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Abstract. Background. The aim of our study was to investigate the role of visual load
levels in the IOP elevation in the patients taking prostaglandin analogues and to try
to optimize the conditions for their effects on the uveoscleral outflow.

Material and Methods. 33 patients (40 eyes) with first diagnosed primary open-angle
glaucoma and resistance to latanoprost 0,005 % intraocular pressure were included
in this study. These patients were pre-examined with the definition of visual and
reading acuity, refraction, true, tolerant and target IOP with perimetry and
ophthalmoscopy. Subjects were divided into 2 groups of comparable age, sex,
refraction. In each group the thickness of the ciliary body by ultrasound
biomicroscopy was investigated, level of near visual load and tolerated correction for
near were defined.

Results. It was found, that in both groups 85% of the eyes with POAG had
moderately high (3-6 hours per day) and high (more than 6 hours a day) near visual
load. Maximal ciliary body thickness in both groups was significantly higher than the
results received by other authors: 0.881+0.039 mm in group 1 and 0.889+0.049 mm
in group 2. Also a direct dependence of the ciliary body thickness and the true value
of intraocular pressure(r=0.52) was observed. The hypercorrection of presbyopia
was made in group 1 gradually, in steps of 0.25diopters.The value of additional
correctionaveraged(.5 + 0.13diopters. The magnitude of additional correction was
inversely related toage (r=0.79).To assess the effectiveness of presbyopia
overcorrection in reducing IOP one year later tonometry, the checking of visual
acuity, perimetry (MD/year method), ophthalmoscopy, the thickness of the ciliary
body were estimated.In the group Ithe reduction of intraocular pressure (17.3 = 0.84
mm Hg) was statistically significant (p <0.01), its value was close to the average
tolerant IOP (17.0 £ 0.67 mm Hg), but was higher than the target (14.3 = 0.67 mm
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Hg). Also in this group statistically significant (p <0.01) decrease in the thickness of
the ciliary body was observed, more marked in patients with high near visual load (v
= 0.47). Progression of glaucoma according to perimetry was significantly less (p
<0.01) in the group with a hypercorrection of presbyopia as compared with group
with ordinary correction.

Conclusions.Overcorrection of presbyopia, as a way to regulate IOP may be in
addition to antihypertensive therapy for patients with high near visual load and
POAG.

Key words: primary open-angle glaucoma, resistant intraocular pressure, near
visual load levels, presbyopia correction, maximal ciliary body thickness.

Glaucoma is the second leading cause of blindness and the first cause of
irreversible blindness worldwide [1].Glaucoma is sensitive to intraocular pressure
(IOP)optic neuropathy that produces characteristic structural changes to the optic
nerve head, often with correlating the visual field defects [2]. It is a chronic disease,
in which the control of intraocular pressure (IOP) is the only evidence-based method
of treatment [3-5]. Medical therapy is usually the first line of treatment for POAG,
with treatment directed to reaching and maintaining a preestablished “target pressure
range” that is expected to stop an optic nerve damage and visual field loss [3,6-8].
The first line medicines are prostamide analogues and beta-adrenergic antagonists. In
general, beta-adrenergic antagonists and carbonic anhydrase inhibitors decrease the
production of aqueous humour. Prostaglandin and prostamide analogues, which
primarily increase uveoscleral outflow, while cholinergics increase trabecular
outflow. Finally, alphas-adrenergic agents both decrease aqueous production and
increase uveoscleral outflow [2]. When one particular drug does not help the patient
to reach the target pressure level, physicians can change it to a different class
medicine or add an another drug from a different class. However, combination with
drugs which reduce the production of intraocular fluid and the level of eye
hemodynamics can lead to poor nutrition of the anterior eye segment. It can cause
premature aging of the anterior eye segment structures with cataract development and

so on. Besides cholinergic drugs usage is inappropriate after 40-45 years old due to
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age-related decrease of sclera elasticity [9].Furthermore monotherapy with

prostaglandin analogues needs to create the optimal conditions for their impact.
According to I.N. Koshits et al[10]such conditions occur at a sufficient width of
ciliary muscle intralaminar spaces in the state of intermediate (not maximal)
contraction. When the tension of ciliary muscle is maximal or its fiber hypertrophy
occurs, uveoscleral outflow decreases significantly. The relaxation of the ciliary
muscle leads to not maximal state of outflow [10,11]. The aim of our study was to
investigate the role of visual load levels in the IOP elevation in the patients taking
prostaglandin analogues and to try to optimize the conditions for their effects on the
uveoscleral outflow.

Material and Methods. Patient selection was performed in the outpatient
department of the Kharkiv Regional Clinical Hospital among the patients with first
diagnosed primary open-angle glaucoma, for whom latanoprost 0.005% was
prescribed as antihypertensive therapy. These patients were pre-examined with the
definition of visual and reading acuity, refraction, true, tolerant and target IOP with
perimetry and ophthalmoscopy. For visual acuity estimation decimal notation was
used, the table with optotypes was shown to patients at the distance of 5 m.
Refraction was determined by autorefractometry and spherical equivalent of
refraction was calculated. True IOP was measured using Goldmann applanation
tonometry, tolerant intraocular pressure was calculated by following formula:

Potl = 12.2 + 0.07xDBP — 0.024xAge [12], where Pqtl is tolerant intraocular pressure,

DBP — diastolic blood pressure, Age — age of patients in years.
Target intraocular pressure was calculated with the help of the next formula:

Potarge = 9.5 + 0.07xDBP — 0.024xAge [12], where Pgtarge is target intraocular

pressure, DBP — diastolic blood pressure, Age — age of patients in years.

Visual field examinations were performed with the Humphrey Field Analyzer
(program 24-2). MD was used for analysis. Visual field progression of each patient
with POAG was analyzed using the method of MD progression per year [13, 14]. A

regression analysis of all available MD values during follow-up was performed. The

Inter collegas. — 2015. — 1 (2).



115

MD progression per year was calculated. The precondition to analyze the visual field

tests was to fulfill the criteria of reliability, that is, false positive fault < 20% and
false negative fault < 30%.

In direct binocular ophthalmoscopy was performed with a slit lamp and aspheric
ophthalmoscopic lens AOL90D.IOPcontrol was performed after 12, 24hours, on the
thirdday,1, 2, 3 and 4 weeks later after the examination and latanoprost prescribtion.
33 participants were selected as the result of further study. These thirty three subjects
(forty eyes) aged 43 to 68 years old (average, 54.9+7.17; seventeen men, sixteen
women) gave informed consent to take part in the study. In twenty six patients only
one eye was examined and in seven patients — two eyes. Inclusion— exclusion criteria
were a primary open angle glaucoma (without any other ophthalmic abnormality such
as diabetic retinopathy, corneal problems or macular problems), best corrected visual
acuity 0,6 and more, IOP was higher than individual tolerance at the background of
latanoprost 0,005% usage for 4weeks. The research was performed with the
principles of the Helsinki Declaration and was approved by the ethical committees.

Subjects were divided into 2 groups of comparable age, sex, refraction. Groups
characteristics are presented in Table 1. In each group the thickness of the ciliary
body by ultrasound biomicroscopy was investigated, level of near visual load defined
and tolerated correction for near were defined. Maximal thickness of the ciliary body
was determined using Sonomed VuMax UBM, in the room lighting, all the patients
were instructed to consider the finger.

Amount of near visual load (reading, computer work, etc.) hours during the day
in the patients was determined by questioning. In accordance with the results of the
questionnaire, patients were devided into four subgroups: 1. insignificant near visual
load - near visual load irregular, less than 1 hour per day, 2. low near visual load - up
to 3 hours a day 3. moderately high near visual load - from 3 to 6 hours per day, 4.
high near visual load - more than 6 hours a day.

Measurement of reading acuity was performed with the help of MNREAD

acuity charts. The chart was evenly illuminated and the luminance of the white
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background of the charts was80 cd/m2.The MNREAD sentences were shown to

patients at the testing distance of 40 cm (16 inches).

An estimate of reading acuity was given by the smallest print size at which the
patient can read the entire sentence without making significant errors. After the
patient had read as much of the chart as possible, the number of sentences that the
patient read or attempted to read was counted. Then the number of words that the
patient read incorrectly was counted. For calculating of reading acuity (in logMAR)
was using the following formula: Acuity = 1.4 — (sentencesx0.1) + (errorsx0.01).
Reading acuities in logMAR was expressed as a Snellen fraction with the help of
application tables.

Results. As a result, the true intraocular pressure was in averagel9.8 =+
0.83mmHg, which is 16.5% more than the average tolerated pressure and 38.5%
more than the target IOP.

It was found, that in the first group three patients (3 eyes) had low near visual
load, six patients (7 eyes) — moderately high near visual load, seven patients (10
eyes) — high near visual load. In the second group two patients (3 eyes) had low near
visual load, four patients (5 eyes) — moderately high near visual load, eleven patients
(12 eyes) — high near visual load. Thus in both groups 85% of the eyes with POAG
had moderately high and high near visual load. Uncorrected visual acuity was
0.16+0.08 1in the first group, and 0.15+£0.07 in the second one. Best corrected visual
acuity was 0.68+0.07 in the first group and 0.67+0.06 in the second one. Maximal
tolerated near correction was 4.13+2.25 D in group 1 and 4.45+1.88 D in group
2.Maximal ciliary body thickness in both groups was significantly higher than the
results received by other authors. Thus Lossing L. A. et al. [15] measured maximal
ciliary body thickness by anterior segment OCT and received the results: considering
the remote object - 0.795 = 0.065 mm, considering close objects (0.25 m) - 0.869 =
0.083 mm. The study was conducted in young people aged 25-28 years. In another
study [16]in patients with glaucoma, we measured the maximal thickness of the
ciliary body using ultrasound biomicroscopy in similar to our conditions. Subjects

were aged 56.843.9 years old, and the rate was 0.707+£0.03 mm. Earlier we also
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studied the maximal thickness of the ciliary body of 128 eyes of patients with

primary open-angle glaucoma at the age of 53.14+3.78 years old [17]. Data obtained
using ultrasound biomicroscopy for the maximal thickness of the ciliary body were
0.687 +0.072 mm.

Thus our results in the first (0.881+0.039 mm) and the second (0.889+0.049 mm)
groups were significantly higher than the average in patients with POAG and with the
corresponding age in other studies. These results, however, were comparable with
measurements of the ciliary body thickness in young healthy people with tense of
accommodation. It was also a direct dependence of the ciliary body thickness and the
true value of intraocular pressure with a correlation rate r=0.52.

According to the hypothesis of increased intraocular pressure due to
accommodative system tone, which is consistent with our data, to reduce intraocular
pressure the tone of accommodation should be reduced. For this purpose, we
prescribed hypercorrection of presbyopia for the first group of patients with POAG.
The correction was made gradually, in steps of 0.25diopters with intervals of 1-2
weeks. If in a week or earlier after increasing near vision correction patients
complained of headache, blurring, image distortion, etc., the value of the correction
was reduced to 0.25 diopters. As a result, the value of additional
correctionaveraged0.5 + 0.13diopters (from 0.25 to 1.0diopterswith a median of 0.5
diopters). The magnitude of additional correction was inversely related to age, with
correlation r = 0.79. In the second group optical correction as administered with
considering of refraction, age and individual tolerability only.

Patients in both groups were followed up with periodic examinations: tonometry
was performed monthly and once in three months a visual acuity was checked,
perimetry and ophthalmoscopy were made. These examinations were conducted to
avoid missing a significant progression of POAG in the observed groups. Significant
progression of glaucoma was considered in which the MD according to
perimetrywas-0,5 dB for 3 months, i. e.-2 dB per year. If there was a significant
decrease in visual function or increase of intraocular pressure, patients were offered

various ways of combined antihypertensive therapy, laser or surgical procedures. To
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assess the effectiveness of presbyopia overcorrection in reducing IOP one year later

tonometry, the checking of visualacuity, perimetry, ophthalmoscopy, the thickness of
the ciliary body were estimated. As a result, five patients were excluded from the
study: four of them were in the group without hypercorrection and one in the group
with overcorrection of presbyopia. Data before and after one year are presented in the
table 2.

In the group with hypercorrection the reduction of intraocular pressure (17.3 +
0.84 mm Hg) was statistically significant (p <0.01), its value was close to the average
tolerant IOP (17.0 £ 0.67 mm Hg), but was higher than the target (14.3 + 0.67 mm
Hg). In seven eyes the target pressure was achieved, in five eyes IOP was at the level
of tolerance, and in eight eyes it was higher than tolerance. And all eyes reached the
target pressure belonged to patients with a high near visual load. In normal correction
of presbyopia group no significant IOP changes were observed.

1 year later in the group with hypercorrection a statistically significant (p <0.01)
decrease in the thickness of the ciliary body also was observed, more marked in
patients with high near visual load (r = 0.47). Progression of glaucoma according to
perimetry was significantly less (p <0.01) in the group with a hypercorrection of
presbyopia as compared with group with ordinary correction. Negative progress of
perimetry data was observed in 8 patients whose IOP had higher tolerance.

Conclusions. Overcorrection of presbyopia, as a way to regulate I[OP may be in
addition to antihypertensive therapy for glaucoma. The advantages of this method is
its gentle physiological effects on the system of development and outflow of aqueous
humor. However, using this method, lowering IOP is limited by several factors. First,
a requirement for compliance to treatment, because of the use of overcorrection in the
early stages may be accompanied by some discomfort. To avoid rejection of
correction of such patients there should be carried out discussions with the
explanation of all the advantages of this method of regulation of intraocular pressure.
Second, based on our research, it was found that the greatest impact of presbyopia
overcorrection had on ophthalmotonus of glaucoma patients with high visual load

(more than 6 hours / day). Patients with moderately high visual load are less affected
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by overstated optical correction of persbyopia. This may be associated with more

prolonged exposure to the overcorrection of the ciliary muscle tone in patients with
high near visual load. However, the role of increased visual load in rigidity of IOP to
the effects of prostaglandins seems high because 85% of such subjects had near
visual load more than 3 hours a day.
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Peztome. Memoro Haloro JOCHTIDKEHHS OyJ0 BUBUCHHS BIUIMBY PI3HMX PIBHIB
30pOBOT0 HaBAaHTAXXEHHS Ha PiBeHb BHYTPUITHROOUHOTO THUCKY (BOT) y xBopux Ha
MepBUHHY BiAKpUTOKyTOBY Triaykomy (IIBKI'), siki BUKOpPHCTOBYBald aHAJIOTH
MIPOCTArjaHINHIB Ta ONTUMI3YBaTH iX BIUIMB HA BIATIK BOJASTHUCTOI BOJIOTH OKa.
Mamepian ma memoou. Y nocnipkeHHs Oyno BkiodeHO 33 xBopux (40 oueit) 3
BIIEpIIIE J1IarHOCTOBAHOIO TIEPBUHHOIO BIJKPUTOKYTOBOIO TIAYKOMOIO Ta CTIMKUM J0
natanonpocty 0,005 % BOT. Ili xBopi Oyau mONepenHbO JOCIIKEHI 3
BU3HAYEHHSIM TOCTPOTH 30py Brajged Ta 30Ju3bKa, pedpakxiiii, ICTUHHOTO,
ToJepaHTHOTO Ta 1IboBoro BOT, 3 BUKOHAaHHSIM MepiMeTpii Ta odTaaIbMOCKOIMIi.
XBopux OyJI0 pO3MOJIJIEHO Ha 2 TPyIH, MOJAIOHI 3a BIKOM, CTaTTIO, pedpakiiicro. B
KOXKHIM Tpymni OyJIo BHM3HAUYEHO TOBIIMHY IMWJIIApPHOTO TUIa 3a JOTOMOTOIO
yIBTPa3BYKOBOI 010MIKPOCKOIIi, a TAKOXK PIBEHh 30POBOT0 HABaHTa)KEHHS 30JIM3bKa
Ta BEJIMUUHY CTEPITHOI KOPEKITi /7151 OJIM3bKa.

Pe3ynomamu. byno BcTaHoBIeHO, 10 B 000X rpymax 85% oueit xBopux 3 [IBKI
MaJi MOMIPHO BHUCOKE (3-6 TOIWH Ha JICHb) Ta BUCOKE (OUIBIN HIXK 6 TOJIWH HA JICHB)
30pOBE HABaHTAXCHHsI 30JM3bKa. MakcuMalibHa TOBIIMHA IUJIIAPHOTO TiJIa B 000X
rpynax Oyjia 3HaYHO BHWIIOK, HIK JaHi, MO OyJ0 OTPUMAHO IHIIMMH aBTOPAMHU:
0.881+0.039 MM y 1 rpymi i 0.8894+0.049 mm y 2-ii rpymi. Takox HE cOCTEPITaAIOCh
mpsAMOT 3aJIeKHOCTI TOBIIMHU ItwumiapHoro Tima ta BOT (1=0.52). I'imepkopexiris
JaJIEKO30pOCTi B MEpIIi Trpymni MpoBogWiIacs MOCTYNmoBo 3 Kpokom 0,25 mamTp.
3HavyeHHs JA0JIaTKOBOT KOPEKIlii B cepeuboMy ckiagaino 0,5 = 0.13 norp. Benmnuuna
JIOIATKOBOI KOpeKIlii Oyyia 3BOpOTHO moOB’si3aHa 3 BikoMm (r=0.79). Jlns ormiHku
e(EeKTUBHOCTI TINEpPKOpEKIii TmpecOionii uepe3 pik MPOBOJUIUCI TOHOMETPIs,
Bi3oMeTpisa, nepiMerpis (MD/rox merona), odTalbMOCKOMis, TOBIIMHA IMJIIAPHOTO
tua. B 1 rpym cnocrepiranocs 3HmwkeHHs BOT (17.3 £ 0,84 mm pt. cT.) OyIno
crtatucTuyHo 3HauymuM (p <0.01), ioro 3HaYeHHs OyJ0 OJIU3BKUM JO CEPEIHBOTO
nokazHuka TojepanTHoro BOT (17.0 = 0,67 mm pT.cT.), ane Oyyio BUIUM, HIXK THUCK
metu (14.3 = 0,67 MM pT. cT..). Takox B Ii¥l Tpymi CHOCTEPITralioCh CTATUCTUIHO
srauymie (p <0,01) 3MeHIIeHHs TOBITMHYU IJIIAPHOTO Tija, 1o Oys0 O1IbIT BUpa3HE
y TMAaIli€HTIB 3 BHCOKHUM 30pOBMM HaBaHTAKEHHAM 30imm3pka (r = 0.47).
[IporpecyBaHHs rIayKoMH 3a JaHUMHU TiepimMeTpii Oyno 3HayHo MeHmuM (p <0,01) B
TPyl 3 TITPKOPEKITiEH TpecOiorii MOPIBHSHO 3 TPYTOIO 31 3BUYAITHOIO KOPEKITIEIO.
Bucnosku. I'inepkopekuist npecOiomii, sik croci6 perymoBanas BOT moxe Oytu
JIOTIOBHEHHSIM JI0 aHTUTINEPTEH3WBHOI Tepamii JJis Malli€eHTIB 3 BUCOKUM 30POBHM
HaBaHTaKEeHHAM 3 Osm3bka Ta [IBKT'.

Kniwwuosi  cnoea:  nepBMHHA  BIJIKPUTOKYTOBAa  TJIAYKOMA,  PE3UCTECHTHUI
BHTPUIIIHROOYHUNA THUCK, PIBHI 30pPOBOTO HABAaHTAXKECHHS 30JIM3bKa, KOPEKIIis
npecOiomii, MaKCHMMallbHa TOBIIMHA ITUJIIapHOTO Tija.

Pe3tome. llenpio Hamiero wuccieoBaHus OBLIO M3YyYEHUE BIUSHUS Pa3JIMYHBIX
YPOBHEW 3pUTEIBHON HArpy3Kd Ha ypOBEHb BHYTPUIJIA3HOTO JIaBJICHUSI Y OOJIbBHBIX
MEPBUYHOM OTKPBITOYTOJIbHOW TJIayKOMOW, KOTOPBIE MCIIOJIB30BAIIA AHAJIOTHU
MPOCTArJIaHIMHOB M ONTUMHU3UPOBATh UX BIUSHUE HA OTTOK BOISHUCTOM BJIAru
rjasa.
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B pesynbTare paboThl, yCTaHOBIEHO, YTO TUIEPKOPPEKIIUS MTPECOMONNH, KaK CIIOCO0
PETYIUPOBAHUS OTKPBITOYTOJIBHOM TJAyKOMBI MOXET OBITh JIOMOJIHEHHEM K
AHTUTHUICPTCH3UBHON Tepamuu IS TAIllMeHTOB C BBICOKUMHU 3PHUTEIBHBIMU
Harpy3KaMHu.

KioueBble cjioBa: TiepBUYHAS OTKPHITOYTOJIbHAsI TJIAYKOMa, PE3UCTCHTHOE
BHYTPUTJIA3HOE JaBJICHUE, YPOBHU 3PUTEIBHONW HArpy3Kd BOJIW3HU, KOPPEKIIUS
pecONONY, MaKCUMaJIbHASI TOJIIIMHA [IUJTUAPHOTO TeNa.
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