long-term benefits derived from anti-VEGF therapy, since dramatic visual field loss was 
significant in a few patients.77 However, there was decreased incidence of vision-impairing DME and PDR-associated 
severe complications.76 As per studies, the effectiveness of 1.25 mg dose of bevacizumab in regressing NV exhibits level 
of evidence IV.53 However, certain research groups did not demonstrate significant changes in the extent of NV at 
different doses of IVB, yet hypothesised that higher doses might yield a longer duration of effect.72,77 Even so, higher 
doses of IVB (2.5 mg) have raised concerns of FAZ, which needs to be studied further.73,78 All anti-VEGF agents have 
established potential outcomes in the regression of NV but are limited by their short duration of action. A level of 
evidence II was established after validating the average rate of retinal NV after 6 weeks and recurrence at 16 weeks post- 
IVR in patients with PDR.46,66 Although IVB do not affect the mid-term electrophysiological retinal function; however, 
patients treated with IVB demonstrated transient alterations of electroretinogram measures. This might be attributable to 
short-term disruption of the retinal equilibrium because of the injection used.79

Pivotal Trials Related to Use of Anti-VEGF Therapy in PDR
Protocol S and the CLARITY study formed the basis for the use of anti-VEGF therapy in PDR; hence, the study results 
along with the follow-up trial results are described in detail.

Protocol S
A randomised clinical trial (Protocol S)76 was conducted wherein ranibizumab was compared with PRP in eyes with PDR 
(ClinicalTrials.gov study identifier: NCT01489189). Of note, 305 patients with PDR were recruited; both eyes of 89 patients 
were included, thus totalling to 394 eyes for a final follow-up of 2 years. The intervention consisted of IVR (0.5 mg) in 191 
eyes followed by PRP if treatment failed, ranibizumab in case of DME development, PRP in 203 eyes, and ranibizumab in 
case of DME development. There was a more significant improvement in visual acuity in the ranibizumab group (+2.8) when 
compared to the PRP group (+0.2),73 although the findings warrant long-term evaluation. However, Protocol S was associated 
with certain limitations. The possibility of ascertainment biases was present since IVR group had more frequent visits in 
comparison to PRP group. Additionally, the interpretation of safety findings was difficult, since a large proportion of patients 
in the PRP group received IVR as well. Though participants who completed the 2-year visit showed slightly better baseline 
visual acuity, no visual acuity differences between treatment groups were apparent. Moreover, participant retention through 2 
years was a challenge and lower than desired. The nature of the treatments precluded masking participants and clinicians.76,80 

In a follow-up trial, patient-centred outcomes with both ranibizumab and PRP were analysed in 216 patients with one eye with 
PDR, out of the previous 305 patients. Conclusions were drawn based on predetermined subscale scores of the National Eye 
Institute Visual Function Questionnaire-25, University of Alabama Low Luminance Questionnaire, Work Productivity and 
Activity Impairment Questionnaire. The ranibizumab group had more beneficial outcomes in some areas in comparison to the 
PRP group in the context of work productivity and driving-related issues.81 Furthermore, it was evident from 2-year follow-up 
results that ranibizumab led to less worsening PDR than PRP, especially in cases where PDR is not in conjunction with centre- 
involved diabetic macular oedema (CI-DME). However, more frequent follow-up visit schedules were inevitable in the case of 
anti-VEGF therapy.82 Additionally, over a period of 2 years, the incremental cost–effectiveness ratio of ranibizumab compared 
with PRP could not be overruled in patients with PDR and vision-impairing DME, in whom it ranged from $55,000 to 
$150,000/quality-adjusted life-year, whereas it was $662,978/quality-adjusted life-year for PRP.83 Similar cost-effective 
results were reciprocated in a 5-year study as well for ranibizumab and PRP therapy.84 It was also discerned from the post 
hoc analysis of NV status through 2 years from IVR that 43% of the total eyes (66 of 154) had complete NV with 5% (7 of 154) 
showing improvement.85 Moreover, IVR caused a decrease in the thickness of the retinal nerve fibre layer in comparison to 
PRP, ascribed to a decrease in oedema by IVR.86 Further, IVR was superior to PRP with respect to change in visual acuity and 
development of CI-DME over a period of 2 years (15 out of 147 eyes, ie, 10% in IVR-treated eyes, and 42 out of 155 eyes, ie, 
27% of PRP eyes, developed vision-threatening CI-DME), especially in patients with enhanced arterial pressure, without prior 
focal/grid laser, with NVD or NVE, and with advanced PDR.87 Again, in a post hoc retrospective analysis of 2-year outcomes 
in Phase 3 of Protocol S, approximately 47 eyes receiving IVR as per the protocol showed at least a 4-step DR severity 
improvement on the DRSS along with improvement in visual acuity.88
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Clarity
A phase 2b, single-blinded trial (CLARITY) was conducted in the UK, wherein 232 adults aged ≥18 years with type 1 
or 2 diabetes were recruited who were either untreated or had PDR even post-laser treatment (ISRCTN registry 
number 32207582). The patients were randomly assigned to repeated intravitreal aflibercept (2 mg/0.05 mL at initial 
dose, 4 weeks and 8 weeks; and post-12 weeks, the patients were reviewed every 8 weeks, the injection was 
administered as and when needed) or PRP (where either single or multisport laser was performed, and post-12 
weeks, the patients were reviewed every 8 weeks and PRP was done as and when required) for a duration of 52 weeks. 
The findings proved that aflibercept was superior with improved visual outcomes and had no additional safety 
concerns in comparison to PRP for PDR.84,89 The CLARITY study was the first randomised clinical trial of 
intravitreal aflibercept for PDR and its use over PRP in PDR management.90,91 In the post hoc analysis of the 
CLARITY study, 120 treatment-naïve patients with PDR were randomly assigned to intravitreal aflibercept (2 mg/ 
0.05 mL at baseline, 4 weeks, 8 weeks, and as needed from 12 weeks onwards) or PRP (conducted in initial 
fractionated sessions and reviewed every 8 weeks followed by PRP again if required). The investigation was under-
taken to establish the outcome of aflibercept and PRP on NV in PDR by examining the topological response. The 
results showed the increased effect of aflibercept over PRP in treating NVE. However, it was observed that NVD was 
rare, although more resistant to available treatment regimens.84,90

Selecting a Patient with PDR for Anti-VEGF Therapy
Anti-VEGFs can be used in the management of PDR in select groups of patients with active PDR in which despite good 
PRP there is persistence of new vessels and when there is difficulty in performing PRP (such as VH and dense 
cataract)53:

1. Preoperatively before a diabetic vitrectomy to reduce the risk of intraoperative bleeding.
2. Anterior segment NV when the view is compromised to perform PRP.
3. DME with PDR.
4. As an adjunct to PRP in the absence of foveal traction.

According to ICO guidelines, in case of stable or treated PDR, follow-up between 6 and 12 months is required.91 Loss to 
follow-up (LTFU) is often evident based on factors such as type of procedure, age, and race. Anti-VEGF therapies generally 
follow intensive treatment plans, when compared with PRP. Hence, compliance with follow-up is crucial in such patients, 
depending on the patient’s general health status, social network, available conveyance to the clinic, along with the patient’s 
intrinsic motivational drive.92 A patient with multiple systemic diseases might not be able to attend all scheduled visits; 
hence, such patients are not ideal candidates for anti-VEGF therapy. Additionally, patients who had a recent stroke or heart 
attack (within 2 months) were also not included in clinical trials using anti-VEGF therapy for DR.92

It was also observed in the 5-year follow-up trial of Protocol S that LTFU was relatively higher in the anti-VEGF 
treatment group.93 In the prospective cohort study conducted by Abdelmotaal et al, causes of LTFU were determined 
post-PRP and intravitreal anti-VEGF therapy. The various reasons causing LTFU, as studied based on the questionnaire, 
were trust and satisfaction concerns with the therapy, loss of corrected visual activity, affordability, age, devoid of social 
support, and frequency of anti-VEGF injections.94 The study by Obeid et al also highlighted a few other causes for 
LTFU, such as type of procedure, race of the patient, distance from the clinic, associated complications as DME, and pain 
level perceived by the patient with the respective therapy.95 Thus, LTFU could be minimised by addressing patient- 
centric problems at the initiation of the concerned therapy.

A Few Clinical Scenarios for PDR Management
Scenario 1: PDR with Single NVE
Janssin et al in their retrospective series found that 40% of the eyes with PDR had a single NVE. It is important to access 
the extent of non-perfusion in these eyes. A wider extent of non-perfusion would warrant closer follow-up. Presence of 
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NVE is an indication of PRP. However, in a select group of patients with no tractional element and those who have 
demonstrated good compliance with regular follow-up, intravitreal anti-VEGFs can be tried. Although, intravitreal anti- 
VEGFs have shown to improve severity of diabetic retinopathy over time, studies based on FFA and OCTA analysis have 
shown no significant change in macular ischaemia on follow-up.61 PRP on the other hand has been noted to have 
significant improvement in vessel density of superficial and deep capillary plexuses for fovea and para foveal retina and 
constriction of FAZ on OCTA.32 PDR with single NVE is presented in Figure 1A.

Scenario 2: PDR with No Traction and Patient with Good Compliance
These patients can be initiated on anti-VEGF treatment and observed for regression of NV. In case of worsening of PDR 
even after four–six injections, PRP can be performed. PDR with no traction is presented in Figure 1B.

Scenario 3: PDR with Traction Not Involving the Fovea
Extramacular/extrafoveal TRDs should be observed closely, as about 15% of them progress to the macula in 1 year, and 
21–24% do so in 2 years. However, very close monitoring is important, as even transient macular detachments may result 
in permanent visual loss, and progression to combined tractional-rhegmatogenous retinal detachment will reduce surgical 
success rates and visual outcomes. In case of a predominantly fibrous proliferation or fibrovascular proliferation, PRP can 
be completed avoiding one DD (disc diameter) area from the TRD. If this condition is associated with DME, initial 
treatment with intravitreal anti-VEGF can be started and PRP added at follow-up visits. PDR with traction is presented in 
Figure 1C.

Scenario 4: PDR with CI-DME
CSME (Clinically significant macular oedema) can be categorised as CI-DME (centre involving-diabetic macular oedema) 
or NCI-DME (non-centre involving-diabetic macular oedema). Traditionally in CSME, the treatment involved completing 
the macular laser and nasal PRP and deferring the temporal retina for PRP as per ETDRS guidelines.96,97 PRP is known to 
increase the macular oedema. This traditional protocol was thus to prevent worsening of any pre-existing macular oedema 
or precipitation of the same. However, currently in cases of PDR with CI-DME, complete PRP with intravitreal anti-VEGF 
can be done. However, one needs to assess the degree of tractional elements before planning intravitreal anti-VEGF. In 

Figure 1 (A) PDR with single NVE, (B) PDR with no traction, (C) PDR with traction, (D) PDR with CI-DME, (E) PDR with non-centre involving DME, (F) Active PDR after 
pan-retinal photocoagulation.
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a patient with good compliance, one can plan intravitreal anti-VEGF with deferred PRP. However, in cases with NCI-DME, 
PRP with focal laser can be considered as the primary course of action. PDR with CI-DME is exhibited in Figure 1D.

Scenario 5: Active PDR After Complete PRP
A stable NV requires active monitoring. If clinical examination reveals active proliferation and generation of newer 
vessels or associated haemorrhages even after comprehensive PRP, additional PRP can be planned to skip areas. In case 
of active neovascularisation after complete PRP, new vessels should be assessed. Mature neovessels in such cases, 
characterised by a wider diameter and less branching, can be observed. In the absence of traction, intravitreal anti-VEGF 
can be considered in patients with good compliance. PDR with non-centre involving DME is exhibited in Figure 1E.

Scenario 6: PDR with NVI
In these situations, immediate aggressive PRP to the extent possible facilitates iris vessel regression. The treating 
ophthalmologist should re-access regression in 2 weeks. In case of poor regression, intravitreal anti-VEGF can be 
tried. The IOP should be lowered by medical management before giving intravitreal injection. In cases where the IOP 
does not reduce, anterior chamber paracentesis can be considered during intravitreal injection. Intracameral anti-VEGF 
injections can also be considered in patients with barriers to PRP or intravitreal anti-VEGF injections and it has been 
considered as more effective for IOP control than the intravitreal route.98

Regular follow-up of patients with diabetic retinopathy is imperative to track the disease activity. Fundus fluorescein 
angiography (FFA) is an established tool used to detect vascular sequlae in diabetic retinopathy including non-perfusion 
areas, neovascularisation, leaking microaneurysms and enlargement of FAZ. However, FFA is a time-consuming and 
invasive technique. Of late, optical coherence tomography angiography (OCTA) has been increasingly used to detect 
progression and need for treatment. Retinal neovascularisation area measured by OCTA has been shown to be predictive 
of progression in PDR and to evaluate response to treatment following PRP.99 Papayannis et al introduced an SS-OCTA 
cortical vitreous segmentation protocol that can be utilised for reproducible detection of neovascularisation and accurate 
detection of regression activity on follow-up.100 Pereira et al conducted a comprehensive analysis of 248 studies of OCT 
and OCTA dine in diabetic retinopathy cases to review recent developments and potential implications of the modalities 
in clinical settings. They noted the accuracy of wide-field OCTA in detecting neovascular complexes and non-perfusion 
areas and the adequacy of currently available wide-field OCTA protocols provided the correct segmentation and scanning 
area is incorporated.101 Active PDR after pan-retinal photocoagulation is exhibited in Figure 1F.

Conclusion
Since the prevalence of diabetes is high, PDR is a cause of concern, leading to sight-threatening conditions or even vision 
loss. The review provides a holistic overview across different aspects of treatment approaches for PDR in India in line 
with the standard guidelines. The review also highlights certain clinical scenarios encountered in a clinical setting 
on day-to-day basis and the necessary steps taken by the ophthalmologists to deal with them. Ophthalmologists need to 
be vigilant and carefully carry out the screening of patients to offer the best management approach for PDR. The current 
gold standard for PDR is PRP therapy, although certain ophthalmologists consider anti-VEGF therapy to be a more 
favourable option and as an alternative or adjunct therapy. The in-depth risk-benefit analysis of anti-VEGF including its 
advantages, limitations, and safety profile has been presented. Anti-VEGF therapy is beneficial in the regression of 
neovascularisation along with demonstrated efficacy with minimal adverse effects. Anti-VEGF therapy is currently being 
used for PDR without tractional component or with traction without fovea followed by supplemental PRP, while it is 
first-line therapy for PDR with CI-DME. Additionally, certain studies conducted for a duration of 5 years justify the 
safety profile of anti-VEGF therapy; yet such studies are scarce and typically have limited inclusion criteria. The review 
also highlights certain clinical scenarios encountered in a clinical setting on day-to-day basis and the necessary steps 
taken by the ophthalmologists to deal with them. Therefore, extensive studies are warranted to position anti-VEGF 
therapy as a safe and effective approach for PDR.
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