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Abstract

Background: Capillary non-perfusion is an important characteristic for diabetic retinopathy (DR) indicating microvas-
cular damage and ischemia. Data on the description and treatment outcomes of DR with large area of non-perfusion
are lacking to date. We aim to describe the characteristics and treatment outcomes in a series of patients with DR who
presented extensively large area of capillary non-perfusion (LACNP).

Methods: Fundus fluorescein angiograms from medical charts in patients diagnosed with DR between Jan 2017 and
Dec 2019 were retrospectively reviewed. Clinical data in eyes with LACNP including imaging and laboratory findings
at the first presentation were analyzed. The LACNP was defined as over 70% area of capillary non-perfusion through-
out the whole image retina. The mean follow-up duration was 12.4 + 16.7 months. Follow-up data including exten-

sive pan-retinal photocoagulation and surgical intervention and treatment outcomes were evaluated.

Results: A total of 43 eyes in 24 patients with LACNP were included, accounting for 3.3% of DR populations in the
same period. The overall percentage of non-perfusion area was 79.1 & 8.1%. All patients received proper control of
diabetes and hypertension, and extensive pan-retinal laser photocoagulation. During the follow-up periods, 20 eyes
(46.5%) developed severe neovascular complications, of which 15 eyes (34.9%) underwent vitrectomy and/or anti-
glaucoma surgeries. Conservative therapies including glycemic control and supplemental laser photocoagulation
were conducted in 23 eyes (53.5%) without neovascular complications. In the final follow-up, best corrected visual
acuity improved or maintained stable in 19 eyes (44.2%) while deteriorated in 24 eyes (55.8%).

Conclusions: The presence of LACNP is the hallmark of advanced DR and often indicates a poor visual outcome,
although aggressive treatments may slow DR progression and maintain central vision for some time.
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Background

Diabetic retinopathy (DR) is a common microvascu-
lar complication of diabetes and the leading cause of
blindness in working-age population worldwide [1]. The
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microvascular damage mediated by high levels of blood
glucose induces microvascular block and capillary non-
perfusion (CNP) in the retina, as well as exudation and
hemorrhage spots, called non-proliferative diabetic
retinopathy (NPDR). The ischemia triggers the release
of vascular endothelial growth factor (VEGF) and other
proangiogenic factors, leading to neovascularization,
which is the hallmark of proliferative diabetic retinopathy
(PDR) [2-4].
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The area of CNP is an important characteristic for
DR that serves as a potential predictive biomarker for
NPDR severity as well as PDR activity [5, 6]. Visualiza-
tion of retinal capillaries and quantification of area of
CNP are available using fundus fluorescein angiography
(FFA). The ischemic index, defined as the percentage
area of ischemic retina calculated based on total vis-
ible retina [7], was reported to be around 25-50% (8,
9]. However, we noted in clinical work that a subgroup
of DR patients suffers from an large area of capillary
non-perfusion (LACNP) where retinal microperfusion
can hardly be seen throughout the whole visible retina
except for the macular region. Some eyes even further
develop macular non-perfusion, which is impressing
and thought-provoking. To our knowledge, little has
been reported about the characteristics, treatment and
prognosis in this subgroup. In this study, we aimed to
explore these by retrospectively reviewing patients with
DR and LACNP in our eye center.

Materials and methods

Subjects

This retrospective interventional case series was con-
ducted at the Joint Shantou International Eye Center
of Shantou University and The Chinese University of
Hong Kong, Guangdong, China. The study adhered to
the guidelines of the Declaration of Helsinki, approved
by the Ethic Committee of Joint Shantou International
Eye Center of Shantou University and The Chinese Uni-
versity of Hong Kong, and was registered on the Chi-
nese Clinical Trial Registry (ChiCTR 2000033098).
Informed consent was exempt as it was a retrospective
study. Consecutive patients from Jan 2017 to Dec 2019
who met the following criteria were included:

1) diagnosed with DR according to the guidelines of
diabetic retinopathy by the American Academy of Oph-
thalmology [10]; 2) FFA exam showed a large area of
CNP in the whole retina except the macular region. The
large area of CNP is defined as over 70% of the area of
capillary non-perfusion throughout the whole visible
retina, with or without macular non-perfusion. 3) had
not preiously received any anti-DR treatment, includ-
ing laser photocoagulation, anti-VEGF injections, vit-
rectomy, and others.

Exclusion criteria included:

1) had a history of congenital retinal vasculopathy;
2) combined with other vision-threatening or retinal
vascular disorders, such as glaucoma, retinitis pigmen-
tosa; retinal vein occlusion, retinal artery occlusion,
etc. 3) Fluorescein angiograms showed poor qual-
ity due to severe media opacity, hemorrhage or severe
proliferation.
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Data acquisition

A retrospective review of fundus fluorescein angiograms
in patients diagnosed with DR between Jan 2017 and
Dec 2019 was performed. Eyes showing LACNP at their
first presentation were selected. Clinical data at baseline,
treatment and follow-ups were reviewed. Ocular exami-
nation included best corrected visual acuity, intraocu-
lar pressure, wide-field scanning laser ophthalmoscope
(SLO), optical coherence tomography (OCT), and fun-
dus fluorescein angiography (FFA). Medical records were
reviewed for age, gender, diabetes including the course,
levels of fasting blood glucose and Hemoglobin A 1c
(HbAlc), systemic hypertension, complete blood count,
blood biochemistry, and renal function tests. Neovascu-
lar complications at the time of fluorescein angiogram
and at follow-up periods, including retinal neovasculari-
zation, neovascular glaucoma, vitreous hemorrhage, and
tractional retinal detachment, were analyzed.

Quantification for nonperfusion area based on FFA
imaging

FFA Images were digitally archived and reviewed from
the medical records in JSIEC. Images were obtained with
a scanning laser ophthalmoscope after standard intrave-
nous infusion of 5 mL of 10% sodium fluorescein. Each
single image enables 55° field of the retina. Mid-periph-
eral and peripheral imaging was done with appropri-
ate eye movement. Photoshop CC 2015 (San Jose, CA,
USA) was used to synthetize the series of images with
the same overlapped scene to enable a large wide viewing
angle of around 130° of the posterior pole. Image rotation
and adjustment of brightness/contrast and were allowed
when doing the splicing.

The area of CNP was assessed by two independent
reviewers. Briefly, the area of CNP was encircled using
the area measurement function of Photoshop and divided
by the total visible area. The reviewers were allowed to
enhance the images by using the smoothing function and
optimize function; by adjusting contrast, brightness, and
gamma. Vascular leakage was not considered as CNP.
Any inconsistence in the judgment of CNP between the
two reviewers was further determined by a supervisor.
In addition, angiographic macular ischemia, defined as a
destroyed foveal avascular zone and a 30 percent increase
in the foveal avascular area, was also evaluated.

Laser photocoagulation

All the eyes with LACNP received extensive pan-retinal
laser photocoagulation [Supra Scan; Quantel Medical.]
with hope to induce regression of new vessels and pre-
vent neovascular complications. Laser photocoagulation
was performed using single spot pattern laser (532 nm
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wave length, 100-400pm spot size, 120-320mW power,
and 200ms duration). The distribution of photocoagula-
tion started from the boundaries between the ischemic
and non-ischemic regions at the posterior pole and
extended to the very peripheral retina, as close as pos-
sible to the ora serrata. Small light spots (100~200pum
diameter) were applied in the posterior hole of retina
whereas big spots (200~ 400pm diameter) were used in
the peripheral region. The individual burns were applied
throughout the non-perfusion area, separated by approx-
imately half of burn diameter. The photocoagulation was
divided into several sessions to reduce the risk of adverse
effects such as exudative retinal detachment, angle clo-
sure, and macular edema. Macular grid laser treatment
(single spot pattern 532nm wave length, 100um spot size,
100mW power, and 100ms duration) was performed in
eyes with persistent macular edema.

Surgical intervention and assessment of prognosis
Surgical procedures were performed in eyes developing
neovascular complications during the follow-up periods.
Intravitreal injection of anti-VEGF agents was performed
in eyes with clinically significant macular edema, neovas-
cular glaucoma, or as the pretreatment before PPV sur-
gery for complicated PDR. For eyes with severe vitreous
hemorrhage or tractional retinal detachment, standard
23-gauge PPV with (#=10) or without (n=1) phaco-
emulsification was performed based on the presence or
absence of cataract. For eyes with refractory neovascu-
lar glaucoma, glaucoma valve implantation was applied
(n=4).

The visual outcomes were evaluated. Worsening of
DR include a deterioration of BCVA with one or more
in the following during the follow-up periods: exten-
sion of LACNP to the macular region, tractional retinal
detachment, new onset of vitreous hemorrhage, neovas-
cular glaucoma, and macular atrophy. An improved or
maintained BCVA with no such findings was considered
as stabilization of DR and LACNP. BCVA changes from
baseline are defined as improved with an increase of 1 or
more ETDRS line, or worsened if there was a decrease of
1 line or more. Otherwise, it was considered stable.

Statistical analysis

The area of CNP was measured manually using the
GraphPad Prism 6 software (GraphPad Software, San
Diego, CA). Statistical analysis on levels of blood glucose,
blood pressure, HbAlc, creatinine, urea nitrogen and
other laboratory findings was performed using SPSS 18.0
software (SPSS Inc, Chicago, USA). Quantitative data
were present as mean =+ standard deviation. BCVA was
converted to logMAR before statistical analysis.
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Results

A total of 43 eyes in 24 patients (14 female and 10 male,
56.0 £ 9.0 years old) with LACNP were reviewed, which
accounted for 3.3% of all the angiograms from our DR
database during the same period. The baseline data in this
analysis are shown in Table 1. Of note, 19 patients had
both eyes presenting with LACNP. Unilateral LACNP
was observed in 5 patients due to imaging unavailable
with severe vitreous hemorrhage (n=4) or absence of
LACNP in the contralateral eye (n=1). The duration of
presenting symptoms of diabetes was 7.3 years on average
in all patients with the mean levels of fasting blood glu-
cose 13.6 mmol/L and HbAlc 8.1%. In addition, nine of
the patients (37.5%) had a history of hypertension. Their
controlled blood pressure was 153.8/91.3 mmHg on aver-
age before FFA examination. In addition, impaired renal
function, presenting with elevation of creatinine and urea
nitrogen, was found in 75.0% of the patients.

All patients underwent FFA exam after proper control
of diabetes and hypertension. The overall percentage of
CNP area in all included eyes was 79.1 + 8.1%. Repre-
sentative FFA images on LACNP were shown in Figs. 1
and 2. In addition, retinal neovascularization was found
in all subjects, which located either on or within one disc
diameter of the optic disc (34.9%), elsewhere (44.2%), or
both (20.9%), indicating the presence of proliferative DR.
In addition, angiographic macular ischemia was identi-
fied in 58.1% of the eyes.

Fundus photography was performed in all subjects
through which retinal hemorrhage and exudation were
seen in 15 eyes (34.9%) and 14 eyes (32.6%), respectively.

Table 1 Patient demographics at the time of fluorescence
fundus angiography

Characteristics Number or levels (range)®

Gender

Male 10

Female 14
Average age (years) 56.0 9.0 35~71)
Course of DM? (years) 73+£56(1~25)

1538+ 11.9/913 £ 64,n=9
136 £4.7 (6.6~21.7)
8.1+ 1.7(55~127)

Hypertension (mmHg)

Fasting blood glucose (mmol/L)
HbA1C® (%)

Renal function

1223 +£57.1 (52~280)
9.9 +36(53~20.2)
1250£11.0(107~147)
425496 (29.2~77.5)

Creatinine (umol/L)

Urea nitrogen (mmol/L)
Hemoglobin (g/L)
Albumin (g/L)

2 DM diabetes mellitus
5 HbA1c hemoglobin Alc
¢ Data are mean =+ SD (range)
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was taken

Fig. 1 Diagrams showing measurement of area of capillary non-perfusion (CNP) in diabetic retinopathy. A Angiographic images of a patient with
large area of retinal capillary non-perfusion except the macular region. B, C The area of CNP was measured by manually circling the CNP area (B)
and filling it with color (C) using the Image-Pro Plus 6.0 software. The measurement was performed by two dependent researchers and an average

macula was noted (C)

Fig. 2 Representative images of excessively large area of capillary non-perfusion (LACNP) in diabetic retinopathy. A-C Angiographic images of
3 eyes with LACNP. Neovascularization and vascular leakage were found in the peripheral (A) and mid-peripheral area (B). Local ischemia of the

Neovascular vessels or tufts accounted for 30.2% of the
subjects. In addition, pre-retinal proliferative membrane
at the posterior pole suggesting an advanced stage of DR
of the retina was noted in 10 eyes (23.3%).

High quality OCT was obtained in 33 eyes of the sub-
jects. Sixteen of these eyes demonstrated cystoid macular
edema with an average macular foveal thickness of 434.4
=+ 239.3pum while 9 eyes had diffused edema with an aver-
aged thickness of 291.4 & 138.8um. In addition, 29 eyes
(87.9%) demonstrated evidence of disorganization of reti-
nal inner layers (DRIL). Interruption of the ellipsoid zone
(EZ, also known as IS/OS) and retinal cysts were noted in
57.6% and 48.5% of the eyes, respectively (Table 2).

With proper control of blood pressure and glucose, all
the patients underwent extensive pan-retinal laser pho-
tocoagulation in several sessions, with a total of 1798.0 &
724.9 burns per eye. Five eyes received combined macu-
lar grid laser treatment due to persistent macular edema.
Intravitreal injection of anti-VEGF agents was performed
in 17 eyes (39.5%) due to macular edema (»=2), neovas-
cular glaucoma (n=4), or as the pretreatment before pars
plana vitrectomy (PPV) for complicated PDR (n=11).

The mean follow-up duration was 12.4 + 16.7 months.
During this period, 20 eyes (46.5%) demonstrated

advanced stage of proliferative DR, including vitreous
hemorrhage, tractional retinal detachment or neovas-
cular glaucoma. Eleven of these eyes received PPV with
(n=10) or without (n=1) phacoemulsification, of which
8 eyes had their BCVA improved or maintained until
the last follow-up with no evidence of DR progression
whereas 3 eyes showed deteriorated BCVA with progres-
sion of DR. Another 4 eyes underwent anti-glaucoma sur-
gery, all of which showed poor visual function in the last
follow-up. Conservative medical treatment was selected
in the rest eyes due to end-stage of DR indicating a poor
surgical prognosis (n=>5) or absence of severe neovascu-
lar complications (#=23). Eleven of these non-operated
eyes show no or mild progression of DR with maintained
visual acuity while the other 17 eyes developed varying
degrees of worsening of BCVA and DR (Fig. 3, Table 3).
Overall, in the final follow-up, BCVA improved or main-
tained stable in 19 eyes (44.2%) and deteriorated in 24
eyes (55.8%).

Some patients could have their central visual acuity
preserved for a relatively long time with proper treat-
ment. A 56-year-old male with bilateral LACNP showed
the BCVA of 20/200 in his right eye. He received exten-
sive PRP with proper glycemic control. After 1 year,
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Table 2 Imaging characteristics of eyes with LACNP

Characteristics

Number (percentage)

Fundus fluorescence angiography

LACNP 43 (100%)

Area of non-perfusion 79.1 £8.1%

Neovascularization 43 (100%)
NVD 15 (34.9%)
NVE 19 (44.2%)
NVD-+NVE 9 (20.9%)

Macular ischemia

25 (58.1%)

Fundus photography
Hemorrhage 15 (34.9%)
Exudation 14 (32.6%)
Neovascularization 13 (30.2%)
Proliferative membrane 10 (23.3%)
Optical coherence tomography, n=33
Macular edema
CME 16 (48.5%)
Diffused edema 9 (27.3%)
DRIL 29 (87.9%)
Interruption of the EZ 19 (57.6%)
Retinal cysts 16 (48.5%)
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BCVA maintained as 20/200 with no visible worsening
of CNP (Fig. 4). In his left eye, PPV with supplemen-
tary laser photocoagulation was performed due to vit-
reous hemorrhage. BCVA improved to 20/125 and IOP
was normal in the 1-year follow-up compared with that
of 20/400 before surgical treatment. However, the pres-
ence of LACNP more often indicated poor prognosis. A
44-year-old male presented bilateral LACNP The initial
BCVA was 20/33 OD and 20/66 OS. He received bilateral
extensive PRP but had poorly-controlled diabetes and
hypertension. Several months later, he developed macu-
lar CNP in his right eye with poor visual acuity (20/400).
He also suffered from neovascular glaucoma and vitre-
ous hemorrhage with an IOP of 57 mmHg in his left eye
and underwent Ahmed valve implantation. IOP was well-
controlled whereas visual acuity dropped to no light per-
ception (Fig. 5).

Discussion

As an important characteristic of DR, the area of capil-
lary non-perfusion (CNP) has been studied for years.
However, according to previous literatures, the percent-
age of CNP in DR population mainly ranged from 25%-

Abbreviations: LACNP large area of capillary non-perfusion, NVD new vessels on
or within one disc diameter of the optic disc, NVE new vessels elsewhere, CME
cystoid macular edema, DRIL disorganization of retinal inner layers, EC ellipsoid
zone

50% and little is reported on extensively large area of
capillary non-perfusion [8, 9]. In this study, based on FFA
images, LACNP was defined as over 70% of CNP area
through the total visible retina. To the best of our knowl-
edge, this is a pilot study focusing on DR with LACNP in
a larger clinical sample, aiming to describe its character-
istics, treatments and prognosis.

Fig. 3 A diagram showing treatment intervention and prognosis in eyes
treatment was applied in eyes with no evidence of neovascular complica
poor surgical prognosis (n=5). x‘*Surgical intervention (n=15) included pa
letters) without significant neovascular complications.” Worsening was
photocoagulation

Extra PRP treatment”
Eyes with LACNP I:> (éi{:;)
n=43 i
Surgery
15/43
(34.9%)

Improved Improved
or stable or stable
11/28 8/15 - .
39 lorsening
(39-3%) Worsening™™"" (53.3%) 7/15
17/28 (46.7%)
(60.7%)

(n=11) and anti-glaucoma surgery (n=4). " Improved or stable was defined as an increase of BCVA or a decrease of less than one ETDRS line (5

~ Conservative

with large area of capillary non-perfusion (LACNP). ‘Conservative medical
tions (n=23) or with end-stage of diabetic retinopathy indicating very
rs plana vitrectomy for vitreous hemorrhage and/or tractional detachment

considered with a decrease of 1 EDTRS line or more. PRP: pan retinal
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Table 3 Treatment and outcomes in eyes with LACNP

Number (percentage)

Laser burns in PRP 1798.0 + 7249
Macular grid laser 5(11.6%)
Follow-up duration (months) 124+167
logMAR BCVA

Improved 12 (27.9%)

Stable 7 (16.3%)

Deteriorated 24 (55.8%)
Complications

VH 12 (27.9%)

TRD 6 (14.0%)

NVG 9 (20.9%)
Intervention

Anti-VEGF agents 17 (39.5%)

PPV surgery 11 (25.6%)

Anti-glaucoma surgery 4(9.3%)

Abbreviations: PRP pan-retinal photocoagulation, BCVA best corrected visual
acuity, FFA fluorescence fundus angiography, VEGF vascular endothelial growth
factor, PPV pars plana vitrectomy, VH Vitreous hemorrhage, TRD Tractional retinal
detachment, NVG Neovascular glaucoma. Data are mean + SD

The area of CNP serves as a potential useful biomarker
for severity and proliferative activity of DR [5, 6]. As
compared with mild NPDR, the moderate to severe
NPDR group had 2.7 lower and the PDR group had 4.3
lower perfusion index (percent coverage of area by reti-
nal vessels with flow), indicating an inverse association
between perfusion index and DR severity [6]. In addi-
tion, Lee et al. found the area of peripheral CNP to be
significantly larger in patients with active PDR than those
who failed to develop PDR 6 months after laser treat-
ment [5]. An association between cystoid macular edema
and untreated peripheral non-perfusion was also dem-
onstrated [11]. These studies indicate the importance of
CNP assessment in predicting the severity and progres-
sion of DR. Measurements of the area of CNP may be
helpful to differentiate patients who are at high risk for
the development of neovascularization and proliferation.

The potential risk factors for LACNP remain unclear,
which may include the course of diabetes, levels of blood
glucose and HbAlc, hypertension and arteriosclerosis,
prior intravitreal treatment of anti-VEGF agents, etc [12].
In this study, the presenting diabetes duration was found
to be 7.3 years on average, which seemingly had no dif-
ference with that of general DR populations. However, a
longer DM duration may exist in these patients because
of undiscovered diabetes at its early stage since less atten-
tion was given to annual physical exam in rural China. As
reported, most retinopathy and nephropathy occur over
10 years after onset of diabetes according to the disease
guidelines [13—-15]. No treatment during the early stage
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of diabetes may lead rapid worsening of DR. In addition,
poor control of diabetes also contributes to the develop-
ment of LACNP. The fasting blood glucose and HbAlc
levels in this group, under medical treatment, were 13.5
mmol/L and 8.2% on average at first presentation, indi-
cating the poor control in the past time. It was also noted
that 75.0% of patients with LACNP exhibited elevated
levels of creatinine, urea nitrogen, and that 37.5% of them
suffered from hypertension. These data indicate that the
LACNP may act as a predictive marker for advanced dia-
betes mellitus with long duration and a lack of proper
treatment. Future study is needed to determine the role
of these risk factors as well as others such as gender,
age, a history of smoking, and cardiovascular event, in
patients with LACNP.

The occurrence rate of LACNP was 3.3% in this study,
which accounted for a considerable percentage in DR
population. One possible reason for the high detection
rate is that we conducted FFA routinely for DR popula-
tion as it provides more information than single fundus
photography [16]. It was found that patients with LACNP
may present moderate DR on fundus photograph show-
ing only microaneurysm, splinter hemorrhage and exu-
dation, which can hardly be distinguished from a mild
NPDR (Supplementary Figure 1). These patients, if left
untreated or improperly managed, may progress rap-
idly to advanced DR with poor visual function. Our data
highlights the necessity and importance of FFA in evalu-
ating the severity of DR, especially in young patients with
poorly-controlled diabetes and hypertension, in order
to access accurate diagnosis and prompt and effective
treatment.

Based on the distribution of retinal capillaries, the CNP
usually starts at the equator with lower oxygen supply
and then extends towards the peripheral region with DR
progression [17]. The macular is nourished by multilay-
ers of vascular plexus [18]. The presence of LACNP in the
macular area therefore indicates very severe ischemia.
Based on our existing data, patients younger than
50-year-old with poorly-controlled diabetes and hyper-
tension are likely to suffer from rapid development of
macular CNP and poor visual outcomes within months
to a year.

The presence of LACNP usually predicts poor visual
prognosis. In this study, 20 eyes (46.5%) developed vitre-
ous hemorrhage, tractional retinal detachment or neo-
vascular glaucoma during the follow-up periods despite
extensive laser photocoagulation and proper control
of systemic diseases and 24 eyes (55.8%) had their final
BCVA deteriorated from 1.0 &£ 0.6 to 1.5 & 0.6 logMAR,
indicating the worsening natural course in eyes even
though ocular and systemic treatment was taken. In addi-
tion, nearly half of the patients (47.4%) suffered from
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macular thickness of 502 um (H)

Fig. 4 Representative images of a patient with LACNP who presented stable visual acuity and mild progression of DR during the one-year
follow-ups. Angiographic images showing LACNP at his first presentation (A) and 1 year after non-surgical treatment (B). C-D Angiographic

images showing detailed information of the posterior pole before and after treatment. At first time of FFA, macular capillary perfusion combined
with multiple vascular leakages was seen (C). Macular capillary perfusion was maintained one year after treatment. Vascular leakage was reduced
while local hemorrhage could be seen (D). E-F Scanning laser ophthalmoscopy showing pan-retinal photocoagulation divided into 2 sessions.

G-H Optical coherence tomography revealed diffused macular edema and local epimacular membrane at the first presentation. The central macular
thickness was 548 um before extensive PRP (G). At the final follow-up after treatment, macular edema showed mild reduction with the central

bilateral vision loss, further indicating the importance of
early DR screening and treatments.

There have been no treatment guidelines for LACNP.
Laser photocoagulation has been used for decades as the
main treatment strategy in DR [19]. A pan-retinal pho-
tocoagulation (PRP) can largely slow down the growth
and development of new blood vessels and prevent the
subsequent neovascular complications [20]. However,
when dealing with LACNP, standard PRP treatment may

become insufficient to prevent neovascular complica-
tions. In this study, prompt and extensive retinal laser
photocoagulation was applied for all eyes with LACNP,
in which the burns were separated by a small gap and
extended as close to the ora serrata. In addition, the type,
pattern, and density of laser photocoagulation may have
varying effects on an eye with PDR. The 532nm laser
used in this study has been proved to be effective for
PDR in the regression of neovascularization as well as
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Fig. 5 Representative images of a patient with LACNP who developed rapid worsening of DR within a few months. A-B At first presentation,
LACNP was found in the peripheral retina except the macula region in his right eye (Arrow indicated peripheral non-perfusion area in panel B).
C-D In his left eye, FFA exam revealed large area of capillary non-perfusion spreading the whole retina before treatment (Arrow indicated macular
non-perfusion in panel D). E-F He received extensive pan-retinal laser photocoagulation in his right eye but still developed macular non-perfusion
several months later with very poor visual acuity (Arrow indicated macula-involved non-perfusion in panel F)

the resolution of retinopathy, although other lasers such
as pattern scan laser (PASCAL) may be potentially less
time consuming and less painful [21]. Previous studies
have also suggested the combination of anti-VEGF agents
and PRP to treat PDR without significant macular edema,
with regards to induce neovascular regression and reduce
the risk of macular edema after PRP [22, 23]. In addition,
it remains unclear whether anti-VEGF will cause fur-
ther microvascular degeneration and regression in eyes
already with extensive non-perfusion [24, 25]. The effec-
tiveness of combination therapy for LACNP deserves
further investigation.

Surgical intervention should be considered when
neovascular complications occur. In this study, 11 eyes
received PPV with (#=10) or without (n=1) phacoemul-
sification for proliferative DR and 4 eyes underwent anti-
glaucoma surgery for refractory neovascular glaucoma.
Intravitreal injection was performed prior of surgery in
all of these eyes to prevent intraoperative and early post-
operative hemorrhage, as well as further neovasculariza-
tion. Of note, 8 in 11 eyes receiving anti-VEGF agents
and PPV surgery had the visual function improved or
maintained with no evidence of DR worsening at a mean
follow-up time of 21.0 months. The other 3 eyes showed
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slight vision decrease without progressing to neovascular
glaucoma. These data suggest that aggressive therapy may
slow DR progression by preserving macular microperfu-
sion and therefore maintain central vision for some time.

In this study, all patients were asked for intensive anti-
diabetic and antihypertensive treatment in general hos-
pitals, which we believed played a role in slowing the
progression of DR. The association between early wors-
ening of DR with poorly controlled systemic diseases
has been demonstrated [26]. A meta-analysis study in
patients with type 2 diabetes suggest that intensive glu-
cose lowering, compared with the conventional group,
exhibited a 13% risk reduction in ocular events after 5
years of follow-up, including the requirement for PPV
surgery, development of PDR and progression of DR
[27]. Poorly controlled hypertension is another potential
risk factor. Evidence-based studies suggest an optimal
blood pressure of lower than 130/80 mmHg in diabetic
populations [28]. In this study, approximately 80% of the
patients suffered from bilateral LACNP, indicating the
impact of systemic conditions. In addition, blood glucose
critical values and glycemic excursion were monitored
for multiple times in hospital despite insulin treatment,
implicating very poor control of diabetes. Finally, it was
noted that patients who had their diabetes and hyperten-
sion well-controlled within an acceptable range tended to
had stabilized visual function and slow progressing retin-
opathy, further indicating the important role of intensive
control of systemic disease in preventing the progression
of DR.

The ultra-widefield fluorescein angiographic sys-
tem has been described in recent years, which owns its
superiority in enabling the imaging of up to 200° of the
posterior pole in a single image, compared with that of
30-55° per image in conventional FFA [29, 30]. However,
the penetration rate of this system is low in many medical
institutions. In addition, the wide-angle system leads to
distortion in the size and scale of the central and periph-
eral region, making the measurement inaccurate [29, 30].
Conversely, conventional FFA is very popular, provides
higher resolution images with less distortion, and ensures
more precise measurement. In this study, we used spliced
conventional FFA images to evaluate the area of CNP,
which showed limited image retina (about 130° of the
posterior pole). Although the peripheral retina was sup-
posed to be non-perfused since only main blood vessels
in the mid-periphery were observed, the possibility of
capillary perfusion in the very peripheral area could not
be ruled out. Based on the distribution of retinal capil-
laries, the CNP usually starts at the equator and extends
towards the peripheral region. The macula, nourished by
multilayers of capillary network, showed better tolerance
to ischemia insults [31]. In this study, 25 eyes (58.1%)
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presented with macular ischemia with poor visual acuity
at their first presentation, indicating the presence of end-
stage DR. Further research in this field using wide-field
angiography is valuable to compare the CNP results from
this study.

The present study is limited by the retrospective
design, small sample size, and the lack of a control
group. Due to the retrospective design, it is difficult
to focus on factors that may have had some impact on
the visual acuity outcomes, such as the development
of cataract and macular edema, and retinal structural
changes, although the microperfusion changes of the
macula, which mainly influence the visual outcomes,
has been observed. It remains also challenging to deter-
mine whether and when patients with LACNP develop
to advanced stages of DR, whether intensive treatments
can prevent LACNP from worsening, and what could
be the optimal treatment strategies for these patients.

Conclusions

We describe the imaging characteristics and prognosis
of a subgroup of patients with DR who present large
area of capillary non-perfusion. The LACNP may asso-
ciate with long duration and poorly-controlled diabetes
and hypertension, predicts rapid worsening of DR, and
acts as a signal for advanced diabetes with an unfavora-
ble visual prognosis. Early detection and prompt treat-
ments including extensive laser photocoagulation and
surgical interventions are recommended, which may
potentially slow DR progression and maintain central
vision for some time. In addition, we recommend early
FFA exam in patients with DR which is necessary for
accurate visualization and assessment of retinal micro-
perfusion. Finally, wide-field angiography, with its
increasing popularity in future days, may be useful for a
better understanding of this phenomenon.
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