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<> Introduction. Ischemic maculopathy is the main cause of irreversible vision loss due to retinal vein oc-
clusion (RVO). Fluorescein angiography (FA), which is the “gold standard” for evaluating retinal capillary
plexuses, does not allow for the visualization of separate intraretinal capillary networks. Optical coherence to-
mography angiography (OCT-angiography) enables the possible visualization of four capillary plexi and allows
for the quantitative analysis of microcirculation to quantitatively estimate capillary network density and non-
perfusion areas. Aim. To investigate microcirculation changes using OCT-angiography data and to compare
the changes with opthalmoplethysmography indices in patients with RVO. Material and methods. The study
included 12 patients with RVO. In all patients, a routine ophthalmic examination was performed, and ocular
blood flow was estimated using FA, OCT-angiography, and ophthalmoplethysmography. Results. Ischemia in
the macular area was detected in four patients (25%) according to FA results, and in eight (67 %) according to
OCT-angiography data. Compared with the unaffected eye, significant decrease in the density of both super-
ficial and deep capillary plexuses as well as a decrease in “flow area” and enlargement of foveal avascular zone
were observed. A significant close direct correlation was established between capillary density in the superficial
capillary plexus (r > 0.8) and the deep capillary plexus (r > 0.7), choroidal thickness, and opthalmoplethys-
mography indices (r > 0.6). Conclusion. Compared with FA, OCT-angiography is a more sensitive method to
detect macular capillary perfusion. In cases with RVO, the combination of the above mentioned methods with
ophthalmoplethysmography allows for the comprehensive evaluation of regional hemodynamics.

<> Keywords: retinal vein occlusions; ocular blood flow; retinal ischemia; capillary perfusion; OCT-angiog-
raphy; ophthalmoplethysmography.

NHOOPMATUBHOCTb OKT-AHTMOrPA®II B COYETAHNW C UCCAEAOBAHUAMN
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<> Bsedenue. Vliiemuueckasi MakyJonatusi — OCHOBHAsi MpUYHHA HEOOPATUMOTO CHHXKEHHSI 3pEHHsI
npu okkJio3uu BeH cetyatku (OBC). «3040ThIM CTaHIAPTOM» OLEHKH PETHHAJbHOH COCYAHCTOH CETH
aBJisgeTcs duoopecieHTHas anruorpacgus (PAILN), onHako oHa He MO3BOJIET pPa3jlesibHO BU3yaJM3UPO-
BaTh HHTPapeTHHaJbHbIE cOCyaHCThie crjeTeHus. OnTHyecKasi KorepeHTHast ToMorpadusi-aHruorpadus
(OKT-anruorpacus) 1aéT BO3MOXKHOCTb BU3YyaJM3UPOBAThL UEThbIpe KAMUJJSPHBIX CJeTeHUS U T03BOJISIET
MPOBOJAUThL KOJIMUECTBEHHbBIH aHAIU3 MUKPOLLUPKYJISILIUK C PACUETOM MJOTHOCTH KaNUJJISIPHOK CETH U 30H
OTCYTCTBHUS KanujsipHoit nepdysuu. Heav: uayuuts y 604bHbIX ¢ OBC 0c06eHHOCTH H3MEHEHHsT MUKPO-
uupkyasuud no ganusiM OKT-anrnorpacuu 1 conocTaBuTh UX € MOKa3aTe s iMH 0P TaJbMOINJIETH3MOTPa-
¢buu. Mamepuanaot u memodsi. B nuccienoBanue BkJlodeHo 12 nMallMeHTOB ¢ OKKJIIO3HEH BEeH CeTYATKH.
Bcem mauueHTaM NpoBOAMJIOCH CTaHAAPTHOE OgTajJbMOJOrHYeckoe obcJjeoBaHUe C JIOMOJHUTEbHON

<> OPHTHALMOLOGY JOURNAL Vol 10 No2 2017 ISSN 1998-7102



ORIGINAL RESEARCHES

|

OLEHKOH peruoHapHoi remopnHamMuky ¢ nomotibio PAL, OKT-anrunorpaduu u odranbmongeTuamorpaduu.
Pesyaomamot. Y 60abHbIX ¢ OBC no nanubiMm QAL uiemus B LeHTpaJsbHON 30He BbIsIBJeHA y 4 maiu-
entoB (25 %), a no naunbim aurnorpadun OKT — y 8 (67 %). Ilpu cpaBHeHHH ¢ HeMOPaXKEHHBIM IJia-
30M BbISIBJIEHO 3HAYMMOE CHHKEHHE TJIOTHOCTH KaTlMJ/ISPOB B MOBEPXHOCTHOM M IMTyOOKOM KalHJJIsIPHBIX
CTJIETEHUSIX, yMeHbllIeHHe 30Hbl Tepdhy3HH XOPHOKAMUJ/ISIPOB U pacliuperue GoBeoJisipHOH aBacKyasipHOH
30HbI B IMIyOOKOM KanuJ//asipHoM crjieTeHud. [losyueHa 3Hauumasi TecHas npsiMasi CBsi3b MeXKJy MJO0THO-
CTbIO KaMUJJsIpoB B MOBepXxHOCTHOM (r > 0,8) u rimy6okom (r > 0,7) KanuJJISPHBIX CMJIETEHUIX CETYaTKH,
TOJILMHON XOPUOUJIEH U TToKa3aTesiMu o TasnbmonaetTuamorpaduu (r > 0,6). Botgodst. OKT-anrnorpacgus
siBJsieTcs1 60Jee UyBCTBUTEIbHBIM METOJOM JHATHOCTHKHY MaKyJAsIpHOH KanmuaaspHol nepdysnu mo cpas-
HeHHIO ¢ (JItoopecLeHTHOH auruorpacguei. Couetanue 06CyK1aeMblX METOOB C BbITOJHEHHEM 0(PTaNIbMO-
nJeTH3MOorpaduu Mo3BoJsieT NPOBECTH KOMIIJIEKCHYIO OLLeHKY PErHOHAPHON reMOAMHAMUKH TIPH OKKJI03HH

BE€H CE€TYHATKH.

<> Katouesole cao8a: oKKJ1031WH BEH CETUATKH; TJ1a3HOH KPOBOTOK; HILIEMHUS CETUATKH; KaNUJJIsipHas nep-
¢ysus; OKT-anrvorpacus; opranbmonaeTuamorpadus.

BACKGROUND

Retinal vein occlusion (RVO) is among the
major causes of irreversible visual loss. The main
reasons for central vision loss are macular edema
and ischemic maculopathy [2, 3]. S. Hayreh et al.
allocated three groups of patients with retinal isch-
emia and classified RVO into ischemic and non-
ischemic types. Ischemic RVO is characterized by
the presence of afferent pupillary defect, changes
in electroretinogram and perimetry values, low vi-
sual acuity, and multiple deep intraretinal hemor-
rhages [1]. S. Hayreh found that 81% central reti-
nal vein occlusions (CRVO) are of ischemic type,
and the remaining 19% are of nonischemic type.
In the case of hemiretinal RVO, the frequency of
ischemic and nonischemic types was 78% and
22%, respectively.

Improvements in diagnostic capabilities have
changed the RVO classification approach. Mo-
dern wide-field fluorescein angiography (FA) of the
retina allows for the detection of extensive areas
without capillary perfusion in 60%—80% of pa-
tients with RVO. Currently, it is possible to assess
the area of ischemia, which is usually between 41
and 415 mm?2. Conversion of nonishemic RVO to
ischemic CRVO occurs in approximately 5%—20%
of cases [15, 24].

There are two types of ischemia: central and
peripheral. Despite good visual function and the
absence of afferent pupillary defect, patients with
peripheral ischemia have an increased risk of prolif-
erative disorders, which is determined by the size of
areas without capillary perfusion [15, 20]. In 50% of
cases, extensive areas without capillary perfusion at
the periphery are associated with rubeosis iridis; in
5% of cases, they are associated with retinal neo-

vascularization [21, 22]. Ischemic CRVO (ischemic
maculopathy) is characterized by a significant and
irreversible decrease in vision.

FA of the retina is the gold standard for the di-
agnosis of retinal perfusion [4]. It provides two-di-
mensional images with a wide-field visualization of
blood flow. Main FA patterns include dye leakage,
its accumulation, and the diffusion of the dye into
the surrounding tissues [24]. FA requires an intrave-
nous injection of fluorescent dye; therefore, it cannot
be used in pregnant women, lactating women, chil-
dren, or individuals with renal or heart failure. This
method is limited to the detection of hemorrhages,
which prevent photon excitation and emission with
the emergence of hypofluorescent areas shielding the
underlying structures. Another disadvantage of FA
is its inability to allow separate visualization of the
intraretinal vascular plexus [11, 15].

Optical coherence tomography angiography
(OCTA) allows overcoming the limitations of FA.
OCTA is a novel, noninvasive method for multi-lay-
ered visualization of retinal vessels and the optic disc
without the need for a dye injection. OCTA registers
changes in the amplitude of light reflected from red
blood cells in a limited area within different layers
of the retina and choroid. OCTA enables visualiza-
tion of four capillary plexus areas: superficial reti-
nal capillary plexus, deep retinal capillary plexus,
outer layers of the retina, and choriocapillary plex-
us. It allows for the evaluation of microcirculation
through the measurement of the capillary network
density and areas without capillary perfusion. The
OCTA technique has a number of limitations, such
as relatively low axial resolution, which restricts the
identification of small vessels, and a small scan-
ning area, which restricts the detection of peripheral
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ischemia. Artifacts are also quite common in OCTA;
this occurs due to overlapping capillary plexuses or
shadows of large vessels of the superficial plexus on
the deep capillary network. Finally, OCTA allows
for the assessment of only fluid motion through the
vessels without visualization of the blood flow fea-
tures; arteriovenous passage; and leakage, staining,
and accumulation of the dye, which is important for
detecting neovascularization, as well as the differen-
tial diagnosis of inflammatory and retinal vascular
disorders [4, 15].

At present, OCTA is the only available multi-
layered visualization method for the estimation of
capillary plexus with a possibility of quantitative
evaluation of the blood circulation. OCTA allows
for the identification of early stage ischemic macu-
lopathy (first degree impaired macular perfusion)
before it can be visualized using FA, or when these
changes are shielded by hemorrhages. OCTA is
widely used in patients with age-related macular
degeneration, glaucoma, anterior ischemic optic
neuropathy, and RVO. Existing data regarding
this problem were primarily accumulated by for-
eign researches. Russian publications lack studies
comparing OCTA results with the parameters of re-
gional hemodynamics evaluated using ophthalmic
plethysmography. The advantages of ophthalmic
plethysmography include the ability to assess solely
the eye component of the orbital blood flow, nonin-
vasiveness, measurement of absolute values (pL),
and the separation created between the results and
the users [1].

This study aimed to investigate specific features
of microcirculation changes in patients with RVO
using OCTA and to compare these results with
those obtained using ophthalmic plethysmography.

MATERIALS AND METHODS

This study included 12 patients with RVO
(10 males and two females) with a mean age of
43 years (range, 22—61 years). CRVO was detected
in five patients, whereas branch RVO was found in
seven. All patients underwent standard ophthalmic
examination with additional evaluation of hemody-
namics using FA (Spectralis HRA + OCT, Heidel-
berg Engineering, Heidelberg, Germany) and OCTA
(RTVue XR Avanti, Optovue Inc., USA), and oph-
thalmic plethysmography (ocular plethysmograph
Optimed OP-A, Russia). OCTA was performed in a
regimen HD Angio Retina 6 x 6 mm, with the as-
sessment of vessel density, foveolar avascular zone in
both superficial and deep retinal capillary plexuses,
and flow area of choriocapillaris.

Data were analyzed using the IBM SPSS Sta-
tistics software. We calculated median values (M +)
with their dispersions and the Spearman’s correla-
tion coefficient. We used median, minimum, and
maximum to describe quantitative data. Statistical
significance of the differences was evaluated by the
Wilcoxon signed-rank test. Results were considered
significant if p <0.05.

RESULTS

Hemodynamic parameters of the eyeball are
shown in the Table 1. The mean heart rate was
58 beats per min (range, 52—80 beats per min),
systolic blood pressure was 121 mm Hg (range,
102—150 mm Hg), and diastolic blood pressure was
72 mm Hg (range, 54—91 mm Hg). The retinal
thickness in the macular region and the thickness
of the choroid did not differ between the two groups
(p=0.286 and p = 0.906).

CRVO was detected in four (25%) and eight (67 %)
patients using FA and OCTA, respectively. Compari-
son of parameters measured using ophthalmic pleth-
ysmography and OCTA revealed a direct correlation
between vessel density in the superficial (r > 0.8)
and deep (r > 0.7) retinal capillary plexuses, choroi-
dal thickness, and parameters of ophthalmic pleth-
ysmography (r > 0.6).

OCTA allowed us to assess the vascular bed in
patient S., who underwent kidney transplantation and
in whom FA was contraindicated. Visual acuity in
the affected eye was 0.4 and retinal thickness in the
macular region was 165 pm. Ophthalmic plethys-
mography revealed reduced blood flow to the affected
eye. OCTA showed an enlarged foveolar avascular
zone and the presence of areas without capillary
perfusion within the lower temporal arcade with an
involvement of macular area in the superficial and
deep retinal capillary plexuses (Figures 1 and 2). The
nonperfusion areas corresponded to the areas with
a decreased retinal photosensitivity according to the
static automated perimetry (Figure 3). Identified ar-
eas without capillary perfusion helped us performing
laser photocoagulation in ischemic areas.

The following example may illustrate the signifi-
cance of OCTA in the detection of ischemic macu-
lopathy. Patient P. was under medical observation
due to post-occlusion retinopathy after CRVO which
occurred eight months before. Visual acuity in the
affected eye was 0.7, and retinal thickness in the
macular region was 248 pum. Ophthalmic plethys-
mography revealed decreased parameters of regional
hemodynamics with a significant interocular asym-
metry. Lower values were detected in the affected eye.
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Table 1
OCTA and ophthalmic plethysmography results in affected and unaffected eyes
Tabauya 1
Mokasarean OKT-auruorpadun u opransmonieruamorpaduu Ha MopaKEHHOM U MHTAKTHOM Iila3ax
Eye Eye
Parameter with RVO without RVO p

Me Min Max Me Min Max

vessel density in the superficial retinal capillary 5139 | 4168 | 56.96 | 5415 | 4972 | 5333 | 0.013

plexus

vessel density in the deep retinal capillary plexus 52.97 | 44.84 | 65.83 | 62.36 | 50.09 | 65.08 | 0.004
<: flow area of choriocapillaris 22.6995 | 19.329 | 23.014 | 23.012 | 22.273 | 23.215 | 0.003
g retinal thickness in the foveolar area 289.5 165 645 258 218 291 | >0.05

retinal thickness in the entire macular region 878 603 1563 847 763 910 | >0.05

retinal volume in all areas 5.7935 | 4.676 | 10.29 | 5.6025 | 5.249 | 6.169 | >0.05

size of the foveolar avascular zone in the superficial

) . 0.302 0.11 | 0.862 | 0.258 | 0.104 | 0.516 | 0.248
retinal capillary plexus

size of the foveolar avascular zone in the deep reti-

. 0.353 | 0.162 | 0.958 | 0.293 | 0.141 | 0.699 | 0.05
nal capillary plexus

pulse volume anterior segment, pL 0.85 0.36 1.39 0.9 0.33 14 |>0.05

graphy

minute volume of systolic increase of the eyeball

Ophthalmic
plethysmo

462.8 | 295.3 | 840.5 | 513.6 | 309.0 | 810.6 |>0.05

volume, pL
HD’J‘.WI‘J Retina B T & ﬂl‘ﬂhl QD
it Ekpionn oy LR, A8 e R T Ty e P B0 e L e
e ] [ ——— e
== lgl tornaen Lre——
. FaaFre o
.] e u
e e n B
L T S T ——
Bty 1 e Tk | e |
- | ALIH Wt g [T
N U ] s
IR - |

s e dn

s L il

Pt b s Wl

Fig. 1. Superficial capillary plexi density. Capillary network decreased density area, corresponding to the capillary non-perfusion
area (oval) and foveal avascular zone enlargement (arrow) are shown

Puc. 1. TlnoTHOCTb Kanu//sipoB B [MOBEPXHOCTHOM KaMHWJIJISIPHOM CIJIETEHHH. YKa3aHbl 30Hbl CHHXEHHUS NMJIOTHOCTH KaruJ-
JIPHOH CEeTH, COOTBETCTBYIOLLHE YUACTKaM OTCYTCTBUS KaNUJISPHON rnepdysnu (oBaJ), W paciuupeHue ¢hoBeoJsipHO
aBaCKYJISIPHOI 30HbI (CTpeJiKa)
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Fig. 2.

Deep capillary plexi density. Zone of capillary network decreased density, corresponding to the capillary non-perfusion

area (oval) and foveal avascular zone enlargement (arrow) are shown

Puc. 2

[TnoTHOCTB KanuJ/JasipoB B I‘JIy60KOM KamnmuJlJIsipHOM CIJIETEHHH. YKa3aHbl 30HbI CHUXKEHHS MJIOTHOCTH KaHHJIJIHpHOﬁ CeTH,

COOTBETCTBYIOLIHE y4acTKaM OTCYTCTBHS KaluJIsIpHOH nepdy3un (oBaJ), U paciinpeHre GoBeossipHON aBaCKyJIspHOH

30HHBI (CTpeJsKa)
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Fig. 3. Patient’'s S. SAP results. Decreased light sensitivity
areas corresponding to the capillary non-perfusion ar-

eas are revealed

Puc. 3. [lannble craTHueckoil aBTOMAaTHUeCKOH MepUMETPHH
nauueHTKH C. BBISBJASIOTCS 30HBI CHUXKEHHS CBETO-
4yBCTBUTEJNLHOCTH CETYaTKH, COOTBETCTBYIOLIHE 00-
JIACTSIM OTCYTCTBHS KaMUJISIPHOI Mepdy3un

FA showed restoration of previously absent capillary
perfusion in the macular area (Figure 4). However,
OCTA demonstrated an enlarged foveolar avascular
zone and a decreased density of the perifoveolar cap-
illary network with local ischemia in the superficial
and deep retinal capillary plexuses, which was not
visualized by FA (Figure 5 and 6).

DISCUSSION

Patients with RVO were found to have a decreased
capillary density in the superficial and deep retinal
capillary plexuses, reduced flow area of choriocapil-
laris, and an enlarged foveolar avascular zone in the
deep retinal capillary plexus. Our results are congru-
ent with those of foreign authors.

On average, the foveolar avascular zone should
be 0.25—0.3 mm? in the superficial retinal capil-
lary plexus and 0.49 mm? in the deep retinal capil-
lary plexus [4, 16]. RVO is associated with a sig-
nificant enlargement of the foveolar avascular zone
(up to 0.76 mm? and 1.12 mm? in the superficial
and deep retinal capillary plexuses, respectively),
reduction of the capillary network density, and the
emergence of capillary abnormalities, including
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their destruction and appearance in areas without
capillary perfusion.

Desolation of the perifoveolar capillary arcades
correlates with the presence of peripheral isch-
emia [9]. More significant changes are observed
in the deep retinal capillary plexus. V. Martinet
et al. explain this by stating that large veins of
the superficial retinal capillary plexus are directly
connected with the deep retinal capillary plexus
via transverse venules. An increase in intravascular
pressure in large veins due to RVO induces rapid
and significant elevation of hydrostatic pressure in
the deep capillary network, as well as a reduction
in retinal perfusion in the respective plexus areas,
which explains why an increase in retinal thick-
ness in the first stages of RVO occurs primarily
due to the swelling of its outer layers. In addition,
the superficial retinal capillary plexus is directly
connected to retinal arterioles that have high per-
fusion pressure and oxygenation. These anatomi-
cal features make the deep retinal capillary plexus
more vulnerable to ischemic changes in patients
with RVO [17].

HD Angio Retina

g Dhsommastiors jumen] 108, 300

i

Fig. 4.

Puc. 4.

FA results of patient P., late phase. Solitary micro-
aneurysms on the periphery (ovals), enlargement of
the foveal avascular zone (arrow) are shown
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Fig. 5. Superficial capillary plexi density. Area of decreased density of the capillary network (oval) and foveal avascular zone

enlargement (arrow) are shown

Puc. 5. T170THOCTB KanmuJ/IsIpOB B TOBEPXHOCTHOM KaMUJIJISIPHOM CIIJIETEHHH. YKa3aHbl 30HbI CHUXKEHH S IJIOTHOCTH KaNUJIJIsIPHON
ceTH (oBaJ) ¥ paclIMpeHne aBacKYJ/spHOH 30HBI (CcTpeJsika)
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avascular zone enlargement (arrow) are shown

Puc. 6.

opleve

Deep capillary plexi density. Area of the capillary network decreased density (oval), not visualized with FA, and foveal

[TnoTHOCTH KaluJJsipoB B FJIy6OKOM KalnuJJasipHOM CIIJIETEHHUH. BblﬂeﬂeHbI 30HblI CHHU2K€HHs1 [TJIOTHOCTH Kal'II/I.}'[.}'lﬂpI-IOI;I

ceTH (oBaJji), KOTOpble He BU3YyaJM3MPOBAJIHCHL NPH MPOBEAEHUH (JIIOOPECLEHTHON aHrHorpaduu, U pacliipeHre aBa-

CKYJISIDHOH 30HBI (CTpeJiKa)

CRVO is characterized by more significant mi-
crocirculatory changes, which are associated with
higher concentrations of vascular endothelial growth
factor [4, 5]. N. Suzuki et al. [25] found that thera-
py with angiogenesis inhibitors reduces the size of
areas without capillary perfusion, and that the num-
ber of intravitreal injections is directly proportional
to the improvement in hemodynamics.

The correlation between the studied plethysmo-
graphic parameters and the results of OCTA may
indicate the involvement of choroid in the patho-
logical process. Changes in choroidal blood flow
in patients with RVO were not thoroughly studied.
Diabetic retinopathy, which is similar to RVO in
terms of its pathogenesis, is characterized by re-
duced blood flow to the eyeball in the early stages
and an increased blood flow in the late stages, and
this is detected using continuous tonometry [12].
Our sample was too small to be divided on the basis
of disease duration. The detected values of choroidal
blood flow significantly varied among patients, and
high variability of plethysmography parameters pre-
vented us from drawing unambiguous conclusions.

Asymmetry of blood flow between eyes did not ex-
ceed 10% in 56% of cases. It was above 15% in
one patient. It was higher in the affected eye than
in the unaffected eye.

CONCLUSION

While our study has several limitations, such as
limited sample size and a relatively small number
of tested parameters, the novelty of OCTA, its non-
invasiveness, and its clear advantages in terms of
evaluation of the retinal capillary plexuses at differ-
ent levels make it highly valuable for clinical prac-
tice. Additional information on the involvement of
the macular area at early stages of RVO will help
treating ophthalmologists in choosing a correct
treatment strategy and predicting the possibility
of visual acuity improvement. Ophthalmic plethys-
mography allows assessing the involvement of cho-
roidal hemodynamics in the pathological process;
however, despite the clear advantages of OCTA,
FA is still necessary to accurately assess visual
changes and to identify areas without capillary
perfusion at the periphery of the fundus.
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