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EVALUATION OF CLINICAL AND FUNCTIONAL INDICATORS OF OCT
ANGIOGRAPHY AND PERIMETRY IN PATIENTS WITH PRIMARY OPEN-ANGLE
GLAUCOMA

Dusmukhamedava A.M., Tuychibaeva D.M.
Tashkent State Dental Institute
Tashkent, Uzbekistan.

Pe3tome

LUenb. OueHnTb B3aMMOCBSA3b MEXAY U3MEPEHNAMM NNIOTHOCTU COCYAOB C MOMOLLbIO
ONTMYECKOW KorepeHTHon Tomorpaduyeckon anrnorpacdum (OKT-A) n notepu nonen
3peHns NPy NEPBUYHON OTKPLITOYronbHon rnaykome (MOYT).

O6beKkT U Metoabl uccrnenoBaHus. boinn obecnegoBaHbl 31 3g4opoBbIX nNuu, 48
naumeHToB ¢ nogo3peHnem Ha MNOYT n 74 nauneHTta c NMOYT.

PesynbTtatbl. [lo cpaBHeHuto ¢ rnasamm ¢ [1OYI, HopmanbHble rnasa
AeMOHCTpupoBanu 6onee NIOTHYO MUKpococyaucTyto ceTb B npegenax RNFL. MNnotHocTb
cocyaoB Obina Bbille B HOpMarsibHbIX rfasax, 3a KOTOpbIMW CreaytoT rnasa ¢ Nogo3peHNEM
Ha rnaykomy, nerkyro rnaykomy u rnaykomy cpegHemn u tsxernon ctenendm gnsa wivD (55,5,
51,3, 48,3, 41,7% cooTtBeTcTBEHHO) 1 cpVD (62,8, 61,0, 57,5, 49,6% cooTBeTCTBEHHO) (P<
0,001 gns obounx). CeA3b Mexay TskecTbio nospexaeHus nonsa 3pexHnsa (MD) ¢ cpVD u
wiVD 6bina cunbHee (R2 = 0,54 n R2 = 0,51 cooTBeTCTBEHHO), YeM cBA3b Mexay MD nons
3peHus n RNFL (R2 = 0,36) n nnowagsto obogka (R2 = 0,36). p 2=0,19) (P<0,05 ans scex).
MHOromMepHbI PErpeccuMoHHbIM aHanu3 C MnonpaBkOM Ha BMellMBawwwmeca ¢akTopsbl
nokasarsn, 4to kaxabin 1%-n cnag cpVD Obin cBa3aH ¢ ymeHbweHnem MD Ha 0,64 dB | a
Kaxabi 1%-Hbin cnag wiVD 6bin cBA3aH ¢ ymeHbweHnem MD Ha 0,66 dB . Kpome Toro,
ObI110 06HAPYKEHO, YTO CBA3b MEXAY NITIOTHOCTBI COCYA0B N TSXKECTbIO NOBPEXAEHNS NOSS
3pEeHUs ABNSETCH 3HAaYMMON daxe rnocre yyeta adekTa CTPYKTYpPHOM NOTEPMU.

BbiBoabl. CH/KEHME NNOTHOCTU COCYAOB ObINO B 3HAYMUTENBHOW CTEMEHN CBA3AHO C
TSHKECTbIO MOBPEXOeHUs Nnongd 3peHus He3aBUCUMO OT CTPYKTypHown notepun. OKT-A —
MHoroobellalwas TEeXHOSMOrMsa JieYeHUs rnaykomMbl, MNOTEHUWanbHO yrydwarowas
NOHUMaHMe posiM COCyaoB B NaToduanonornm sabonesaHus.

KniouyeBble crnoBa: nepBuyHasi OTKpbITOyronbHasa rraykoma, OKT-aHrnorpadwus,
KOMMbOTEPHAs NEPUMETPUS, KOPPENALNOHHbBIN aHanus.

Xynoca
Makcaa. bupnamum ouunk 6ypyaknu rnaykomaga (bOBIT) KOH TOMUP 3M4nKrM Ba KypuLl
MangOHMHMN  WYKOTULIHWHI  OMNTUMK KOrepeHT Tomorpaduk adrmorpadmacu (OKT-A)
ypTacuaarn 6oFnMKnmnkHn 6axonatw.
TaakukoT o6bekTn Ba ycynnapu. 31 cornom ogam, bOBIra wybxa kunuHraH 48
6emop Ba BOBI" 6unaH kacannaHraH 74 6emop TeKWwupungu.
Hatmxanap. BOBI" ky3snapu 6unaH conuwTupraHga, ogaun kysnap RNFL numpa
3M4POK MUKPOBACKYNSP TapMOKHU KypcaTau. KoH Tomupnapu 3uunuri ogavi Kysnapga
toKopu GynraH, yHAaH KeNUH rnaykomara wybxa KMnvHraH, eHrun rnaykoma Ba yprada Ba
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ofup rnaykoma kysnapuga wivVD (moc pasuwpga 55,5, 51,3, 48,3, 41,7%) Ba cpVD (moc
pasuwpa 62,8, 61,0, 57,549%). wukkanacun y4yH 0,001). Kypuw MangoHUHUHT
wukactnaumwmHmHr (MD) cpVD  Ba wiVD GunaH xugannnurn yptacmgarn GOfFnmMKNnK
Kypuw mangoHn MD Ba RNFL (P2 = 0,36) Ba xaHT mangoHn (P2 = 0,19) yptacugaru
BOFNMKNUKKa Kaparanga Kyuynmpok egn (moc pasuwpaa P2 = 0,54 Ba P2 = 0,51). ) (bapyacu
yuyH [1<0,05). Kyn y3rapyByaH perpeccusa Taxnvnu, Jyankawnuknap yd4yH cosnadraH, cpVD
HUHr xap 1% nacavmwun MDpaa 0,64 dB nykoTuw 6unaH 6ofFnmknurnHn Ba wiVDHUHT xap
1% nacannwm MDpaa 0,66 dB nykotuw 6unan 6oFrnmknurim kypcatan. byHaaH Tawkapw,
TOMUP 3UYNUITN Ba Kypuw MaWOOHWHWHT  LUMKACTNAHULLMHWHT  OFUPNUIK - ypTacugaru
OOFMNKNUK CTPYKTYpaBUA WNYKOTULL TabCUPUHM Ha3opaT KUraHgaH KeuuH Xam Myxum
eKaHNUr1 aHnKnaHau.

Xynoca. ToMup 3UYIUTMHUHI NacanuwinM CTPYKTypaBuM MYKOTULWIAAH KaTbW Hasap,
BM3yan MangoOHHWHT LWMKACTAAHULWNHWUHE XXUOAMANUIM BunaH cesvnapnu gapaxaga 6ofnmk
ean. OKT-A rnaykomaHu pasonawgja WCTUKBonnu TexHosnoruss 6ynub, kKacanfukHUHC
natoduanonornacuaa KoH TOMUP PONMHN TYLLYHULLIHM NOTEHUMan pasvwaa Kydantmpagu.

Kanut cy3nap: Oupnamum ouuk 6Oypyaknu rnaykoma, OKT aHruorpacwmscy,
xucobnaHraH nepumeTpust, Koppenaunsa Taxnnnu.

Summary

Purpose. To assess the relationship between optical coherence tomographic
angiography (OCT-A) measurements of vascular density and visual field loss in primary
open-angle glaucoma (POAG).

Object and methods of research. 31 healthy individuals, 48 patients with suspected
POAG and 74 patients with POAG were examined.

Results. Compared to POAG eyes, normal eyes demonstrated a denser
microvascular network within the RNFL. Vessel density was higher in normal eyes followed
by glaucoma suspects, mild glaucoma and moderate to severe glaucoma eyes for wiVD
(55.5, 51.3, 48.3, 41.7% respectively) and for cpVD (62.8, 61.0, 57.5, 49.6% respectively)
(P<0.001 for both). The association between the severity of visual field damage (MD) with
cpVD and wiVD was stronger (R2=0.54, and R2=0.51 respectively) than the association
between visual field MD and RNFL (R2=0.36) and rim area (R2=0.19) (P<0.05 for all).
Multivariate regression analysis, adjusted for confounders, showed that each 1% decrease
in cpVD was associated with 0.64 dB loss in MD and each 1% decrease in wiVD, was
associated with 0.66 dB loss in MD. In addition, the association between vessel density and
the severity of visual field damage was found to be significant even after controlling for the
effect of structural loss.

Conclusions. Decreased vessel density was significantly associated with severity of
visual field damage independent of the structural loss. OCT-A is a promising technology in
glaucoma management, potentially enhancing the understanding of vascular role in the
pathophysiology of the disease.

Key words: primary open-angle glaucoma, OCT angiography, computed perimetry,
correlation analysis.

Introduction. Glaucoma is a  etiology characterized by degeneration of
progressive optic neuropathy with unknown  retinal ganglion cells (RGC) and their axons

VOL. 1 NO. 1 DECEMBER 5, 2022

26



MedUnion

resulting in a characteristic appearance of
the optic disc and visual field loss. [1,2]
There is increasing evidence that optic
nerve blood flow impairment and
microcirculatory deficiency may have a role
in the pathogenesis of glaucoma. Although
the details of this relationship have not been
established precisely. This is in part due to
the instrumentation that has been available
and their difficulty of accurately measuring
ocular blood flow. [6]

In contrast to ocular blood flow,
objective, accurate, and quantitative
measurements of the optic nerve head and
macula can be obtained with optical
coherence tomography (OCT), and they
have become the standard for structural

evaluation in glaucoma research and
clinical practice. However, structural
measurements have only moderate

correlation with visual field loss. [3]

It recently has become possible to
obtain non-invasive images to characterize
retinal vasculature with OCT angiography
(OCT-A) [4.5]. OCT-A provides
reproducible quantitative assessment of the
microvasculature in the optic nerve head,
peripapillary retina, and macula. [8] Recent
studies using OCT-A have suggested that
this new technology might be useful in the
diagnosis, staging, and monitoring of
glaucoma. [7,9,10] These measurements
also may clarify the role of microcirculation
and optic nerve blood flow in the
pathogenesis of glaucoma.

The current study evaluates the
relationship between OCT-A retinal vessel
density  parameters  with  functional
measurements and compare it to standard
spectral domain OCT (SD-OCT) structural
measurements.

Purpose. To evaluate the association
between vessel density measurements
using optical coherence tomography
angiography (OCT-A) and severity of visual

medunion.uz

field loss in primary open-angle glaucoma
(POAG).

Material and methods. This was an
observational cross-sectional study
including 153 eyes from 31 healthy, 48
glaucoma suspect, and 74 primary open
angle glaucoma (POAG) patients.

All  participants  completed a
comprehensive ophthalmologic
examination, including best corrected visual
acuity (BCVA), slit-lamp biomicroscopy,
intraocular pressure (IOP) measurement
with  Goldmann applanation tonometry,
gonioscopy, dilated fundus examination,
stereoscopic optic disc photography,
ultrasound pachymetry, and standard
automated perimetry (SAP) in both eyes.
Only participants over 18 years of age with
open angles on gonioscopy, and spherical
refraction within £ 10 D were included.

Healthy subjects were required to
have an IOP of 21 mmHg or less with no
history of elevated IOP, normal appearing
optic discs, intact neuroretinal rims and
retinal nerve fiber layer (RNFL), and normal
visual field test results defined as a Pattern
Standard Deviation (PSD) within the 95%
confidence limits, and Glaucoma Hemifield
Test (GHT) result within normal limits.
Glaucoma suspects had either an IOP = 22
mmHg and/or suspicious appearing optic
discs without evidence of repeatable
glaucomatous visual field damage.

Results and discussions. Glaucoma
was defined by the presence of repeatable
abnormal SAP results with a GHT outside
normal limits or PSD outside the 95%
normal limits. Glaucoma patients were
additionally classified into 2 groups based
on the severity of their visual field damage;
mild glaucoma was defined as visual field
mean deviation (MD) higher than -6 dB and
moderate to severe glaucoma as a visual
field MD lower than -6 dB.22 To ensure
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comparability of age across study groups,
only subjects = 45 years were included.
Eyes with history of intraocular surgery
(except for glaucoma surgery or
uncomplicated cataract surgery), secondary
causes of glaucoma, non-glaucomatous
optic neuropathies, vascular or non-
vascular retinopathies, and other ocular or
systemic diseases known to impair the

visual field were excluded from the
investigation.
Two blood pressure (BP)

measurements obtained in a resting, seated
position were taken at least 5 minutes apart
using an instrument. Mean arterial pressure
(MAP) was calculated as MAP= 1/3 systolic
BP + 2/3 diastolic BP and mean ocular
perfusion pressure (MOPP) was defined
using the following equation: MOPP = 2/3
MAP-IOP.

Results and discussion. The study
population consisted of 31 healthy subjects
(mean age 69.0 + 7.7 years, SAP MD 0.3 £
1.3 dB), 48 glaucoma suspects (mean age
71.4 £ 9.4 years, SAP MD -0.6 + 1.5 dB),
46 mild glaucoma patients (mean age 72.9
+ 10.7 years, SAP MD -3.0 =+ 1.8 dB) and
28 moderate to severe glaucoma patients
(mean age 75.7 + 10.7 years, SAP MD
-13.6 + 6.6 dB). Healthy subjects tended to
be younger than glaucoma suspects and
glaucoma patients, but this difference was
not statistically  significant  (ANOVA
P=0.063). Healthy eyes generally appeared
to have denser capillary networks in the
RNFL layer compared to eyes with early
glaucomatous optic nerve damage and
trend of a sparser microvascular network
could be detected with advancing stages of
the disease. Vessel density measurements
were lower in more severe disease.
Specifically, the mean wiVD in moderate to
severe glaucoma eyes was significantly
lower (417 = 55 %,) than in mild
glaucomatous eyes (48.3 + 4.2 %),

medunion.uz

glaucoma suspects (51.3 £ 4.6 %) and
healthy eyes (55.5 + 3.2 %) (ANOVA
P<0.001, Tukey HSD P<0.05 for all
comparisons). Mean cpVD values were also
significantly lower in moderate to severe
glaucoma eyes (49.6 £ 6.9 %,) followed by
mild glaucoma (57.5 + 4.4), glaucoma
suspects (61.0 £ 4.7 %) and healthy eyes
(62.8 £ 3.9 %), (ANOVA P<0.001, Tukey
HSD P<0.05 for all pairwise comparison
except between healthy and glaucoma

suspect eyes. (P=0.322). Standard
structural and functional measurements
also showed statistically  significant

differences among groups (P<0.001).
Significant differences were found
comparing strength of the associations
between MD and both OCT-A vascular
parameters with the association between
MD and RNFL and rim area measurements
(P=<0.05 for all pairwise comparisons). The
association between MD and RNFL
thickness was also significantly stronger
than between MD and rim area (P=0.001).
The associations between wiVD and cpVD
with  MD were similar (P=0.500). The
strongest associations with visual field PSD
were with wiVD, cpVD (R2=0.39 and 0.36
respectively), and RNFL (R2=0.37) followed
by rim area (R2=0.23). Significant
differences were found between the
associations of PSD with wiVD and rim area
(P=0.026) and between RNFL thickness
and rim area (P=0.035). The linear
associations between visual field mean
sensitivity were strongest with cpVD
(R2=0.55) followed by wiVD (R2=0.53),
RNFL thickness (R2=0.37) and rim area
(R2=0.19). After converting mean sensitivity
from logarithmic (dB) to linear units
(1/lambert), a similar pattern was found;
Association with mean sensitivity
(1/lambert), were highest for wiVD and
cpVD (R2=0.44 for both) followed by RNFL
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thickness and rim
(R2=0.18).

The strength of the associations
between visual field MD with structural and
OCT-A measures also were compared
using a curvilinear quadratic model. The
associations between OCT-A and visual
field MD were significantly stronger than the
associations between visual field MD and
RNFL and rim area (P<0.05 for all pairwise
comparisons using bootstrapping
procedure).

Results from univariate regression
analysis for visual field MD as the
dependent variable are summarized.
Multivariate linear regression analysis,
while controlling for the potentially
confounding effect of age, IOP, CCT, and
axial length, showed that each 1% decrease
in cpVD, was associated with 0.64 dB loss
in MD (P<0.001), and each 1% decrease in
wiVD, was associated with 0.66 dB loss in
MD (P<0.001).

Multivariate regression analysis that
controlled for the effect of potential
confounders (age, IOP, CCT and axial
length) and also adjusted for the effect of
RNFL thickness, showed that wiVD was
independently associated with visual field
MD. Similar results were found when cpVD
was included in the model instead of wiVD.
The association between RNFL with MD
was no longer statistically significant when
vessel density was included in the model.
The multivariate regression analysis also
was completed using rim area instead of
RNFL thickness, and the results were
similar; Each 1% decrease in wiVD, was
associated with 0.71 dB loss in MD
(P<0.001) and the association between rim
area and MD were no longer significant
(P=0.285) when wiVD was included in the
model.

For  completeness, associations
between clinical and ophthalmic features

(R2=0.34) area

medunion.uz

and OCTA vessel density also were
evaluated. OCT-A vessel density was
significantly associated with RNFL and rim
area measurements (P<0.001). As
structural measurements, such as RNFL,
optic nerve head rim and cup area have
been shown to be associated with disc size,
we also evaluated the association of ONH
area on OCT-A vascular measurements.
There were no statistically significant
correlations between disc area with wiVD
and cpVD measurements in healthy eyes
(R2=0.005, P=0.696, and R2=0.009,
P=0.614, respectively). For this reason, disc
area was not controlled for in the
multivariable analyses. In addition, we did
not find a significant association between
MOPP and cpVD (R2=0.003, P=0.49) or
wiVD (R2=0.000, P=0.85).

Results of the present study
demonstrate a significant relationship
between vessel density and severity of
visual field damage. Qualitatively, the OCT-
A vessel density map showed sparser
peripapillary vascular networks in more
severe glaucoma. Quantitatively, lower
vessel density values, were associated with
more advanced stages of glaucomatous
visual field damage. The principal finding of
the study was a relatively strong association
between cpVD, wiVD, and visual field loss
expressed as MD (R2=0.54 and 0.51,
respectively, P<0.001 for both) suggesting
that reduced OCT-A vessel density is
associated with more severe glaucoma. Our
results also suggest the vascular-functional
correlations were stronger than the
standard structural (RNFL and rim area)-
function relationships whether comparing
linear or non-linear fitted models. Moreover,
multivariate  analyses indicated an
independent relationship between reduced
vessel density and visual field loss, even
after adjusting for the severity of structural
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damage measured by rim area and RNFL
thickness.

Conclusion. In our study, SAP MD,
PSD and MS measured in a logarithmic
scale reported in decibels and also MS
converted to a linear scale reported in
1/lambert were significantly associated with
vessel density measurements (P<0.001 for
all). The associations between cpVD, wiVD
and MD (R2=0.54 and 0.51, respectively)
were higher than their association with PSD
(R2=0.36 and 0.39 respectively, P<0.001).
Reports comparing the strength of the
association between OCT based vascular
measurements and different visual field
summary measures are inconsistent.
Hwang et al7 showed that total retinal blood
flow measured by Doppler-OCT was highly
correlated with MD, but its relationship with
PSD did not reach statistical significance.
Another Doppler-OCT based study33
investigating hemispheric retinal blood flow
measurements in eyes having
glaucomatous visual field damage confined
to a single hemifield, reported significant
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differences in blood flow measurements
between the affected and unaffected retinal
hemispheres in glaucoma patients
compared to healthy age-matched subjects,
but failed to find an association between
hemispheric retinal blood flow
measurements and visual field mean retinal
sensitivity measured as 1/lambert in the
corresponding hemifield.

OCT-A vessel density measurements
are significantly associated with severity of
visual field damage. These associations are
generally stronger than standard structural
measures such as RNFL and rim area.
Moreover, OCT-A vessel density
measurements are  still  significantly
associated with severity of visual field loss
even after adjusting for standard structural
measurements. For these reasons, OCT-A
is a promising technology that will allow
clinical monitoring of vascular changes in
glaucoma, and it could potentially allow
further understanding on the
pathophysiology of the disease, specifically
its underlying vascular mechanism.
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