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IMPORTANCE Capillary dropout is a hallmark of diabetic retinopathy, but its role in visual loss
remains unclear.

OBJECTIVE To examine how macular vessel density is correlated with visual acuity (VA) in
patients younger than 40 years who have type 1 diabetes without macular edema but who
have diabetic retinopathy requiring panretinal photocoagulation.

DESIGN, SETTINGS, AND PARTICIPANTS Retrospective cohort study of VA and optical
coherence tomography angiography data collected from consecutive patients during a single
visit to Lariboisière Hospital, a tertiary referral center in Paris, France. The cohort included
22 eyes of 22 patients with type 1 diabetes without macular edema but with bilateral rapidly
progressive diabetic retinopathy that was treated with panretinal photocoagulation between
August 15, 2015, and December 30, 2016. Eyes were classified into 2 groups by VA: normal
(logMAR, 0; Snellen equivalent, 20/20) and decreased (logMAR, >0; Snellen equivalent,
<20/20). The control group included 12 eyes from age-matched healthy participants
with normal vision.

MAIN OUTCOMES AND MEASURES Visual acuity and mean vessel density in 4 retinal vascular
plexuses: the superficial vascular plexus and the deep capillary complex, which comprises the
intermediate capillary plexus and the deep capillary plexus.

RESULTS Of the 22 participants, 11 (50%) were men, mean (SD) age was 30 (6) years, and
mean (SD) hemoglobin A1c level was 8.9% (1.6%). Of the 22 eyes with diabetic retinopathy,
13 (59%) had normal VA and 9 (41%) had decreased VA (mean [SD]: logMAR, 0.12 [0.04];
Snellen equivalent, 20/25). Mean [SE] vessel density was lower for eyes with diabetic
retinopathy and normal VA compared with the control group in the superficial vascular plexus
(44.1% [0.9%] vs 49.1% [0.9%]; difference, −5.0% [1.3%]; 95% CI, −7.5% to −2.4%; P < .001),
in the deep capillary complex (44.3% [1.2%] vs 50.6% [1.3%]; difference, −6.3% [1.8%]; 95%
CI, −9.9% to −2.7%; P = .001), in the intermediate capillary plexus (43.8% [1.2%] vs 49.3%
[1.2%]; difference, −5.5% [1.7%]; 95% CI, −9.0% to −2.0%; P = .003), and in the deep
capillary plexus (24.5% [1.0%] vs 30.5% [1.0%]; difference, −6.1% [1.4%]; 95% CI, −8.9% to
−3.2%; P < .001). Mean vessel density was lower in eyes with diabetic retinopathy and
decreased VA compared with eyes with diabetic retinopathy and normal VA; the mean (SE)
loss was more pronounced in the deep capillary complex (34.6% [1.5%] vs 44.3% [1.2%];
difference, −9.6% [1.9%]; 95% CI, −13.6% to −5.7%; P < .001), especially in the deep capillary
plexus (15.2% [1.2%] vs 24.5% [1.0%]; difference, −9.3% [1.5%]; 95% CI, −12.4% to −6.1%;
P < .001), than in the superficial vascular plexus (39.6% [1.1%] vs 44.1% [0.9%]; difference,
−4.5% [1.4%]; 95% CI, −7.3% to −1.7%; P = .002).

CONCLUSIONS AND RELEVANCE These data suggest that in patients with type 1 diabetes without
macular edema but with severe nonproliferative or proliferative diabetic retinopathy, decreased
VA may be associated with the degree of capillary loss in the deep capillary complex.
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C apillary dropout is a hallmark of diabetic maculopa-
thy, but its role in visual loss and in macular edema on-
set remains unclear. In 1984, Bresnick et al1 were the

first to quantify the foveal avascular zone (FAZ) enlargement
in patients with diabetes by using fluorescein angiography and
associated it with the severity of diabetic retinopathy (DR). Sev-
eral studies based on detection of capillary nonperfusion by
fluorescein angiography have attempted to correlate diabetic
macular ischemia and visual acuity (VA) with various results.2,3

Optical coherence tomography angiography (OCTA) now al-
lows visualization of the retinal capillary plexuses4 and the cal-
culation of vessel density and capillary nonperfusion areas in
each plexus.5-9 The importance of the deep capillary plexus
(DCP) impairment, which was undetectable by fluorescein an-
giography, has recently been shown by OCTA in patients with
diabetes with no or with early-stage DR10 or with diabetic macu-
lar edema.11-13 However, the association between the capil-
lary dropout and VA still remains largely unknown, espe-
cially in cases in which media opacity, severe retinal
remodeling, or macular edema interfere with capillary non-
perfusion. To investigate the association between VA and ves-
sel density with a minimum of confounding factors, we stud-
ied a group of patients (aged <40 years) with type 1 diabetes
complicated by sustained poor glycemic control and severe rap-
idly evolving DR, previously referred to as florid diabetic
retinopathy.14 The included patients had no macular edema,
intravitreal hemorrhage, tractional retinal detachment, or lens
opacity and had been treated with panretinal photocoagula-
tion (PRP). Casual observation of patients in our tertiary re-
ferral center suggested that such patients often have variable
VA despite having no apparent macular complications. We build
on this observation by systematically analyzing the FAZ and
the vessel density of the retinal capillary plexuses using OCTA
data and correlating these results with VA.

Methods
We reviewed the records of consecutive patients with type 1
diabetes complicated by rapidly progressive bilateral DR who
were first seen at the Lariboisière Hospital, a tertiary referral
center in Paris, France, between March 1, 2015, and January
31, 2016. This retrospective observational study was ap-
proved by the ethics committee of the French Society of Oph-
thalmology, Paris, France. Written informed consent was ob-
tained from all patients before reviewing their medical records.

Inclusion criteria were patients younger than 40 years who
had type 1 diabetes and a documented history of rapidly pro-
gressive, bilateral severe nonproliferative or proliferative DR
that was diagnosed on fundus imaging results according to the
Early Treatment Diabetic Retinopathy Study (ETDRS) DR grad-
ing scale and subsequently treated with PRP.15,16 Only pa-
tients imaged at least once with OCTA within the 12 months
following completion of PRP were included. When both eyes
were eligible, the eye with the better signal strength index was
included.

Exclusion criteria were age younger than 18 years, lens or
other ocular media opacities preventing detailed imaging, high

myopia (approximately >6 diopters), clinical evidence of any
other maculopathy, or previous extensive focal/grid laser or
vitreoretinal surgery. Patients with a current or previous his-
tory of significant diabetic macular edema were also ex-
cluded. Diabetic macular edema was defined as a central sub-
field thickening of at least 315 μm on spectral-domain optical
coherence tomography corresponding to the normal value plus
2 SDs: 277 + (2 × 19) μm.17 Patients without diabetic macular
edema treated with anti–vascular endothelial growth factor
(VEGF) for progressive new vessels were not excluded. Eyes
with an OCTA signal strength index less than 50/100 were ex-
cluded.

Visual acuity was measured on a Snellen chart and ex-
pressed as the logMAR. Based on VA levels, eyes were di-
vided into 2 groups: eyes with a normal VA (logMAR, 0; Snel-
len equivalent, 20/20) and eyes with a decreased VA (logMAR,
>0; Snellen equivalent, <20/20). Visual acuity and OCTA data
were compared with those measured in healthy age-matched
control participants (volunteer caregivers) (logMAR, 0; Snel-
len equivalent, 20/20).

The fundus was imaged using an ultrawide field imaging
system (Optos PLC) and OCTA (RTVue XR Avanti; Optovue).
The OCTA findings from a single visit were analyzed. A
3 × 3-mm macular cube centered on the fovea, composed of
320 horizontal B-scans separated by 9 μm and containing 320
A-scans, was acquired. Images were analyzed using the Angi-
oVue OCTA system available on the RTVue XR Avanti device.
Automated vessel density was calculated using the AngioAna-
lytic software, beta version 2016 200 037, including the pro-
jection artifact removal. We used the terminology proposed
by Campbell et al18 to name the different retinal vascular plex-
uses. The superficial vascular plexus (SVP), the deep capil-
lary complex (DCC), and the DCP were automatically seg-
mented using the default settings of the software, but the
intermediate capillary plexus (ICP) was manually seg-
mented. The location of the segmentation lines that deter-
mine each plexus are detailed in Figure 1. The accuracy of the
automatic segmentation was verified visually by scrolling the
320 B-scans. Errors were found in 4 of the 22 eyes (18%), and
manual correction was required.

Key Points
Question What is the association between macular vessel density
as measured by optical coherence tomography angiography and
visual acuity in patients with diabetic retinopathy and poorly
controlled type 1 diabetes?

Findings In a cohort study of 22 eyes of 22 patients with type 1
diabetes and diabetic retinopathy without macular edema, 41%
had decreased vision. Vessel density was lower in eyes with
diabetic retinopathy and decreased vision than in eyes with
diabetic retinopathy and normal vision; loss of vessel density was
greater in the deep capillary complex, particularly the deep
capillary plexus, than in the superficial vascular plexus.

Meaning These findings suggest that decreased vision in patients
with diabetic retinopathy may be associated with the degree of
capillary loss in the deep capillary complex.
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Macular vessel density corresponds to the percentage of sur-
face occupied by vessels and capillaries in an area defined by a
3 × 3-mmsquarecenteredonthefovea(wholeenfaceimage).The
vessel density was measured at 4 different levels: SVP, DCC, ICP,
and DCP. The FAZ area was measured using the nonflow function
on the OCTA software and manually corrected in case of segmen-
tationerrors.Projectionartifactremovalsoftwareallowsmeasure-
ment of the FAZ, which is delimited by an anastomotic perifoveal
ring identical in the SVP and the DCC. The central 1-mm subfield
thickness was also studied using the AngioVue software as well
as the inner retinal thickness (internal limiting membrane–inner
plexiform layer distance) and outer retinal thickness (inner plexi-
form layer–retinal pigment epithelium distance).

Statistical Analysis
Continuous variables were plotted using boxplots and com-
pared 2 × 2 using the parametric unpaired, 2-tailed t test in case

of normal distribution and otherwise using the nonparamet-
ric Wilcoxon rank sum test. For comparing means of more than
2 groups, a one-way analysis of variance was used. Statistical
analyses were performed using SAS, version 9.4 (SAS Insti-
tute Inc).

Results
The records of 42 patients with type 1 diabetes were re-
viewed. After exclusion of ineligible participants, 22 eyes of
22 patients were included in the final analysis. Of the 22 par-
ticipants, 11 (50%) were men, and the mean (SD) age was 30
(6) years (range, 21-40 years). All patients had sustained poor
glycemic control, and the mean (SD) hemoglobin A1c level was
8.9% (1.6%). Of the 22 eyes, 13 (59%) had a normal VA (log-
MAR, 0; Snellen equivalent, 20/20), while 9 (41%) had de-

Figure 1. Locations of the Segmentation Lines Used to Determine Each Plexus
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The superficial vascular plexus (SVP)
(A) and the deep capillary complex
(DCC) (B) are automatically
segmented. C, The intermediate
capillary plexus (ICP) slab is obtained
from the DCC by moving the outer
boundary (red line) 9 μm above the
outer plexiform layer–outer nuclear
layer (OPL-ONL) junction. D, The
deep capillary plexus (DCP) inner
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inner nuclear layer–outer plexiform
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indicates internal limiting membrane;
INL, inner nuclear layer; and IPL,
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creased VA (median: logMAR, 0.12; Snellen equivalent, 20/25
[range: logMAR, 0.1 to 0.2; Snellen equivalent, 20/25 to
20/32]). In the control group, 24 eyes of 12 healthy patients with
a median age of 31 years (range, 23-40 years) and VA (log-
MAR, 0; Snellen equivalent, 20/20) were analyzed with the use
of OCTA. Since both eyes from the same patient represent
paired data, only the eye with the higher signal strength in-
dex was included (12 eyes). The 3 comparison groups (control
group, patients with diabetes and normal VA, and patients with
diabetes and decreased VA) were comparable demographi-
cally. eTable 1 in the Supplement summarizes the demo-
graphic and ocular findings. The Table shows the vessel den-
sity distribution in the different retinal plexuses (SVP, DCC, ICP,
and DCP) as well as the FAZ area in patients with diabetes com-
pared with controls.

The mean (SE) FAZ area was enlarged in patients with DR
compared with controls (0.302 [0.035] vs 0.194 [0.036] mm2;
difference, 0.109 [0.050] mm2; 95% CI, 0.006-0.211 mm2;
P = .04), especially in patients with diabetes and decreased VA
(0.447 [0.042] mm2; difference, 0.145 [0.054] mm2; 95% CI,
0.034-0.256 mm2; P = .01) (eTable 2 and eFigure 1 in the
Supplement). Mean vessel density was lower for eyes with dia-
betic retinopathy and normal VA compared with the control
group. The mean (SE) vessel density values were 44.1% (0.9%)
vs 49.1% (0.9%) (difference [SE], −5.0% [1.3%]; 95% CI, −7.5%
to −2.4%; P < .001) in the SVP, 44.3% (1.2%) vs 50.6% (1.3%)
(difference [SE], −6.3% [1.8]; 95% CI, −9.9% to −2.7%; P < .001)
in the DCC; 43.8% (1.2%) vs 49.3% (1.2%) (difference [SE], −5.5%
[1.7%]; 95% CI, −9.0% to −2.0%; P = .003) in the ICP, and 24.5%
(1.0%) vs 30.5% (1.0%) (difference [SE], −6.1% [1.4%]; 95% CI,
−8.9% to −3.2%; P < .001) in the DCP (Figure 2 and eFigure 2
and eTable 3 in the Supplement). This decrease in vessel den-
sity was greater in the eyes of patients with diabetes and de-
creased VA than in the eyes of patients with diabetes and nor-
mal VA; the mean (SE) capillary loss was more pronounced in
the DCC (34.6% [1.5%] vs 44.3% [1.2%]; difference, −9.6%
[1.9%]; 95% CI, −13.6% to −5.7%; P < .001), especially in the
DCP (15.2% [1.2%] vs 24.5% [1.0%]; difference, −9.3% [1.5%];
95% CI, −12.4% to −6.1%; P < .001), than in the SVP (39.6%
[1.1%] vs 44.1% [0.9%]; difference, −4.5% [1.4%]; 95% CI, −7.3%
to −1.7%; P = .002) (eTable 3 and eFigure 2 in the Supple-
ment). In addition, the mean (SE) reduction in vessel density
among diabetic patients with normal and decreased VA was
similar in the DCP (−9.3% [1.5%]), the ICP (−9.0% [1.95%]), and
the DCC (−9.6% [1.95%]) (eTable 3 in the Supplement). How-
ever, baseline mean (SE) values in the DCP were much lower

than other values in the ICP (15.2% [1.25%]; 95% CI, 12.8%-
17.6% vs 34.8% [1.45%]; 95% CI, 31.9%-37.7%), suggesting that
the DCP was more affected by the capillary dropout.

Although there was a significant FAZ area enlargement in
both the normal and decreased VA groups of patients with dia-
betes, the CIs largely overlapped. This measurement was not
as important as vessel density in explaining VA (eFigure 1 and
eTable 2 in the Supplement).

In all retinal plexuses, a decrease in vessel density was
compatible with preserved vision. Indeed, 13 eyes (59%) had
a normal VA, even though they had a significant decrease in
vessel density (mean [SE] differences: SVP, −5.0% [1.3%];
ICP, −5.5% [1.7%]; DCP, −6.1% [1.4%]; and DCC, −6.3% [1.8%]
compared with the control group) (eFigure 2 in the
Supplement).

Examples of vessel density maps are shown in Figure 3;
corresponding angiograms in the various plexuses of
patients in the control group and patients with diabetes who
had normal or decreased VA are shown in eFigure 3 in the
Supplement.

The qualitative analysis performed on the B-scans re-
vealed that all eyes with diabetic retinopathy showed abnor-
malities in the inner retina compared with the control group.
The signal strength index was identical in the control group
and in patients with diabetes and normal VA (mean [SD], 77.8
[6.5] vs 77.3 [4.3]; P = .81), but it was lower in patients with de-
creased VA (77.8 [6.5] vs 67.8 [7.2]; P < .001). An irregularity
of the ganglion cell layer–inner plexiform layer complex and
inner nuclear layer with consecutive irregular edges of the in-
ner plexiform layer and outer plexiform layer (Figure 4) was
observed. The limits between the ganglion cell layer–inner
plexiform layer complex and the inner nuclear layer could still
be identified, and no disorganization of retinal inner layers was
observed. There was no visible damage in the outer retina; in
particular, no ellipsoid zone disruption was observed. No sig-
nificant difference in the mean central subfield thickness, in-
ner retinal thickness, and outer retinal thickness was found
among the control group and the patients with diabetes who
had normal VA or decreased VA (mean central subfield thick-
ness for the control group, 254 μm [range, 224-268 μm]; nor-
mal VA, 269 μm [range, 214-312 μm]; and decreased VA, 263
μm [range, 231-289 μm]; P = .55; mean internal limiting mem-
brane–inner plexiform layer thickness for the control group,
110 μm [range, 100-123 μm]; normal VA, 112 μm [range, 79-
132 μm]; and decreased VA, 119 μm [range, 98-153 μm]; P = .57)
(eTable 1 in the Supplement).

Table. FAZ Area and VD Distributions in Patients With DR Compared With the Control Group

Area and VD
Distribution

Mean (SD) P Value

Control DR With Normal VA DR With Decreased VA Control vs DR

DR With
Normal VA vs
DR With
Decreased VA

FAZ area, mm2 0.20 (0.07) 0.30 (0.11) 0.45 (0.12) .008 .04

VD in SVP, % 49.1 (2.5) 44.1 (2.5) 39.6 (4.3) <.001 .007

VD in DCC, % 50.6 (3.3) 44.3 (3.2) 34.7(6.8) <.001 .003

VD in ICP, % 49.3 (3.3) 43.8 (3.5) 34.8 (6.2) <.001 .001

VD in DCP, % 30.5 (3.9) 24.5 (3.0) 15.2 (3.8) <.001 <.001

Abbreviations: DCC, deep capillary
complex; DCP, deep capillary plexus;
DR, diabetic retinopathy; FAZ, foveal
avascular zone; ICP, intermediate
capillary plexus; SVP, superficial
vascular plexus; VA, visual acuity;
VD, vessel density.
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Discussion

Several studies using OCTA have shown that the macular cap-
illary density is impaired regardless of the severity of DR and
that capillary nonperfusion tends to increase with DR
severity.19,20 The vessel density may even be decreased be-
fore detecting any clinical sign of DR, and the DCC seems to
be more affected than the SVP.10 On the other hand, vessel den-

sity is severely decreased in the case of cystoid macular
edema.10,12 However, the association between the macular vas-
cularity and visual function is not completely understood.

Our study focused on a specific group of patients with type
1 diabetes who were younger than 40 years and who had se-
vere rapidly progressive DR requiring PRP. This group of pa-
tients with normal vision or recent moderate vision loss, clear
lens, and no previous macular edema form an interesting popu-
lation for studying the correlation between macular capillary

Figure 3. Vessel Densities in Eyes of Patients With Diabetes and Decreased Visual Acuity

Superficial vascular plexusA Deep capillary complexB Intermediate capillary
plexus

C Deep capillary plexusD

A vessel rarefaction is seen in all
plexuses (A-D), but the deep capillary
plexus (D) is strongly damaged
because capillary nonperfusion areas
are detected far outside the foveal
avascular zone.

Figure 2. Mean Vessel Density (VD) in the Vascular Retinal Plexuses Among Patients With Diabetes Compared With Healthy Controls
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perfusion and VA. Our results show that VA was mainly con-
ditioned by vessel density in the DCC.

Our results corroborate the weak correlation generally
found between the FAZ surface as studied by OCTA and
VA.11,20,21 Moreover, the way the projection artifact removal
software allowed the measuring of the FAZ area on the entire
retinal thickness is new; the SVP and the DCC are connected
through a single anastomotic vascular ring around the fovea,
and there is no reason to distinguish between the 2 plexuses,
as was done in previous studies.18 The interpretation of the
FAZ area has some limitations; delimiting the FAZ may be
difficult when large capillary dropout areas extend to the
vascular arcades, and the FAZ surface is highly variable
among healthy individuals.2 Alternately, the parafoveal reti-
nal tissue may function normally without a direct retinal
blood supply.1 Sim et al22 found a link between macular
ischemia and visual function in only 15% of patients with
moderate to severe macular ischemia, especially in patients
with papillomacular ischemia on fluorescein angiography. In
earlier DR stages, the same authors found a great variability
in VA levels that prevented the finding of any relevant corre-
lation with the capillary dropout area.22

The association between vessel density and VA has also
been studied by Samara et al,20 who found a modest correla-
tion between VA and vessel density both in the SCP and the
DCP (r, −0.5). However, the DCP they analyzed corresponded
to what we now call the DCC, and it was affected by the par-
tial projection of the superficial vessels. Furthermore, they
were not able to analyze separately the vessel density in the
inner capillary layers (ICP) and the outer capillary layers (DCP)
of the DCC. Compared with other recent studies,20,23 we thus
used a more restrictive segmentation of the DCP, similar to the
segmentation proposed by Park et al,24 which gave density val-
ues in normal eyes close to those of Campbell et al.18 When we
analyzed the DCC as a whole and the ICP and DCP separately,
we found that VA depended mainly on vessel density in the
DCP rather than in the SVP. In addition, the DCP appeared to
be the most affected because no overlap was observed with
vessel density values of the DCP in the control group. Con-
versely, ICP values among controls and patients with diabe-
tes with decreased VA overlapped slightly. Some patients with
decreased VA had decreased vessel density in the DCP de-
spite close-to-normal vessel density values in the ICP, whereas
the contrary was not observed, suggesting that the DCP ves-
sel density was more important than the ICP vessel density in
explaining decreased VA.

The reason why decreased vision appears to be primarily
related to a loss of capillary perfusion in the DCC is unclear.
Usui et al25 assumed that amacrine and horizontal cells form
neurovascular units with capillaries in the ICP and DCP and
are highly interdependent. They showed that losing 1 or both
of them triggers profound effects on photoreceptor survival
and function.

These data suggest that there might be a threshold of macu-
lar nonperfusion, especially in the DCP, beyond which nor-
mal vision cannot be maintained. Although the decrease in ves-
sel density is usually observed both in the SVP and DCP, such
a decrease in the DCP alone could be sufficient to induce vi-
sual loss. Alternately, a moderate loss of capillary perfusion in
any retinal vascular plexus is compatible with normal vision,
and it is likely that decrease in vessel density precedes a de-
crease in VA.

The fact that the deepest retinal capillaries are more af-
fected by a progressive obstruction has been well described in
histological studies.26 However, whether it is because of he-
modynamic conditions or a more complex dysfunction of the
neurogliovascular coupling remains unknown. Studies using
OCTA have increasingly shown that the DCP is the termina-
tion of the retinal capillary units in which the blood comes from
the superficial capillary layers and drains into deep venules via
the DCP.18,27,28 A slowing in retinal blood flow could prefer-
entially affect DCP perfusion.

The global decrease in vessel density could be secondary
to a neuroglial loss resulting in impaired interaction between
neurons, glial cells, and vascular cells (ie, an impaired neuro-
vascular coupling).29 Indeed, early changes in retinal func-
tion have been reported in patients with diabetes before the
detection of retinal vascular lesions, suggesting that some neu-
rodegenerative events could precede vascular changes.30,31 Be-
cause neural activity significantly correlates with local blood

Figure 4. Optical Coherence Tomography in the Eyes
of the Control Group and Patients With Diabetes

Healthy eye, control groupA

Eye with diabetic retinopathy and normal VAB

Eye with diabetic retinopathy and decreased VAC

Normal visual acuity (VA) represents 0 logMAR (Snellen equivalent, 20/20);
decreased VA for the eye depicted represents 0.3 logMAR (Snellen equivalent,
20/40). Irregularities of the inner retinal layers are visible in all eyes with
diabetic retinopathy; the stage is more advanced in the patient with the
worst VA.

Research Original Investigation Association Between Vessel Density and Visual Acuity in Patients With Diabetic Retinopathy

E6 JAMA Ophthalmology Published online May 10, 2018 (Reprinted) jamaophthalmology.com

© 2018 American Medical Association. All rights reserved.

Downloaded From:  on 05/14/2018

http://www.jamaophthalmology.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaophthalmol.2018.1319


flow,32,33 alterations of the neuroglial tissue in the inner retina
could lead to a secondary decrease in capillary flow density
with subsequent visual loss.34 Mechanisms other than macu-
lar hypoperfusion play a role in visual loss, and a decrease in
VA is a late event in the history of visual function impair-
ment. In patients with diabetes and no or mild DR, early
changes, such as decreased contrast sensitivity, electroreti-
nographic abnormalities, and impaired color vision, were ob-
served despite a normal VA.35

A significant loss of DCP perfusion could have detrimen-
tal effects on the middle retina and even on the photorecep-
tors. The DCP could partially contribute to the oxygen sup-
ply to the photoreceptors, unlike what was assumed
earlier.36 Although we did not find any structural change in
the photoreceptors in retinal capillary dropout areas, we
cannot exclude the possibility that functional damage
impaired the VA.18,24,37 Histological studies reported a
homogeneous eosinophilic substance accumulated between
the photoreceptor outer segments and the retinal pigment
epithelium corresponding to the areas with inner retinal cap-
illary dropout.26 These deposits could alter the functioning
of photoreceptors and participate in visual loss. Other stud-
ies have shown pathologic changes in the cone mosaic on
adaptive optics, and the extent of photoreceptor loss could
positively correlate with DR severity.38,39

Limitations
Our study has some limitations. It was a retrospective study
focused on a specific group of young patients with type 1 dia-
betes without macular edema but with severe rapidly progres-
sive DR in whom PRP was needed. Furthermore, it included a
small sample of patients. We also acknowledge that while OCTA
technology is constantly improving and allowed us to study

the 3 vascular plexuses with high accuracy, some artifacts and
segmentation errors were still observed and corrected, imply-
ing that one must remain cautious when interpreting vessel
density. We also cannot exclude the possibility that some cap-
illaries with slow but persistent flow were not detected. No sig-
nificant difference was found in the inner retinal thickness (in-
ternal limiting membrane–inner plexiform layer) between
patients with diabetes and controls. However, the ganglion cell
layer–inner plexiform layer thickness was not analyzed be-
cause it was not available on the current software, and the
analysis of the ganglion cell layer-inner plexiform layer thick-
ness could be more sensitive to detect anomalies in the inner
retinal layers. Finally, the decrease in vessel density in the
macula could be a result of the combined effects of PRP and
the use of anti-VEGF therapy. However, the number of anti-
VEGF injections was not different between the 2 groups of pa-
tients with diabetes, and numerous studies have shown that
intravitreal injections of anti-VEGF did not cause a decreased
vessel density or FAZ enlargement.40,41 We believe there is a
low likelihood that these limitations could have affected the
meaning of the role of the vessel density decrease in the DCC
and especially in the role DCP plays in loss of VA.

Conclusions
Although only a few eyes at a single tertiary referral center were
evaluated retrospectively, these data suggest that, for pa-
tients with type 1 diabetes who have severe DR without macu-
lar edema, the decrease in VA is mainly associated with a de-
crease in vessel density in the DCC, particularly the DCP, more
so than a decrease in vessel density in the SVP or FAZ area en-
largement.
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