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ABSTRACT

Background. Accommodation disorders in children with hypermetropia is one
of the main factors in emmetropization disorders and maintenance of image
defocusing. The most severe changes in accommodation are observed in children
with anisometropia and hyperopia.

The aim of the work. To evaluate the changes in the accommodative function
of the eye in children with hyperopia, amblyopia, who underwent refractive laser
surgery (RLS), as well as in children with spectacle and contact lens correction
in combination with pleoptic treatment.

Material and methods. Group 1 consisted of 30 children after RLS; group 2 consisted
of 29 children who had spectacle correction; group 3 consisted of 26 children who
had soft contact lens correction; all children received pleoptic treatment. Clinical
examination included the analysis of objective reserves of relative accommodation
(RRA) and objective accommodative response (OAR) with an open field autorefrac-
tometer, and the results of accommodation measurement.

Results. In 1.5 years, statistically significant changes were observed in the coefficient
of accommodation response (CAR) of the amblyopic eye between the groups 1 and 2 -
0.12£0.02 and 0.00 + 0.1 relative units, respectively (p = 0.01). Similar statistically signif-
icant changes were obtained in OAR and objective RRA of the amblyopic eye. At the end
ofthe observation, the OAR in the group 1 was -2.1 + 0.67 dpt, the objective RRA—-2.1 +
0.67 dpt; in the group 2 the OAR was — 1.38 £ 0.19 dpt (p = 0.01), the objective RRA--1.38
+0.19dpt (p = 0.01). There were no statistically significant changes in these parameters
of the amblyopic eye between the groups 1 and 3.

Conclusion. Refractive laser and contact correction provide reduction of accommo-
dative disorders in children with anisometropia, amblyopia and hypermetropia. After
RLS there was a tendency to more close to normal CAR, OAR and objective RRA indices
due to the reduction of refractive indices of the amblyopic eye.
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PE3IOME

O6ocHosaHue. HapyweHue akkomodayuu y oemeli ¢ 2unepmemponueli a815emcsa
O0HUM U3 2/1a8HbIX (haKMOpPO8 HapyuleHUa npoyecca sMMmemponu3ayuu u noooep-
XKAHUA pacoKycuposKu u3obpaxeHus. Haubonee msxénvie UsmMeHeHUs dKKoMoOoa-
yuu Habndaromca y demeli ¢ aHuzomemponueu u 2unepmemponued.

Lens pabomeol. OyeHuUmMs uU3MeHeHUA dKKOMOOAaUUOHHOU (yHKYuU 2n1a3a y demeli
c 2unepmemponuetl, ambiuonueli, KoOmopbiM 6bl/1a 86INOSTHEHA PeHPAKYUOHHAA N1d-
3epHas onepayus (P/10), a makxe y 0emeli ¢ 04Ko80U U KOHMAKMHoOU Koppekyuel
8 CO4emMaHuu € NJ1IEONMUYECKUM Jie4eHUEM.

Mamepuan u memooel. B 1-10 2pynny sowsu 30 demet nocse PJ10, 8o 2-to epynny
-29 0emeli c oukosol koppekyued, 8 3-10 2pynny — 26 demeli C KOHMAKMHOU KOppeK-
yuet; 8ce demu noJslyyasnu nieonmuyeckoe sedeHue. KiuHuyeckoe uccie0ogaHue
BKJIIOYAJIO AHAIU3 06BEKMUBHbIX 3andco8 omHocumersobHol akkomooauyuu (30A)
U 06BeKMUBHO20 akkoMooayuoHHo2o0 omeema (OAO) Ha asmopegpakmomempe
OMKPbIMO20 NOJIA, pe3y/ibmamos akkoMmooo2pammsl Ha akkomodozpadpe.
Pesynemamel. Yepes 1,5 200a ommeyanuce cmamucmuyecku 3Ha4yuMole U3MeHeHUs
ko3hpuyueHma akkomooayuoHHozo omeema (KAO) ambuonu4Ho20 21a3a mexoy
1-0 u 2-U epynnamu, 20e oH cocmasus 0,12 + 0,02 u 0,00 + 0,1 ycn. ed. coomeemcmeaeH-
Ho (p = 0,01). AHano2u4YHbIE CMAMUCMUYECKU 3HAYUMble U3MeHeHUA 6bl/1u NOJTyYeHbl
cpedu OAO u ob6vekmusHbix 30A ambiuonuyHo2o0 2nasa. B koHye HabmodeHus OAO
1-t epynnel cocmasun —2,1 + 0,67 0nmp, o6vekmusHsie 30A - -2,1+ 0,67 dnmp, 80 2-U
2pynne OAO cocmasusn —1,38 0,19 onmp (p = 0,01), o6sekmugHeie 30A —— 1,38+ 0,19
onmp (p = 0,01). Cmamucmuyecku 3Ha4UMbIX U3MeHeHUl OdHHbIX nokasamesnel am-
6/1u0NUYHO20 21a3a Mexdy 1-U u 3-U 2pynnamu 3ape2ucmpupo8aHo He 6b1J10.
3akn4yeHue. PechpakyuoHHAsA nasepHas U KOHMAKMHAA Koppekyus obecnequsd-
oM CHUXeHUe aKKOMOOAYUOHHbIX HapyweHul y demeli ¢ aHuzomemponuel, am-
6nuonuel u eunepmemponued. lNocne PJIO ommedyeHa meHOeHYyuA Kk 6osee 651u3-
Kkum K Hopme nokazamenam KAO, OAO u obwvekmusHbix 30A 3a c4ém CHUXeHUs
peppakyuoHHbIX nokazamesnel ambUONUYHO20 2/1a3d.

Knioueewle cnosa: akkomodayus, ambuonus, 2unepmemponusi, aHU30Memponus,
PepPaKkYUOHHASA 1a3epHaAs Xupypaus
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Jauunn y aeteli C aHM3oMeTponuyeckon ambnvonuveid n runepmeTtponuein. Acta biomedica
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BACKGROUND

Refractive anomalies are the primary cause of reduced
visual acuity [1]. The prevalence of hypermetropia is influ-
enced by a wide range of factors including ethnicity and so-
cio-economic development [2]. Approaches to laser correc-
tion of hypermetropia require a comprehensive evaluation
[3]. Hypermetropia correction tactics in children among
doctors are ambiguous and include prescribing full and par-
tial inadequate correction. In children with hypermetropia,
correction is usually incomplete. Initially, the accommoda-
tion of children must overcome small hyperopic errors [4].
As a second, since a fuzzy image stimulates increased ac-
commodation work and thus promotes emmetropisation,
full correction may prevent this by removing the tendency
of blur to emmetropise [5]. These assumptions have recent-
ly been questioned due to lack of objective evidence [6].
Children with moderate to severe hyperopia and amblyopia
are not equipped to cope with residual hyperopia and thus
are unlikely to be equipped to cope with hyperopia remain-
ing after inadequate correction [7].

Accommodation disorders in children with hyper-
metropia is one of the main factors in emmetropization
disorders and maintenance of image defocusing. The most
severe changes in accommodation are observed in children
with anisometropic amblyopia and hypermetropia, who
develop anisoaccommodation and weakness of accommo-
dation [8]. Contact correction is preferred in these children
to avoid persistent functional impairment and to ensure full
correction. In contrast to glasses, contact lenses more accu-
rately convey the size of objects and the distance between
them, contributing to the formation of a more correct world-
view in the child [9]. It should be emphasised that spectacle
and contact correction for anisometropia greater than 3 dpt
cannot always ensure full rehabilitation of patients both clin-
ically and socially. Therefore, refractive laser surgery (RLS)
is one of the promising methods of correction of complex
ametropia, which, according to the analysed literature, has
proven to be safe and effective.

The issue of studying accommodative changes in hyper-
metropia, especially in anisometropia, remains incompletely
understood. The prevention and rehabilitation of various
types of accommodation disorders in children with hyperopic
amblyopia and anisometropia also remain poorly studied.

THE AIM

To evaluate changes in the accommodative function
of the eye in children with hypermetropia, amblyopia who
underwent refractive laser surgery, as well as in children
with spectacle and contact correction combined with ple-
optic treatment.

MATERIAL AND METHODS

A total of 86 children aged 6 to 15 years
with anisometropic amblyopia and hypermetropia
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were treated and divided into three groups. Group 1
included 30 children after RLS, Group 2 included 29
children with spectacle correction, and Group 3 includ-
ed 26 children with contact correction. Inclusion crite-
ria for the study were the presence of hypermetropia
of 3.0 dpt or more, anisometropia of more than 3 dpt,
and visual acuity of the amblyopic eye of 0.05 to 0.3. Chil-
dren with strabismus were excluded from the sample. No
statistically significant changes were revealed between
the groups in terms of sex and age. Before and after
treatment every 6 months within 1.5 years, all children
underwent ophthalmological examination consisting
of visometry, determination of retinal visual acuity, au-
torefractometry, biomicroscopy and ophthalmoscopy;
additionally, the state of accommodation was examined
in all children: objective relative accommodation reserve
(RRA) and objective accommodative response (OAR)
were studied on an open-field autorefractometer WR-
5100K (Grand Seiko, Japan); accommodation was anal-
ysed using Righton Speedy-K (USA).

The OAR study was performed in a contact lens pro-
viding full correction of hyperopia, with binocular fixation
of the gaze on the target at a distance of 33 cm and re-
cording the results of each eye separately. Objective RRAs
were determined by adding negative lenses with a power
of -0.5 until no data were recorded close to the OAR.

During the study of accommodation on the Righ-
ton Speedy-K accommodationograph (USA), changes
in the eye refraction were recorded in the form of a bar
chart when a visual stimulus was presented at different
distances with fixation of the value of accommodation
response coefficients and microfluctuations.

The ethical review of the study was conducted
at a meeting of the Local Ethical Committee of the S.N.
Fedorov Eye Microsurgery Research Centre of the Minis-
try of Health of Russia (April 1, 2021, Minutes N2 104.7).

Statistical processing of data was performed using
Statistica 10 (StatSoft Inc., USA) and MS Excel 2007 (Mi-
crosoft Corp., USA) software. Statistically significant dif-
ferences were determined using the criteria of nonpara-
metric and parametric statistics: the Kruskall - Wallis test
was used for independent samples, and the Wilcoxon test
was used for dependent samples. A p value of < 0.05 was
considered as a condition for determining statistically
significant differences.

The uncorrected visual acuity (UCVA) of the ambly-
opic eye before treatment was 0.09 + 0.06 in group 1,
0.11 £ 0.07 (p = 0.24) in group 2, and 0.13 + 0.06 (p = 0.16)
in group 3. Corrected visual acuity (CVA) of the amblyopic
eye was 0.12 £+ 0.1 in preoperative children, 0.14 + 0.09
(p = 0.53) in spectacle-corrected children, and 0.15 + 0.08
(p = 0.49) in contact-corrected children. Before treat-
ment, the spherical equivalent (SE) of the amblyopic eye
was +6.77 + 1.8 dpt in group 1, +7.13 + 3.3 dpt in group 2
(p = 0.21), and +5.91 + 2.8 dpt in group 3 (p = 0.26).
The degree of anisometropia in SE was +4.25 + 1.4 dpt,
+5.7 = 1.9 dpt (p = 0.09) and +4.9 = 2.4 dpt (p = 0.32)
in groups 1,2 and 3, respectively. No statistically significant
difference between the refractive indices of the patients
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was observed during the analysis using the Kruskall -
Wallis criterion, indicating the homogeneity of the three
groups. The UCVA and CVA of the paired eye were close
to 1.0, and refraction was represented by emmetropia
or mild hypermetropia.

RESULTS AND DISCUSSION

Statistically significant changes were revealed after 1.5
years against the background of treatment methods when

TABLE 1

comparing the three groups. The UCVA of the amblyopic
eye was 0.25 £ 0.07 in group 1, 0.12 = 0.08 in group 2
(p = 0.05), and 0.15 £ 0.05 in group 3 (p = 0.01). The CVA
of the amblyopic eye in Group 1 in children after refrac-
tive surgery combined with pleoptic treatment reached
0.39 £ 0.04 by the end of the observed period, in the group
of children with spectacle correction and pleoptic treat-
ment the ROC was the lowest -0.19 + 0.08 (p = 0.00),
in the group of children with contact correction combined
with pleoptic treatment the ROC was 0.31 £ 0.1 (p = 0.06).
In the group of children after refractive surgery, the SE

ACCOMODOGRAM COEFFICIENTS OF THE AMBLYOPIC EYE IN CHILDREN WITH HYPEROPIC ANISOMETROPIA
AND AMBLYOPIA IN THREE COMPARISON GROUPS (n = 86)

Indicators Standard Groups LTI0
treatment
15t (n = 30) 0.01+0.08
2" (n=29) -0.03+£0.15
CAR, c.u. 0.25-0.65 pvalue 009
3 (n=26) 0.05+0.08
p value 0.35
15t (n = 30) 0.24 £0.09
2" (n =29) 0.23+£0.12
I 0.34
SC, c.u. 0.00-0.30 pvaile
3 (n=26) 0.27 £0.08
p value 0.41
1t (n = 30) 0.49 £0.06
2" (n =29) 0.47 £ 0.1
I 0.16
GC, c.u. 0.60-0.90 pvalte
3 (n=26) 0.51 £0.09
p value 0.06
15t (n = 30) 56.5+4.2
2" (n =29) 55.1+5.1
MF, pf/min up to 57 p value 0.1
3 (n=26) 574+55
p value 0.12

6m 1 year 1.5 years P,
0.06 = 0.08 0.1+ 0.06 0.12+£0.02 0.02
-0.03+£0.1 -0.02+0.14 0.00 £ 0.1 0.1

0.07 0.15 0.01
0.04 £0.12 0.07 £0.1 0.08 £ 0.05 0.04

0.24 0.1 0.06
0.22 £0.06 0.27 £0.08 0.23 £0.04 0.16
0.25 £ 0.09 0.25+0.1 0.26 +£0.12 0.14

0.28 0.19 0.3
0.24+£0.13 0.25+0.12 0.27 £0.15 0.31

0.25 0.28 0.11

0.5+0.06 0.53 £0.05 0.5+0.02 0.13

0.5+0.09 0.49 £ 0.07 0.5+0.03 0.11
0.49 0.08 0.23

0.5+0.12 0.5+0.14 0.52+0.09 0.52
0.24 0.17 0.18

65.6 +4.1 63.5+4.1 643 +£25 0.01

57.8+3.9 574+4.0 59.1+3.5 0.05
0.01 0.02 0.03

59.8+5.0 60.6 £4.0 61.5+5.7 0.03
0.01 0.04 0.08

Note. Here and in Table 2: p - Kruskall - Wallis test between groups; P, — Wilcoxon intra-group criterion; SC - stability coefficient; GC — growth coefficient; MF - mi-

crofluctuation factor.
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TABLE 2

ACCOMODOGRAM COEFFICIENTS OF THE PAIRED LEADING EYE IN CHILDREN WITH HYPEROPIC
ANISOMETROPIA AND AMBLYOPIA IN THREE COMPARISON GROUPS (n = 86)

Indicators Standard Groups 0

treatment

1%t (n = 30) 0.39+0.11

2" (n=29) 035+0.24

CAR, c.u. 0.25-0.65 3 (n = 26) 0.41+0.16
p value 0.21

15t (n = 30) 0.28 £0.09

2™ (n=29) 0.30+0.07

SC, C.u. 0.00-0.30 3rd (n — 26) 0.27+0.16
p value 0.38

15t (n = 30) 0.51+£0.15

2™ (n=29) 0.48 £0.08

GC, €4yl 0.60-0.90 3rd (n — 26) 0.52 + 0.09
p value 0.16

15t (n = 30) 64.8£5.2

2™ (n=29) 654 +4.1
34 (n=26 0.24

MF, pf/min up to 57 (n )

p value 63.2+47

15t (n = 30) 0.12

of the amblyopic eye was +1.23 + 0.11 dpt, the degree
of anisometropia according to SE was +1.25 + 1.4 dpt;
in Groups 2 and 3, these values were at baseline; the dif-
ference between the groups was statistically significant
(p <0.001). Consequently, all three groups observed an in-
crease in visual acuity on the background of the treatment.

The data of the accommodation coefficients of the am-
blyopic eye are summarised in Table 1, of the leading paired
eye in Table 2.

The accomodogram of the amblyopic eye had a gen-
tle course due to a low response to the visual stimulus;
«dips» were also recorded, which are the result of the lack
of response of the ciliary muscle to the visual stimulus.
In the paired leading eye, habitually excessive accommo-
dation tension was registered, manifested by a high num-
ber of microfluctuations. Anisoaccommodation was re-
vealed in all children. According to the data of the analysis,
in the amblyopic eye there was a statistically significant in-
crease in CAR among patients after refractive laser surgery
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6m 1year 1.5 years P,
0.35+0.04 0.41+0.08 0.43+0.1 0.06
0.39+0.15 0.33+0.14 0.34+£0.11 0.15
0.39+£0.19 042+0.14 045+0.16 0.07

0.18 0.26 0.12
0.25+0.07 0.26 £0.13 0.25+0.07 0.24

0.28 £0.1 0.27 £0.15 0.27 £0.13 0.14

0.30+0.12 0.28 +0.11 0.28 +0.14 0.36
0.06 0.09 0.11

0.5+0.08 0.52+0.08 0.5+0.13 0.47

0.49 £ 0.1 0.51+0.08 0.52 +£0.07 0.06

0.53+0.12 0.53+0.14 0.53+0.16 0.41
0.22 0.25 0.09

64.1+2.7 62.8+49 60.5+24 0.05

65.1+4.9 644+38 64.2+55 0.07
0.26 0.06 0.04

62.9+3.6 62.5+42 62.1+44 0.06
0.05 0.18 0.06

and in children with contact correction, and in all three com-
parison groups there was a statistically significant increase
in the microfluctuation factor (MF). In the paired leading
eye, a statistically significant decrease in MF in children af-
ter refractive-laser surgery was found, which is probably re-
lated to the increase in corrected visual acuity in the paired
amblyopic eye and redistribution of visual load.

According to computerised accommodationography,
children in the amblyopic eye showed weakness of accom-
modation and combined accommodation disorders mani-
fested as low accommodation response coefficientand high
microfluctuation coefficient. S.V. Balalin and L.P. Trufanova
were among the first to additionally identify this combined
type of accommodation disorder [10].

E.G. Solodkova et al. (2019) used an accommodation-
ograph to study changes in accommodation characteris-
tic of children with hypermetropia [11]. According to their
study, patients with moderate to severe hyperopia were
diagnosed with accommodation weakness with low CAR
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and normal MF, and a combination of accommodation
weakness with habitual excessive accommodation ten-
sion — low CAR with high MF, which is also consistent
with our data.

According to the open-field autorefractometer study,
the OAR of the amblyopic eye was reduced in all three
groups. At the beginning of follow-up, the findings were
homogeneous between the groups. In the group of chil-
dren after RLS the mean value of OAR was -1.1 £ 0.8 dpt,
in children with spectacle correction this index was
-1.22 £ 0.55 dpt (p = 0.34), in children with contact correc-
tion--1.25+0.23 dpt (p =0.21). According to the Donders’
formula, the norm of accommodative response was
-3.0dpt[12]. After 1.5 years of follow-up, the OAR of the am-
blyopic eye of group 1 was significantly close to normal
and was -2.1 £+ 0.67 dpt. The OAR of the 1 group was sta-
tistically significantly different from that of the 2" group,
where the OAR of the amblyopic eye was -1.38 + 0.19 dpt
(p =0.01), in the 3 group this index reached -1.8 + 0.4 dpt
(p = 0.07). In the paired leading eye, there was a decrease
in OAR, but less pronounced compared to the ambly-
opic eye. Changes in OAR between groups in the paired
leading eye as well as in the amblyopic eye were not
statistically significant at the beginning of observation.
The OAR of the paired leading eye in groups 1,2 and 3 were
-1.9+ 0.4 dpt, -1.8 £0.56 dpt (p = 0.69) and -1.9 = 0.42 dpt
(p = 0.86), respectively. After 1.5 years of treatment, OAR
also increased in the paired lead eye; no statistically signif-
icant differences between groups were found. In children
after RLS this index was -2.4 + 0.24 dpt, after spectacle cor-
rection --2.2 £ 0.13 dpt (p = 0.11), after contact correction
--24+0.24dpt (p=0.32).

The values of objective RRA of the amblyopic eye
were reduced: in children after RLS and with spectacle
contact correction the initial data of objective RRA were
close and were -1.0 = 0.2 and -1.0 £ 0.3 dpt (p = 0.89), re-
spectively; in children with contact correction this index
was at -1.2 £ 0.82 dpt (p = 0.54), respectively. Age norms
of relative accommodation reserve were determined
by E.S. Avetisov and K.M. Matz (1971) as -3.0 + -5.0 dpt
[13]. After treatment, objective RRA in children after RLS
was -2.1 = 0.67 dpt, in children with spectacle correc-
tion - -1.38 £ 0.19 dpt (p = 0.01), with contact correction
--1.8 £ 0.4 dpt (p = 0.06). Thus, all groups showed an in-
crease in objective RRA of the amblyopic eye; statistically
significant changes were observed only between groups
1 and 2. The registration of reduced indices of objective
RRA was also revealed in the paired leading eye, which
is probably related to the presence of concomitant ac-
commodation. Initial objective RRA data of the paired eye
in the group of children after RLS were -2.0 + 0.48 dpt,
in children with spectacle correction -1.8 = 0.32 dpt
(p = 0.34), and in the group of children with contact cor-
rection -2.0 £ 0.52 dpt (p = 0.67). After 1.5 years, these
values between groups remained approximate and were
-2.51+0.31dpt,-2.0+£ 0.6 dpt (p=0.09),and-2.38 £0.42 dpt
(p=0.12) in groups 1, 2, and 3, respectively.

According to the works of E.P. Tarutta et al. (2012),
in hypermetropia and in myopia there is a delay
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in accommodative response, which increases depend-
ing on the degree of ametropia, but in myopia the delay
of OAR is stronger than in hypermetropia, and it should
be noted that the studies of this group of authors were
conducted on children without amblyopia [14, 15].

Therefore, according to the data of the present study,
the recovery of accommodation disorders in children after
refractive laser surgery and with contact correction were
comparable. In the above groups, there was a statistical-
ly significant increase in CAR, MF, OAR and objective RRA
of the amblyopic eye compared to the group of children
with spectacle correction.

CONCLUSION

Refractive laser surgery and contact correction pro-
vide reduction of accommodation disorders in children
with anisometropic amblyopia and hypermetropia. After
refractive laser surgery, there was a tendency to closer
to normal values of the accommodation response coeffi-
cient, objective accommodative response and objective
relative accommodation reserves due to the reduction
of refractive indices of the amblyopic eye
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