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Diabetic retinopathy (DR) is the most common microvascular complication of diabetes mellitus (DM) and the leading cause of
blindness in patients with DM. In the pathogenesis of DR, chronic hyperglycemia leads to biochemical and structural alterations in
retinal blood vessels’ wall, resulting in hyperpermeability and non-perfusion. Since vascular endothelial growth factor (VEGF) has
been found to play a significant role in the pathogenesis of DR, this review sheds light on the effect of intravitreal anti-VEGF agents
on retinal non-perfusion in patients with DR. Based on the existing literature, anti-VEGF agents have been shown to improve DR
severity, although they cannot reverse retinal ischemia. The results of the published studies are controversial and differ based on
the location of retinal non-perfusion, as well as the imaging modality used to assess retinal non-perfusion. In cases of macular non-
perfusion, most of studies showed no change in both fundus fluorescein angiography (FFA) and optical coherence tomography
(OCTA) in patients with DR treated with intravitreal anti-VEGF agents, while few studies reported worsening of non-perfusion with
enlargement of foveal avascular zone (FAZ). Regarding peripheral ischemia, studies using wide-field-FFA demonstrated an
improvement or stability in non-perfusion areas after anti-VEGF treatment. However, the use of wide-field-OCTA revealed no signs
of re-perfusion of retinal vessels post anti-VEGF treatment. Further prospective studies with long follow-up and large sample size
are still needed to draw solid conclusions.
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INTRODUCTION
Diabetes mellitus (DM) is a growing global epidemic and the
leading cause of blindness in adults between the ages of 20 and
64 years; the disease affects more than 400 million people
worldwide and is estimated to reach over 600 million individuals
by 2040 [1, 2]. Diabetic retinopathy (DR) is considered the most
common microvascular complication of DM. Early stages of DR
(non-proliferative DR or NPDR) are characterized by microaneur-
ysms, dot and blot hemorrhages, exudates, and intraretinal
microvascular abnormalities, whereas the later stages (proliferative
DR or PDR) are characterized by retinal neovascularization and its
complications [3, 4]. Diabetic macular edema (DMO) may occur at
any stage of DR, affecting ~20% of patients with type 1 DM and
14–25% of those with type 2 DM during a 10-year follow-up [5, 6].
In the pathogenesis of DR, hyperglycemia promotes biochemical
and consequent structural changes in the retinal blood vessel wall,
leading to retinal vascular hyperpermeability [2, 7, 8], while non-
perfusion can also occur [8]. The latter event triggers a cascade of
molecular processes, with vascular endothelial growth factor
(VEGF) upregulation being the most prominent; [2] increased
VEGF levels, in addition to vascular hyperpermeability, angiogen-
esis, and inflammatory response, may promote leukocytes’
recruitment within the retina, worsening retinal vessel closure
and capillary drop-out [9].

Retinal ischemia ensues when the retinal circulation is
insufficient to meet the metabolic demands of the retina and
may be caused by general circulatory failure or, more commonly,
by local circulatory failure [10]. It can be classified as macular,
defined as an enlargement of the foveal avascular zone (FAZ), or
peripheral, involving capillary non-perfusion in the retinal
periphery [11]. In fact, the cause of the different regional
distribution of ischemia remains elusive, while it is also unknown
why ischemia occurs in some patients but not others and how it
may affect visual function [11].
Vascular endothelial growth factor is required for the natural

maintenance of the vasculature. However, since there is an
association between VEGF upregulation and ischemia, it could be
hypothesized that anti-VEGF treatment might improve retinal
ischemia. Previous studies have shown that anti-VEGF agents offer
improvement of DR severity, as shown on color fundus photo-
graphs [12–14], while reports on retinal re-perfusion after anti-
VEGF treatment in DR patients are still controversial [15, 16]. On
the other hand, animal studies have shown possible harmful
cellular effects following VEGF inhibition [17, 18], raising concern
regarding potential risks of anti-VEGF treatment in patients with
retinal ischemia [19]. The purpose of this review is to scrutinize the
current literature about the effect of anti-VEGF treatment on
retinal non-perfusion in patients with DR.
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PATHOPHYSIOLOGY OF DIABETIC RETINOPATHY
The pathophysiology of DR is not entirely clear, and several
pathways are implicated, as it is shown in Fig. 1. Chronic
hyperglycemia triggers the aberrant regulation of five main
interconnected metabolic pathways, including the polyol and
hexosamine pathway, advanced glycation end (AGE) product
formation and accumulation, protein kinase C (PKC) activation,
and the renin-angiotensin-aldosterone system [7, 20]. These
biochemical changes induce retinal blood vessel structural
alterations in patients with DM. Specifically, excess glucose is
metabolized via the polyol pathway mediated through aldose
reductase, producing sorbitol, which is cell-impermeable and
accumulates inside retinal cells, enhancing tissue damage due to
osmotic stress [7, 8, 20]. Moreover, the increase in glycolytic flux
due to chronic hyperglycemia may exert endothelial cell damage
and pericyte loss through the activation of multiple isoforms of
PKC, leading to blood-retinal-barrier (BRB) disruption, hyperper-
meability, and DMO [20–23]. Additionally, the thickening of
capillaries’ basement membrane due to glycosylation leads to
vessel occlusion and ischemia, which in turn causes upregulation
of VEGF [20, 24]. The role of VEGF in promoting angiogenesis,
breakdown of the BRB, and vascular hyperpermeability has been
well-described in the development and progression of both PDR
and DMO [20]; therefore, the VEGF pathway is the most attractive
therapeutic target for the treatment of DMO and PDR available so
far [25–27].
Additionally, hyperglycemia induces a local, chronic, low-grade

inflammation with consequent release of cytokines, such as tumor
necrosis factor-alpha (TNF-a), interleukin-6 (IL-6), IL-8, intercellular
adhesion molecule (ICAM)−1, monocyte chemotactic protein
(MCP)−1, and VEGF [8, 28–30]. Finally, other biochemical path-
ways and molecules have been also associated with DR
pathophysiology, such as angiopoietin-2 (Ang-2), tyrosine-
protein kinase receptor complex, and the kallikrein-kinin system
[31–33]. Of note, both pathways have attracted increased interest
as potential treatment targets for DR and DMO. Specifically, the

Ang-tyrosine kinase with immunoglobulin-like domains (Tie)
signaling pathway has been implicated in vascular homeostasis,
controlling vessel permeability, inflammation, and the angiogenic
response [31, 32]. The activation of Tie2 signaling with angio-
poietin 1 (Ang-1) promotes vascular stability and inhibits vascular
permeability, enhancing pericyte recruitment [31, 32]. Moreover,
Ang-2 competitively binds to Tie2, inhibiting Ang-1 signaling and
leading to vascular destabilization and disruption of the blood-
retinal-barrier [31, 32]. In addition, recent evidence suggests that
kinins play a primary role in the development of DR, enhancing
vascular permeability, leukocytes infiltration, and other inflamma-
tory mechanisms [33].
Recent evidence has supported that DR is not only a

microvascular disease, but also a neurodegenerative disorder,
since both structural and functional neuronal changes occur
simultaneously or even before vascular alterations. Of note,
functional abnormalities in contrast sensitivity, multifocal electro-
retinography, and microperimetry have been reported before DR
changes on fundoscopy [8, 34]. In vitro studies have shown that
high glucose exposure is associated with increased mitochondrial
fragmentation, mitochondrial dysfunction, and retinal neurons
apoptosis, contributing to glucotoxicity and neurovascular degen-
eration [20, 34, 35]. Recent studies have used the term
“neurovascular unit”, which includes microvascular and neural
elements, namely retinal ganglion cells, bipolar cells, horizontal
cells, astrocytes, Müller cells, microglia, pericytes, and endothelial
microvascular cells, suggesting that glial, neural, and microvas-
cular dysfunction are interdependent and essential for the
development of DR [34, 36].

Imaging of non-perfusion areas in patients with diabetes
mellitus
Retinal imaging is important in the diagnosis, management, and
follow-up of DR, as well as in its classification as NPDR or PDR [37].
Fundus fluorescein angiography (FFA) is the gold standard
imaging technique to evaluate hypofluorescent non-perfusion

Fig. 1 Pathophysiology of diabetic retinopathy and diabetic macular oedema development. Chronic hyperglycemia triggers a cascade of
biochemical and structural changes in retinal vessels, leading to diabetic retinopathy, diabetic macular oedema and neurodegeneration.
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areas in patients with DM, as well as to depict an enlargement of
the foveal avascular zone (FAZ) area as a marker of macular
ischemia. FFA can also detect increased vascular permeability and
neovascularization as areas of hyperfluorescent leakage of the
dye. Traditional FFA normally covers only a 20–50° field of the
fundus [38]. Advances in retinal imaging with the introduction of
wide field (WF-FFA) and ultra-wide-field fluorescein angiography
(UW-FFA) allow the visualization of the entire posterior segment,
extending beyond the equator, which could not be previously
captured. Specifically, UW-FFA can visualize up to 200° of the
retina in a single image, offering the possibility to evaluate
peripheral retinal perfusion and vascular pathology in DR (Fig. 2)
[39–41].
On the other hand, optical coherence tomography angiography

(OCTA) is a recent non-invasive imaging modality that allow a
detailed examination of each retinal layer and the retinal
microvasculature. OCTA provides a quantitative assessment of
non-perfusion areas, as well as FAZ measurement without
obscuration by any dye leakage. The vessel density (VD) in the
foveal and parafoveal areas can be also assessed [37, 39, 42–45].
Studies have shown that the microvascular changes of DR, such as
microaneurysms, neovascularization, and capillary non-perfusion
can be well depicted with OCTA [42, 46]. Specifically, in patients
with DM, a decrease in VD along with an increase in FAZ area can
be found in both the superficial (SCP) and the deep capillary
plexus (DCP) [38, 42, 46]. Τhe need to visualize the peripheral
retina has led to the development of ultra-wide OCTA (UW-OCTA)
[44], which gives more detailed images of the fundus, up to 100o

(Fig. 2). UW-OCTA is also able to detect pathologies, such as
peripheral non-perfusion areas or NVEs, which cannot be captured
by traditional FFA or OCTA [44, 45].

METHODS
A comprehensive systematic literature review in the PubMed
engine search was performed, using the algorithm [(diabetic OR
diabetes OR “diabetic retinopathy”) AND (ischemia OR ischemic
OR perfusion OR foveal avascular zone) AND (ranibizumab OR
aflibercept OR bevacizumab OR anti-VEGF)] for articles in the
English language published up to 1 September 2020. All abstracts
derived using this algorithm were reviewed, while the references’
lists of the selected papers were examined to find additional
articles. Reviews or meta-analyses, as well as pre-clinical studies
were excluded, while eligible articles included case reports, case
series, and clinical studies.

In total, 287 abstracts were identified and 52 were found
relevant to our study. Out of 52 full-text articles, 2 were not written
in English (one was in German and one was in Japanese), 3 articles
were reviews, and 10 did not report parameters of ischemia.
Therefore, 37 eligible articles were finally included in the review.

RESULTS
Retinal non-perfusion in diabetic retinopathy
As mentioned above, in the pathophysiology of DR, biochemical
and structural changes on retinal blood vessels lead to capillary
dropout and consequent areas of retinal non-perfusion, which in
turn may result in the development of neovascularization
[10, 11, 20]. Of note, the location of retinal capillary non-
perfusion on FFA has been related to the presence of retinal
neovascularization in eyes with PDR with eyes presenting
neovascularization on the disc having the largest area of retinal
non-perfusion, while the threshold of non-perfusion required for
conversion from NPDR to PDR remains unclear [46]. It has been
shown that increased hyperpermeability, endothelial cell prolif-
eration, and cell migration in PDR are largely mediated by VEGF
[47], while VEGF injection has been also reported to be sufficient
to cause capillary occlusion with ischemia, thereby creating non-
perfusion areas [48]. Since VEGF has been considered the main
molecule in the pathogenesis of retinal non-perfusion in patients
with DM, it is hypothesized that intravitreal anti-VEGF treatment
may improve retinal ischemia [12–16].

Effect of anti-VEGF treatment on retinal non-perfusion in
patients with DR
Table 1 summarizes the characteristics and findings of the existing
literature, included in the review, which examined the effect of
anti-VEGF treatment on retinal non-perfusion in patients with DR.

Evolution of visual acuity after anti-VEGF treatment in patients with
DR or DMO. Based on the results of the included studies, anti-
VEGF agents led to a statistically significant improvement
[16, 49–63] or stabilization [15, 64–70] in visual acuity in all the
studies, except for one case report, in which a decrease in visual
acuity from 20/80 to 20/200 was noticed after one 1.25mg
bevacizumab injection in one eye with NPDR and diffuse DMO [71].
However, not all studies reported results for visual acuity [72–83].

Evolution of DR severity after anti-VEGF treatment. Anti-VEGF
treatment offers improvement in DR severity, as confirmed on

Fig. 2 Patient with proliferative diabetic retinopathy. Wide-field fundus fluorescein angiography (left) and wide-field optical coherence
tomography angiography (right), showing non-perfusion areas (white triangles) and neovascularization (white arrows).
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fundus photography [12–14]. Recent studies, using UW-FFA, have
shown similar results. Specifically, Bonnin et al. examined 18 eyes
with NPDR (15 eyes) or PDR (3 eyes) and co-existent DMO treated
with 3 monthly ranibizumab or aflibercept injections and found at
least one-level DRSS score improvement in 61% of eyes at the
3-month follow-up [16]. Accordingly, Wykoff et al., in a prospective
randomized study with a follow-up of 12 months, including 40
eyes with PDR treated with 2 mg aflibercept either monthly or
quarterly, showed a 2-step DRSS score improvement in both
groups (monthly and quarterly) [15].
Furthermore, the pivotal phase III clinical trials RISE and RIDE

included patients with DMO, who received monthly intravitreal
injections of 0.3 mg ranibizumab, 0.5 mg ranibizumab or sham for
24 months, while during months 24–36 patients in the sham
group were allowed to crossover to active treatment with 0.5 mg
ranibizumab [84, 85]. A post hoc analysis of the RISE and RIDE trials
evaluated the DR outcomes through month 36 by baseline DR
severity, showing that 35.7–8.5% of ranibizumab-injected eyes
presented an improvement in their retinopathy compared to
4–7% in the sham group. Interestingly, ranibizumab treatment
resulted in DR improvements in all three baseline DR severity
subsets examined, with the greatest benefits in DR improvement
occurring in patients with baseline moderately severe to severe
NPDR (DR levels 47/53) [86]. In addition, in patients with baseline
severe NPDR, ranibizumab reduced the probability of patients
experiencing a new proliferative event at month 36 by three
times compared with sham treatment (12.4% and 11.9% vs. 35.2%
for ranibizumab 0.3 mg, ranibizumab 0.5 mg, and sham, respec-
tively) [86].

Evolution of macular non-perfusion in patients with DR after anti-
VEGF treatment. Regarding the effect of anti-VEGF injections on
macular ischemia in patients with DR, the existing literature
reports conflicting data. Some studies have shown no change in
macular ischemia on FFA after anti-VEGF treatment in patients
with DMO and DR [49, 50] or with DMO alone [51, 52, 66, 73, 80]
independent of the anti-VEGF molecule used, namely ranibizu-
mab, aflibercept, or bevacizumab. Interestingly, a retrospective
post hoc analysis of the prospective RISE/RIDE studies, including
666 DMO patients treated with intravitreal ranibizumab or sham,
showed that the percentage of patients who exhibited increase in
posterior retinal non-perfusion from baseline to month 24
increased over time in all groups, but at a significantly faster rate
in the sham group at every time point between months 3 and 24
(9.6% in the 0.5 mg ranibizumab group and 18.5% in the sham
group, p < 0.001), suggesting that monthly anti-VEGF injections
might slow the progression of macular ischemia in DMO patients
[73]. Moreover, initiation of ranibizumab in the sham group at
month 24 was followed by reduction in the percentage of patients
exhibiting an increase in posterior retinal non-perfusion from
baseline at months 30 and 36 [73]. Nevertheless, there are also
studies, reporting a worsening of macular non-perfusion after anti-
VEGF treatment in patients with DMO and DR [59, 65, 72] or PDR
without DMO [64] with an enlargement of the FAZ area seen
on FFA.
Other studies have used OCTA, which is more reliable for

assessing macular ischemia, providing quantification of the FAZ
area and VD. Specifically, anti-VEGF agents were shown to provide
no significant change in the FAZ area or the VD in both SCP and
DCP, as depicted in OCTA, in patients with DMO alone
[66, 70, 75, 79] or in those with DMO and DR [58, 67–69, 76–78].
It should be noted, however, that most of the above-mentioned
studies had a short-term follow-up, ranging from 1–6 months
post-treatment. Almost similar results were found in a post hoc
analysis of the RESTORE study with a long-term 3-year follow-up,
which demonstrated no significant increase in the FAZ area on
OCTA after repeated ranibizumab injections over 36 months, while
patients with moderate-to-severe capillary loss did not change

significantly over the study period [75]. On the other hand, some
authors have found significant enlargement of the FAZ area and a
decrease in VD after an anti-VEGF treatment course, raising
concerns regarding the risk of worsening of macular perfusion in
DR eyes [15, 61, 62, 80]. Only one retrospective study with 50 DMO
eyes mentioned a significant decrease in the FAZ area and an
increase in VD after three injections of 0.5 mg intravitreal
ranibizumab [56].

Evolution of peripheral non-perfusion in patients with DR after anti-
VEGF treatment. Regarding peripheral ischemia, to date, studies
have presented conflicting results, which are mainly based on the
imaging modality used for the assessment of ischemia. In studies
using UW-FFA, some authors reported no significant change in
peripheral non-perfusion in patients with DR after anti-VEGF
treatment and a follow-up ranging from 3 to 12 months
[16, 57, 60]. It is worth noting that a prospective UW-FFA study,
comparing patients with PDR treated with intravitreal 2.0 mg
aflibercept either monthly or quarterly, showed stability in the
amount of non-perfusion in patients receiving monthly aflibercept
and not in those with lower dosage; therefore, the authors
suggested that the dose regimen of an anti-VEGF agent may affect
the perfusion status [15]. Other studies demonstrated positive
results in terms of peripheral ischemia in patients with DR,
reporting a significant decrease in the mean ischemic index on
UW-FFA or improvement in retinal perfusion [49, 54, 58, 81].
Interestingly, Levin et al. found re-perfusion of previously non-
perfused peripheral areas on UW-FFA in 75% of eyes with DMO
and PDR treated with at least one intravitreal injection at a
5-month follow-up [74].
It should be mentioned, however, that WF-OCTA seems to be

more precise and reliable in assessing non-perfusion in patients
with DR. Couturier et al. [57] used both swept-source WF-OCTA
(SS-WF-OCTA) and UW-FFA to prospectively study retinal capillary
perfusion changes in patients with DR after treatment with
3 monthly injections of anti-VEGF agents. The authors found that
none of the cases bearing non-perfusion areas at baseline
experienced re-perfusion in the arterioles, venules, or capillaries
on UW-FFA in the 3 months post-treatment, despite significant
improvement in DRSS based on color fundus photography. The
absence of re-perfusion of retinal capillaries became evident on
OCTA, while additional non-perfusion areas were detected only on
SS-WF-OCTA at both the baseline and the post-treatment
assessment [57]. The latter study firmly concluded that anti-
VEGF did not have a rescuing role in retinal non-perfusion [57].

Challenges in the interpretation of the results-limitations
Elevated VEGF levels may cause further DR progression by
maintaining a pathologic loop between ischemia and further
vascular occlusion [20]. In detail, retinal ischemia leads to
increased intraocular VEGF levels, which in turn worsens and
causes leukocyte adhesion and capillary clogging, thereby
amplifying retinal ischemia in a vicious cycle [20]. Anti-VEGF
treatment may interrupt this VEGF-induced feedback loop,
slowing or halting disease progression [16].
As mentioned above, based on the existing literature, anti-VEGF

treatment leads to improvement in the DR severity over
time [12–16, 57], although retinal ischemia does not seem to
improve over time [15, 16, 57]. The majority of studies showed no
change in macular non-perfusion in patients with DR in response
to anti-VEGF agents, while some authors found worsening of
macular ischemia with enlargement of the FAZ area after anti-
VEGF treatment. On the other hand, there is controversy in the
existing literature regarding peripheral ischemia in DR patients
after treatment, mainly dependent on the imaging modality used.
In some studies, UW-FFA revealed no progression of retinal non-
perfusion or improvement of retinal perfusion in the periphery
[15, 16, 54]. However, more recent reports based on SS-WF-OCTA
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showed no re-perfusion in patients with DR undergoing
intravitreal anti-VEGF injections [57].
Potential mechanisms explaining re-perfusion may entail

restoration of the normal retinal architecture, remodeling of
pericytes, and normalization of the basement membranes,
allowing for the retinal microvasculature to regrow; [54] VEGF
suppression may also reduce leukostasis and might allow the re-
opening of the small vessels [9]. The difference in the
pathophysiology between macular and peripheral ischemia may
explain the opposite findings in the macula and the retinal
periphery after anti-VEGF treatment. Macular ischemia could be
attributed mainly to pericyte loss, hyperpermeability, and VEGF
increase (according to a vasogenic theory), while peripheral
ischemia is mainly caused by thickening of the basement
membrane of the vessels’ walls, although the exact mechanism
has not been clarified so far [87].
In eyes that do not re-perfuse, it can be hypothesized that the

ischemic areas are either irreversibly infarcted or may require a
higher or more frequent dose of VEGF inhibitors [15, 74]. Non-
selective VEGF blockade may downregulate the normal functions
of VEGF, disturbing the normal retinal and choriocapillaris
circulation and resulting in further endothelial dysfunction
[4, 18, 20, 88]. In addition, anti-VEGF may cause regression of NV
and vasoconstriction, a decreased retinal blood flow, and a
reduced capillary density due to inhibition of nitric oxide induced
by VEGF; this effect is usually transient and regresses over time
[51]. Additionally, DR has a complex pathophysiology, implicating
different pathways besides the VEGF pathway, including those of
inflammation, Ang-2 upregulation and glucotoxicity, which may
also play a role in capillary bed closure, explaining why sustained
anti-VEGF treatment can slow but not completely prevent or
reverse retinal non-perfusion [73].
A challenge in the interpretation of the results in this review

pertains to the fact that different methods have been used to
measure the areas of non-perfusion in both the macula and
periphery, and quantification of ischemic areas has been often
performed manually. Since new technologies, such as wide-field
imaging and OCTA, are still under development, several limita-
tions may influence the correct interpretation of their results.
OCTA seems to be superior to FFA in detecting capillary non-
perfusion, however due to motion perception limits of OCTA
devices, WF-FFA and UW-FFA remain the gold standard in the
detection and quantification of retinal non-perfusion areas, while
digitally reconstructed OCTA vessels’ images critically evaluated
both in research and clinical settings. Specifically, the diagnosis of
ischemic areas is based only on indirect, and sometimes subjective
signs on FFA, such as the loss of perfused retinal arteriolar and
venular branches, a pruned appearance of the adjacent vessels, or
the darkening of choroidal fluorescence [57]. Due to these
limitations, the described changes in non-perfusion areas on FFA
could be potentially attributed to the change in the choroidal
background after anti-VEGF treatment, which may appear brighter
when the leakage from the overlying retinal vessels decreases.
OCTA is not affected by choroidal fluorescence or dye leakage and
depicts more precisely the areas of capillary non-perfusion [57].
Nevertheless, it should be taken into account that OCTA only
detects vessels with flow above a certain velocity threshold, and it
can be assumed that OCTA could miss portions of vessels with low
blood flow [57].
The presence of intraretinal fluid may also alter the anatomy of

the FAZ in eyes with DMO, and FAZ measurement might be
inaccurate in such patients, due to capillaries displacement and
masking effects. With the resolution of edema after treatment, the
correct segmentation of the macular vascular networks is restored,
especially in the deep vascular plexus. Therefore, the degree of
vessel re-opening after anti-VEGF treatment is difficult to prove,
and, so far, remains speculative [79].

It is also worthy to note that the majority of studies included in
this review were retrospective, with relatively small sample sizes
and limited follow-up, ranging from 1 to 6 months.

CONCLUSIONS
In conclusion, anti-VEGF agents improve DR severity over time.
Several studies have been performed to evaluate the effect of
intravitreal anti-VEGF injections on retinal non-perfusion in
patients with DR. Although new technologies, such as UW-FFA
and OCTA, allow for more accurate visualization and quantification
of ischemic areas, the results of published studies about the effect
of anti-VEGF treatment on retinal ischemia remain controversial.
The majority of studies, using either FFA or OCTA, showed no
significant change in macular ischemia in patients with DR treated
with anti-VEGF agents, while few studies reported a worsening of
macular non-perfusion with enlargement of the FAZ area as
assessed by FFA and OCTA. Regarding peripheral ischemia, the
conclusions are ambiguous and dependent on the imaging
modality used. In cases of UW-FFA, most studies have reported
that peripheral ischemia either remains stable or may improve
over time, while studies using WF-OCTA have noticed no change
in peripheral non-perfusion and no signs of re-perfusion after anti-
VEGF treatment, suggesting that anti-VEGF agents do not have a
protective role in retinal ischemia. As the studies available thus far
are limited by their retrospective design, a small sample size, and a
relatively short follow-up, the impact of prolonged anti-VEGF
treatment in retinal non-perfusion needs elucidation, based on the
assumption that multiple pathways are implicated in the
pathophysiology of DR and may play a role in retinal non-
perfusion. Further prospective studies with long-term follow-ups
and larger cohorts are needed to draw more solid conclusions.
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