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Abstract

Purpose. To examine the relationship of beta-adrenore-
ceptor (p-AR) activity as a marker of sympatho-adrenal dys-
regulation with clinical manifestations of angiogenic activity
in patients with secondary neovascular glaucoma.

Material and Methods. This prospective observational
study included 188 patients with secondary neovascular glau-
coma (NVG). Of these, 112 had NVG associated with prolif-
erative diabetic retinopathy (PDR), and 76, NVG secondary
to retinal vein occlusion (RVO). The control group comprised
34 individuals. All study subjects underwent routine ophthal-
mological examination, and the grade of rubeosis was de-
termined according to the Weiss grading system. f-AR
activity was determined by assessing specific lymphocyte
sensitivity to adrenaline. Non-parametric statistical methods,
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Spearman correlation analysis and receiver operating curve
(ROC) analysis were employed for analysis.

Results. p-AR level was 1.7-2.0 times higher in patients
with NVG than in controls, and this difference was signifi-
cant (p < 0.05). -AR level was strongly positively correlated
with the Weiss grade of rubeosis (rs = 0,69; p < 0.001). ROC
analysis demonstrated a moderate discriminative ability for
detecting clinically significant iris rubeosis (Weiss > 2) (AUC
= 0.70). At a threshold level of -AR > 14, there was a five-
fold increase in the risk of developing clinically significant
iris rubeosis (odds ratio = 5.02; 95% confidence interval,
2.64-9.56; p < 0.001).

Conclusion. Secondary NVG is associated with an in-
creased [-AR activity, which may reflect the involvement of
sympatho-adrenal dysregulation in the course of the disease.
The finding of the correlation of p-AR with the grade of ru-
beosis indicates an association of systemic neuroautonomic
mechanisms with clinical manifestations of angiogenic activ-
ity. B-AR level can be considered a promising marker for de-
termining a phenotype of clinically active NVG.

Keywords: neovascular glaucoma, beta-adrenoreceptor
activity, sympatho-adrenal dysregulation, iris rubeosis, an-
giogenesis, proliferative diabetic retinopathy, retinal vein oc-
clusion.

Pesiome

Mema. /Jocnioumu 83aemo38 ’a30k midxc ff - aopeHope-
YenmopHoIO AKMUBHICMIO K MAPKEPOM CUMNAMO-A0peHa-
710601 Qucpe2ynayii ma KATHIYHUMU NPOSAGAMU AHCI02eHHOT
AKMUGHOCMI y NAYIEHMIB i3 6MOPUHHOIO HEOBACKYIAPHOIO
2N1ayKOMOI0.

Mamepian ma memoou. Y npocnekmugHne obcepsayiii-
He docniodcenus skaoueno 188 nayicnmis i3 6mopunHo0
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Heo8acKyIApHOI0 enaykomoro (112 — na mui nponichepamug-
Hol' diabemuunoi pemunonamii ma 76 — 6HACIIOOK OKJIO-
3ii gen cimxigku) ma 34 ocobu konmponvHoi epynu. Ycim
VUACHUKAM GUKOHYBANU CMAHOApMHe ODmAanbMoNo2iuHe
00CmedceHHs 3 OYIHKOK cmyneusi pyboeo3y patioyicKku 3a
Kracugixayiero Weiss. f-adpenopeyenmopHy akmueHicme

(B-AR) suszmauanu 3a memooukor OyiHKU cneyugiyHoi

yymaugocmi nimghoyumie 0o aopewnaniny. [nsa cmamuc-
MUYHO20 aHaNi3y BUKOPUCMOBYSANU HEeNnapamempudi
Memoou, Koperayitinuti ananiz Cnipmena, ROC-ananiz ma
N02ICIMUYHY pecpeciro.

Peszynomamu. Pigenv f-AR Oy8 0ocmogipHo suwum y
nayieumis i3 HEOBACKYNAPHOIO 21AYKOMOIO NOPIGHAHO 3
KOHMPOALHOIO 2PYNOIO MA Nepesunyysas KOHMpOoabHi 3HA-
uenns y 1,7-2,0 pasu (p < 0,05). Bcmanogneno cunvHutl
no3umueHull KoperayiiHuil 36’130k migxc f-AR ma cmy-
nenem pybeo3sy paudysxcku 3a Weiss (rs=0,69; p<0,001).
ROC-ananiz npooemoncmpyeas nomipHy OUCKpUMIHAYIUHY
30amuicms B-AR w000 8uANIEHHA KIIHIYHO 3HAUYUL020 PY-

Introduction

Neovascular glaucoma (NVQ) is one of the most se-
vere forms of secondary glaucoma, is associated with a
high risk of rapid progression of visual loss and is resistant
to medical treatment. It can develop due to chronic retinal
ischemia, which results in hyperexpression of proangio-
genic growth factors (first and foremost, vascular endothe-
lial growth factor (VEGF)), leading to neovascularization
of the iris and the anterior chamber angle with a progres-
sive increase in intraocular pressure (IOP) [1, 2]. Although
proliferative diabetic retinopathy (DBR) and retinal vein
occlusion (RVO) are the major etiological factors of NVG,
the clinical course and response to treatment may vary
depending on the primary disease [3, 4]. Our current un-
derstanding of the pathogenesis of NVG extends beyond
the concept of pure ocular hypertension. NVG is increas-
ingly considered as a multifactorial ischemic angiogenic
process with marked microvascular, inflammatory and
neurohymoral components [2, 3]. The concept of vascular
dysregulation underscores the importance of the systemic
mechanisms of perfusion control and vasomotor reactivity
in the formation of ocular ischemic lesions [5]. Therefore,
the sympatho-adrenal system may act as a systemic modi-
fier of endothelial function, microcirculation and anti-an-
giogenic response.

According to current understanding, endothelial dys-
function and impaired cellular response to hypoxia are key
components in the development of retinal ischemic dis-
ease. Hypoxia induces the expression of VEGF and other
proangiogenic mediators that promote endothelial cell pro-
liferation and pathologic neovascularization [6, 7]. Addi-
tionally, B-adrenergic receptor (B-AR) signaling is viewed
as an important mechanism of the control of vascular tone,
endothelial reactivity and angiogenesis. B-AR is known to
be involved in the regulation of vascular function and tis-

beo3y patidysxcku (Weiss > 2) (AUC = 0,70). Ilpu nopozoso-
My 3HayenHi B-AR > 14 pusux kaiHiuHO 3HaAuywoi Heosac-
Kyaapuzayii paiioyscku spocmag y 5,0 pasie (OR = 5,02;
95% J1 2,64-9,56, p < 0,001).

Bucnogexu. Bmopunna neo8ackyisipna 2naykoma acoyi-
10€MbCA 3 NIOBUWYEHHAM B-a0peHopeyenmopHoi akmueHoC-
mi, wo Modice 8i006padcamu 3aLyHeH s CUMNAMO-a0peHa-
710801 ducpeynayii 0o nepebicy 3axeoprosans. Buaenenuti
38’30k midc f-AR ma eupasicenicmio pybeo3y paioyxcku
CGIOUUMb NPO acoyiayilo CUCMEMHUX HelpO8e2emamueHUux
MeXaHizMi6 i3 KIHIYHUMU NPOSAGAMU AH2I02EHHOT aKmMug-
Hocmi. -AR mooice pozenadamucs AK nepcnekmusHuil ge-
HOMUN-BU3HAYANLHUL MAPKeP KAIHIYHOI aKmueHocmi Heo-
BACKYIAPHOT 2NAYKOMU.

Knrouoei cnosa: neosackynapua enayxkoma, f - aopenope-
YenmopHa aKmuGHiCmb, CUMNAMO-AOPEHAN08a OUCPeS) -
yist;, pybeos patidyxcku, aneiocenes, nporigepamusna diabe-
MUYHA peMUHONamisi; OKA03is 6eH CIMKIEKU.

sue remodeling under conditions of chronic ischemia [8].
Experimental studies demonstrated that -AR activation
may increase angiogenic response, whereas pharmacologi-
cal blockade of beta-adrenergic activation is accompanied
by a reduction in pathological neovascularization [9].

The role of B3-AR in the regulation of angiogenesis
has drawn special attention recently. It has been estab-
lished that, under hypoxic conditions, f3-AR signaling
is involved in VEGF-mediated activation of endothelial
and Miiller cells, contributing to the formation of a pro-
angiogenic microenvironment [10, 11]. These findings
indicate a possible relationship between the systemic
sympatho-adrenal activation and neovascularization pro-
cesses in ischemic eye disease. In PDR, systemic abnor-
malities associated with autonomic neuropathy, chronic
low-grade inflammation and endothelial dysfunction may
increase anterior segment ischemia and contribute to ac-
tive iris neovascularization [6, 12]. Similarly, in ischemic
RVO, persistent retinal hypoperfusion, venous stasis and
capillary non-perfusion create conditions for activation of
VEGF-dependent angiogenesis and development of NVG
[13, 14].

Cell target sensitivity to mediators of the sympathoad-
renal system is an important aspect of systemic control of
vascular tone and cell regulation. Experimental and clini-
cal studies have demonstrated that functional activity of
adrenal receptors can be quantitatively assessed through
the receptor-modifying effects of pharmacologic agents
and cell response to adrenergic stimulation [15]. Similar
approaches have been used in ophthalmology, where a
changed sensitivity of peripheral immune competent cells
to adrenaline and acetylcholine in chronic eye disorders
has been demonstrated, reflecting systemic mechanisms of
neuroautonomic dysregulation [16].
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The role of B-AR activity as a systemic marker of sym-
pathoadrenal dysregulation and its relationship with clini-
cal manifestations of antiangiogenic activity in patients
with NVG, however, has been insufficiently studied. To
the best of our knowledge, no clinical study has integrated
a quantitative assessment of B-AR activity with NVG phe-
notyping, compared major etiological forms of the disease
with regard to this activity, and analyzed its association
with the grade of iris rubeosis within a single analytical
approach, which makes the present study important.

The purpose of this study was to examine the relation-
ship of B-AR activity with clinical manifestations of an-
giogenic activity in patients with NVG.

Material and Methods

Study design and sample characteristics

This prospective, open-label comparative observation-
al study included 188 patients with clinically verified sec-
ondary NVG. Patients were divided into two groups based
on the etiology of retinal ischemia. Group 1 included 112
patients with NVG associated with PDR (NVG/PDR), and
group 2, 76 patients with NVG secondary to RVO (NVG/
RVO).

Our age- and gender-matched control group comprised
34 patients with no signs of glaucoma, retinal ischemia or
systemic disorders that could have effect on autonomic
regulation parameters.

This study followed ethical standards as outlined in the
Declaration of Helsinki of the World Medical Association
(1964-2013) and the European Convention on Human
Rights and Biomedicine (1997). This study was approved
by the Bioethics Committee of SI “The Filatov Institute of
Eye Diseases and Tissue Therapy of the National Academy
of Medical Sciences of Ukraine”, Odesa, Ukraine (Meet-
ing Minutes No. 23 of May 1, 2025). Written informed
consent was obtained from all study subjects.

Inclusion criteria were patients with NVG either asso-
ciated with PDR or secondary to RVO; IOP > 22 mm Hg
despite maximum medical therapy; and presence of grade
1-3 rubeosis of the iris and/or anterior chamber angle ac-
cording to the Weiss grading system [17].

Exclusion criteria were NVG secondary to other etiol-
ogy; presence of a severe general disease precluding par-
ticipation; closed anterior chamber angle in the presence
of Weiss grade 4 rubeosis; active infection or malignancys;
ocular trauma or history of intraocular surgery; or a sys-
temic condition that could have an effect on autonomic
regulation parameters.

It is noteworthy that diabetes mellitus (DM) and arteri-
al hypertension (AH) were considered not as independent
factors but as the components of the clinical phenotype of
NVG of respective etiology. Because the study aimed to
examine the B-AR activity under conditions of real-world
clinical practice, it included patients with compensated or
subcompensated DM or AH, whereas acute or decompen-
sated DM or AH were excluded.

Clinical ophthalmological examination

Ophthalmological examination included visual acu-
ity, tonometry, anterior segment biomicroscopy, ophthal-
moscopy, and gonioscopy with evaluation of the presence
and grade of neovascularization of the iris and the anterior
chamber angle. The grade of rubeosis was determined ac-
cording to the Weiss grading system which has been wide-
ly used for evaluating the activity of neovascular process
[17].

Assessing B-AR activity

Laboratory tests were performed during patient inclu-
sion (prior to laser intervention). Fasting peripheral venous
blood samples were drawn for complete blood counts.

A method for assessing the functional sensitivity of
peripheral blood lymphocytes to adrenaline has been de-
veloped at Immunology laboratory, SI “The Filatov Insti-
tute of Eye Diseases and Tissue Therapy of the National
Academy of Medical Sciences of Ukraine”, and protected
by a patent of Ukraine [15, 16] and was used for assessing
B-AR activity.

The method is based on a parallel sampling principle
and enables quantitative evaluation of individual cell re-
activity to adrenergic stimulation. Peripheral blood mono-
nuclear cells from whole blood were separated through
density gradient centrifugation using Ficoll separating so-
lution with density of 1.077 g/mL (Simesta, Ukraine) and
washed twice to obtain lymphocyte suspension for further
analysis.

Mixture samples of cell suspension (lymphocyte cell
suspension mixed with NaCl 0.9% and that mixed with
adrenaline 0.18% (manufactured by JSC Darnytsia, Kyiv,
Ukraine) were incubated in parallel at 370C for one hour
to assess adrenergic sensitivity to adrenaline. Subsequent
calculation of B-AR activity was performed based on the
proprietary methodology [15, 18].

In this study, B-AR activity was considered an integral
characteristic of the function of B-adrenergic autonomic
control which was determined by the reactivity of periph-
eral blood lymphocytes to adrenaline. It is noteworthy that
B-AR activity reflects the function of B-AR signaling but
not the B-AR expression or number.

Statistics

JASP software (JASP Team, Amsterdam, Netherlands;
Version 0.19.2) was used for analysis. Quantitative data
were tested for normality using the Shapiro—Wilk’s test.
Non-normally distributed qualitative data were presented
as median (interquartile range (IQR)). The Mann-Whit-
ney U test was used to test for significant differences be-
tween two unpaired groups, and the Kruskal-Wallis test,
among the three groups, with subsequent post hoc testing
as appropriate. Categorical variables were compared by
Fisher’s exact test or the ¥? test as appropriate. The area
under the receiver operating characteristic (ROC) curve
(AUC) and relevant 95% confidence intervals (CI) were
used for assessing the discriminative ability of B-AR ac-
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tivity for clinically significant iris rubeosis (Weiss grade >
2). The Youden’s index was used to determine the optimal
cut-off point for -AR. The association between B-AR ac-
tivity and the Weiss grade of rubeosis was evaluated us-
ing Spearman's rank correlation. The association between
B-AR activity and the risk of clinically significant rubeo-
sis was evaluated using univariate logistic regression, and
odds ratios (OR) and 95% confidence intervals were cal-
culated. Significance was established at p < 0.05.

Results

Our analysis of rubeosis iridis grade found differences
between the diabetic phenotype and post-occlusive phe-
notype of NVG. The distribution based on the Weiss clas-
sification is shown in Table 1.

Although the NVG/PDR and NVG/RVO groups were
similar with regard to the percentage of patients with
clinically significant rubeosis (Weiss grade > 2; 46.4%
and 47.3%, respectively), severe rubeosis (Weiss grade
3) was more common in the former group (17.9% versus

10.5%). This may indicate not so much a higher incidence
of angiogenesis but rather its higher intensity and aggres-
siveness associated with diabetic microangiopathy and
systemic neuroautonomic dysregulation.

Comparing the NVG/PDR and NVG/RVO groups
and controls for differences with regard to B-AR activ-
ity

There was a significant difference between all patients
with NVG and controls, and between the NVG/PDR and
NVG/RVO groups with regard to B-AR activity. The NVG/
PDR group had the highest B-AR activity, followed by the
NVG/RVO group and the control group (Table 2).

There was a gradient increase in the distribution of
B-AR with a shift from controls to the NVG/RVO group
and the NVG/PDR group (Fig. 1). The distribution of
B-AR among patients with diabetic NVG was character-
ized by a greater shift towards larger values than among
patients with NVG secondary to RVO.

Discriminative ability of B-AR activity for clinically
significant rubeosis

Table 1. Distributions of patients with neovascular glaucoma (NVG) secondary to proliferative diabetic retinopathy (PDR) and
those with NVG secondary to retinal vein occlusion (RVO) by grade of rubeosis of the iris according to the system devised by

Weiss
Weiss grade of rubeosis RVCIRRR AR Total,
9 n (%) n (%) n (%)
60 (53.6 %) 40 (52.6 %)

Weiss grade 1

x2=0.02, p = 0.90

100 (53.2 %)

32 (28.6 %)

| 28 (36.8 %)

Weiss grade 2 60 (31.9 %)
X?=1.43,p=0.23
20 (17.9 %) | 8 (10.5 %)
Weiss grade 3 28 (14.9 %)
X?=1.90,p=0.17
Total 112 (100 %) | 76 (100 %) 188 (100 %)

Note: Data are presented as number and percentage for each etiological subgroup of NVG. p, significance of difference be-
tween the NVG/PDR and NVG/RVO groups for Weiss grades 1-3 as determined by x? test. Abbreviations: NVG, neovascular
glaucoma; PDR, proliferative diabetic retinopathy; RVO, retinal vein occlusion

Table 2. 8 adrenergic receptor (3-AR) activity in patients with neovascular glaucoma (NVG) secondary to proliferative diabetic
retinopathy (PDR), those with NVG secondary to retinal vein occlusion (RVO) and controls

Characteristic NVG /PDR NVG/RVO Controls
(n=112) (n=176) (n = 34)
B-AR activity, median (IQR) 14.0 (12-19)"4 12.0 (12-17)* 7.0 (6-8)

Note: Data are presented as median and IQR. p, significance of difference; *, significant difference compared to controls (p
< 0.05); ¢, significant between-group difference (p < 0.05). Abbreviations: B-AR activity, -adrenergic receptor activity; IQR,
interquartile range; NVG, neovascular glaucoma; PDR, proliferative diabetic retinopathy; RVO, retinal vein occlusion
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ROC analysis for all patients with NVG showed a mod-
erate but significant discriminative ability of f-AR activity
for clinically significant rubeosis (Weiss grade > 2). An
AUC of 0.70 indicated that B-AR activity has the ability to
reflect the systemic proangiogenic status in NVG (Fig. 2).

Therefore, B-AR activity (Fig. 2) demonstrated a
moderate discriminative ability (AUC = 0.70) which is
typical for systemic neuroautonomic markers. The results
obtained indicate that B-AR activity (1) can be used for
clinical phenotyping of patients with NVG but (2) should
not be considered an independent prognostic marker for
the course of the disease or the outcome of treatment. Ad-
ditionally, with a B-AR activity cut-off > 14.0, the sensi-
tivity and specificity of the method were 60% and 65%,
respectively, which confirmed that the parameter can be
used for clinical phenotyping of patients with NVG.

Fig. 1. Box plots showing distributions
of B-adrenergic receptor (8-AR) activity
levels in neovascular glaucoma second-
ary to proliferative diabetic retinopathy
(NVG/PDR), neovascular glaucoma
secondary to retinal vein occlusion
(NVG/RVO) and controls. The horizon-
tal line inside each box indicates the
median, the top and bottom of the box
indicate the interquartile range, and the
whiskers extending from the box indi-
cate the minimum and maximum after
excluding outliers.

Fig. 2. Receiver operating characteristic
(ROC) curve for B-adrenergic receptor
activity (B-AR) for detecting clinically
significant iris rubeosis (Weiss grade
> 2) in patients with neovascular
glaucoma

Table 3 shows percentage patient distribution by Weiss
grade for B-AR > 14.0 and B-AR < 14.0.

There was a significant difference between the NVG/
PDR group and the NVG/RVO group (¥2 = 30.85; p <
0.001) with regard to clinically significant rubeosis (Weiss
grade > 2), which may reflect a difference in the intensity
of angiogenic response between NVG phenotypes. More-
over, patients with an increased -AR activity had 5.02 (95
% CI, 2.64-9.56; p <0.001) times the odds of the presence
of active rubeosis irrespective of etiology. The area under
ROC curve (AUC = 0.70) indicates a moderate discrimi-
native ability of B-AR activity for patients with clinically
significant iris neovascularization, which allows to consid-
er this parameter not so much an independent prognostic
marker but rather a phenotype-determinative characteristic
that can reflect the systemic mechanisms involved in the
course of secondary glaucoma (Fig. 2).
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Table 3. Distributions of neovascular glaucoma (NVG) patients at a B-AR = 14.0 versus a 3-AR < 14.0 by grade of rubeosis of

the iris according to the system devised by Weiss

Weiss grade of rubeosis B-AR activity 2 14.0, n (%)

B-AR activity < 14.0, n (%) Total, n (%)

31(33.0%)

69 (73.4%)

Weiss grade 1

¥2=30.85, p<0.001

100 (53.2%)

36 (38.3%)

24 (25.5%)

Weiss grade 2 60 (31.9%)
¥?=3.53, p=0.06
27 (28.7%) | 1(1.1%)
Weiss grade 3 28 (14.9%)
¥?=28.37, p<0.001
Total 94 (100%) | 94 (100%) 188 (100%)

Note: Data are presented as number and percentage for a sample of patients with NVG; p, significance of difference be-
tween NVG patients with a B-AR activity = 14.0 and those with a B-AR activity < 14.0 (x?test). Abbreviations: B-AR activity,
B-adrenergic receptor activity; NVG, neovascular glaucoma; PDR, proliferative diabetic retinopathy; RVO, retinal vein occlu-

sion

In a multivariate regression model, B-AR activity re-
mained independently associated with the diabetic pheno-
type of NVG after adjustment for the etiology of the dis-
ease. A one-unit increase in B-AR activity was associated
with a 1.07 increase in the odds of developing NVG/PDR
(OR =1.07;95% CI, 1.00—1.15; p = 0.04). The etiology of
PDR remained a strong predictor of the phenotype of NVG
(OR =2.40; 95% CI, 1.30-4.60; p < 0.01).

Additional correlation analysis revealed a statistically
significant direct correlation between the B-AR activity
and the Weiss grade of rubeosis (rs = 0.69; p < 0.001).
This is in agreement with the results of ROC analysis and
confirms a potential association of sympatho-adrenal dys-
regulation with angiogenic activity in NVG.

Discussion

The results of the current study demonstrate that NVG
is associated with increased B-AR activity levels compared
to controls, which can reflect the involvement of sympa-
tho-adrenal regulation in the formation of clinical mani-
festations of clinical manifestations of the disease. B-AR
activity level was 1.7-2.0 times higher among all patients
with NVG than in controls. The finding of higher B-AR ac-
tivity levels in NVG associated with PDR is in agreement
with current understanding of neuroautonomic dysregula-
tion in DM, and underscores a potential involvement of
systemic regulatory mechanisms in the course of ischemic
vascular disorders of the eye [12].

The adrenergic system is an important regulator of
vascular activity, microcirculation and endothelial func-
tion. Recent studies have demonstrated that, under chronic
ischemic conditions, B-AR can participate in the control of
vascular tone, cellular response to hypoxia and tissue re-
modeling [8]. In this connection, abnormal B-AR signaling
is viewed as a potential mechanism for modulating angio-
genic response in retinal vascular disease.

In DM, sympatho-adrenal activity develops in the pres-
ence of autonomic neuropathy, chronic low-grade inflam-
mation and endothelial dysfunction [12]. This can con-
tribute to persistent vascular constriction, an increase in
ischemic changes in the iris and ciliary body and formation
of a proangiogenic microenvironment. Ischemic forms of
RVO, however, are also characterized by marked retinal
hypoperfusion, venous stasis and capillary non-perfusion,
thus creating conditions for activation of VEGF-dependent
angiogenesis [13, 14]. Therefore, despite differences in
major pathogenetic mechanisms, both key phenotypes of
NVG are implemented via a common ischemic-and-angio-
genic cascade.

Experimental studies have confirmed a direct involve-
ment of B-AR signaling in the control of angiogenesis.
It has been demonstrated that 3-AR are activated under
hypoxic conditions and are involved in the regulation of
VEGF expression in retinal cells, including endothelial
and Miiller cells [10]. Recent studies have demonstrated
that a hypoxia-induced increase in VEGF expression in
retinal cells largely depends on B3-AR signaling, which
confirms its role in the formation of a proangiogenic mi-
croenvironment [11]. Additionally, B-AR blockade in
models of ischemic retinopathy is accompanied by re-
duced pathologic neovascularization with inhibition of
VEGF-dependent mechanisms of angiogenesis [9]. The
B-AR pathway is also involved in the control of inflam-
mation, with the use of B1-AR antagonist metoprolol de-
creasing the expression of proinflammatory cytokines and
adhesion molecules under hyperglycemic conditions [19].
Collectively, this data indicates that f-AR signaling may
be a mechanism through which systemic neuroautonomic
dysregulation impacts angiogenic response in NVG.

The clinical findings of the present study supplement
experimental data and indicate that an increased B-AR ac-
tivity is associated with active iris rubeosis. Particularly,
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B-AR activity had a moderate discriminative ability for
clinically significant rubeosis (Weiss grade > 2; AUC =
0.70) and, with a B-AR cut-off > 14.0, patients with an
increased B-AR activity had 5.02 (95 % CI, 2.64-9.56; p
< 0.001) times the odds of the presence of active rubeo-
sis. Additionally, rubeosis grade distribution among the
groups with B-AR > 14.0 and B-AR < 14.0 was statisti-
cally significant (y*> =30.85; p <0.001). This indicates that
B-AR may reflect a systemic neuroautonomic component
of angiogenic response in NVG, which is in agreement
with current understanding of multifactorial nature of the
course of the disease and the complexity of risk stratifica-
tion [2]. Our findings are in agreement with the concept of
receptor-mediated neuroautonomic cell regulation devel-
oped in a fundamental study by Velychko and colleagues
[15] that demonstrated a possibility of evaluating quanti-
tatively the receptor sensitivity as a reflection of systemic
regulatory remodeling [15].

Moreover, a clinical study demonstrated a change in
sensitivity of peripheral blood lymphocytes to neurome-
diators in recurrent posterior uveitis, which indicated the
involvement of sympatho-adrenal and cholinergic con-
trol mechanisms in the pathogenesis of eye disease [16].
Within the framework of the present study, -AR may be
interpreted as an integral systemic characteristic of sym-
patho-adrenal dysregulation that is potentially implicated
in the modulation of angiogenic processes and the clinical
course of NVG.

Our multivariate analysis confirmed the clinical sig-
nificance of B-AR activity as a characteristic important for
determining the phenotype: a one-unit increase in -AR
activity was associated with an increase in the odds of
NVG/PDR (OR = 1.07; 95% CI, 1.00-1.15; p = 0.04),
whereas the presence of PDR remained a strong indepen-
dent predictor of the phenotype of NVG (OR = 2.40; 95%
CI, 1.30-4.60; p < 0.01). Such integration of a systemic
marker of neuroautonomic regulation with the etiological
factor is in agreement with the findings of our previous
studies, where NVG was considered a multifactorial dis-
ease with the course determined by the interaction of local
ischemic mediators and systemic modifiers of angiogenic
response [20, 21]. Additionally, relatively low -AR activ-
ity levels in NVG/RVO may reflect the predominance of
local hemodynamic abnormalities with a smaller contribu-
tion from systemic sympatho-adrenal activity.

Our clinical findings are in agreement with the ex-
perimental and clinical findings with regard to the role of
B-AR signaling in the control of angiogenesis, inflamma-
tion and endothelial reactivity under chronic ischemic and
hyperglycemic conditions [9, 10, 12, 22]. Collectively,
these observations confirm the role of systemic neuroauto-
nomic dysregulation as a key mechanism modulating the
angiogenic response in NVG.

Additionally, the clinical significance of VEGF mech-
anisms has been confirmed by the results of a Cochrane
systematic review that demonstrated that anti-VEGF ther-

apy caused only a temporary regression of iris neovascu-
larization and IOP reduction but failed to prevent disease
progression and had no impact on the major pathogenetic
factors [23]. This underscores the need for impact not only
on the terminal component of the angiogenic cascade, but
also on the systemic control mechanisms.

The generalization of clinical and statistical results
made it possible to propose a clinical-and-pathogenetic
concept whereby B-AR activity may reflect the systemic
component of neuroautonomic dysregulation which is in-
volved in the control of angiogenic response in NVG. The
findings of (1) a strong positive correlation between B-AR
activity level and the Weiss grade of rubeosis (rs = 0.69;
p < 0.001) and (2) an increase in the odds of clinically
significant iris rubeosis (OR = 5.02; 95% CI, 2.64-9.56; p
< 0.001) at B-AR > 14 indicate a possible involvement of
sympatho-adrenal dysregulation in the formation of angio-
genic phenotype of NVG.

Our findings make it possible to consider -AR activity
as a promising phenotype-determining marker that supple-
ments the clinical assessment of iris rubeosis and may be
used for more detailed characterization of the course of
NVG. However, the concept proposed here should be veri-
fied in prospective studies with the involvement of direct
markers of angiogenesis and systemic inflammation.

Limitations of this study include a single-center design
and the absence of external validation. Additionally, we
did not assess the effect of concomitant systemic therapy
(particularly, B blockers and anti-hypertensive medica-
tions) that could impact the levels of B-AR activity. Pro-
spective multifactorial studies with larger samples will be
required to confirm the results of this study and determine
whether modulating B-AR signaling would be clinically
appropriate for patients with NVG.

Conclusion

B-AR activity level was 1.7-2.0 times higher in pa-
tients with secondary NVG than in controls (p < 0.05),
which may reflect the involvement of sympatho-adrenal
dysregulation in the systemic mechanisms of the develop-
ment of the disease.

Additionally, there was a significant association be-
tween B-AR activity and clinical manifestations of angio-
genic activity in NVG. B-AR level was strongly positively
correlated with the Weiss grade of rubeosis (rs = 0.69; p <
0.001), indicating an association of the severity of sympa-
tho-adrenal dysregulation with neovascularization activity.

ROC analysis for all patients with NVG showed a
moderate but significant discriminative ability (AUC =
0.70) of B-AR activity for clinically significant rubeosis
(Weiss grade > 2). At a threshold level of B-AR > 14, there
was a five-fold increase in the odds of clinically significant
iris rubeosis (OR = 5.02; 95% confidence interval, 2.64—
9.56; p <0.001), which makes it possible to consider f-AR
activity as a promising phenotype-determining marker of
the clinical activity of NVG.
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