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Abstract

Purpose To investigate, using the Dynamic Vessel Analyzer
(DVA), the retinal vascular changes that may occur after vit-
rectomy for idiopathic epiretinal membrane (ERM).

Methods Twenty-six eyes of 13 patients affected by unilateral
idiopathic ERM were prospectively analyzed. 13 fellow eyes
were used as control. The static (central retinal artery and vein
equivalents) and dynamic (after flicker light stimulus) DVA
analysis was performed at baseline (1 day before surgery) and
6 months after vitrectomy.

Results The static DVA analysis did not highlight any signif-
icant change between investigational eyes and controls at
baseline and 6 months after surgery. The DVA dynamic anal-
ysis showed similar arterial flicker response between cases
and controls at baseline (p =0.3396), but disclosed a signifi-
cant reduction of the arterial flicker response after surgery in
the study eyes compared to fellow eyes (p = 0.0024).

No significant changes were appreciated in the venous

flicker response after surgery between cases and controls, both
at baseline (p = 0.3450) and at the follow-up examination (p =
0.4214).
Conclusions The physiological flicker-induced vasoconstric-
tion is reduced after vitrectomy in arteries. The oxygen satu-
ration change occurring after vitrectomy might have a role in
the vascular tone modification.
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Introduction

An intact vitreous gel is essential to a healthy human eye.
Beyond its role in oculogenesis [1], the vitreous has the im-
portant biophysical property of metabolism and regulation of
intraocular oxygen tension [2, 3]. A high concentration of
vitreal ascorbate metabolizes the free oxygen passively re-
leased from the highly vascularized retinal tissue [4, 5] and,
by way of this ascorbate-dependent oxygen consumption, a
gradient is established from the posterior segment (higher con-
centration) to the lens (lower concentration) [3].

The active role of oxygen in endothelial activity and vaso-
constriction is known from the vascular physiology, and has
been also investigated in the retinal vasculature [6—8]. Since
the normal oxygen gradient in the vitreous cavity is neutral-
ized by the circulation of fluid after vitrectomy [3], it could be
reasonable to question whether this oxygen level change may
have some influence on the retinal microvasculature.

For this purpose, we used the Dynamic Vessel Analyzer
(DVA, Imedos Systems, Jena, Germany), a commercially
available tool for the functional study of retinal vasculature.
The DVA assesses the retinal vessel diameter by analyzing the
brightness profile of the vessel, using video sequences obtain-
ed with a conventional fundus camera. Besides this static
analysis, the DVA includes also a functional vascular assess-
ment, structured on a visual provocation system with flicker-
ing light. It has been fully documented that this kind of stim-
ulus increases the retinal vessel caliber, the retinal blood flow
and the optic nerve head blood flow in humans [9, 10].
Therefore, stimulation with flicker light has been used as a
provocation test to investigate the regulation of vascular tone
and the endothelium physiology.

The DVA technology has been extensively used in dif-
ferent ocular and non-ocular pathologies [11-14], and in
several physiology studies [6—8], but it has never been
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employed to investigate the vascular changes occurring
after vitreous removal. Hence, the purpose of this pilot
study is to investigate the retinal vascular changes that
may occur after vitrectomy, particularly for idiopathic
epiretinal membranes (ERMs).

Methods
Study participants

In this prospective study, all the institutional patients affected
by idiopathic ERM were screened from January 2015 to
December 2015 at the Vitreoretinal Surgery Service of the
Department of Ophthalmology, University Vita-Salute, San
Raffaele Hospital.

Inclusion criteria were: age >18 years, axial length be-
tween 22.5-24.5 mm (measured with IOL Master, Zeiss),
and a diagnosis of unilateral idiopathic ERM. The diag-
nosis was obtained with biomicroscopy and was con-
firmed with spectral-domain optical coherence tomogra-
phy (SD-OCT).

Exclusion criteria were: ERM secondary to any ocular
disease (e.g. diabetic retinopathy, uveitis, retinal vein oc-
clusion, retinal dystrophies, etc.), glaucoma, history of
head or ocular trauma, previous anterior segment (e.g.
cataract surgery) or posterior segment surgery, including
retinal laser photocoagulation. Patients with any optical
media opacity (cornea or lens) that could interfere with
a good quality imaging acquisition, with any concomitant
systemic cardiovascular diseases (stroke, coronary artery
disease, arterial hypertension, etc.) or with any known
cardiovascular risk factor (diabetes, obesity, dyslipidemia)
were not enrolled. Fellow eyes were considered as con-
trols, hence subjects with any vitreoretinal interface dis-
order or presenting any of the exclusion criteria in the
fellow eye were excluded from the study.

Study design

Visits were conducted the day before surgery (baseline) and at
the 6-month postoperative visit. The complete ophthalmologic
evaluation included ocular and general medical history, best-
corrected visual acuity (BCVA), metamorphopsia assessment
(with Amsler grid test), applanation tonometry, slit-lamp ex-
amination, fundus biomicroscopy, SD-OCT examination, and
static and dynamic analysis with DVA. BCVA was measured
with the Early Treatment Diabetic Retinopathy Study charts,
and converted into the logarithm of the minimal angle of res-
olution (LogMAR) for the sake of statistical analysis. SD-
OCT images were performed using the Spectralis OCT device
(Heidelberg Engineering, Heidelberg, Germany) with auto-
mated evaluation of central foveal thickness (CFT), and the
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analysis of the retinal vascular changes was performed by the
DVA machine (Imedos, Jena, Germany).

We tested whether a difference between study eyes and
controls was present after surgery in each of the following
variables: vessel (respectively arterial and venous) caliber,
central equivalent (respectively arterial and venous), and
flicker response vasodilation (respectively arterial and ve-
nous). Considering the pilot nature of the research, and
the absence of any previous available reference in litera-
ture, we studied a certain convenience sample of patients,
based on 1-year subject availability. The alternative hy-
pothesis H1 was that there was a difference in the three
different studied variables (each for artery and vein). The
study was designed with a power of 0.85, with an effect
size of 0.8.

Surgical procedure

Twenty-five gauge transconjunctival three-port pars plana
sutureless vitrectomies with ERM and internal limiting
membrane (ILM) peeling was successfully performed in
all cases by a single experienced vitreoretinal surgeon
(MC). Internal limiting membrane peeling was obtained
with the pinch technique, grasping the ILM nearby the
macula with macular forceps and providing a round
maculorrhexis. Internal limiting membrane peeling was
removed in all patients with Brilliant Blue® staining
(Fluoron GmbH - Germany). Concurrent
phacoemulsification with in-the-bag IOL implantation
was performed in selected cases.

DVA analysis

The DVA acquisition module includes a mydriatic con-
ventional fundus camera (FF450plus; Carl Zeiss GmbH,
Jena, Germany), a digital high-resolution charged-coupled
device (CCD) color camera, and a CCD video camera.
The acquisition system is connected to the analysis
software.

Essentially, the DVA assesses the retinal vessel diam-
eter by analyzing the brightness profile of the vessel.
The light source of the fundus camera is reflected by
both the retina and the retinal vessels, and is then de-
livered through the observation pathway to a CCD-
measuring video camera. The acquired information is
then analyzed and simultaneously recorded by a video
recorder, in order to allow the session to be re-evaluated
a second time.

The DVA examination includes both static and dynamic
analysis. The static analysis enables an automatic definition
of the central retinal artery and vein equivalents (CRAE and
CRVE), and the calculation of the artero-venous ratio (AVR).
All arterioles and venules coursing through an area of 1/2 to 1
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Fig. 1 Static analysis performed with the Dynamic Vessel Analyzer.
Optic disc-centered red-free fundus photography, taken with the
Dynamic Vessel Analyzer. All arterioles (red segments) and venules
(blue segments) coursing through an area of 1/2 to 1 optic disc diameter
away from the optic disc margin are manually identified and
automatically measured by the embedded software. Summarized data
indicate the central retinal artery and the central retinal vein equivalents

optic disc diameter away from the optic disc margin were
manually identified and automatically measured (Fig. 1).
Data were then summarized, where CRAE and CRVE repre-
sent the average caliber of arterioles and venules of the eye.
The DVA includes also a dynamic vascular assessment,
structured on a visual provocation system. There is
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Fig 2 Dynamic analysis graphs of artery and vein, before and after
surgery. The graphs report the vascular response to flicker light
stimulus of the sample subject. The pre-surgical and post-surgical
graphs are shown for the arterial vessels (A and B respectively), and for
the corresponding venous vessels (C and D). The complete cycle of
120 seconds (steady state-flicker stimulus-steady state) is plotted on X-
axis, while the percentage relative vessel diameter is plotted on Y-axis.
The dashed lines represent the threshold values for healthy individuals,

compelling evidence that visual stimulation with flickering
light increases retinal vessel diameter, retinal blood flow and
optic nerve head blood flow in humans [9, 10]. Therefore,
stimulation with flicker light has been extensively used as
physiological provocation stimulus to investigate the regula-
tion of vascular tone [15]. The DVA flicker system is based on
an optoelectronic shutter device inserted into the fundus cam-
era, which interrupts the illumination light over the entire 30°
visual field of the retinal camera. This produces a rectangular
wave flicker with a bright-to-dark contrast ratio of 25:1. The
flicker frequency is 12.5 Hz, which is in the range of the
maximal excitation flicker frequency for retinal vessels in
humans [9]. After flicker stimulus cessation, arteriolar diame-
ters decrease below baseline, reaching a minimum diameter
approximately 1040 seconds after the cessation [16]. The
exact time-course and the reason of this decrease are unclear.
A steady illumination of 80 seconds was left between the 3
different cycles of flicker stimulation. The dynamic analysis
outputs are the average of the vessel (artery and vein) caliber
throughout the examination, and the relative dilation value
(expressed in percentage; Fig. 2). Regarding the arterial anal-
ysis, since vessel dilation is physiologically followed by a
relative constriction, we considered for calculations the entire
caliber range between the maximum dilation and maximum
constriction. Considering the vein inability to constrict, only
the dilation range was used in the analysis.

The DVA was performed in both eyes, examining in all
subjects the supero-temporal vascular bundle (artery and vein;
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automatically given by the embedded database. The time interval be-
tween the first and the second arrowhead indicates the flicker light dura-
tion, where vessel dilation is remarkable. The interval between the second
and the third arrowhead is the time interval for the vessel to return into
basal condition, where a mild relative constriction is evident. A loss of the
relative dilation capacity is evident in the post-surgical arterial vessel (B),
while no apparent difference appears in the venous vessel (D)

100 110 120
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Fig. 3 Dynamic analysis performed with the Dynamic Vessel Analyzer.
Red-free fundus photography, taken with the Dynamic Vessel Analyzer,
showing the supero-temporal vascular branch of a right eye. The
superimposed segments indicate the markers for the arterial vessel (A1)
and the venous vessel (V2)

Fig. 3). In case of a normal unremarkable status of the fellow
eye, the obtained data were used as a control. Pupil dilation
was obtained using only 1% tropicamide solution eye-drops,
in order to avoid any possible interference with the retinal
vascular muscle tone and contraction. Patients were invited
to rest while seated for at least 30 minutes before examination,
to obtain a stable basal muscular vascular tone. Any vasoac-
tive drugs, such as caffeine and nicotine, were avoided during
the whole day of data registration. Two trained examiners (LI
and GF) performed the DVA analysis.

Statistical analysis

Statistical analyses were performed using GraphPad Prism
version 5.00 for Mac (GraphPad Software, San Diego, CA,
USA). The Wilcoxon signed rank test was used to compare
the outcome measures. The Spearman rank correlation test
was used to assess the correlation between variables. We ad-
justed p values for multiplicity both with Bonferroni and with
Holm procedures. The latter works under the same

assumptions of Bonferroni adjustment. In all analyses, p-
values <0.05 were considered significant.

Results

We analyzed a total of 26 eyes of 13 patients (8 females, 5
males, average age at baseline 68.4 + 7.7 years) fulfilling the
inclusion/exclusion criteria. Thirteen eyes affected by idio-
pathic ERM were considered study eyes, and the 13 fellow
eyes were used as controls.

All patients had disturbing metamorphopsia, which was
reflected in distorted and non-uniform lines in the Amsler grid
test. Average symptoms duration was 8.4 = 2.1 months before
surgery. All patients reported a post-surgical subjective reduc-
tion of metamorphopsia.

Surgery was successfully carried out in all the 13 enrolled
eyes. No patient required a vitreous substitute at the end of
surgery. No other procedures, such as laser
endophotocoagulation, were performed in any of the studied
cases.

BCVA increased from the baseline value of 0.58 £0.13
LogMAR to 0.28 £0.08 LogMAR at 6-month follow-up ex-
amination (p < 0.0001). The mean CFT changed from 439 +
49 um at baseline to 319431 um at the 6-month postopera-
tive visit (p = 0.002).

The DVA static analysis (CRAE, CRVE, AVR) did not
highlight any significant change between study eyes and con-
trol eyes (Table 1). The baseline average AVR turned out to be
similar between cases and controls, both at baseline (p =
0.9590) and at the follow-up examination (p =0.7380). The
same results were achieved also for CRAE, both at baseline
(»p=0.3560) and at the follow-up examination (p =0.5214),
and for CRVE (p =0.0905, and p =0.1119, at baseline and at
the follow-up examination, respectively).

The DVA dynamic analysis disclosed a significant reduc-
tion of the arterial flicker response after surgery in the study
eyes compared to fellow eyes (p = 0.0024). The arterial flicker
response was similar between cases and controls at baseline
(p=0.33; Table 2, Fig. 4).

Table 1 Baseline and post-
surgical results of static analysis

in the study eye population

Study eyes Controls p p adjusted
Baseline CRAE ? (um) 171 +£38 155+21 0.3560 0.9999
Post-surgical CRAE (pm) 173 £36 15811 0.5214 0.9999
Baseline CRVE ® (um) 224 +49 201+£22 0.0905 0.9999
Post-surgical CRVE (pm) 229+32 212+19 0.1119 0.9999
Baseline artero-venous equivalent 0.76 +0.07 0.77+0.06 0.9590 0.9999
Post-surgical artero-venous equivalent 0.76 +0.08 0.77+0.05 0.7380 0.9999

(a) CRAE: central retinal artery equivalent

(b) CRVE: central retinal vein equivalent
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Table 2 Arterial and venous ]

flicker response in operated eyes Study eyes Controls p p adjusted

and in controls at baseline and

after surgery Baseline arterial flicker response (%) 2.36+3.19 1.28+2.16 0.3396 0.9999
Post-surgical arterial flicker response (%) —0.94+1.27 1.55+1.61 0.0024 0.0336
Baseline venous flicker response (%) 3.66+3.20 3.04+£2.20 0.3450 0.9999
Post-surgical venous flicker response (%) 3.89+3.59 2.82+2.12 0.4214 0.9999

No significant changes were appreciated in the venous  Discussion

flicker response after surgery between cases and controls, both
at baseline (p = 0.3450) and at the follow-up examination (p =
0.4214; Table 2, Fig. 4).

Despite this significant change in the relative response
to flicker light, the average arterial caliber remained un-
changed after surgery, and turned out to be similar be-
tween cases and controls, both at baseline (p=0.1837)
and at the follow-up examination (p =0.0960; Table 3,
Fig. 5). The same results were achieved also for veins,
both at baseline (p =0.1422) and at the follow-up exami-
nation (p =0.8339; Table 3, Fig. 5).

Bonferroni and Holm adjustments disclosed identical re-
sults, and are showed in the Tables 1, 2 and 3. Both procedures
highlighted that the p value of arterial flicker response after
surgery in study eyes compared to fellow eyes remained the
only significant result (p = 0.0336).

For a further in-depth investigation, we analyzed the
caliber difference of each study eye versus its respective
control. For this purpose, we averaged each algebraic dif-
ference between the vessel caliber of the study eye and its
fellow eye (in this order), and hence compared the results
with the 6-month post-surgical visit. This analysis
disclosed a significant increase in the difference between
study eyes compared to fellow eyes, from the baseline
value of =3 +17 um to —12+16 um (p =0.0140). The
same procedure for the vein vessels did not achieve a
statistically significant difference, from +5+25 um to
—4£25 um (p=0.3594).

The post-surgical arterial calibers did not correlate with
average CFT (p=0.7631), venous caliber (p =0.9127), and
BCVA (p=0.9287).

Fig. 4 Relative response to 109

The retinal microvasculature provides a unique window to
study the state of the local and systemic microcirculatory
apparatus.

In the present study, we investigated the retinal vascular
changes occurring after vitreous removal, using the technolo-
gy of DVA. We analyzed only eyes with idiopathic ERM, as it
is unanimously considered to be primarily a non-vascular dis-
order. The choice was done to minimize the influence of any
other basal vascular condition that could have biased the
results.

The DVA is a commercially available tool for the assess-
ment of retinal vessel diameter in relation to time. The includ-
ed software enables the operator to investigate two different
aspects of microcirculation: a static analysis, which studies the
basal vessel status (CRAE, CRVE and AVR), and a dynamic
analysis, that explores the relative vessel variations by way of
an additional visual provocation system (flickering light).
Visual stimulation with flickering light increases retinal vessel
diameter, and retinal and optic nerve head blood flow in
humans [9]. More specifically, the retinal blood flow (and its
response to flicker light stimulation) is selectively coupled
with the local activity of the inner retina [10, 17, 18].

In healthy humans, the inhibition of nitric oxide (NO)
causes an attenuation of the flicker light-induced vasodilation
[19]. As a consequence, the regulation of retinal vascular tone
(and flicker light-induced vasodilation) is dependent on NO
release. The mediating effects of NO were further supported
by the finding of flicker response attenuation in selected pa-
tients with known endothelial dysfunction, such as diabetes
[20]. Furthermore, this decreased response was found to be
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Table 3 Arterial and venous
calibers in operated eyes and in

controls at baseline and after
surgery

Study eyes Controls )4 p adjusted
Baseline arterial caliber (um) 111+12 122+20 0.1837 0.9999
Post-surgical arterial caliber (pum) 112+11 122+£21 0.0960 0.9999
Baseline venous caliber (pum) 163 +28 150+20 0.1422 0.9999
Post-surgical venous caliber (1m) 160 +31 154+8 0.8339 0.9999

deteriorated with increasing stages of retinopathy [21]. In an-
other experimental human model, pO, increasing by means of
inhalation of 100% oxygen was found to induce a remarkable
vasoconstriction in retinal vessels, particularly in all retinal
quadrants [6-8].

Therefore, stimulation with flicker light has been used as
physiological provocation to investigate the regulation of vas-
cular tone and activity, both in healthy and pathologic sub-
jects. The in-vivo registration of a dynamic vascular change
after modification of vascular mediators (including NO and
0,) revealed some of the mechanism underlying the vasocon-
strictive response.

By means of dynamic analysis, in our study, we registered a
significant reduction of the arterial vasoactivity 6 months after
vitreous removal, compared to the fellow eyes. Despite the
average arterial vessel caliber not being modified after sur-
gery, we noted that an intra-subject case-to-control compari-
son disclosed a significant mild reduction of the vascular ar-
terial caliber. No differences were noted in the venous vessels,
which remained stable throughout the investigation.

Two theories about the vascular changes occurring after
vitrectomy for idiopathic ERMs may be formulated. The first
hypothesis suggests that the ERM itself might engender some
morphological abnormalities on the inner retina, therefore al-
tering the macular microcirculation and vasoactivity. Indeed,
Kadonosono et al. found significant changes of capillary
blood flow velocity in the perifoveal areas between normal
subjects and eyes with ERMs [22, 23]. Furthermore, they
found this pattern to be reversible, since the blood flow has
been showed to increase after surgical removal of the ERM
[22-25]. We acknowledge this hypothesis may be solid, but
we disclose that the vascular markers (along the vascular

arcades) that we used for static and dynamic analysis were
far away from the macular area. Despite it being impossible
to demonstrate that the measured vessels were not involved by
the ERM, it is reasonable to think that they were loosely tight-
ened by the epiretinal fibrosis.

The second hypothesis proposes that that vitreous removal,
such as that after macular surgery, modifies oxygenation in the
vitreous cavity. Vitrectomy significantly increases intraocular
oxygen tension during and for prolonged periods after surgery
[3]. According to previous data about hyperoxygenation [7], it
could be reasonably hypothesized that this oxygen saturation
change might have a role in the retinal oxygenation and in the
vascular tone modification.

Despite a direct molecular connection between these two
aspects not being demonstrated in our study, we speculate that
this state of reduced vasoactivity may be attributable to the
hyperoxic state of the vitreous cavity after vitrectomy. The
whole vascular system might undergo a local
chemioregulation that could lead to this new basal state.

Our static analysis did not find any significant change after
surgery, highlighting the fact that the average CRAE, CRVE
and AVR were similar. These apparently contrasting conclu-
sions agree with our dynamic analysis results, since the vas-
cular changes occurring after vitreous removal appear to be a
dynamic change (reduced vasoactivity), more than a mere
vascular caliber modification.

Our study has several limitations, mainly due to the small
sample size and the short follow-up. We also acknowledge
that, owing to the study design, the inclusion of patients from
those who underwent serial observations might have influ-
enced the results, since we enrolled only eyes with idiopathic
ERMs and not with other diseases. Moreover, while the
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reproducibility of DVA in healthy subjects has been demon-
strated [26], there are no conclusive data in literature regarding
the reproducibility in pathologic subjects. On the other hand,
strengths of our study are the accurate eye selection (idiopath-
ic ERM only in subjects without vascular comorbidity), and
control with fellow eyes. The use of fellow eye as controls
enabled us to reduce the possibility that any potential external
factor (that is concurrently affecting both eyes) could have
biased the results: indeed, observations had a higher chance
to be due to the tested variable.

Despite these limitations, to our best knowledge, this is the
first study to selectively investigate the retinal vascular chang-
es after vitreoretinal surgery for idiopathic ERM using DVA.
Even though our conclusions are speculative, we believe our
work supports the debate about the crucial role of the vitreous
body in different retinal diseases. Furthermore, it emphasizes
the possible positive role of vitrectomy for treating some is-
chemic retinal diseases, such as diabetic retinopathy. Other
unknown factors should be certainly considered to understand
the correct pathophysiology, and should be considered for a
comprehensive analysis of this clinical aspect.
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