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New options for the diagnosis of normal tension Rkt
glaucoma in the light of Professor V.V. Volkov’s
concept of its pathogenesis

© Irina L. Simakova, Alfina R. Suleimanova, Natalya. P. Baimuratova

S.M. Kirov Military Medical Academy, Saint Petersburg, Russia

PURPQOSE: To measure lamina cribrosa thickness (LCT) and lamina cribrosa depth (LCD), optic nerve subarachnoid space
width (ONSASW) in patients with normal tension glaucoma and in healthy individuals and to compare these data with the
results of our own pilot study.

MATERIALS AND METHODS: The 1st group included 13 patients (22 eyes) with normal tension glaucoma aged 39 to
88years (59.8 + 10.9 years). The 2nd (control) group included 10 healthy people (20 eyes) aged 40 to 59 years (47.9 + 5.5 years).
All subjects underwent structural and functional assessment of the optic nerve head using optical coherent tomograph (OCT)
RTVue-100 (Optovue, USA), Humphrey perimeter (HFA Il 745i, Germany-USA), and our own modification of Frequency Dou-
bling Technology perimetry. LCT and LCD were measured by OCT RS-3000 Advance (Nidek, Japan). To measure ONSASW we
used a cross-sectional image of the optic nerve taken with Magnetic Resonance Imaging (GE Optima MR450w MRI, USA).

RESULTS: Differences in the 1st and 2nd groups between the mean values of LCT (234.14 + 27.73 and 336.25 + 21.0 ym,
respectively; p = 0.0000), LCD (461.8 + 101.7 and 361.65 + 58.2 pm, respectively; p = 0.0004) and ONSASW (1.371 + 0.035
and 1.52 £ 0.133 mm, respectively; p = 0.011) were statistically significant.

CONCLUSION: Patients with normal tension glaucoma had significantly higher LCD value with significantly lower LCT and
ONSASW values compared to healthy individuals, which is comparable with the results of our pilot study, and confirms the
importance of these morphometric criteria in normal tension glaucoma diagnosis verification.

Keywords: pathogenesis and diagnosis of normal tension glaucoma; central corneal thickness; lamina cribrosa thickness;
lamina cribrosa depth; optic nerve subarachnoid space width.
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Liens pabomel — n3MepuTb TOMLMHY U rybuHy pewétyator nnactuHkm (TPM n TPM) cknepbl, WnpuHy cybapaxHou-
[anbHOro npocTpaHcTBa 3puTenbHoro Hepsa (LUCAM3H) y 6onbHbIX rnayKoMOM HOPManbHOMO AABEHUA U 30,0POBbIX SINL
Y CPaBHUTb 3TW AaHHbIE C pe3yNbTaTaMu COHCTBEHHOMO NMUAOTHOMO UCCNEA0BaHMA.

Mamepuanel u Memodel. B 1-1o rpynny Brkounnm 13 6onbHbIx (22 rnasa) ¢ rnayKoMon HOpManbHOM0 AABNEHUA B BO3-
pacte o1 39 no 88 net (59,8 + 10,9 roga); 2-10 (KoHTponbHyto) rpynny coctasunu 10 340poBbix Yenosek (20 rnas) B Bo3-
pacte ot 40 go 59 net (47,9 £5,5 roga). BceM MCMbITyeMbIM BbINOSHANM CTPYKTYPHO-QYHKLMOHANBHYIO OLIEHKY AMCKa
3pPUTE/IbHOr0 HepBa, UCMOMb3yA ONTUYECKMIM KorepeHTHbIM ToMorpad RTVue-100 (Optovue, CLUA), nepumetp Humphrey
(HFA 11 745i, TepmaHua-CLUA) 1 cobcTBeHHy0 MoaMMKALMIO NEPUMETPUM C YABOEHWEM NPOCTPAHCTBEHHOM YacToTbl. TP
v P M3MepsnM ¢ NOMOLLbIO ONTUYECKOro KorepeHTHoro Tomorpada RS-3000 Advance (Nidek, Anonus). [ns namepenus
LLCAMN3H ncnonb3oBany CHUMOK NOMEPEYHOro cpe3a 3pUTe/bHOr0 HepBa, BbIMOMHEHHBIN C MOMOLLbIO annapara MarHUTHO-
pe3oHaHcHon Tomorpagum GE Optima MR450w (CLLIA).

Pesynsmamel. Pasnuumna B 1-1 1 2- rpynnax Meay cpeaHuMm 3HadeHnamm TP (234,14 + 27,73 1 336,25 + 21,0 MKM
cootBeTcTBeHHO; p =0,0000), TPM (461,8 £101,7 n 361,65 + 58,2 MkM cootBeTcTBeHHO; p = 0,0004) m LICAN3H
(1,371 £ 0,035 1 1,52 + 0,133 MM cooTBeTcTBEHHO; p = 0,011) 6bIIM CTATUCTUYECKU 3HAUUMBI.

3akmoyenue. TaLMeHTbl C FNayKOMOW HOPManbHOMO LaBMIEHUs UMeNN LOCTOBEpPHO 60/bluyto BenuumHy [PI npu go-
CTOBEPHO MeHbLUMX 3Ha4veHuAx TP n LUCAMN3H no cpaBHeHMIo co 34,0pOBLIMM /INLLAMK, YTO CONOCTABMMO C pe3y/bTaTaMm
HalLero MUOTHOrO MCCef0BaHUA M MOATBEPHKAAET 3HAYMMOCTb ITUX MOPHOMETPUYECKMX NOKa3aTenen A1A YTOYHEHUA
[MarHo3a riaykoMbl HOpManbHOro AaBfeHus.

KnioueBble cnoBa: naTtoreHes v AMarHoCTUKa rnayKoMbl HOPManbHOMO JaBNeHNs; LeHTpanbHas TO/LLMHA POrOBULLbI;
TONWMHA PeLETyaTor NNACTUHKKM; rNy6MHa peluéTyaTon NNAcTUHKK; WMPUHA cybapaxHOMAANbHOro NpOCTpaHCTBa
3pUTENIbHOMO HepBa.
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INTRODUCTION

Glaucoma is still one of the leading causes of irrevers-
ible blindness globally, ranking first among the causes of
vision disability in Russia. Its most worrying clinical form
is normal tension glaucoma (NTG): a form that is diffi-
cult to diagnose because it develops even with normal
intraocular pressure (I0P). NTG was first classified at the
end of the 20th century, and, according to contemporary
literature, its prevalence in primary open-angle glaucoma
is 20%-30% in Europe and <50% in Japan. [2, 3]

In the middle of the 20th century, it became known
that glaucoma was detected in far from every patient
with ocular hypertension [4, 5]. In order to clarify the
undefined role of ocular hypertension in the formation
of glaucoma, V.V. Volkov turned to experimental studies
of cerebrospinal fluid pressure in the optic nerve (ON)
to test his own hypothesis about the existence of a trans-
membrane gradient between intraocular and intraneural
(tissue-cerebrospinal fluid) pressure (TMGP), where its
impairment may be a key factor in developing glaucoma
optic neuropathy (GON). In 1974, under the guidance of
Prof. V.V. Volkov, R.l. Korovenkov was the first in the
world to experiment on rabbits in order to measure the
pressure of the cerebrospinal fluid in the intermembrane
spaces of the ON and to confirm the existence of a gra-
dient in the plane of the lamina cribrosa, which acts as
a membrane, between the intraocular and tissue-cere-
brospinal fluid pressure [6].

20 years later, the results of this experiment were
corroborated by Australian scientists from experiments
on dogs [7] and by American scientists from data on hu-
man spinal punctures [8, 9]. According to these scientists,
the gradient (difference) between I0P and tissue-cerebro-
spinal fluid pressure was 7.4 + 4.8 and 6.6 + 3.6 mm Hg,
respectively.

According to Prof. V.V. Volkov's pathogenesis of glau-
coma, GON develops as a result of deflection of the lam-
ina cribrosa or membrane (LC/LM) of the sclera caused
by a disturbance of TMGP between intraocular and tissue-
cerebrospinal fluid pressure. This explains the possibility
of two types of glaucoma development: ocular hyper-
tension glaucoma, which progresses with high I0P, and
optic-cerebrospinal fluid hypertension glaucoma, which
progresses with normal I0P. The latter’s existence was
rejected by many scientists. Prof. V.V. Volkov reflected
that “...a kind of crisis situation that arose in the under-
standing of open-angle glaucoma, progressing without
obvious ocular hypertension, is based on the trivial hab-
it inherent in all of us to absolutize many quantitative
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indicators, forgetting about their actual relativity, tak-
ing into account the diversity of their defining relation-
ships” [10].

So in the 1970s, under his guidance, his department
pioneered the study of the relationship between intraocu-
lar, intracranial, and blood pressure levels. In particular,
an analysis of a large number of cases showed that glau-
coma can progress even if IOP is normal, but this was
much more common in patients with arterial hypoten-
sion; therefore, blood pressure needed to be taken into
account when assessing the normal range of intraocular
pressure in the form of individually tolerated I0P [11, 12].
Because the concept of an individual norm, including that
for the I0P level, is always broader than the conditional
standards for the entire population, in 2001, V.V. Volkov
proposed the term “pseudo-normal pressure,” and, as
a result, the “pseudo-NTG" diagnosis is also used in
Russia [10].

Prof. V.V. Volkov's concept on GON pathogenesis
contributed to the development of a structural-functional
diagnosis approach and open-angle glaucoma classifica-
tion, which included pseudo-normal pressure that was
described in detail in V.V. Volkov's widely known funda-
mental monographs [10, 12, 13] and was confirmed by
the PhD theses of his students [14, 15].

Prof. V.V. Volkov, also states that in the pathogenesis
of membranodystrophic glaucoma, the issue is not just
TMGP impairment; another extremely important issue
are the biomechanical properties of the sclera LC, which
worsen because of age-related dystrophic restructuring
in the biochemistry of the LC matrix and the surrounding
sclera caused by changes in the composition of colla-
gen [13].

Thus, based on the characteristics of GON pathogene-
sis, V.V. Volkov identified three clinical forms of glauco-
ma, namely ophthalmic hypertensive, optic-cerebrospinal
fluid hypotensive, and membranodystrophic glaucoma.

In current international literature, many authoritative
scientists believe that TMGP impairment plays a very im-
portant role in the pathogenesis of glaucoma, especially
of NTG, referring to the work of V.V. Volkov (1976) [16]
as to a primary source [17-19]. It is currently known that
arterial hypotension is often detected in patients with NTG
and, as a rule, is accompanied by a minor decrease in
cerebrospinal fluid pressure. Chinese scientists together
with the renowned US scientist Prof. R.N. Weinreb and
German Prof. J.B. Jonas, using fat suppressed 3 T mag-
netic resonance imaging, measured the ON subarachnoid
space (SAS) width at distances of 3, 9, and 15 mm behind
the eyeball in healthy individuals and in patients with high
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and normal pressure glaucoma. SAS was significantly the
narrowest at all three measurement points of the eyeball in
NTG patients. The authors concluded that there is a direct
relationship between the volume of cerebrospinal fluid in
the subarachnoid space of the ON and the level of its pres-
sure, which opens up a real possibility of assessing the
level of intracranial pressure in a non-invasive way [20].

The advent of modern spectral optical coherence to-
mographs (OCTs), equipped with an enhanced depth mod-
ule, enabled to measure the LC parameters, in particular
its thickness, which, according to H.-Y.L. Park et al. [21],
was 2 times thinner in NTG patients than in healthy indi-
viduals, and was significantly thinner than in patients with
ocular hypertensive glaucoma. The authors believe that in
patients with primary open-angle glaucoma, especially
with normal pressure, the LC thickness measurement is
comparable in diagnostic value to the retinal nerve fiber
layer thickness assessment [21].

Considering the relevance of TMGP assessment in the
study of NTG pathogenesis and the emergence of new
possibilities for its implementation using modern tech-
nologies, in the period from 2017 to 2019, we performed
a pilot study to measure the thickness and depth of the
LC, as well as the ON SAS width in NTG patients and
healthy individuals, and obtained results comparable
to the above data from international researchers [1].
But because, in the middle of our study, we relocated
of our department and clinic to a new multidisciplinary
clinical building of the Academy, which was equipped
with more modern equipment, it became necessary to
compare the data of the pilot study [1] and the data ob-
tained after the relocation, which we formalized as the
initiative scientific research work (R&D) “Development
of new morphometric criteria to clarify the pathogenesis
and diagnosis of NTG” (deadline 2020-2022) where the
co-executors are the departments of X-ray Radiography
and Radiology with a course of ultrasound diagnostics
and neurosurgery in the Academy. In the pilot study, a
Topcon 3D OCT 2000 device (Japan, 2000) and a Siemens
Magnetom Symphony 1.5 T MRI device (Germany, 2005)
were used to measure the thickness and depth of the LC,
the ON SAS width, and in this research work, we used the
Nidek OCT RS3000 Advance device (Japan, 2009) and the
GE Optima MR450w MRI device (USA, 2012), which differ
in technical characteristics.

The work aimed to measure the thickness and depth
of the lamina cribrosa (TLC and DLC) of the sclera, the
width of the ON SAS in NTG patients and in healthy indi-
viduals, and to compare the data with the results of our
own pilot study.
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MATERIALS AND METHODS

Group 1 included 13 patients (9 women and 4 men,
22 eyes) with NTG; 77% of cases (17 eyes) had the incipi-
ent stage of the disease. Their ages ranged from 39 to
88 years (mean age 59.8 + 10.9 years). All of them had an
I0OP by Maklakov below 27 mm Hg and arterial hypoten-
sion (the maximum BP did not exceed 120/70 mm Hg).
Myopia (mean value 2.23 + 1.26 diopters) was registered
in 50% of cases. The inclusion criterion for the study was
a confirmed diagnosis of NTG. The study did not include
patients with visual acuity below 0.5, ophthalmic or sys-
temic diseases affecting the visual field, and a history of
laser refractive surgery.

Group 2 (control) included 10 healthy individuals
(6 women and 4 men, 20 eyes) aged 40 to 59 years (mean
age 47.9 + 5.5 years). All studies were performed in ac-
cordance to existing international and Russian laws and
human biomedical research regulations.

All subjects underwent a complete ophthalmological
examination that included a structural and functional as-
sessment of the ON head using the RTVue 100 XR OCT
(Optovue, USA), with the determination of the nerve fiber
layer thickness and the complex of retinal ganglion cells,
as well as standard automated perimetry (HFA Il 745i,
threshold program “24-2", Germany-USA) and non-stan-
dard perimetry with doubling of the spatial frequency in
a version of I.L. Simakova et al. [22].

In all subjects, TLC and DLC were measured using
the OCT RS-3000 Advance (Nidek, Japan) in an enhanced
depth imaging mode, using the DISC RADIAL protocol
and calculating the average value of these parameters
from three consecutive measurements. DLC (posterior LC
displacement) was defined as the perpendicular straight
line drawn between the center of this line and the front
surface of the LC (a-b). TLC was defined as the segment
between the anterior and posterior surfaces of the LC in
its central part (c-d) (Fig. 1, 2). To measure the LC pa-
rameters, a line connecting the end points of the Bruch’s
membrane was used as a base plane. The same OCT de-
vice was used to measure the central thickness of the
cornea using a nozzle for the anterior segment of the eye.
It was additionally measured using a Pentacam HR device
(Oculus, Germany).

In our pilot study, a 3D-0CT 2000 OCT instrument
(Topcon, Japan) was used to measure the TLC and DLC.
In this work, the LC parameters were measured using the
modern OCT Nidek RS-3000 Advance that has a higher
scanning speed (53,000 A-scans per second) and a higher
optical resolution, giving better images of the anterior
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Fig. 1. Lamina cribrosa depth measurement (a-b) by EDI
(Enhanced Depth Imaging) mode of Nidek RS-3000 Advance

Puc. 1. N3mepeHue rnybuHbl pelétyaToii nnactuHku (a-b) ¢ no-
MOLLLbI0 ONTMYECKOro KorepeHTHoro ToMorpada Nidek RS-3000
Advance B pexuMe yBennueHHo rnybuHbl n3obparenus (EDI)

Table 1. Comparison of the technical characteristics of OCT devices

Fig. 2. Lamina cribrosa thickness measurement (c-d) by EDI
(Enhanced Depth Imaging) mode of Nidek RS-3000 Advance

Puc. 2. Vi3MepeHue TONLLMHbI peLéTyaToi nnacTuHkm (c—d) ¢ no-
MOLLbI0 ONTMYECKOro KorepeHTHoro ToMorpada Nidek RS-3000
Advance B pexume yBenmueHHow riy6uHsl n3obparenus (EDI)

Ta6nuu,a 1. CpaBHEHMe TeXHUYECKMX XapaKTEPUCTUK ONTUYECKUX KOrepeHTHbIX TOMOFpad)OB

Specifications

Nidek RS 3000 Advance (Japan, 2009)

Topcon 3D-0CT 2000 (Japan, 2000)

A-scans per second 53,000 27,000
B-scan 912 A-scans 512 A-scans
Optical resolution 4pm 5-6 ym
Image extended depth mod-ule (EDI) Yes Yes

Fig. 3. Cross-sectional image of the optic nerve (right) taken 3 mm behind the eye using MRI. A-B - is the diameter of the optic nerve
with its sheaths; C-D - is the diameter of the optic nerve without its sheaths

Puc. 3. /1306parkeHre nonepeyHoro cpesa 3puUTebHOr0 HepBa (CpaBa), BbIMOHEHHOTO B 3 MM 3a /la3HbIM ABNIOKOM, C NOMOLLbI
MarHUTHO-pe30HaHcHoro ToMorpada. A-B — auameTp 3putenbHoro Hepea ¢ obonoukamu; C-D — nuameTp 3puTenbHoro Hepea 6e3 ero

obonoyeK

and the posterior surface of the scleral LC through redu-
cing the number of artifacts (Table 1).

To assess the SAS width, we used a snapshot of the
transverse section of the ON made 3 mm behind the
eyeball using a GE Optima MR450w magnetic resonance
tomograph (GE, USA) with a magnetic field induction of
1.5 T (Figure 3). The study was performed using a head
coil where the patient’s head was immobilized with special
cushions. The patients fixed their gaze on their own through
a mark applied to a magnetic coil, which enabled to reduce
eye mobility and obtain more contrasting images. Before
the study of the ON, a standard protocol for scanning the

DOl https://doi.org/10.17816/0V59961

structures of the brain in the axial and sagittal planes was
performed, without an inter-slice interval. Standard scan
images were required for the correct positioning and di-
rection of the ON slices. A targeted study of ON was per-
formed in the oblique coronal plane in the fat suppression
mode. On the obtained images of the cross section of the
ON, the width of the SAS was determined as half the dif-
ference between the average diameter of the MR image of
the ON slice with its sheath (A-B) and the average diameter
of the MR image of the ON slice without its sheath (C-D).
Measurements were performed using the RadiAnt Dicom
Viewer software for X-ray images.
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Table 2. Comparison of the technical characteristics of MRI devices

Tabnuua 2. CpaBHeHWE TEXHUYECKUX XapaKTEPUCTUK MarHUTHO-Pe30HAHCHBIX TOMOrpadoB

Specifications

GE Optima MR450w
(USA, 2012)

Siemens Magnetom Symphony
(Germany, 2005)

Magnetic field induction

Aspects of scanning of the optic nerve,
fat suppression

T2-WI protocol
(thin-slice gradi-ent version)

Scan time

15T
More uniform and pronounced

Slice thickness 1 mm

15 min

15T
Additional implementation

Slice thickness 1 mm

20-25 min

Siemens Magnetom Symphohy

Fig. 4. Comparison of cross-sectional slices of the optic nerve obtained with MRI Siemens Magnetom Symphony and MRI GE Optima

MR450w

Puc. 4. CpaBHeHWe M306pameHuWii NonepeyHbIX CPe30B 3PUTENBHOMO HEPBA, MOMYYEHHbIX MPY MOMOLLM MarHUTHO-PE30HAHCHBIX

ToMorpagos Siemens Magnetom Symphony 1 GE Optima MR450w

In this study, we used a more modern magnetic reso-
nance imager GE Optima MR450w (USA) with a magnetic
field induction of 1.5 T, which enables us to obtain T2 IDEAL
pulse sequences with a slice thickness of 1 mm without
inter-slice spacing (Table 2).

The IDEAL T2 pulse train suppresses chemical shift ar-
tifacts in images of hard-to-reach anatomical structures
such as eye sockets. When using this program, 4 different
contrast images are generated per one data collection
(water, adipose tissue in phase and antiphase). Reliable
uniform suppression of the signal from adipose tissue
enables to more clearly visualize the perineural cere-
brospinal fluid spaces of the ON against the hypointense

D0l https://doi.org/10.]

intraorbital adipose tissue and to avoid repeated fat sup-
pressed scanning. Thus, the T2 IDEAL pulse sequence in
the study protocol turned out to be preferable because it
enabled us to replace the 3D CISS and turbo-spin-echo
with fat suppression sequences that we used in our previ-
ous study on a Siemens Magnetom Symphony tomograph,
which reduced high-quality imaging scan time (Fig. 4).

RESULTS AND DISCUSSION

In this research (Table 3), as well as according to
the results of our pilot study, the difference between
the average values of the central corneal thickness
in NTG patients and healthy individuals turned out to

7816/0V59961
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be insignificant. However, a statistically significant
(p = 0.000) difference was revealed between the mean
values of TLC in NTG patients (234.14 + 27.73 pym) and
healthy individuals (336.25 + 21.0 ym), which is compa-
rable with the findings of our pilot study (217.60 + 36.92
and 345.86 + 33.29 um, respectively, p =0.000), as
well as to the international literature data. In particular,
H.-Y.L. Park et al. [21], using spectral-domain OCT
(SD-0CT, Germany) equipped with an enhanced depth im-
aging module to measure TLC in NTG patients and healthy
subjects, also registered a significant difference between
these parameters (175.11 + 22.60 and 348.14 + 23.41 pm,
respectively, p < 0.001).

According to our data (Table 3), the average DLC in
NTG patients (461.8 + 101.7 um) was significantly larger
(p = 0.0004) than in the control group (361.65 + 58.2 pm),
which was also comparable with the results of our pi-
lot study (435.0 + 86.31 and 367.31 + 87.0, respectively,
p = 0.014) and international authors [23-25].

In their work, S. Cakmak et al. [26] measured DLC in
healthy individuals and in patients with pseudoexfoliative
glaucoma using SD-OCT and swept-source OCT (SS-0CT).
According to their findings, DLC was 392.2 + 82.9 ym
(SD-0CT)and 393.2 + 73.8 pm (SS-0CT) in the control group,
and 437.2 + 125.1 ym (SD-OCT) and 451.1 £ 121.1 pm
(SS-0CT) in the glaucoma group. J.R. Vianna et al. [27]
believe that the deeper location of the scleral LC is the
same characteristic aspect as the thinning of the retinal
nerve fiber layer in primary open-angle glaucoma.

According to the results of electron microscopic ex-
amination, it became clear that the ON SAS of humans
(the space between the arachnoid and the layers of the
pia mater) is not a homogeneous homotypic space of an

Table 3. Results obtained in the study groups
Ta6auua 3. MosyyeHHble pesynbTathl B UCCIEAYEMBIX Fpynnax
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anatomically simple structure filled with cerebrospinal
fluid, but it comprises complex systems of arachnoid
trabeculae and septa that separate the subarachnoid fis-
sure. This structure of SAS, on the one hand, prevents
the subarachnoid space from collapsing at a sharp de-
crease in cerebrospinal fluid pressure; on the other hand,
it does not allow this cavity of the arachnoid-dural sac
to significantly expand at a sharp increase in intracranial
pressure [28].

According to the results of our study (Table 3), the
average value of the ON SAS width in patients with NTG
(1.371 £ 0.035 mm) turned out to be significantly less
(p = 0.011) than in healthy individuals (1.52 + 0.133 mm),
which corresponds to the results of our pilot studies
(1.27 £ 0.13 and 1.44 + 0.19 mm, respectively, p = 0.004)
and international literature. Thus, in our sample, all NTG
patients had low blood pressure, which coincides with
the experience of J.H. Lee et al. [29], who believed that
arterial hypotension, which is often detected in NTG pa-
tients, is usually accompanied by a minor decrease in
cerebrospinal pressure, which results in a decrease in the
filling of ON SAS with the cerebrospinal fluid, which leads
to a narrowing of this space. N. Wang et al. [20] using an
MRI device with a high magnetic field induction (Signa
HDxt 3.0 T, USA) in the fat suppression mode measured
the ON SAS width at distances of 3, 9, and 15 mm behind
the eyeball in NTG patients and healthy individuals. SAS
was significantly (p = 0.003) the narrowest at all three
points of measurement of the eyeball in NTG patients.
For example, at 3 mm behind the eyeball, the indicator
of the ON SAS width, according to these authors, was
0.67 £ 0.16 mm in NTG, and 0.87 + 0.15 mm in healthy
subjects [20].

Indicator 1 Group 1, Group 2 (control), Significance
NTG patients, healthy individu-als, of differences (p),
R&D/PS R&D/PS R&D/PS

Central corneal thickness, pm 538.1+£359/ 556.4 + 24.7 / 0.06 /0.101
543.26 + 31.52 557.50 + 24.92

Lamina cribrosa thickness, ym 23414 +27.73/ 336.25+21.0/ 0.000/0.000
217.60 + 36.92 345.86 + 33.29

Lamina cribrosa depth, pm 461.8+101.7/ 361.65£58.2/ 0.0004 / 0.014
435.0 £ 86.31 367.31+87.0

Optic nerve subarachnoid space width, mm 1.371 £0.035/ 1.52 +0.133/ 0.011/0.004

1.27 £0.13 1.44+0.19

Note. NTG - normal tension glaucoma, R&D - research work, PS - pilot study.

DAI: https://doi.org/10.17816/0V59961
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Fig. 5. Average LCT values by the spectral OCT data in the enhanced depth imaging (EDI) mode in research work (a) and pilot study (b)
in two groups (with 95% confidence intervals)
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Fig. 6. Average LCD values by the 3D OCT data in the enhanced depth imaging (EDI) mode in research work (a) and pilot study (b)
in two groups (with 95% confidence intervals)

Puc. 6. CpegHue 3HaueHMA riybuHbl peLLéTyaTon NAacTMHKM no gaHHbiM 3D-0CT B pekuMe yBennyeHHoM rybuHbl n3obparenua (EDI)
NPV BbINOSIHEHUWU HAY4YHO-MCCNIeS,0BaATENbCKOM paboThl (@) U MUAOTHOMO MccenoBaHuA (b) B AByX rpynnax (c yKasaHueM 95 % nose-
pUTESNIbHBIX UHTEPBAsOB)
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Fig. 7. Average ONSASW values by the MRI data in research work (a) and pilot study (b) in two groups (with 95% confidence intervals)
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To assess the value of new morphometric indicators
in glaucoma diagnosis, we used the parametric Student’s
test to assess the significance of the difference between
the mean values of these indicators obtained in NTG pa-
tient and in healthy individuals. According to Figs. 5-7, for
the groups 1 and 2, the confidence interval of the mean
values of TLC, DLC, and the ON SAS does not overlap ac-
cording to the research data and according to the results
of our pilot study. It follows from these morphometric
parameters that eyes with NTG differ with high confidence
from healthy eyes.

CONCLUSION

According to the results of both our works, the pilot
study and the present one, performed within the frame-
work of the research work at the department, despite the
use of different spectral OCT devices and MRI devices,
similar morphometric parameters were obtained when
assessing the state of the scleral LC and ON SAS in the
group of NTG patients and in the control group of healthy
individuals. With NTG, the LC thickness was significantly
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