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The work concerns the study of retinitis pigmentosa (RP) — a hereditary generalized retinal
dystrophy. Purpose: to study the changes in hemodynamic parameters in the eye vessels and ERG
indexes and to implement a correlation analysis of young patients with various stages of RP. 100
patients (200 eyes) at the age from 15 to 24 years old with RP were examined, among them 41 pati-
ents — women, 59 patients — men. Patients were culled into 3 groups according to the functional di-
sorders: | — 31 patients (62 eyes) with initial stage of RP, Il — 40 patients (80 eyes) with medium se-
vere stage of RP, 11 — 29 patients (58 eyes) with severe stage of RP. All patients underwent CDI on
the apparatus Toshiba “NEMIO XG SSA-580A” (Japan) with ultrasound probe 8 mHz and ERG
(standard combined, 30 Hz flicker, photopic) on the apparatus ROLAND CONSULT Super Color
Ganz feld Q450 SC (Germany). The results of CDI and ERG indicate statistically significant chan-
ges in medium severe and severe stages of RP, also point to the disorders referred to the initial sta-
ge. CDI in the patients with RP allows detecting hemodynamic disorders timely. Analysis of ERG
parameters indicates an impairment of photoreceptors function in parallel to ocular blood flow di-
sorders. So, CDI and ERG are required for the purposes of early diagnostics and monitoring of pa-
tients with RP as well as for therapeutic and preventive measures.
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sorders in RP has also been studied. In ophthalmo-
logy and dopplerographic ultrasound examinations
are widely used for evaluation of the vessel condi-
tions. Colour Doppler imaging (CDI) is one of the

INTRODUCTION

In spite of rapid scientific and technical prog-
ress in all the branches of medicine, to date there

are the fields in which undertaken attempts to sus-
pend pathological process or restore impaired
functions are not effective. One group of such se-
rious pathologies in ophthalmology is hereditary
diseases. Retinitis pigmentosa (RP) is a hereditary
generalized retinal dystrophy. This pathology re-
sults in vision loss to the extent of blindness. The
solution of this problem has not been found yet,
hence, RP is the cause of disability of children
and adults. (T'amumoRa u ap., 2010; IllamimHOBa,
2001; ITyxo u ap., 2010; Hamblion et al., 2010).
There are many works aimed to the study of
various aspects of RP (Robson et al., 2006; Sand-
berg et al., 2011; Eden et al., 2013; Riera et al.,
2017). In recent years, the problem of vascular di-
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methods of Doppler ultrasonography, which gives
the opportunity to get reliable information about
the eye hemodynamics. This method is non-invasi-
ve, convenient for implementation, does not requi-
re special training. However, to date, little studies
are known concerning analysis the eye vessels he-
modynamics in RP (Kacumos u ap., 2012; Parodi
etal., 2017).

ERG is a leading method for the evaluation
of functional condition of the retina, in particular
photoreceptors, and gives an opportunity of detec-
ting not only marked dystrophic changes of the re-
tina, but also of diagnosing the functional disor-
ders, which precede clinical manifestations of RP
(Dolan et al., 2002; Seeliger et al., 1998; Marmor
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et al., 2009). For this reason, it is noteworthy imp-
lementation of complex of Dopplerographic and
electrophysiologic studies in determining the se-
verity of dystrophic process in RP (Kucenea u
ap., 2015; Zhang et al., 2013).

The work objective concludes in study of the
changes in hemodynamic parameters in the eye
vessels and ERG indexes and in implementation
of a correlation analysis in young patients with
various stages of RP.

MATERIALS AND METHODS

100 patients (200 eyes) with RP at the ages of 15-
24 were examined. Among them, 41 patients were
female and 59 were male. The patients were cul-
led into 3 groups. Group | included 31 patients
(62 eyes) with initial stage of RP. During ophthal-
moscopy, these patients had a deposition of single
characteristic "bone bodies” on extreme and
middle periphery of the eye fundus, the field of
vision was restricted concentrically up to 40 deg-
rees, and visual acuity in average referred to 0.95
+ 0.03. Group II included 40 patients (80 eyes)
with medium severe stage of RP. During ophthal-
moscopy, these patients had marked pigmentation
by the type of "bone bodies" on extreme and
middle periphery of the eye fundus, the field of
vision was restricted concentrically from 40 to 20
degrees, and visual acuity at the average was
0.50+£0.26. Group I included 29 patients (58
eyes) with severe RP stage. In this group of pati-
ents, during ophthalmoscopy, the marked pigmen-
tation of the "bone bodies" type on extreme and
middle periphery of the eye fundus was also re-
vealed, the field of vision was restricted concent-
rically below 20 degrees, and visual acuity at the
average was equal to 0.2+0.16.

Ophthalmological research methods included
visometry, refractometry, tonometry, perimetry,
biomicroscopy, and ophthalmoscopy. As well, all
the patients underwent ERG — total, rhythmic 30
Hz (RERG), macular (MERG) — with application
of the device ROLAND CONSULT Super Colour
Ganz feld Q450 SC (Germany).

Ultrasound examinations included B-scan-
ning of the eyeball and Doppler ultrasonography
of the eye vessels using the CDI method on the
apparatus Toshiba “NEMIO XG SSA-580A” (Ja-
pan) with ultrasound probe 8 mHz. Ophthalmic
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artery (OA), central retinal artery (CRA) and pos-
terior short ciliary arteries (PSCA) were studied.
The velocity parameters Vmax (maximum systo-
lic velocity of blood flow), Vmin (final diastolic
velocity of blood flow) and RI (resistance index)
were determined in these vessels. In order to de-
termine standard age indicators, Doppler ultraso-
und examination of 50 practically healthy volun-
teers of 15-24-year-old, included into the control
group, was performed.

Statistical data processing was performed
using Microsoft Excel-2010. The reliability of the
results was evaluated using the Student's t-test,
and the differences between average values were
accepted as reliable at p<0.05. In order to analy-
sing statistical interrelation between the recorded
parameters, the Pearson correlation calculation
method was used.

RESULTS AND DISCUSSION

In accordance to the results of CDI, various
changes of hemodynamic parameters were obser-
ved in all the studied vessels. In OA, significant
decrease in RI was found in the patients of group
I1l. The values of Vmax and Vmin parameters of
their vessels corresponded to the normative values
in all studied groups. In CRA and PSCA signifi-
cant changes in hemodynamic parameters were
found in the patients of all the groups. Moreover,
the most marked disturbances were observed in
the patients of groups Il and Il (Table 1; Figure 1
and 2).

Thus, in OA of patients of group Ill, Rl in
average was equal to 0.71+0.02, and it was signi-
ficant decrease with p < 0.01 (Table 1).

In CRA in the patients group I, Vmax was
decreased significantly up to 8.1+0.07 cm/sec
with p<0.01, and in group Il — up to 7.0+0.1 with
p<0,001. In the same vessels, Vmin in group Il
corresponded to average 3.05+0.1, and in group
Il — 2.2+0.01, both changes were significant with
p<0.01. Rl in the CRA was also recorded as redu-
ced in all the groups and at average was 0.62+0.1
(p<0.01) in group 11, and 0.60+0.03 (p < 0.001) in
group Il (Table 1).
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Figure 1. Sonograms of the CDI of the CRA. Figure 2. Sonograms of the CDI of the PSCA.
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Table 1. Re: ults of CDI in RP
Vessels Parameters | rpynna Il rpynna 111 rpynna Hopma
Vmax (sm/sec) 37.01+0.7 37.25+0.2 37.0£0.2 37.3+0.3
OA Vmin (sm/sec) 8.9+0.01 9.01+0.1 9.1+0.1 9.47 £0.12
RI 0.7440.1 0.74+0.04 0.71£0.02** 0.75 £0.002
Vmax (sm/sec) 11.2+0.5* 8.1+0.07** 7.040.1%** 13.240.1
CRA Vmin (sm/sec) 3.4£0.02* 3.05+0.1** 2.2+0.01** 3.82 +0.04
RI 0.66+0.05** 0.6240.1** 0.60+0.03*** 0.71 £0.002
Vmax (sm/sec) 7.5+0.09*%* 6.2+0.01*** 5.0+0.8%** 9.540.1
PSCA Vmin (sm/sec) 3.210.2** 3.1+ 0.05** 2.6+0.01*** 3.67 +0.04
RI 0.55+0.01** 0.5240.01*** 0.4740.02*** 0.61 +£0.002
*-p <0.05; ** - p <0.01; *** p < 0.001 — statistically significant difference in relation to the norm
Table 2. Inlicators of total ERG, MERG and RERG
Indicators Group | Group 11 Group 111 Norm
a- wave amplitude (uV)  [98.3+11.4% 49 .6+8.0%* 15.3%7.1%%% 155-356
Total ERG Iate_ncy (ms) 20.34£3.9 22.8+4.2% 23.5+4.0% 14-22
b-wave amplitude (uV) 270.9+10.1* 114.4£8.2%** 40.1+7.0%** 290-654
latency (ms) 43.5+3.1 44723 51.0£2.2% 33-46
a- wave amplitude (uV) |24.9+4.7 22.0+£3.2* 19.3 £4.0%* 26-62
MERG Iate_ncy (ms) 157+2.3 19.6 +£2.0* 25.1 +4.1** 13-16
b-wave amplitude (uV) |100.3 +6.1 61.2 £5.2** 34.7 +£2.6%** 103-250
latency (ms) 321+1.9 34.2 +6.0* 43.7 +£4.0* 29-33
RERG amplitude NI- P1 (pV) 53.343.5 * 40.1+4 3%* 20.943.6%* 57-223

*-p<0.05; ** - p<0.01; ***- p < 0.001 —statistically significant difference in relation to the norm

In the PSCA in the patients’ group II, Vmax
value corresponded to average of 6.2+0.001
(p<0.001), and in group Il — 5.0+0.8 (p<0.001).
Vmin values in PSCA in group Il were equal to
average of 3.1+0.05 (p<0.01), in group HI —
2.6+0.01 (p<0,001). RIs of this vessel were also
statistically significantly reduced to 0.52+0.01
with p<0.001 in group I, and to 0.47+0.02 with p
< 0.001 in group Il (Schedule 1).

Changes in ERG indicators were observed in
all the studied patients groups, moreover statisti-
cally significant violations were registered even in
the patients with initial stage of RP.

In accordance to total ERG data, significant
disturbances were detected in the groups Il and 111
(Table 2). The amplitude of the a-wave in the pa-
tients of group Il was reduced to an average of
49.6%8.0 uV, and in patients group III — 15.3+7.1
V. The amplitude of the b-wave in patients gro-
up Il was reduced to average of 114.4+8.2 uV,
and in patients group Il — 40.1£7.0 uV. These
changes were significant with p<0.001. In the pa-
tient group 1, the amplitudes of a- and b-waves
had statistical confidence values of p<0.05. The
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latency of a-wave in patients group Il increased to
an average of 22.8+4.2 msec (p<0.05), and in the
patients group Il — to 23.5+ 4.0 msec (p<0.05).
The latency of the b-wave in patients group Il cor-
responded to 44.7+2.3 msec, which is statistically
non-signifant change, and in patients group 11 it
was increased to an average of 51.0+£2.2 msec
(p<0.01).

MERG indicators were impaired in the pati-
ents of groups Il and 11l (Table 2). No statistically
significant changes were observed in the patients
of group I. The amplitude of the a-wave in the pa-
tients of group Il was reduced to an average of
22.0+£3.2 uV (p<0.05), and in the patient group 11
—to 19.3+4.0 pV (p<0.01). The amplitude of the
b-wave in patients group Il was reduced to an
average of 61.2+5.2 uV (p < 0.01), and in the pa-
tient group Il — to 34.7+2.6 uV (p<0,001). The
latency of the a-wave in the patient group Il was
extended to an average of 19.6+ .0 msec (p<0.05),
and in the patient group Il — to 25.1+4.1 msec
(p<0.01). The latency of the b-wave in the patient
group Il corresponded to an average of 34.2+6.0
msec (p<0.05), and in the patient group Il —
43.74+4.0 msec (p<0.05).
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The N1- P1 amplitudes of RERG (Schedule
2) were statistically significantly reduced in all
the 3 patients groups. In group I, these indicators
corresponded to an average of 53.3 = 3.5 uV (p <
0,05), in group Il —32.0+4.8 uV (p < 0.01), and in
group 1 —20.9 £ 3.6 uV (p <0.01).

The results of our research are consistent
with the results of other authors (Steuer et al.,
2005; Maquire et al., 1996; Akyol et al., 1995;
Cellini et al., 2010). In these studies, hemodyna-
mic parameters in the eye vessels were studied
through CDI and the conclusion was made, that
there was insufficient blood supply to outer and
middle layers of the retina. The authors note sig-
nificant decrease in the velocity of blood flow in
the CRA and PSCA, Vmax and Vmin indicators,
and a decrease of the resistance index in both ves-
sels. Changes in hemodynamic parameters in the
mentioned studies are consistent with the results
of our study.

Based on the correlation analysis of the re-
sults, the interrelation between some hemodyna-
mic parameters and ERG indicators was establis-
hed. Direct correlation between Vmin and Vmax
values in CRA and amplitudes of b-wave of total
ERG (r=0.53; r=0.46, correspondingly), as well as
between Vmax and Vmin values in PSCA and
amplitudes of a-wave of total ERG (r = 0.80; r =
0.82, respectively) was found. Reverse correlation
between Vmin and Vmax values in CRA and la-
tency of b-waves of total ERG (r=-0.45; r=-0.47,

correspondently), as well between Vmax and
Vmin values in PSCA and latency of a-wave of
total ERG (r=-0.47; r=-0.39, respectively) was fo-
und. Detected changes are statistically significant.
In the studies of Dolan and colleagues
(2002), Seeliger and colleagues (1998), Marmor
and colleagues (2009) the level of changes in
functional status of central retina was analysed
and studied, however, no studies were implemen-
ted depending on the stages of RP. Kisel’eva and
colleagues (2015) studied the characteristics of
the eye hemodynamics and retina electrogenesis
in the adult patients group, but on smaller clinical
material. The obtained results are in accordance
with our own. In the work of Zhang and colleagu-
es (2013) an interrelation between decreased blo-
od flow of chorioretinal complex and impaired
function of the eye photoreceptors based on MRI
and ERG data was also established. However, the-

re is no a correlation analysis and study of statisti-
cal reliability of the changes, implemented in the
work.

CONCLUSION

The results of ERG and CDI show the pre-
sence of statistically significant changes in the ca-
ses of medium severe and severe stages of RP, as
well indicate to advent of disturbances already in
the initial stages. CDI of the patients with RP al-
lows detecting timely hemodynamic disorders.
Analysis of ERG data indicates the suppression of
photoreceptors function in parallel to the disorders
of blood flow in the eye vessels.

Thus, it is necessary to conduct EPS and
dopplerographic studies for early diagnosis and
monitoring of the patients with RP, as well for
implementation of therapeutic and preventive me-
asures.
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Pigmentli retinit zamam cavan yash pasiyentlords doppleroqrafik
va elektrofizioloji tadqiqatlar

A.N. Mommodzada', N.I. Oliyeva', S.N. Orucova’, U.F. Hasimova®

'AR Sohiyya Nazirliyinin Akademik Zorifs> Oliyeva adina Milli Oftalmologiya Markazi
*AMEA-nin Akademik Abdulla Qarayev adina Fiziologiya Institutu

Irsi xastoliklar tibbin digar sahalerinds oldugu kimi, oftalmologiyanin agir patologiyalarindan sayilir. PR
tor qisanin iimumi irsi distrofiyasidir. Bu xastolik gérme funksiyalarinin itmoyine va korluga gatirib ¢ixa-
rir. Isin magsadi cavan yash pasiyentlordo PR-in miixtolif marhololort zamani géz damarlarinda hemodi-
namik parametrlorin vo ERQ gostaricilorinin doyigikliklorinin korrelyasiyasinin dyranilmosi olmusdur.
PR diagnozu ils yas haddi 15-24 arasinda olan 100 pasiyentds (200 g6z) miiayins aparilmigdir. Onlardan
41-i gadin, 59-u kisi olmusdur. PR zamani1 funksional dayisikliklora gors pasiyentlor 3 qrupa ayrilmisdir:
| grup — baslangic morholali pasiyentlor 31 nofor (62 g6z), II qrup — orta agir morhaloli pasiyentlar 40 no-
for (80 goz), Il grup — agir morhaloali pasiyentlor 29 nofar (58 gbz). Biitiin xastalords gdzds gan axinimi
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Oyroanmak iiciin RDK «TOSHIBA» firmasiin «Nemio XG SSA-580A» ultrasas diaqnostik aparatinda 8
mHz xoatti dat¢ik vasitasilo hoyata kecirilmisdir. Homginin ROLAND CONSULT Super Color Ganz feld
Q450 SC (Almaniya) aparatinda ERQ (limumi, ritmiki vo makulyar) aparilmigdir. ERG vo RDK naticalori
PR-in orta agir va agir marhalolorinds statistik diiriist doyisikliklorin oldugunu gdsterir, ham¢inin baglan-
gic marhoalods ds pozgunluglarin oldugunu bildirir. RDK PR-ds hemodinamik pozgunluglart zamaninda
askarlamaga imkan yaradir. ERG gostoricilorinin tohlili fotoreseptorlarm funksiyasinin azalmasi géz da-
marlarinda qan aximinin pozulmasina paralel bas verdiyini bildirir. Beloliklo, PR zaman1 pasiyentlorin er-
kon diagnostikasinda vo monitoringinda, eloco do miialica-profilaktik todbirlorin aparilmasi ti¢iin dopple-
rografik va elektrofizioloji miiayinalorin aparilmasi zaruridir.

Acar sézlar: Pigmentli retinit (PR), rangli doppler kartlasdiriima (RDK), elektroretinografiya (ERQ)

Jonmneporpadguyeckne u 371eKTPOPU3NOJIOTHIECKHE HCCIET0OBAHNSA
NP MUTMEHTHOM PeTHHMTE Y JIMI MOJIOJ0I0 BO3pacTa

A.H. Mamensane', H.U. AnueBa’, C.H. Opymkesa’, Y.®. Tamnmona®

1 . .
Hayuonanvuwiii yenmp ogpmanemonozuu umenu axademura 3apugol Anuesoii Munucmepcmea
30pasooxparnenus AP

2 .
Unemumym ¢puzuonozuu umenu axademuxa A60yanst I apaesa HAH Azepbatioocana

OgHuMH U3 TSDKENBIX TATONOTHHA B O(TAIBMOIIOTHH, KaK W B IPYTHX OTPACISAX MEIUIIUHBI, SBISIOTCS
HacnencTBeHHbIe Oone3Hu. [1P mpencraBnser coboil HAacIeNCTBEHHYIO reHepaln30BaHHYIO AUCTPOdHIO
CeTYaTKH. DTa MATOJIOTHS MPUBOAMT K IMOTEpPE 3PEHHUsS BIUIOTH JO CIenoThl. Llenp paboTel — M3y4uTh
U3MEHEHHUs] TEeMOJUMHAMUYECKUX NapaMeTpoB B coCylax rIja3a u mnokazatened OPIT u mposectu
KOPPETSAIMOHHBINA aHATU3 y MAEHTOB MOJIOJIOTO BO3pacTa ¢ pa3iniHbiMu ctagusMu [1P. O6cnenoBans
100 manuentoB (200 rna3) ¢ NUTMEHTHBIM PETHHUTOM B Bo3pacte 15-24 ner: u3 HuX - 41 manmeHt
JKEHCKOTO Toa, 59 — Mmyxckoro mona. [lanuenTs! Obun pactpenenensl Ha 3 rpynmbl. B | rpynmy Ob01
BuTIoUeH 31 maruenT (62 rasa) ¢ HadansHOM ctanuei I1P. Bo Il rpynmy 65110 BrITtoueHo 40 manueHToB
(80 tnaz) co cpemuerspkenoi craaumeit [1P. B Il rpynmy Obuto Bkimtoueno 29 marmeHToB (58 rias) c
Tsoxenoit craaueii [1P. Becem mamumentam mpoBoamiace DPIT — obmias, purmuueckas - 30 I'm (POPI),
makyssipast (MOPI') — na anmapare ROLAND CONSULT Super Color Ganz feld Q450 SC (T'epmanuis).
VYIbTpa3ByKOBBIE HCCIIEJIOBAHUS BKIIOYAM B-ckaHMpoBaHWe TIIa3HOTO SI0J0Ka M JOMIIIeporpadpuro
cocynoB rnaza merogom LIJIK. MccnenoBanuck rnaznas aprepust (I'A), neHTpanpHas aprepus ceT4aTKH
(IAC) u 3agume kopotkue mwimapuele aprepuu (3KLIA). Pesynprater OPI' m IIK mnokasbiBaroT
HaJIW4Yhe CTAaTHUCTUYECKH JOCTOBEPHBIX W3MEHEHWH IpH CPEeTHETSDKENbIX M Tskenbix cragusx IIP, a
TaKKe YKa3blBalOT Ha HaJIM4YHe HapyIIeHWHd yxe Ha HadaiubHbIX ctaauax. LJJIK y manmentoB c [IP
MO3BOJISIET CBOEBPEMEHHO BEISIBUTh T€MOIMHAMHUYECKHE HapylIeHus. AHanu3 naHHbix OPI ykaspiBaeT Ha
yrHeTeHne (YHKIHHA (OTOPEIENTOPOB MapaluielIbHO HAPYIIEHUsIM KPOBOTOKAa B COCyAax riasza. Takum
00pa3oM, HEOOXOAMMO MPOBEICHUE ICKTPODUINOJOTHISCKUX U JIOMIICPOrpapruecKuX UCCIIeIOBaHUM
JUTsl paHHeH IMarHOCTHKHM W MOHHWTOpHWHTra mnamueHToB ¢ [IP, a Tarke mms mpoBemeHus nedeOHO-
MPO(UITAKTHYECKUX MeP.

Knioueevie cnosa: Iluemenmuwiii pemunum (IIP), ysemosoe odonnieposckoe xapmupoganue (LK),
anexmpopemunocpaghus (OPI)
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