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Abstract

Purpose To analyze the inter-methods agreement in arterio-
venous ratio (AVR) evaluation between spectral-domain opti-
cal coherence tomography (SD-OCT) and Dynamic Vessel
Analyzer (DVA).

Methods Healthy volunteers underwent DVA and SD-OCT
examination. AVR was measured by SD-OCT using the four
external lines of the optic nerve head-centered 7-line cube and
by DVA using an automated AVR estimation. The mean AVR
was calculated, twice, separately by two independent readers
for each tool.

Results Twenty-two eyes of 11 healthy subjects (five women
and six men, mean age 35) were included. AVR analysis by
DVA showed high inter-observer agreement between reader 1
and 2, and high intra-observer agreement for both reader 1 and
reader 2. With regard to AVR analysis on SD-OCT, we found
high inter-observer agreement between reader 1 and 2, and
low intra-observer agreement for reader 2 but high intra-
observer agreement for reader 1. Overall, the mean AVR mea-
sured on SD-OCT turned out to be significantly higher than
mean AVR measured through DVA (reader 1, 0.9023 +0.06
vs 0.8036+0.08; p<0.001, and reader 2, 0.9067+0.06 vs
0.8083 £0.05; p=0.003).

Conclusions No inter-method agreement in AVR could be
detected in the present study due to bias in measurements
(shift between DVA and SD-OCT). We found significant dif-
ference in the two noninvasive methods for AVR measure-
ment, with a tendency for SD-OCT to overestimate retinal
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vascular caliber in comparison to DVA. This may be useful
for achieving greater accuracy in the evaluation of retinal ves-
sel in ocular as well as systemic diseases.
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Introduction

Retinal vessel diameter is an important measure for retinal
vascular diseases (i.e., retinal arterial and vein occlusion)
and for systemic disorders (i.e., diabetes and hypertension)
[1-3]. Changes due to vascular abnormalities and those relat-
ed to age are often subtle and can be overlooked when using
visual grading systems. Different methods could be used in
order to calculate the diameter of the retinal vessels, such as
fundus color photographs, Zeiss retinal vessel analyzer, fluo-
rescein angiograms, and spectral-domain optical coherence
tomography scans (SD-OCT) [4-6].

Goldenberg et al. [6] recently proposed a new noninvasive
method for blood vessel manual measurement and arteriove-
nous ratio (AVR) calculation by means of optic nerve head-
centered SD-OCT. In particular, two cubes of horizontal scans
are placed at the superior and inferior borders of the optic disk
to evaluate and measure vessels using image J software, and
then calculate AVR [6]. On the other hand, a Dynamic Vessel
Analyzer (DVA, Imedos Systems, Ltd, Jena, Germany) allows
automated AVR estimation through static analysis, and its
software has been validated for retinal vessel assessment [7,
8]. This tool shows great standardization, using a circular grid
to measure vessel diameter only in a concentric ring segment
one half disc diameter distant from the outer boundaries of the
optic nerve head and one half disc diameter in width. AVR is
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computed by the measurement of central retinal artery equiv-
alent (CRAE) and central retinal vein equivalent (CRVE) di-
ameter, which results from the calculation of individual diam-
eters of their visible branches around the optic nerve head [1].

The aim of this study is to analyze the inter-methods agree-
ment in AVR evaluation between optic nerve head-centered
SD-OCT (Spectralis; Heidelberg Engineering, Heidelberg,
Germany) and DVA.

Methods
Study participants

Healthy volunteers >18 years old were enrolled in this study
between February 2015 and November 2015 at the Medical
Retina and Imaging Unit of the University Vita-Salute,
IRCCS Ospedale San Raffaele in Milan. All patients should
have normal axial length (normal range: 21-27). Exclusion
criteria were uncontrolled systemic hypertension or other sys-
temic diseases potentially influencing the diameter of retinal
vessels, and any eye pathology.

All participants underwent DVA and optic nerve head-
centered SD-OCT along with a complete ophthalmic evalua-
tion, including assessment of best-corrected visual acuity
(BCVA), slit-lamp biomicroscopy, and indirect fundus oph-
thalmoscopy. Informed consent was obtained from all subjects
in agreement with the Declaration of Helsinki for research
involving human subjects. Local Ethics Committee approval
was obtained for this study.

Measurement of blood vessels with spectral-domain
optical coherence tomography

In order to take into consideration exactly the same vessels
with two methods, OCT analysis was performed immediately
after AVR measurement with DVA.

The diameters of all the arteries and veins were measured
using the method described by Goldenberg et al. [6]. All sub-
jects underwent optic nerve head-centered SD-OCT with two
7-line cube scans at the superior and inferior borders of optic
disc in which the scans were 30° in size and of high resolution,
100 Automatic Real Time (ART) averaging for maximal qual-
ity and resolution, and had a 240 um interscan interval [Fig. 1]
Each raster (from 1 to 7) was placed at a known constant
distance from the optic disk border (rasters 1-7 were at dis-
tances of 0, 240, 480, 720, 960, 1200, and 1440 pum respec-
tively). Only the four most external lines of the 7-line cube
were used for the analysis; combining SD-OCT with the in-
frared image made it possible to identify each artery and vein
on the selected raster [Figure 2]. The mean diameter of arteries
and veins was manually calculated, twice, separately for each
of the rasters by two independent readers (LB and LT) using
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Fig. 1 Inferior and superior cube demonstrating the seven horizontal
raster including the large retinal vessels. The first raster is located at the
superior or inferior edge of the optic disk

Image J (ImagelJ version 1.47, National Institutes of Health,
Bethesda, MD, USA; available at http://imagej.nih.gov/ij/).
Vessels that were not clearly distinguishable were not
included in the analysis. The mean diameter of arteries and
veins was calculated for each raster separately; after that, AVR
was obtained.

Two exclusion criteria were added as a result of some tech-
nical difficulties that were encountered during the measure-
ments. The first was artery—vein intertwining, and the second
was related to cases of the presence of a common trunk where
the scan raster passed through it.

Measurement of blood vessels with Dynamic Vessel
Analyzer

In each subject, a 50-degree fundus photograph was taken
using the FF450 retinal camera (Zeiss AG, Jena, Germany),
contained in the Dynamic Vessel Analyzer system.
VISUALIS and VesselMap Software (Imedos Systems, Ltd,
Jena, Germany) allowed analysis of these photographs.
Principles of static vessel analysis have been described earlier
[7]. Using an optic disk-centered image, the papilla was
marked and the software created an area of one half to one
disk diameter from its center to measure all vessels. Arteries
and veins were selected manually [Fig. 3].

In each subject, the CRAE and the central retinal vein
equivalent CRVE, which relate to the diameter of central ret-
inal artery and vein respectively, were calculated. The mean
AVR (CRAE/CRVE) was calculated, twice, separately by two
independent readers (LB and LT).
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Fig. 2 a Infrared image of the superior 7-scans cube. b Image corresponding to the most external raster visible in the infrared image. The blue and red

arrows indicate the retinal veins and arteries respectively

Statistical analysis

Data were described using mean and standard deviation. The
difference between AVR measured by DVA and by ImageJ on
SD-OCT was analyzed using paired sample #-test. An inter-
class correlation coefficient (ICC) and its 95% confidence
interval (95% CI) was used to evaluate the agreement between
the two measurements, considering the effect of reading and
reader as a random effect [12]. All test were two-sided and a
significance level of 5% was considered. Analyses were per-
formed using SAS V9.2 (SAS Institute, Cary, NC, USA).

Results

Twenty-two eyes of 22 healthy subjects (nine female and 13
male, age 24.7 + 3 years) were included in the study. Twenty-
two eyes of 22 healthy subjects were used in the evaluation of
AVR by two methods (DVA and SD-OCT), observed by two
different readers and two readings. The mean AVR across
readers and readings were calculated. This results in 176 mea-
surements. Mean BCVA was 0.00 LogMAR. Fundus

Fig. 3 Example of static analysis performed with DVA

biomicroscopy and SD-OCT scans did not show pathologic
findings in all participants.

With OCT a mean AVR of 0.92 (SD 0.06) was found,
which was significantly higher than the mean AVR of 0.80
(SD 0.08) found using DVA (p-value <0.0001). These differ-
ences were similar across any reading and reader (Table 1):
reader 1 first reading (LB_1) presented a mean AVR of 0.90
(SD 0.06) with OCT, and a mean AVR of 0.80 (SD 0.08) with
the DVA; and in the second reading (LB_2), the mean AVR of
reader 1 was 0.90 (SD 0.06) with the OCT and 0.80 (SD 0.08)
with the DVA; the mean AVR for reader 2 first reading (LV_1)
was 0.96 (SD 0.06) with the OCT and 0.80 (0.08) with the
DVA, and mean AVR at OCT and DVA for second reading of
reader 2 (LV_2) was 0.90 (SD 0.06) and 0.80 (SD 0.08)
respectively.

An ICC 0f 0.90 (95% CI 0.88-0.92) was found, showing a
very good agreement between the two measures.

Discussion

In this study, we evaluated the inter-methods agreement in
AVR evaluation between optic nerve head-centered SD-OCT
and DVA. Even if no inter-method agreement in AVR could
be detected in the present study due to bias in measurements
(shift between DVA and SD-OCT), we found significant dif-
ference in the AVR measurement using two noninvasive
methods, in which the measurement by SD-OCT, following
the technique of Goldenberg et al. [6] seems to overestimate
the vascular caliber compared to DVA.

In order to compare these techniques for AVR measure-
ment, we took in consideration only the four outer lines of
the 7-line cube at the SD-OCT, instead of all seven lines as
done by Goldenberg et al. [6] In particular, the area analyzed
by the four outer lines on the SD-OCT corresponds to the one
investigated by the DVA, as it allows the measure of vessel
diameter only in a concentric ring segment one half disc di-
ameter distant from the outer boundaries of the optic nerve
head and one half disc diameter in width. We cannot exclude
that the difference in measurements recorded in our study
could be ascribed to the smaller area analyzed by DVA as
compared to the area originally investigated in the OCT study
by Goldenberg et al. [6]; however, it seems unlikely as DVA
uses a validated method for AVR measurement [5—11].
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Table 1 Mean + SD retinal

artery-to-vein ratio (AVR) mea- Total LB_1 Lv_1 LB 2 Lv 2
sured with OCT and with DVA
OCT 0.92 (0.06) 0.90 (0.06) 0.96 (0.06) 0.90 (0.06) 0.90 (0.06)
DVA 0.80 (0.08) 0.80 (0.08) 0.80 (0.08) 0.80 (0.08) 0.80 (0.08)
P-value for paired #-test <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

Total = mean AVR across readers and readings

LB_1 =reader LB first reading
LB_2 =reader LB second reading
LV_1=reader LV first reading
LV_2 =reader LV second reading

OCT = optical coherence tomography

DVA = dynamic vessel analyzer

The mean AVR (mean across reader and readings) mea-
sured on SD-OCT turned out to be significantly higher than
mean AVR measured through DVA, the mean AVR measure-
ment by Goldenberg et al. technique [6] showed lower inter-
observer and intra-observer agreement. Of note, DVA relies
on Visualis and Vesselmap, which are standardized softwares,
thoroughly validated and used by different groups for calcu-
lation of AVR [5, 7-9]. Given the reliability of the calculation
method by semi-automated and validated DVA software [5,
10, 11]), we can state that, based on our results, DVA does not
underestimate AVR value; consequently, the method proposed
by Goldenberg using SD-OCT, which is a recently developed
and non-validated technique, should be considered to
overestimating AVR values. Further studies with larger sam-
ple are needed in order to confirm our results about overesti-
mation of AVR value using SD-OCT method, and to rule out
any potential bias. The comparison between DVA and SD-
OCT in the AVR measurement showed a significant difference
that should be considered for achieving greater accuracy in
evaluation of retinal vessels in ocular as well as systemic dis-
eases. In particular, the lack of agreement of these two tech-
niques is essential for an accurate clinical evaluation. The
importance of CRAE, CRVE, and AVR in clinical practice
was found for predicting hypertension where generalized ar-
teriolar narrowing as reduction in CRAE was associated with
an increased risk in stroke [12, 13]. While in diabetes an in-
crease of CRVE was associated with increased incidence of
diabetic retinopathy (DR), progression of DR, including pro-
gression to proliferative DR and macular edema, but was un-
related to CRAE. Moreover, retinal vessel parameters have
been shown to be of clinical value in ocular diseases such as
glaucoma, age-related macular degeneration (AMD) and reti-
nal vein occlusion (RVO). An increased risk of open-angle
glaucoma has been associated with a decrease in CRAE, while
an increased CRAE was found in early AMD, and a reduced
AVR, indicating a general enlargement of the retinal venous
network, was found in eyes with RVO [14-17],

The present study has obvious limitations mainly related to
the small number of included eyes.
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In conclusion, the AVR evaluation between optic nerve
head-centered SD-OCT and DVA showed a significant differ-
ence in the AVR measurement using two noninvasive methods,
in which the measurement by SD-OCT, following the tech-
nique of Goldenberg et al. [6], seems to overestimate the vas-
cular caliber compared to DVA. Further studies evaluating larg-
er sample sizes are needed to confirm these preliminary results.
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