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Purpose: To correlate functional and morphological parameters with foveal avascular zone’s (FAZ) size in diabetic patients with mild
to moderate stage nonproliferative diabetic retinopathy.
Methods: Monocentric and prospective study of a consecutive case series of diabetic patients. Medical history, best corrected visual
acuity (BCVA), best corrected high/low contrast visual acuity (BChcVA/BClcVA), mean sensitivity (MS) and mean defect (MD) in
central visual field testing, and FAZ size in fluorescein-angiography (FAG) were recorded. Macular thickness (central point thickness
CPT, central subfield thickness CST) and volume measurements (central subfield volume CSV, total macular volume) were taken from
SD-OCT (6x6mm ETDRS-grid). Groups were categorised as presenting FAZ sizes smaller (G1) or larger (G2) than 0.35mm2. Smallest
(Q1) and largest quartiles (Q3) were also compared.
Results: Thirty-six of 40 patients were included. MS differed significantly between G1 (n = 6) and G2 (n = 30), and BChcVA/BClcVA
as well as TMV correlated significantly with FAZ size in correlation analysis. Mean HbA1c tended to be lower in G1 than G2. Patients
in G1 were slightly older than in G2. Treatment period with insulin was shorter in G1/Q1 than in G2/Q3. CPT and TMV were lower in
G1/Q1 than in G2/Q3. Our analysis of the FAZ in terms of patient age, HbA1c, disease duration and insulin therapy duration revealed
no significance. That lack of significance also applies to BCVA, MS, MD, CPT, CST and CSV.
Conclusion: As significantly associated, contrast sensitivity, central visual field parameters and potentially retinal thickness or
volume seem to be suitable to detect early macular ischaemia. However, we failed to establish any correlation between FAZ and
BCVA.
Keywords: foveal avascular zone, contrast vision, visual acuity, fluorescein angiography, diabetic retinopathy, ischemia

Introduction
Diabetic maculopathy (DMP) with or without macular edema associated with diabetic retinopathy (DR) is one if the main
causes of visual impairment among patients with diabetes mellitus (DM). Due to the worldwide increasing diabetic
prevalence, DR is a frequent ocular condition with an estimated incidence of over 30% among diabetic patients.1

Although diabetic maculopathy may be hardly clinically visible, macular oedema can be detected via optical
coherence tomography (OCT). Besides, fluorescein angiography (FAG) allows the detection of characteristic diabetic
retinal findings such as microaneurysms, vascular abnormalities, vascular leakage, macular ischaemia and changes of the
foveal avascular zone (FAZ). An ischaemic maculopathy presenting with substantial increase of the FAZ usually
correlates with a loss of visual function.2–5 However, it is not uncommon in the clinical practice to angiographically
detect an enlarged FAZ in patients without severe symptoms. We therefore attempted to correlate central visual function
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parameters with the extent of FAZ enlargement, and sought any other morphological changes that might indicate an
enlarged FAZ for early detection.

Methods
This study was designed as a consecutive case series of patients recruited between November 2015 and June 2016 from
both our ophthalmological and diabetes outpatient clinic. This enabled a cohort amounting 40 patients. The study was
approved by the local ethics committee (DOK_318_2015). The eye with better BCVA of each patient was included in the
study. The inclusion criteria were as follows: written informed consent, clear optical media with no impact on macular
function or fundus visibility, no allergy to fluorescein dye, no detectable macular oedema in OCT, no other (ophthalmo-
logical) diseases affecting macular function (eg, retinal vein occlusion, epiretinal membranes or macular hole, glaucoma,
uveitis). Patients with signs of severe non-proliferative or proliferative disease were excluded according to criteria by
ETDRS-severity-grading.

A complete dataset including the patients’ entire medical history was created for every participant. BCVAwas tested
with ETDRS charts (Precision Vision, Illinois, USA) and best-corrected high and low contrast visual acuity (BCcVA)
was tested with the Bailey-Lovie chart set (Swiss Version, A. Schweizer GmbH, Forchheim, Switzerland). Central visual
field was examined with the Octopus 900 perimeter using the central 10 degrees program M2x (Haag-Streit, Wedel,
Germany). Spectral-domain optical coherence tomography (SD-OCT) images were acquired with Heidelberg Spectralis
SD-OCT (6x6mm ETDRS; Heidelberg Engineering, Heidelberg, Germany). Fundus photography and FAG images were
acquired with the Zeiss FF450 plus IR (Carl Zeiss meditec, Oberkochen, Germany). An index line was generated with the
Zeiss software to enable distance measurements in all images (automatically calculated by Zeiss software). The FAZ
perimeter was delineated independently by two experienced retina specialists (NF, JC). The FAZ area was then calculated
with ImageJ (https://imagej.nih.gov/ij/). Results of both raters were averaged. The patients also underwent thorough
ophthalmological examination of the anterior and posterior segment in mydriasis.

For statistical analysis, threshold FAZ was defined as lower or equal to (G1) and as greater than (G2) 0.35mm2. This
value was set as a mean of those in literature, which differ widely but mostly between 0.2 and 0.5 mm2.6–14 We also
ranked all the FAZ values and opposed the lowest (Q1) and highest (Q3) quartiles. Statistical Analysis Software SAS was
used (Cary, North Carolina, USA). Group-independent regression was analyzed via Pearson correlation coefficient
(PCC). For statistical significance a score of less than or equal to 0.05 was defined as significant.

Results
Thirty-six eyes of 36 patients met our inclusion criteria and yielded a full set of evaluable data. Mean age was 61.4 years
(standard deviation SD ± 15.2), 12 left eyes and 24 right eyes were included. Six patients suffered from type 1 diabetes,
24 from type 2, 1 after pancreatectomy. We had no data on the type of DM in 5 patients.

Mean HbA1c was 7.6% (SD ± 1.5); it did not differ significantly between G1/G2 (p = 0.2) or Q1/Q2 (p = 0.44). Mean
time since diagnosis of DM was longer in type 1 than in type 2 participants. Of 36 patients, 24 had been taking insulin for
16.8 years (SD ± 9.8), the rest was on oral medication or diet. The duration of insulin therapy in type 1 DM patients was
much longer than in type 2 DM. The complete demographics including spherical equivalents and DM-related data are
found in Table 1.

BCVA revealed no statistical relevance (p-values in Table 2). Mean VA (LogMAR) was 0.04 for G1 and Q2
respectively 0.12 for G2 and Q3. BCVA distribution is shown in Table 2 along with best corrected high (BChcVA)
and low (BClcVA) contrast visual acuity scores, mean sensitivity (MS) and mean defect (MD) in perimetry and all data
from SD-OCT (central point thickness (CPT), central subfield thickness (CST), central subfield volume (CSV), total
macular volume (TMV)). The only parameter that reached statistical significance was the mean sensitivity (MS) in the
group analysis of G1 vs G2 (p = 0.04).

We also checked for false-positives (fp) and false-negatives (fn) to ensure the test quality of perimetry. If there were
more than 5 out of 15 fp or fn per run (33,3%) that perimetry was not included in the analysis.

The inter-rater-correlation for FAZ measurements was excellent (Pearson’s correlation coefficient 0.94; p < 0.0001).
FAZ size was 0.896 mm2 on average with a SD of ± 0.598 mm2 (min. 0.305 mm2, max. 2.497 mm2).
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Correlation analysis of FAZ versus age, HbA1c, duration of DM, duration of therapy with insulin, BCVA, MS, MD,
CPT, CST and CSV were all insignificant. All those correlation coefficients and p-values are displayed in Table 3.

We identified statistically significant correlations of the FAZ size with BChcVA (PCC −0.38; p = 0.03) and BClcVA
(PCC −0.41; p = 0.02) contrast scores as well as with TMV (PCC 0.35; p = 0.04) (Figures 1–3).

Discussion
Our study population was largely representative in terms of age and type of diabetes when compared to the distribution in
the general population.15 We had a few more type 1 diabetes patients than usual, which we attribute to our recruitment
process and the small sample size. That factor yielded no statistically significant influence, but it must be taken into
account when interpreting the data. Also, one must be aware that G2 included much more patients than G1 due to
recruitment of diabetic patients (in respect of the assumption that FAZ is bigger in diabetics).

One main aim of this study was to determine whether FAZ enlargement affects BCVA or not. In our cohort with
early-stage diabetes, we observed a tendency towards better BCVA coinciding with smaller FAZ size. We detected
a mean difference of 4 ETDRS letters between G1 and G2. This applied also to our quartile analysis, but both
correlations were insignificant. A larger FAZ correlates with reduced BCVA in the literature,5 which seems to apply

Table 2 Functional and Morphological Data per Group (G1/G2) and Quartile (Q1/Q3)

≤0.35 mm2 (G1) >0.35 mm2 (G2) t-test ≤0.45 mm2 (Q1) ≥1.16 mm2 (Q3) t-test

N Mean ± SD N Mean ± SD p-value N Mean ± SD N Mean ± SD p-value

BCVA [letters] 6 83 ± 7.2 26 79.1 ± 7.3 0.25 9 83.4 ± 5.8 8 79.4 ± 8.6 0.28

BCVA [logMAR] 0.04 0.12 0.04 0.12

BChcVA [letters] 6 50.7 ± 6.1 27 47 ± 9.7 0.38 9 51.9 ± 5.2 8 44 ± 14.5 0.18

BClcVA [letters] 6 44.5 ± 6.7 27 37.4 ± 11.8 0.17 9 43.9 ± 5.6 8 34 ± 16.4 0.14

MS [db] 6 28.7 ± 1.4 29 26.4 ± 5.2 0.04 8 28.7 ± 1.3 9 27.3 ± 3.6 0.32

MD [db] 6 0.8 ± 1.4 29 2.8 ± 4.5 0.07 8 1 ± 1.3 9 2.2 ± 3.5 0.7

CPT [µm] 4 244.5 ± 29.2 30 251.4 ± 41 0.75 7 247.9 ± 29.6 9 257.7 ± 34 0.55

CST [µm] 4 281 ± 33.2 30 285.9 ± 27.2 0.74 7 283.4 ± 24.2 9 294 ± 25 0.41

TMV [mm3] 4 8.4 ± 0.9 30 8.7 ± 0.7 0.4 7 8.5 ± 0.7 9 9.1 ± 0.7 0.12

CSV [mm3] 4 0.2 ± 0.02 30 0.2 ± 0.02 0.67 7 0.2 ± 0.02 9 0.2 ± 0.02 0.31

Abbreviations: BCVA, best corrected visual acuity; CPT, central point thickness; CST, central subfield thickness; CSV, central subfield volume; TMV, total macular volume;
BChcVA, best corrected high contrast visual acuity scores; BClcVA, best corrected low contrast visual acuity scores; MS, mean sensitivity; MD, mean defect.

Table 1 Demographic and Diabetes Related Data per Group (G1/G2) and Quartile (Q1/Q3)

FAZ ≤ 0.35 mm2

(G1)
FAZ > 0.35 mm2

(G2)
t-test FAZ ≤ 0.45 mm2

(Q1)
FAZ ≥ 1.16 mm2

(Q3)
t-test

N Mean ± SD N Mean± SD p-value N Mean ± SD N Mean ± SD p-value

Age [yo] 6 62.2 ± 18.7 30 61.2 ± 14.8 0.89 9 63 ± 15.3 9 55.7 ± 15.6 0.33

HbA1c [%] 5 6.8 ± 0.6 26 7.7 ± 1.6 0.2 8 7.6 ± 1.4 8 7.2 ± 0.8 0.44

DM dur. [y] 5 16.8 ± 6.6 26 21.4 ± 10.7 0.36 8 15.3 ± 6.2 8 17.9 ± 7.8 0.49

Insulin ther. [y] 3 9 ± 5.6 21 18 ± 9.9 0.14 6 8.8 ± 4.6 6 17 ± 10.4 0.18

Spherical equivalent 6 −0.3 ± 2.3 28 −0.2 ± 2.2 0.92 9 −0.3 ± 2.1 8 0.3 ± 1.8 0.49
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not just to diabetic patients, but also to patients with retinal vein occlusion and even to microvascular structure after
macula-off retinal detachments. On the other hand, mildly increased FAZ areas do not seem to influence BCVA. We
failed to identify any significant correlation in our study, which may be attributable to our patients’ smaller FAZ
areas.

Although visual acuity itself did not suffer, we detected a significant correlation between reduced BChcVA and
BClcVA with increasing FAZ size. There is evidence that contrast sensitivity testing is a strong indicator for early-stage
diabetic anomalies while visual acuity remains intact and funduscopic evidence of DR lacks.16 As early as 1982, Ghafour
et al showed a loss of CS between patients with DR and controls without DM. The subgroup analysis of their diabetic
patients showed that this loss of function was already evident in none-to-mild cases of DR, but it became even worse in
patients in later stages of DR.17 Since many ocular pathologies can influence CS (cataract, optical factors like aberrations
or scatter or diffraction, ocular hypertension, glaucoma, optic nerve diseases, Parkinson’s disease, etc.)18,19 we excluded
patients with any of these diseases.

Table 3 Pearson’s Correlation Coefficient PCC and p-values for Regression
Analysis

Parameter correlated with
FAZ

PCC p-value

Age [yo] −0.21 0.23

HbA1c [%] 0.02 0.92

Duration of DM [y] −0.1 0.61

Duration of insulin therapy [y] 0.05 0.82

BCVA [letters] −0.17 0.34

MS [db] −0.04 0.8

MD [db] 0.05 0.74

CPT [µm] 0.21 0.23

CST [µm] 0.26 0.14

CSV [µm] 0.31 0.07

Abbreviations: BCVA, best corrected visual acuity; CPT, central point thickness; CST, central
subfield thickness; CSV, central subfield volume; TMV, total macular volume; BChcVA, best cor-
rected high contrast visual acuity scores; BClcVA, best corrected low contrast visual acuity scores;
MS, mean sensitivity; MD, mean defect.

Figure 1 Mean FAZ versus high contrast visual acuity score (Pearson’s correlation coefficient −0.38; p=0.03).
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That DR influences visual field was observed quite early, too. In 1984 Federman et al proved that perfusion deficits lead
to focal defects in static visual field testing in diabetic patients. This was especially relevant for patients suffering from
moderate to severe diabetic retinopathy. Visual field defects were usually located in the central midperiphery between 20
and 45 degrees from the center, and always congruent with areas of retinal nonperfusion in FAG.20 Several other studies
have shown the impact of early-stage diabetic retinopathy on visual field testing results.21–23 Similarly, we also detected
significant correlations between an enlarged FAZ and mean sensitivity in the central visual field among our patients.

A statistically significant correlation between FAZ and HbA1c or the duration of DM in our patients in early stages of
DR was not identified. However, there was a tendency towards higher HbA1c and longer-lasting DM in patients with
a larger FAZ. Other studies have demonstrated significant correlations between HbA1c and diabetic retinopathy,24 and
with diabetic cataract, diabetic nephropathy, diabetic neuropathy, and diabetic cardiomyopathy.25 Since blood glucose
values only represent a snapshot and the HbA1c is also considered an average value from the last 2–3 months, the current
value does not necessarily reflect previous glucose levels. It is therefore not always possible to draw conclusions about
the integrity of retinal function or morphology from a patient’s current HbA1c.

Individually however, the variability of both size and morphology of the FAZ represents a problem when it comes to
providing a threshold above which further enlargement might be an indicator for functional loss or morphological
anomalies (and in the indication for intravitreal drug therapy when macular edema is associated with ischaemia).
Furthermore, an enlarged FAZ size might not be the only problem, as impaired perfusion in a formally (angiographically)
still-vascularized perifoveal network could influence vision as well. Although preserved yet inadequate blood flow and
the ensuing insufficient oxygen supply might not be visible in imaging, they can still affect function.

Figure 3 Mean FAZ versus total macular volume [mm3] (Pearson’s correlation coefficient 0.35; p=0.04).

Figure 2 Mean FAZ versus low contrast visual acuity score (Pearson’s correlation coefficient −0.41; p=0.02).
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Other challenges associated with measuring the FAZ include the lack of age and gender standardisation11 as well as
differences between manufacturers applying the same technical concept.10 Different groups have described the FAZ area
employing different values depending on how the images are obtained (FAG, OCT-angiography (OCTA), scanning-laser-
ophthalmoscopy) and if the FAZ was delineated manually or automatically; nevertheless, some groups have reported similar
findings when measuring the superficial capillary plexus in OCTA and FAG.6–13 Values mentioned for a normal FAZ size are
mostly between 0.2 and 0.5 mm2, but larger values have also been described. John et al found FAZ sizes around 0.28 ± 0.07 mm2

to be normal. They also emphasised that it is essential to use adequate brightness and contrast settings to analyse images since
darker images and lower contrast can cause the FAZ size to be overestimated.9 Our (diabetic) cohort revealed FAZ sizes of 0.9 (±
0.6) mm2 on average for early-stage DM. Only 6 patients had FAZ sizes below our cut-off (0.35mm2), 11 were below 0.5 mm2.
Di et al compared eyes of patients with DM to a control group. They usedOCT-A but found values of approximately 0.36mm2 to
be normal. In contrast, patients with DM (with or without signs of any DR stage) had FAZ sizes above 0.4 mm2 (up to 0.47 mm2

in proliferative stages).7 Some of these values are much lower than ours (especially in view of the severe stage), which might be
due to the imaging technique and higher resolution or better visualisation of the smallest vessels with OCTA.

Furthermore, we found positive correlations between FAZ size and CPT, CST, and TMV (the larger, the thicker),
in line with current knowledge.26 However, only our regression analysis of TMV proved to be statistically significant.
We hypothesize that these correlations can only apply to the early to mild/moderate stages of DR, since its severe
stages (involving the further enlargement of ischaemic areas) are characterised by retinal atrophy and thus reduced
thickness12,27,28 - factors not addressed in this study. Another limitation of this study is the small study population.

Conclusion
There is evidence that longer-lasting and poorly controlled DM promotes the enlargement of the FAZ in diabetic
retinopathy, but this does not always influence a patient’s visual function.29 As FAZ sizes vary physiologically so widely
among individuals it is difficult to provide a threshold for visually-impairing FAZ enlargement in DR. In consequence, no
clear limit can be specified beyond which FAZ enlargement is associated with an irreversible loss of function.

As a result of this study, we found no evidence that visual acuity functions as a reliable indicator for existence or
worsening of an enlarged FAZ size in patients with early-stage DR. But contrast vision as another important visual function
was a statistically significant associated parameter and correlated with ischaemic changes in our study, which may serve to
clinically monitor a diabetic patient over time. A decrease of contrast sensitivity may act as an indicator for FAZ size
enlargement where other causes are not clinically evident, as it shows an inverse correlation with the FAZ size. Also, when
monitoring these patients, it might be helpful to consider TMV, as it proved to significantly correlate with FAZ size.
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