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<> Aim. To evaluate the effect of preset elevated intraocular pressure (IOP) level during phacoemulsifica-
tion on central retina artery and central retinal vein hemodynamics and to determine possible compensatory
mechanisms of the ocular blood flow autoregulation in response to intraoperational IOP jump. Methods. This
prospective study included 23 cataract patients without concomitant ocular vascular conditions (15 women
and 8 men) aged from 62 to 83 years. The mean age was 72.5 + 5.7 years. In all patients, an intraopera-
tional color duplex scanning in the regimens of color Doppler imaging and pulsed wave velocity imaging
using ultrasound scanner Logiq S8 (GE). The blood flow was estimated in retrobulbar vessels: central reti-
nal artery, central retinal vein with maximal systolic velocity, end-diastolic velocity of the blood flow, and
resistance index (RI). The investigation was performed under IOP control, which was measured using Icare
Pro tonometer, and under blood pressure control using patient monitoring system Draeger Vista 120. In the
operating room, ocular blood flow was examined three times: immediately before surgery, straight after the
surgical incision sealing at preset intraoperational IOP level, and after [OP normalization and repeated seal-
ing of the corneal tunnel. Results. Under preset intraoperational [OP maintenance on 58.01 + 8.10 mm Hg
level, there was a clinically significant (p < 0.05) decrease of blood flow velocity in the central retinal ar-
tery. In 30.4% of cases, the blood flow velocity in the central retinal artery during diastolic phase was not
registered. The flow velocity in central retinal vein did not change significantly, and did not depend on IOP
level (p < 0.05). Conclusions. At the 55—60 mm Hg IOP level, in humans, compensatory blood flow
autoregulation mechanisms in response to intraoperational [OP jumps are absent, up to complete blood flow
stop in the central retinal artery at the diastolic phase, and this could be a risk factor for retinal ischemia.

<> Keywords: cataract; phacoemulsification; intraocular pressure; central retinal artery; ischemia.

BJINAHWE 3AJAHHOTO UHTPAONEPALUOHHOIO OGTAJIbMOTOHYCA NPU
GAKOIMYJIbCUDUKALIUA HA CKOPOCTH KPOBOTOKA B LIEHTPAJIbHOW APTEPUN CETHATKI
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<> Lleav uccaedosanus coctosiia B OLEHKE BJIMSIHUS 33aJaHHOTO TOBBILLIEHHOTO YPOBHSI BHYTPHIVIA3HO-
ro nasjenus (BIJl) Bo Bpemsi akosMysbcuUKALIMH KATAPaKThl Ha COCTOSIHUE KPOBOTOKA B LIEHTpaJib-
HOH apTepuM M LEHTPaJbHOH BeHe ceTYaTKH M ONpeeseHHH BO3MOXKHBIX KOMIEHCATOPHBIX MEXaHU3MOB
ayToperyJsiiMi IVIa3HOro KpoBOTOKA B OTBET HA pe3Koe MHTpaonepalHoHHoe mMoBbilleHue ypoBHs BI/L.
Mamepuaneot u memodet. [IpocrieKTHBHOE HCCel0BaHUe BKJOYAJI0 23 MalLHeHTa ¢ KaTapakToH, y KOTo-
pbIX OTCYTCTBOBAJIAa COMYTCTRYIOIIASA [VIa3Hasl CoCyaucTasi maTtoJorus (15 XKeHIH 1 8 My>KUHH) B BO3pacTe
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ot 62 no 83 sner. Cpennuil Bo3pact cocraBua 72,5 + 5,7 roja. Becem nauueHTam npoBOJMJIH HHTpPaorepa-
IIIOHHOE 11BETOBOE JIyMJIEKCHOE CKAHMPOBAHHE B PEXKMMaX LIBETOBOTO JIOTJIEPOBCKOTO KAPTUPOBAHUS U UM-
MyJbCHOH JonJeporpaduu ¢ rnomoibio yjabTpassykoBoro ckanepa Logiq S8 (GE). Onpenensiin kpoBoTOK
B peTpoOy/IbOapHbIX COCYaX: LIeHTPaJbHOH apTepHH CETUATKH, IIeHTPAJLHON BeHe CeTYaTKH C perucTpalei
MaKCHMaJIbHOH CHUCTOJIMUECKOH CKOPOCTH, KOHEUHOH JIHACTOJIHYECKONH CKOPOCTH KPOBOTOKA U HHJIEKCA Pe3H-
creHTHocTH (RI). Mccnenosanne nposoauan noja koHtposem yposHs BIJI, koTopoe u3dmepsiyin ¢ MOMOILLbIO
ToHoMmeTpa Icare Pro, u moj KoHTpoJsieM apTepHaJibHOTO AaBJIEHHS C MCMOJb30BAHUEM CHCTEM MOHMTOPHH-
ra nauuenta Draeger Vista 120. B ycJsioBHsAX onepallHOHHON HCCJIEI0BAJIH TJIa3HOH KPOBOTOK TPEXKPATHO:
HEMOCPe/ICTBEHHO Mepejl orepaliiel, cpasy MocJje repMeTH3alWH OMepalHoOHHOrO J0CTyNa Ha 3a]aHHOM
MHTpaonepaiunonHom yposHe B/l u mocsie Hopmasu3auuu opTaibMOTOHYCA U MOBTOPHOH repMeTH3allHH
POroBHUHOTO TOHHeJs. Pe3yaomamot. [1pu nopjep:kaHuy UHTPAONEPAILMOHHO BHYTPHUIIA3HOTO J1aBJIEeHUS
Ha yposHe 58,01 + 8,10 Mm pt. cT. HaGJ/I0AaJM0Ch KAHHHUeCKH 3HauuMoe (p < 0,05) cHUKeHHe CKOPOCTH
KPOBOTOKA B LIeHTpaJ/ibHOil apTepuu cetuatk. B 30,4 % ciydaeB cKOPOCTb KPOBOTOKA B LIEHTPaJIbHOM ap-
TEepPUHU CETUATKHU B JIUACTOJIMUECKYIO a3y He peructpupoBasach. CKOPOCTb KPOBOTOKA B LIEHTPAJILHON BeHe
CeTyaTKH MeHsJach He3HAUMTeJbHO M He 3aBHcesa oT ypoBHs BIIl (p > 0,05). Botsodst. Ha yposHe BI'J]
55—60 MM pT. CT. y UeJIOBEKA OTCYTCTBYIOT KOMIIEHCATOPHBIE MEXaHU3Mbl ayTOPETYISLIHK KPOBOTOKA B OTBET
Ha pe3Koe MoBbIllIeHHe HHTpaonepaurontHoro BI/1, BOoTh 10 moJiHOro NpekpalieHust KPOBOTOKA B LIEHTPAb-
HOW apTepUU CeTYaTKH B MACTOJMUYECKYIO (ha3y, UTO MOXKET SIBJSATLCSA (PAKTOPOM PUCKA HIIEMHH CETUATKH.

<> Karouesole crosa: xarapakta; pakosmMyibCcH(UKalUs; BHYTPUIJIa3HOE aBJeHKe; LIeHTpaJbHasi apTe-

pust CETHATKHU; ULLIEMHUSI.

INTRODUCTION

The implementation of contemporary microinvasive
technologies in ophthalmic surgery has resulted in a
transition from wide surgical access to small incisions
and surgeries in a normotensive eye. Maintaining
a balance of irrigation and aspiration flows during
surgery is the basic principle in both cataract and
vitreoretinal surgery.

The progress in the development of new generations
of high-speed aspiration systems makes increasingly
stringent demands on maintaining flow balance and
stabilizing the anterior and posterior chambers of
the eye during surgery. This inevitably leads to an
increase in forced irrigation. To maintain the volume
of the anterior chamber of the eye and to stabilize
it at the time of occlusion breakthrough, when the
aspiration flow rises sharply, many surgeons increase
the height of the irrigation bottle using gravity
systems or increase the flow of irrigation solution
under pressure in systems with forced infusion.
In systems with active fluidonics, most surgeons
increase the specified level of intraocular pressure
(IOP) to 55 to 60 mmHg and higher, allowing the
flow to be supported automatically based on data
from sensors that monitor the IOP level. The system
automatically adjusts the balance shift of irrigation
and aspiration flows, which not only maintains a
given level of intraocular pressure, but also ensures
the absence of fluctuation of the anterior chamber
and its microcollapses. There is a variety of causes

of instability of the anterior chamber, including
a sharp increase in aspiration flows at the time
of occlusion breakthrough and excessive external
filtration to the irrigation block, inconsistency of the
incision geometry with the diameter of the surgical
instrument, irrigation block, an excess of viscoelastic
gel in the anterior chamber, or air bubbles entering
the irrigation system.

In order to ensure continuous maintenance of
the volume of the anterior chamber, which is only
0.17—0.25 pl [1], the height of the location of the
irrigation bottle is increased to 80—110 c¢cm and
higher in systems with gravity supply.

The theoretical level of IOP is calculated by the
formula [2]:

[OP level (mmHg) =
= Bottle height (cm) x 10/13.6,

where 13.6 is the density of mercury, g/cm?, and the
density of water is 1 g/cm?.

Thus, the IOP level during surgery at a bottle
height of 80 cm with irrigation liquid is 58.8 mmHg.

According to Khng et al (2006), the IOP level in
real measurement differed from the theoretical one by
only 5% to 11% [2]. It is generally accepted that the
negative impact of a high level of IOP consists mainly
of 2 factors [3]: (1) direct compression damage to
tissues under the influence of high pressure [3—5] and
(2) tissue ischemia resulting from the compression of
blood vessels supplying eye tunics [6—10].
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The question of whether there are autoregulation
mechanisms in the eye that compensate for a
sharp increase in the IOP level during surgery
is very relevant. The literature presents only few
publications on the effect of an increased IOP level
on the occurrence of ischemic reperfusion injury to
the retina in an experiment in animals. The results
of these in vivo studies showed that an increase in
[IOP to 110—130 mmHg by active administration of
saline or air into the anterior chamber resulted in the
retinal and choroidal circulation cessation [11—13].

Several publications present data on pathological
changes in the eye tunics in the early period after
modeling of retinal ischemia-reperfusion under
the influence of high IOP characterized by retinal
edema and atrophy of ganglion cells [14]. In the late
postischemic period (Day 30), damage mainly to
the outer layers of the retina was revealed, which is
probably associated with compression and ischemic
injury of the choroid and results in its thinning and
infiltration with lymphocytes [15]. The authors found
an increase in apoptosis factors BAX and BCL-2, as
well as an increase in the concentration of monocyte
chemoattractant protein (MCP-1) in the retina-
choroid complex, indicating a pronounced activation
of cell apoptosis and an inflammatory reaction in eye
tunics.

G. Chidlow et al (2002) determined a significant
decrease in the amplitude of a- and B-waves of the
electroretinogram, the level of nitric oxide synthase,
and a decrease in the content of specific ganglion cell
messenger ribonucleic acid in rats in an experiment
when simulating retinal ischemia with an increase in
[OP for 45 minutes [16].

Currently, there are several invasive and
noninvasive instrumental methods for studying
eye hemodynamics, each of them has advantages
and disadvantages [20,21]. These methods allow
for the determination of deterioration in the ocular
hemodynamics in patients with glaucoma and
ophthalmic hypertension [22].

Most authors agree that an increase in the IOP
level negatively affects the retina photosensitivity and
contributes to an increase in the area of excavation
of the optic nerve disc in patients with myopic and
emmetropic refraction [17—19].

The appearance of color duplex ultrasonography
in clinical practice has allowed for visualization of
the orbital vessels supplying the retina and optic
nerve to determine the quantitative parameters of

&l

blood flow [23]. Thus, in the 1999 study by Joos and
Steinwand using color duplex ultrasonography, it was
revealed that a decrease in the maximum systolic and
final diastolic blood flow velocity and an increase in
vasoresistance in the posterior short ciliary arteries
correlates directly with an increase in the IOP level
in healthy individuals with its gradual increase from
25 to 50 mmHg [24].

The literature presents only few publications on
the effect of a high IOP level depending on the type
of aspiration system. There are reports on direct time
dependence for apoptosis of retinal ganglion cells
and changes in the permeability of the blood-brain
barrier [25] and decreased visual acuity according
to electroencephalography in the experiment [18].
Increased IOP leads to more frequent corneal edema
and more pronounced inflammatory phenomena [26],
and also increases the incidence of macular edema
in the postoperative period [27].

In clinical practice, the question of the effect of
increased IOP on the hemodynamic state of the retina
and optic nerve in a relatively tight eye remains poorly
understood. This study aims to assess the effect of
increased IOP during phacoemulsification on the state
of blood flow in the central retinal artery and central
retinal vein and to identify possible compensatory
mechanisms of ocular blood flow autoregulation in
response to a steep intraoperative increase in IOP.

PATIENTS AND METHODS

Twenty-three patients (15 women, 8 men) ranging
in age from 62 to 83 years were examined. The
average patient age was 72.5 + 5.7 years. The
criterion for inclusion in the study was the presence
in patients of cataract of varying density degree in
the absence of other ocular pathology. The exclusion
criteria were previous surgical interventions on the
eye; history of vascular, inflammatory, or dystrophic
diseases of the eye; high degree of refractive error;
hemodynamically significant stenosis of the internal
carotid artery; diabetes mellitus; or uncompensated
arterial hypertension. The control group consisted
of 40 individuals of the same age group without
cardiovascular disease or diabetes.

Before surgery, a standard ophthalmological
examination was performed on all patients, including
visual acuity testing, optical or ultrasound biometry,
keratometry, and tonometry. The IOP level was
measured using a special Icare Pro tonometer (Icare
Finland, Oy, Finland). Immediately before surgery,
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Fig. 1.

b

The Doppler spectral analysis of blood flow velocities in the central retinal artery: a — before cataract surgery

(Viyst = 12.3 em/s, Vi = 4.1 cm/s); b — immediately following cataract surgery (Viyst = 9.4 em/s, Vs = 3.3 cm/s)

Puc. 1.

ﬂOHJIepOBCKI/Iﬁ CIIEKTP KPOBOTOKaA B LLeHTpaJIbHOﬁ aApTepUunu U LLeHTpaJ]bHOIjI BEHE CeTHYaTKH: @ — HENOCPEACTBEHHO Mepel

onepauueft (Ve = 12,3 em/e, Viag = 4,1 em/c); b — cpasy nocJie onepaiiiu (Veyst = 9,4 em/e, Viag = 3,3 cm/c)

blood pressure was measured using a standard
noninvasive method on the left brachial artery using
the Draeger Vista 120 patient monitoring system
(Draeger Medical GmbH, Luebeck, Germany).

All patients underwent intraoperative color duplex
scanning in the modes of color Doppler mapping
and pulsed Doppler sonography using a Logiq S8
ultrasound scanner (GE, Waukesha, WI).

In the operating room, the ocular blood flow
was studied 3 times: immediately before surgery,
immediately after sealing the operative access at a
given intraoperative level of IOP (Fig. 1, a and b),
and after normalization of the IOP and resealing
of the corneal tunnel (Fig. 2). The interval between
the second and third measurements averaged

Fig. 2. The Doppler spectral analysis of blood flow velocities
in the central retinal artery after normalization
of intraocular  pressure (Vi =12.7 cm/s,

Vdiast = 35 Cm/S)

Puc.2. [onsiepoBCKHH CMEKTP KPOBOTOKA B LEHTPaJNbHON
apTepHH CeTUYATKH U LIeHTPaJbHOM BeHe ceTUaTKH MocJie
Hopmasusaunu odranbmoronyca (Vg = 12,7 em/c,
Vigast = 3,5 em/c)

3.48 + 0.36 hours. Blood flow was determined
in retrobulbar vessels, namely the central retinal
artery (CRA) and the central retinal vein (CRV),
with registration of the maximum systolic blood
flow velocity (V,), final diastolic blood flow velocity
(V4iast), and resistance index (RI).

All patients (23 eyes) underwent phacoemul-
sification ~ with intraocular lens implantation.
Surgical procedures were performed under the
same conditions, with topical instillation anesthesia
and 2.2 mm wide corneal access with 2 additional
1.2 mm wide paracentesis. For phacoemulsification,
the Centurion Vision System (Alcon, Fort Worth, TX)
was used with the parameters of the level of the preset
predetermined IOP level of 60 mmHg, vacuum of
650 mmHg, aspiration rate of 27 cm3/min, and 100%
torsional ultrasound. The lens nucleus was removed
using the quick chop technique, and cortical masses
were aspirated using a bimanual irrigation and
aspiration system. A flexible intraocular lens made
of hydrophobic acrylic was implanted into the lens
capsule, with thorough washing of the viscoelastic
gel. Sealing of the eye was performed by hydration of
the corneal stroma with irrigation solution (balanced
salt solution). There were no complications during
any of the surgeries. The average surgery time was
6.56 + 1.19 hours.

Statistical analysis was performed using Microsoft
Excel (Microsoft Corp, Redmond, WA)and SPSS 25.0
(IBM Corp., Armonk, NY). Analysis of the statistical
correlation between parameters was performed using
the method of multivariate analysis of variance for
coherent samples. Differences between the mean
values were considered significant at P < 0.05.
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RESULTS

The IOP level in the preoperative period was
within the range of 12.1 to 24.1 mmHg. Blood
pressure was 102 to 217 mmHg in systole and 54
to —94 mmHg in diastole, respectively. Table I
presents data on changes in the level of IOP and
blood pressure immediately before each color duplex
ultrasonography.

Analysis of the results of ocular hemodynamic study
showed that before surgery, the maximum systolic
blood flow velocity in the CRA ranged from 7.2 to
21.6 em/s (Figs. 3 and 4) and from 3.8 to 5.7 cm/s in
the final diastolic blood flow velocity (Table 2, Fig. 5).
Immediately after surgery, at a given IOP level of
58.01 + 8.10 mmHg in the CRA, a statistically
significant decrease in the final diastolic blood flow
velocity was noted with an increase in RI (P < 0.05)
(Fig. 5). In 7 of the 23 patients (30.4%), Vst in CRA
was not registered (Fig. 5). After normalization of
the IOP, restoration of hemodynamic parameters in
the CRA to the initial level was noted in all patients
(P >0.05) (Fig. 5). According to the data obtained
during the study, the blood flow velocity in CRV did
not change significantly, did not statistically differ
from the initial measurement, and did not depend on
the level of intraocular pressure (P > 0.05) (Fig. 3).

This study confirmed the negative effect of a high
level of ocular pressure (58.01 + 8.10) on the blood
flow velocity in the central retinal artery during
surgical procedure, which continues and expands
the findings of Joos and Steinwand (1999), who
studied the effect of a phased increase in IOP on
eye hemodynamics.

Table 1/ Tabmmya 1

2J

Maximum systolic blood
m flow velocity in the CRA
E Final diastolic blood flow
20 velocity in the CRA
I Blood flow velocity in the CRA
15
10 ‘
0 .
Baseline blood flow Blood flow Blood flow
velocity velocity at high velocity after IOP
0P normalization
Fig. 3. Peak systolic velocity and end-diastolic velocity of
blood flow in the central retinal artery with varying
levels of intraocular pressure
Puc. 3. MakcumasbHast CUCTOJIMUECKAs u KOHeuHasi

JMacToJMNyecKast CKOpOCTb KPOBOTOKA B LEEHTPAJIbHOI
apTepuy W BeHe CEeTYaTKH MpPH pas3jHYHOM YPOBHE
BHyTpHIiasHoro  jasjenusi (BIJ). [HAC —
HueHTpasnbHasi aptTepus cetTuatku, LIBC — nentpanbnas
BEHa CceTyaTKH

Our study revealed that an increase in [OP
during phacoemulsification significantly reduces the
blood flow velocity in the central retinal artery up
to the lack of registration of diastolic blood flow in
the CRA, regardless of the initial blood pressure.
Complete cessation of diastolic blood flow in the
CRA was recorded in 7 of the 23 patients (30.4%),
which corresponds to the data reported in previous
experimental studies on animals and in vivo.

Indices of the final diastolic blood flow velocity in
the CRA were not determined when the IOP reached
a certain threshold level, within 55 to 60 mmHg and
higher, which was not noted in previous studies with

Mean indices of intraocular pressure and blood pressure in patients before and after cataract surgery
CpenHue noKa3aTenu ypoBHA BHYTPUINA3HOro JaBNEHUA U apTEPHANbHOr0 [aBNEHNS Y NALMEHTOB A0 U nocne hako3MynbcuthuKaLum

KaTapakTbl
Index registration terms
Blood flow indices Before surgery Immediately after sealing After 10P normalization
(n=23) (n=23) (n=23)
Intraocular pressure, mmHg 18.510 + 2.90 58.01£8.10 22.75+2.90
Systolic blood pressure, mmHg 156.57 + 23.27 162.30+21.5 140.05 + 16.557
Diastolic blood pressure, mmHg 7513 +10.03 78.87 +14.32 73.68 +11.934
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Final diastolic blood flow velocity, cm/s
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The effect of intraocular pressure on the peak systolic velocity of blood flow in the central retinal artery

Fig. 4.

ey

IR

20 30

+ Before surgery
At high IOP
After IOP normalization

40 50 60

IOP level, mmHg

Puc.4. BuiusiHue ypoBHS BHYTPHIVIA3HOTO JaBJIEHHS HA MaKCHMAaJbHYI0 CHCTOJHYECKYI0 CKOPOCTb KPOBOTOKA B LEHTPAJIbHOI

apTepUM CETYATKH

20 30 40

<

50 60 70

+ Before surgery

Immediately after
sealing

After 1QP
normalization

IOP level, mmHg

The effect of intraocular pressure on the end systolic blood flow in the central retinal artery

Puc.5. BuusiHue ypoBHSI BHyTPHUIVIA3HOTO 1aBJIEHHS HA KOHEYHYIO IMACTOJIHYECKY IO CKOPOCTb KPOBOTOKA B LIEHTPAJIbHON apTepuH
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Fig. 5.

CETYATKH
Table 2 / Tabnunua 2

Mean hemodynamic parameters in the ocular vessels in patients before and after cataract surgery at various levels of intraocular pressure
CpeaHue nokasaTenu reMoiMHAMUKM B COCYAAX rNasa y NaUueHToB A0 U nocne (hakosMyNnbCHHIMKALMN KaTapaKTbl NPU Pa3SMiHOM

YPOBHE BHYTPUINA3HOr0 1aBNEHNs

Index registration terms
. , , — Control
Blood flow indices Before surgery Immediately after sealing | After IOP normalization (7 = 40)
(n=23) (n=23) (n=23)

Central retinal artery, Vy,q, cm/s 12.55 +2.54 10.09 + 2.07 12.07 £ 1.71 12.03+0.58
Viiast, CM/S 3.87+118 218 £1.83"** 3.67+0.85 3.53+0.19
RI 0.68+0.10 0.79 £ 0.16™** 0.69+05 0.74 £ 0.01
Central retinal vein, Vg, cM/s 5.81 +1.51 493 +1.26%* 5.65+1.26 6.48 +0.22

*P < 0.05, significance relative to indices before surgery.
**P < 0.05, significance relative to indices of a healthy eye.
Veyst, maximum systolic blood flow velocity; Vg, final diastolic blood flow velocity; RI, resistance index.
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lower IOP parameters reaching 45 to 50 mmHg.
During the study, immediately after the normalization
of IOP, the blood flow rate was restored in full.

Our results raise new questions regarding the
optimal safe level of IOP during surgical procedures
that does not lead to circulatory disorders in the
ocular vessels. Assessment of the medium- and long-
term effects of hemodynamic changes on the state
and functional activity of the retina requires further
research.

CONCLUSIONS

Parameters used by surgeons for phacoemul-
sification, which maintain the level of IOP within
55 to 60 mm Hg and higher, can negatively affect the
blood supply to the retina during the entire duration
of the surgery. Complete stopping of blood flow in
the diastolic phase at an intraocular pressure level of
58.01 + 8.10 occurs in one-third of patients (30.4%
of clinical cases). Changes in blood flow velocity
in the CRV were clinically insignificant (P > 0.05)
and did not depend on fluctuations in IOP. The lack
of compensatory mechanisms for autoregulation of
ocular blood flow in response to a steep increase in
the intraoperative level of IOP can be a risk factor
for retinal ischemia.

REFERENCES

1. Labiris G, Gkika M, Katsanos A, et al. Anterior chamber volume
measurements with Visante optical coherence tomography and
Pentacam: repeatability and level of agreement. Clin Exp Oph-
thalmol. 2009;37(8):772-774. https://doi.org/10.1111/].1442-
9071.2009.02132.x.

2. Knhng C, Packer M, Fine H, et al. Intraocular pressure during
phacoemulsification. JCRS. 2006;32(Issue 2):301-308. https://
doi.org/10.1016/j.jcrs.2005.08.062.

3. Hectepos A.M. Mnaykoma. — M.: MUA, 2008. — 360 c. [Nes-
terov AP. Glaukoma. Moscow: Meditsinskoye informatsionnoye
agenstvo, 2008. 360 p. (In Russ.)]

4. Leveny R. Low tension glaucoma: critical review and new ma-
terial. Surv Ophthalmol. 1980;24(6):621-664. https://doi.
0rg/10.1016/0039-6257(80)90123-x.

5. Linnér E. Ocular hypertension. I. The clinical course dur-
ing ten years without therapy. Aqueous humour dynamics.
Acta Ophthalmol (Copenh). 1976;54(6):707-720. https://doi.
0rg/10.1111/j.1755-3768.1976.tb01790.x.

6.  ®enopos C.H. [atoreHe3 neper4HOR OTKPLITOYrONbHOA rMayKo-
Mbl // Bonpoch! natorexesa v neYeHna rnaykombi: c0. Hayd. Tp. M.:
Mock. HAW mukpoxupypriv rnasa, 1981. — C. 3—7. [Fedorov SN.
Patogenez pervichnoi otkrytougol'noi glaukomy. In: (Collection

10.

1.

12.

13.

14.

15.

16.

)

of scientific articles) Voprosy patogeneza i lecheniya glaukomy.
Moscow: Mosk. NII mikrokhirurgii glaza; 1981. P. 3-7. (In Russ.)]
®nammep . Tnaykoma. — Munck: MPUHTKOPM, 2003. —
416 c. [Flammer G. Glaucoma. Minsk: PRINTKORP; 2003. 416 p.
(In Russ.)]

Harris A. Vascular Considerations in Glaucoma. Kugler Publica-
tions; 2012. 123 p.

Actaxos 0.C., [xannawsunu O.A. CoBpeMeHHbIE HANpaBeHWA
B M3y4YeHUN reMoauHamnKki rnasa npu rnaykome // Odotans-
MOnoruyeckuii xypHan. — 1990. — N°3. — C. 179-183. [Asta-
khov YuS, Dzhaliashvili OA. Sovremennye napravleniya v izuche-
nii gemodinamiki glaza pri glaukome. Oftal'mologicheskiy zhurnal.
1990;(3):179-183. (In Russ.)]

Actaxos 10.C., MNucouknna A.b., Tapacosa 0.B. WccnemoaHme
BHYTPUINA3HOrO W CUCTEMHOrO KpoBOOBpalieHnA y GOMbHbIX
MEPBUYHOIA OTKPLITOYrONbHOM rnaykoMoi // Tnaykoma (awmarHo-
CTUKA, KNnHUKA 1 neyenme): ¢0. Hayy. Tp. — J1., 1988. — C. 52-58.
[Astakhov YuS, Lisochkina AB, Tarasova QV. Issledovaniye vnutri-
glaznogo i sistemnogo krovoobrashcheniya u bol'nykh pervichnoy
otkrytougol'noy glaukomoy. In: (Collection of scientific articles)
Glaukoma (diagnostika, klinika i lecheniye). Leningrad; 1988.
P.52-58. (In Russ.)]

Hirrlinger PG, Ulbricht E, landiev |, et al. Alterations in protein
expression and membrane properties during Miller cell gliosis
in a murine model of transient retinal ischemia. Neurosci Lett.
2010;472(1):73-78. https://doi.org/10.1016/j.neulet.2010.01.062.
Joachim SC, Wax MB, Boehm N, et al. Up-regulation of antibody
response to heat shock proteins and tissue antigens in an ocular
ischemia model. Invest Ophthalmol Vis Sci. 2011;52(6):3468-3474.
https://doi.org/10.1167/iovs.10-5763.

Peachey NS, Green DJ, Ripps H. Ocular ischemia and the effects
of allopurinol on functional recovery in the retina of the arterially
perfused cat eye. Invest Ophthalmol Vis Sci. 1993;34(1):58-65.
Kucenesa T.H., YyanH A.B. 3kcnepumeHTansHoe MoaennpoBaHme
NWEMUYECKOr0 nopaxeHua rnasa // Becthuk PAMH. — 2014. —
T.69. — N°11-12. — C. 97-103. [Kiseleva TN, Chudin AV. Ex-
perimental model of ocular ishemic diseases. Annals of the Rus-
sian Academy of Medical Sciences. 2014;69(11-12):97-103.
(In Russ.)]. https://doi.org/10.15690/vramn.v69i11-12.1190.
Kucenesa T.H., YynuH A.B, Xopowwnnosa-Macnosa V.1, u op. Mop-
(DOMOrNYECKIE U3MEHEHUA B TKAHAX CETYATKW MPW PErMoHapHoN
NWeMIK-penepay3in B 3KCNEpUMEHTE in vivo // bionneTteHb sKene-
PUMEHTANLHOM Bronorim i MeanumHbl. —2019. - T.167. - N° 2. —
C. 250-256. [Kiseleva TN, Chudin AV, Khoroshilova-Maslova IP,
et al. Morphological changes in retinal tissues in regional ischemia-
reperfusion in an in vivo experiment. Byulleten’ eksperimental’noy
biologii i meditsiny. 2019;167(2):250-256. (In Russ.)]

Chidlow G, Schmidt KG, Wood JP, et al. Alpha-lipoic acid protects the
retina against ischemia-reperfusion. Neuropharmacology. 2002;43(6):
1015-1025. https://doi.org/10.1016/50028-3908(02)00129-6.

<> OPHTHALMOLOGY JOURNAL. 2019;12(4)

eISSN 2412-5423



ORIGINAL RESEARCHES / OPUTUHAJIbHBIE CTATbU

o

17. Bui BV, Edmunds B, Cioffi GA, Fortune B. The gradient of reti-
nal functional changes during acute intraocular pressure eleva-
tion. Invest Ophthalmol Vis Sci. 2005;46(1):202-213. https://doi.
org/10.1167/iovs.04-0421.

18. LiM, YuanN, Chen X, etal. Impact of acute intraocular pressure el-
gvation on the visual acuity of non-human primates. EBioMedicine.
2019;44:554-562. https://doi.org/10.1016/j.ebiom.2019.05.059.

19, Azuara-Blanco A, Harris A, Cantor LB, et al. Effects of short term in-
crease of intraocular pressure on optic disc cupping. BrJ Ophthal-
mol. 1998;82(8):880-883. https://doi.org/10.1136/bj0.82.8.880.

20. Acraxos 10.C., Npkaes C.M., PxaHos b./. amma-pe3oHaHcHan
BENocuMeTpuA rnasa // BectHuk ocpranbmonormn. — 1989, —
T. 105. — N°5. — C. 59-62. [Astakhov YuS, Irkayev SM, Rzha-
nov BI. Gamma-rezonansnaya velosimetriya glaza. Annals of oph-
thalmology. 1989;105(5):59-62. (In Russ.)]

21. Pyxoseu A.l'., Actaxos 10.C. MeTofbl uccnenosaHua reMmofnHa-
MUKW FNa3a, OCHOBAHHbIE HA PErMCTPaLM MynbCOBbIX Koneba-
Huit 06bema rnasHoro Abnoka // PernoxapHoe kpoBoobpalieHue
n mukpounpkynauma. — 2016, — T. 15. — N* 4. — C. 30-38. [Ru-
khovets AG, Astakhov YS. Methods of pulsatile ocular hemodynam-
ics assessment. Regional blood circulation and microcirculation.
2016;15(4):30-38. (In Russ.)]. https://doi.org/10.24884/1682-
6655-2016-15-4-30-38.

22. Kurysheva NI, Parshunina OA, Shatalova EQ, et al. Value of struc-
tural and hemodynamic parameters for the early detection of pri-

Information about the authors

mary open-angle glaucoma. Curr Eye Res. 2017;42(3):411-417.
https://doi.org/10.1080/02713683.2016.1184281.

23. YNbTpa3sByKOBbIE MCCNENOBAHNA B 0CDTANbLMOSOMMIA: PYKOBOACTBO
nna spayeii / Mon pen. B.B. Hepoesa, T.H. Kucenesoi. — M.: Vkap,
2019. — 324 ¢. [Ul'trazvukovye issledovaniya v oftalmologii: ruko-
vodstvo dlya vrachey. Ed. by V.V. Neroyev, T.N. Kiseleva. Moscow:
lkar; 2019. 324 p. (In Russ.)]

24. Joos KM, Kay MD, Pillunat LE, et al. Effect of acute intraocular
pressure changes on short posterior ciliary artery haemodynam-
ics. Br J Ophthalmol. 1999;83(1):33-38. https://doi.org/10.1136/
bj0.83.1.33.

25. Trost A, Motloch K, Bruckner D, et al. Time-dependent retinal
ganglion cell loss, microglial activation and blood-retina-barrier
tightness in an acute model of ocular hypertension. Exp Eye Res.
2015;136:59-71. https://doi.org/10.1016/j.exer.2015.05.010.

26. VasavadaV, Raj S, Praveen M, et al. Real-time dynamic intraocular
pressure fluctuations during microcoaxial phacoemulsification us-
ingdifferentaspirationflowratesandtheirimpact onearly postopera-
tive outcomes:arandomizedclinicaltrial. J Refract Surg. 2014;30(8):
534-540. https://doi.org/10.3928/1081597X-20140711-06.

27. Jarstad JS, Jarstad AR, Chung GW, et al. Immediate postoperative
intraocular pressure adjustment reduces risk of cystoid macular
edema after uncomplicated micro incision coaxial phacoemulsifi-
cation cataract surgery. Korean J Ophthalmol. 2017;31(1):39-43.
https://doi.org/10.3341/kj0.2017.31.1.39.

Csedenus 06 asmopax

Yuri V. Takhtaev — MD, Prof. of the Ophthalmology Depart-
ment. [.P. Pavlov First St Petersburg State Medical University
of the Ministry of Healthcare of Russia, Saint Petersburg, Rus-
sia. E-mail: ytakhtaev@gmail.com.

Tatyana N. Kiseleva — MD, Head of Ultrasound Diagnos-
tic Department. Helmholtz National Medical Research Cen-
ter of Eye Diseases, Moscow, Russia. E-mail: tkiseleva05@
gmail.com.

Roman B. Shliakman — Postgraduate Student, Ophthalmo-
logy department. I.P. Pavlov First St Petersburg State Medi-
cal University of the Ministry of Healthcare of Russia. Saint
Petersburg, Russia. E-mail: romanshlyakman@gmail.com.

HOpuii BuktopoBuu TaxraeB — j-p Mel. Hayk, npodeccop
Kagenpol odranbmosornd. PTBOY BO «Ilepswiii CaHKT-
[leTepOyprekuil  rocylapcTBeHHbIH MEIMLMHCKHA YHHUBEPCH-
ter um. akan. K.IL. [laBnoBa» MunsnpaBa Poccuu, Cankr-
[Terep6ypr. E-mail: ytakhtaev@gmail.com.

Tarbsina Hukonaesna Kucenésa — 1-p men. Hayk, npocdeccop,
3aBellylollasi OT/eJIeHHeM Y/IbTPa3ByKOBbIX METOIO0B HCCJ/1e0Ba-
Huil. PI'BY « MocKoBCKHI HAY4HO-MCC/1I0BATEBCKHI HHCTUTYT
raa3ubix 6ose3nell um. 'esibmrosbia» Munanpasa Pocenn, Mo-
ckBa. E-mail: tkiseleva05@gmail.com.

Poman BopucoBny LLnskman — acrivpant kadeapbl odraibMo-
gorud. PI'BOY BO «Ilepsriii Cankr-IlerepOyprekuii rocynap-
CTBEHHBIH MeIMLMHCKUI yHHBepcuTeT uM. akai. M.IT. IlaBnoBa»
MunznpaBa Pocenn, Caukr-TlerepGypr. E-mail: romanshlyak-
man@gmail.com.

<> O®TANbMOJIOTMYECKME BEAOMOCTM. 2019. T. 12. Ne 4

ISSN 1998-7102



