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OCT ANGIOGRAPHY OF THE PERIPAPILLARY RETINA IN PRIMARY OPEN-
ANGLE GLAUCOMA

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

Pe3tome

LUenbro gaHHoOro uccnegosaHnsa 6bino mM3yveHue Tonorpadmyeckon B3aMMOCBA3U
MEeXAy YMEHbLUEHHbIM napananuniapHbiM  MUKPOLMPKYNSTOPHBIM - PYCrioM  ceTvaTku,
OLUEHEHHbIM C TMOMOLbLIO OMTUYECKOW KOrepeHTHOM ToMorpaguyeckon aHrmorpagouu
(OKTA), n pedektom cnosi HepBHbIX BoriokoH cetyatkm (CHBC) B rmasax ¢ nepBu4HOM
oTkpbITOyronbHown rnaykomon (MOYT) n nokanmnsoBaHHbi aedekt CHBC.

MeTtoabl. OueHnBanu nepunanunnspHoe KpoBoobpalleHne ceTyaTKm C MOMOLLBIO
OKTA c ueHTpoM Ha gucke 3putenbHoro Hepea B 98 rnasax ¢ NOYI n nokanusoBaHHbIM
nedektom CHBC n B 45 300poBbIX KOHTPOMbHbIX rMasax. Cocyauctoe HapylleHue
onpegenanu npn OKTA nO HanuMuuio npusHaka, YyKasblBalLWero Ha CHWXKeHue
MUKpOUMPKYnsaTopHoro pycna. Yactotel B cpaBHuBanun wmexay rpynnamu [OYTD wu
KOHTPOJSIbHOW, W onpefensnu Tonorpauyeckyro Koppensumio Mexay COCyaAuCTbIMU
HapyLweHusmn n gedektom CHBC, BbisiBNieHHbIM Ha dhoTorpadumsix rnasHoro gHa, B rpynne
MOovr.

Pesynbtatbl. Cocyauctoe HapylweHue Habnwoganu Kak y4aCTOK MNOHMKEHHOW
NANOTHOCTN MUKpococyaucton cetn cetyatkm Ha 100% mma3 c [OYl. cocyaunctoe
HapyLleHne To4Ho coBnagan ¢ gedektom CHBC, oueBngHbIM Ha dpoTorpadumsax rinasHoro
AHa 6e3 KpacHOro, Kak Mo pacnosioKEeHWto, Tak U Mo MNPOTSHKEHHOCTU (KO3IPULMEHT
koppensaumm Mupcona = 0,997 n 0,988 cootBetcTBEHHO, BCce P <0,001). H1n oanH wu3
KOHTPOJSIbHbIX a3 He nokasan cocyanctoe HapyweHue B OCTA.

BbiBoabl. Y 6onbHbix [OYIN B mecte pgedekta CHBC BbisiBNeHO CHMXeHue
napananunnisipHOro MUKPOLUUPKYINATOPHOrO pycna cetyaTkm no gaHHbiM OKT. 3710
OTKPbITUE NO3BONSAET NPEeAnoOSIOKUTb, YTO YMEHbLUEHNE MUKPOUMPKYNATOPHOrO pycna
ceTyaTKn, BEPOSITHO, ABNAETCA BTOPUYHON NOTEPEN UIK 3aKPbITUEM Kanunnsapos B obnactu
rnaykomaTto3Houn atpocmmn CHBC.

KnioueBble crnoBa: nepBuyHasi OTKpbITOyronbHasa rraykoma, OKT-aHrnorpadwus,
CHBC.

Xynoca
Makcaa: bupnamumn ouunk 6ypyaknu rnaykoma (BOBIT) 6Gunan ofpuran kyanapga onTuk
korepeHT Tomorpadus aHrnorpadpusacu (OKT-A) Ba peTuHan HepB Tonacu katnamu (RNFL)
HYKCOHN BunaH GaxonaHraH napananunnsp peTuHan MUKpOBAacCKynaTypaHWHI nacamuin
ypTacuagaru Tonorpaduk anokaHu, nokan RNFL HykcoHu ypraHuw
TaakukoT ycynnapu: nepunanunngap petnHan koH annannwm nokan RNFL HykcoHu
6ynran 98 BOBI™ ky3anapuga Ba 45 cofnom Hasopat Ky3napuaa Kypys Hepsu auckm OKT-A
épaamunga ©axonaHgw. OKT-A aa KOH TOMUPINAPUHUHT LUMKaCTNaHULLN
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MUKPOTOMUPIIAPHUHT  KaMaWraHnurmHum  KypcataguraH ©6enrn  maBxygnurn  6unax
aHMKnaHau. wukactnaHmwm dactotanapy BOBIT Ba HasopaTt rypyxfnapu ypTacumaa

TakkocnaHam Ba bOBI rypyxmuaa km3nn paHrcus oyHayc ootocypatnapuaa aHuknaHraH Ba
RNFL HykcoHu ypTacuagaru Tonorpadouk KOppensumnsa aHuknaHau.

Hatuxanap: KOH TomupnapuwHuHr wukactnasmwmn 100% BOBIT  kysnapuga
PeTUHaAHMHI MUKPOBACKYNAP TAPMOFUHUHT 3UYIIUMA NacanraH xyaya cudpartnga Kkysatungu.
KOH TOMUPAAPUHWHI LUMKACTNAHMLLM XOMNaLlyBKn Ba XaXmun 6yrnmya Kkuamn paHrcms yHayc
doTocypatnapuga aHuk kypuHaguradH RNFL HykcoHura Tyrpu kengm (MNvupcoH koppenaums
koedpuumeHTn = 0,997 Ba 0,988, 6apya 1 <0,001). HasopaT KnnyBuM Ky3napHUHE xed 6upu
OKT-A ga KOH TOMUPRapUHUHI LUMKACTNAHULLINHN KypcaTMaan.

Xynoca: BOBI 6unaH ofpuran 6emopnapaa RNFL HykcoHu xonnawraH »xonga OKT-
A TOMOHMAAH aHWKNaHraH peTUHaHWHI Napananunnap MUKPOBaCKYNALMACUHUHI nacanmimn
aHuknangn. Ywby TonunmMa LWyHM KypcaTaguku, peTuHan MWUKPOBACKYNSAUMSCUHUHE
nacamvwm rnaykomato3 RNFL  atpodwmsacu xyayamoa KanunnsaprapHWHE MKKUIiamyv
NYKONULLIN €KW ENUIMLIN BYNULLN MYMKWH.

KanuT cy3anap: 6upnamum oumk 6ypyaknu rnaykoma, OKT aHrnorpadguscmn, RNFL

Summary

Purpose: The purpose of this study was to investigate the topographic relationship
between the decreased parapapillary retinal microvasculature as assessed by optical
coherence tomography angiography (OCTA) and retinal nerve fiber layer (RNFL) defect in
eyes with primary open-angle glaucoma (POAG) and a localized RNFL defect.

Methods: The peripapillary retinal circulation was evaluated using the OCTA centered
on the optic nerve head in 98 POAG eyes having a localized RNFL defect and 45 healthy
control eyes. A vascular impairment (V1) was identified in OCTA by the presence of a sign
indicating decreased microvasculature. The frequencies of VI were compared between the
POAG and control groups, and the topographic correlation between the VI and the RNFL
defect identified in red-free fundus photographs was determined in the POAG group.

Results: The VI was observed as an area of decreased density of the microvascular
network of the retina in 100% of the POAG eyes. The VI exactly coincided with the RNFL
defect evident in red-free fundus photographs in terms of both the location and extent
(Pearson's correlation coefficient = 0.997 and 0.988, respectively, all P < 0.001). None of
the control eyes exhibited VI in OCTA.

Conclusions: Decreased parapapillary microvasculature of the retina determined by
OCTA was found at the location of RNFL defect in POAG patients. This finding suggests
that the decreased retinal microvasculature is likely secondary loss or closure of capillaries
at the area of glaucomatous RNFL atrophy.

Key words: primary open-angle glaucoma, OCT angiography, RNFL

Introduction. Ocular blood flow is  of glaucoma.[3] With fluorescein

thought to have an important role in the
pathology of glaucoma.[1,2] In particular,
vascular dysfunction in the optic nerve head
(ONH) has been proposed as a contributing
factor to the development and progression

angiography, filling defects in the ONH have
been reported in eyes with glaucomatous
neuropathy.[8] However,  fluorescein
angiography is difficult to perform in a
clinical setting as it is invasive and time
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consuming. Alternative imaging methods
have been widely investigated, but it has
been a challenge to identify clinically
feasible ones until recently with the advent
of  optical coherence  tomography
angiography (OCTA).

Studies have shown that peripapillary
retinal blood flow and retinal vessel caliber
are reduced in glaucoma patients compared
with healthy subjects, using laser Doppler
flowmetry, Doppler optical coherence
tomography (OCT), and measurements of
retinal vessel caliber. [4] Decreased retinal
perfusion has also been demonstrated
angiographically in glaucoma patients using
fluorescein angiography. These findings
have raised the interest in the potential role
of decreased ocular perfusion as an
etiopathogenic factor for the glaucomatous
optic neuropathy (GON), together with
epidemiologic or clinical data that
demonstrated the association of low blood
pressure [5,6] or nocturnal blood pressure
dips with glaucoma. In contrast, Quigley et
al. [7,11] demonstrated that the density of
capillaries remained constant across a wide
range of neural tissue losses within the optic
nerve head (ONH) in both experimental and
human glaucoma eyes. In addition, Cull et
al. showed that the ONH blood flow
measured by laser speckle flowgraphy
increased during the earliest stage of
glaucoma followed by a linear decline that
was strongly correlated with thickness
reduction of the retinal nerve fiber layer
(RNFL) thickness. [10] These findings
suggest that the reduced retinal perfusion
could simply result from ONH degeneration
and a consequently diminished metabolic
demand. It therefore remains unclear
whether the decreases in retinal and ONH
blood flows in glaucoma are the cause or
result of GON. [10]

We hypothesized that determination of
the topographic relationship between the

medunion.uz

structural damage of peripapillary retina and
the decreased density of peripapillary
microvasculature may give a clue to
determine the causal relationship between
the decreased microvasculature/retinal
circulation and GON. If decreased retinal
vascularity is an effect of primary vascular
change (e.g., reduction of large retinal
vessel caliber due to lack of autoregulation
or local vasospasm), the area of decreased
vessel density would follow the territory of
the retinal vessels. On the contrary, if it is
the result of the GON (i.e., capillary dropout
at the area of RNFL defect), the decreased
vessel density would be observed only at
the area of RNFL defect. Therefore, we
performed this study to characterize the
OCTA findings of the retinal layer in POAG
eyes having localized RNFL defect
compared with healthy control eyes.

Purpose. To investigate the
topographic relationship between the
decreased parapapillary retinal
microvasculature as assessed by optical
coherence tomography angiography
(OCTA) and retinal nerve fiber layer (RNFL)
defect in eyes with primary open-angle
glaucoma (POAG) and a localized RNFL
defect.

Material and methods. The
peripapillary  retinal  circulation  was
evaluated using the OCTA centered on the
optic nerve head in 98 POAG eyes having a
localized RNFL defect and 45 healthy
control eyes. A vascular impairment (VI)
was identified in OCTA by the presence of
a sign indicating decreased
microvasculature. The frequencies of VI
were compared between the POAG and

control groups, and the topographic
correlation between the VI and the RNFL
defect identified in red-free fundus

photographs was determined in the POAG
group.
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Results and discussions. The
segmentation depth from the internal
limiting membrane to the outer border of the
inner plexiform layer was 98.3 + 13.5 ym in
POAG eyes and 113.6 £ 11.1 ym in healthy
eyes. The VI was identified in 98 of the 98
POAG eyes (100%). It was observed as an
area of decreased microvessel density of
the parapapillary area. The VI was identified
as a well-demarcated wedge-shaped area
whose appearance was similar to that of the
RNFL defect evident in the red-free fundus
photographs. None of the eyes in the control
group exhibited reduced vascularity in the
OCTA images.

In the 98 POAG eyes, the VI exhibited
nearly complete topographic correlations
with the RNFL defect in terms of both the
circumferential location (Pearson's
correlation coefficient = 0.997, P < 0.001)
and the extent (Pearson's correlation
coefficient = 0.988, P < 0.001.

The interobserver ICCs (95% CIs) in
measuring the circumferential location and
extent of the VI and the localized RNFL
defect were 0.990 (0.985-0.993) and 0.961
(0.943-0.974) for VI and 0.996 (0.993-
0.997) and 0.995(0.993-0.997) for RNFL
defect, respectively.

This study investigated the
peripapillary retinal circulation using OCTA
in POAG eyes and healthy control eyes.
Decreased microvascular density (i.e., VI)
of parapapillary retina was identified in
100% of the POAG eyes at the location of
glaucomatous damage, whereas none of
the healthy control eyes exhibited reduced
vascularity.

The retinal microvasculature was
evaluated using the en face image of a slab
that included the inner retinal layer.
Therefore, the defined slab included deeper
layers in the periphery in cases where the
inner retinal layer was thinner than the
juxtapapillary area. This could result in
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visualizing not only the radial peripapillary
capillaries but also the inner vascular
plexus. However, in our experience,
including retinal layers that are below the
inner plexiform layer does not substantially
affect the visualization of the retinal
vasculature. In addition, the en face image
obtained using our method provided better
contrast between the areas of decreased
and intact vascularity than the enface image
obtained from the RNFL only.

Localized  attenuation  of  the
microvascular network was found in the
parapapillary retina by OCTA in virtually all
of the POAG patients. This finding is in line
with Liu et al. and Akagi et al., reporting that
focal retinal vessel defects had a hemifield
concordance with the location of functional
deterioration: eyes with superior VF loss
had a decreased inferior parapapillary
vessel density. However, hemifield
concordance between the retinal vessel
defect and the VF defect does not
necessarily indicate that the location and
extent of the two changes coincide each
other. In the present study, we examined
the topographic relationship of the localized
VI with structural glaucomatous damage
(i.e., RNFL defect), and found that VI almost
perfectly coincided with the localized RNFL
defect identified using red-free
photography.

Studies have suggested that vascular
factors can play a pathogenic role in
glaucoma. It is of great interest to know
whether the decreased peripapillary retinal
vasculature identified by OCTA is one
manifestation of compromised ocular
perfusion that may contribute to the
development of GON. In the present study,
we identified a universal presence of inner-
retinal hypoperfusion, which coincided with
the RNFL defect identified via red-free
photography. This finding suggests that the
decreased density of retinal
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microvasculature probably represents the
closure or degeneration of capillaries that
occurs along with the RNFL loss. If it was
due to the primary reduction of retinal
perfusion, the area of VI should not
necessarily coincide with the RNFL defect.
Rather, it should have followed the territory
of the retinal arterial branches, as was
demonstrated in cases of branched retinal
arterial occlusion. However, the present
study did not definitively address the causal
relationship between the decreased blood
flow and GON. A longitudinal study is
needed to clarify whether the decreased
capillary density of the peripapillary retina is
the result or cause of GON.

The decreased vascularity in the area
of an RNFL defect found in the present
study is in line with the other OCTA studies
that have found correlations between the
density of retinal vessels and the thickness
of the inner retinal layer or the RNFL. It
appears that the capillaries within the RNFL
or the inner retina become involuted as the
neural tissue degenerates. This finding has
also been demonstrated within the ONH
neural tissue in eyes with glaucoma.
Quigley et al. demonstrated that the loss of
capillary volume was proportional to the
loss of neural tissue within the ONH in both
experimental and human glaucoma eyes.

One limitation of the current study was
the absence of blood flow quantification.
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The current version of commercially
available OCTA devices does not provide
software for measuring the blood flow index.
However, the interobserver agreement was
found to be nearly perfect in determinations
of the location and extent of VI. In addition,
these parameters were successfully used in
this study to demonstrate the topographic
correlation with the RNFL defect. The
second limitation is that only eyes with a
localized RNFL defect were included. Thus,
the results of the current study are not
directly applicable to eyes with diffuse
RNFL atrophy. In other words, it remains to
be elucidated whether the relationship
between the decreased vascularity and the
RNFL damage in such eyes is different from
that in eyes with localized RNFL defect.
Conclusion. a decreased
parapapillary retinal microvasculature was
universally identified using OCTA in POAG
eyes with a localized RNFL defect, with an
excellent topographic relationship with the
area of RNFL defect. The finding suggests
that the decreased microvasculature
identified in OCTA probably represents the
secondary loss or closure of capillaries,
which occur along with the glaucomatous
RNFL loss. Further longitudinal studies are
required to confirm the relationship between
the development of an RNFL defect and
decreases in the retinal microvasculature
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