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Abstract

Purpose. To compare the distributions of saccade ampli-
tude and fixation duration measured during static and dy-
namic fixation tasks across five clinical groups of children
with and without retinopathy of prematurity (ROP) and to as-
sess the effect of removing blink-related events.

Methods. We analyzed eye movements in five groups of
children aged 6-13 years (full-term emmetropic children,
full-term myopic children, preterm children without ROP,
children after laser photocoagulation for ROP and children
after spontaneous regression of ROP). Eye movements were
recorded at a sampling rate of 2000 Hz using an EyeLink
1000 Plus® eye tracker. Saccade data were available for
119/123 children and fixation data for 113/118 in the static/
dynamic fixation tasks. Comparisons accounted for repeated
measures in children and were repeated after excluding blink-
related events.

Results. In the static fixation task, there were between-
group differences in the proportions of saccades with an am-
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plitude of 5-10° (p=0.0028) and >5° (p=0.0126). The pro-
portion of 5—10° saccades after Holm correction was higher
in full-term emmetropic children (18.9%) than in children
after spontaneous regression of ROP (6.8%, p=0.0032) and
in full-term myopic children (7.7%, p=0.014). For saccades
with amplitude of >5°, proportions were 32.8% in full-term
emmetropic children, 19.9% after laser photocoagulation
and 18.8% after spontaneous regression of ROP; no pair-
wise comparison remained significant after Holm correction.
No difference occurred for <1° (p=0.133). After removing
blink-related events, overall differences in the proportions
of saccades with an amplitude of 5—10° and >5° persisted
(p=0.0033 and p=0.030). In the dynamic fixation task, no sig-
nificant differences occurred for the proportions of saccades
with an amplitude of >5° (p=0.701) or fixation duration cat-
egories (p=0.060-0.920).

Conclusion. In the static fixation task, between-group
differences involved larger saccades and the proportion of
5—10° saccades was higher in full-term emmetropic children
than in children after spontaneous regression of ROP and in
full-term myopic children. For the proportion of saccades
>5°, the overall between-group difference was not confirmed
in any pair after correction for multiple comparisons. The re-
sults need to be adjusted for age; these findings do not estab-
lish underlying mechanisms.

Keywords: retinopathy of prematurity, retina, eye tracking
technology, eye movements, saccades, children, laser
photocoagulation, myopia.

Peslome

Mema. [lopisnamu po3nodin cakad 3a amniimyooio
ma Qixcayiii 3a Mpueanicmo Mixc n’smovma KIiHIYHUMU
epynamu oimetl 6e3 ma 3 pemuHONamicto HeOOHOUWEHUX Y
CMAMuYHOMY U OUHAMIYHOMY MeCcmax ma OYiHUmu Gnius
BUKIIOUEHHSL 3ANUCIB, N0 SI3AHUX i3 MOPSAHHAM.
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Mamepian ma memoou. [Ipoananizoeano 3anucu pyxie
ouetl dimetl 6—13 pokie n’smu epyn: OOHOUEHUX 3 eMe-
MPONI€D, OOHOUIEHUX 3 MIONIEI0, NEePeOUacHO Hapooice-
Hux Oe3 pemunonamii nedonowernux (PH), dimei nicis
nazeproi koazynayii 3 npusody PH ma Oimeii nicis camo-
sinbHozo peepecy PH. 3anucu ompumano 3a 0onomozorw
EyeLink® 1000 Plus i3 wacmomoro 2000 I'y. Hani ona
ananizy caxao oynu oocmyni y 119 oimeii y cmamuynomy
mecmi ma y 123 — y ounamiunomy; ons ¢ixcayii —y 113
ma 118 oimeir. Caxadu nodinsnu 3a amniimyoor, Qikca-
yii' — 3a mpusanicmio. I pynu nopisniosanu 3 ypaxy8aHHuam
KIIbKOX GUMIDIOBAHb 6 OOHIET Qumunu. Ananiz nosmopunu
nicis 8UKIIOYEHHs 3aNUCi8, NO8 A3AHUX 13 MOP2AHHAM.

Pesynomamu. Y cmamuunomy mecmi guagieno miogic-
2PYNOGI BIOMIHHOCMI YacmKu cakad amniimyoor 5—10°
(p=0,0028) ma >5° (p=0,0126). /[na xnacy 5—10° nicns
nonpaexu Xoama donouteni oimu 3 ememponiero (18,9 %)
GIOpI3HANUCS IO Oimell Nicas camositbHozo peepecy PH
(6,8 %, p=0,0032) ma 6i0 doHoweHuUx Oimell 3 MIOni€w
(7,7 %, p=0,014). /lna knacy =5° wacmku cmanosunu 32,8
% y OoHoueHux dimeti 3 ememponiero, 19,9 % nicaa na-

Introduction

Previous studies conducted in Odesa region described
changes in incidence rates of retinopathy of prematurity
(ROP) in the region [1] and the relationship of the risks of
ROP and the need for treatment of ROP with gestational
age (GA) and birth weight (BW) [2]. Additionally, age-re-
lated changes in refraction and axial length were assessed
in preterm infants who received laser photocoagulation
(LPC) for ROP [3].

Preterm children exhibited worse fixation stability and
longer saccadic reaction times than controls [4, 5]. Micro-
perimetry studies in children with a history of ROP report-
ed contradictory results with regard to fixation stability [6,
7], but they differed, among other things, in the composi-
tion of comparison groups.

Even during fixation on the immovable target, the eye
performs drifts, tremor and microsaccades [8]. Drifts and
microsaccades influence the ability to discriminate fine de-
tails [9]. Saccade amplitude is the angular distance the eye
traverses during a saccadic eye movement. The average
saccade amplitude does not show how often movements
of different sizes occur, and may decrease due to a low
proportion of large saccades.

We have previously found that average saccade am-
plitude was smaller in the group of children that had un-
dergone LPC for ROP compared to full-term emmetropic
controls. There was no significant difference in median
saccade amplitude among five groups [10].

This prompted a comparison of proportions among
saccades with different amplitudes. In the static fixation
task, the subject has to fixate the gaze on the immovable
target, whereas in the dynamic fixation task, on the mov-
ing target. Blinking and signal loss may affect the results
of both tasks.

3epHoi koazynayii ma 18,8 % nicia camoginbroeo peepecy
PH; nicas nonpasku Xonma scoouwa napa epyn cmamuc-
MUYHO 3HAYYWO He IOpisHANAcA. Biominnocmetl yacmku
caxao <I° ne gusgneno (p=0,133). llicna suxnouenus 3a-
NUCi8, NO8 A3AHUX [3 MOP2AHHAM, 3A2AlbHI GIOMIHHOCHI
onsa kaacie 5—10° i >5° 36epieanuca (p=0,0033 i p=0,030).
Y ounamiunomy mecmi @iominHocmeti Onsa cakao >5°
(p=0,701) ma knacie mpusarocmi ¢ixcayiti (p=0,060—
0,920) ne susisneno.

Bucnoexu. Y cmamuunomy mecmi misxcepynogi 6iomin-
HOCMI 8UABNEHO O caAKAO OLbULOI aMnaimyou: Yacmka
caxao 5—10° y donoutenux dimeil 3 ememponiero Oyna eu-
woro, Hidxc y oimetl nicis camosinbrHozo peepecy PH ma 6
oonoutenux dimeil 3 mionicro. [ns cakao >5° 3azanvha 6io-
MIHHICIb MidC 2pynamu He niomeepodiCy8anacs 8 HoOHill
napi nicisi NONPAGKU HA MHONMCUHHI NOpieHAHHA. Pe3ynb-
mamu nompebyoms nepesipKu 3 ypaxyeaHHsam 6iKy ma He
BCTNAHOBNIOIM NPUYUHU YUX 0COOIUBOCTE.

Knruoei cnosa: pemunonamis HeOOHOWIEHUX, CIMKIGKA,
atimpexep-mexHonoeis, pyxu oueil, cakaou, Oimu, 1azepHa
KoazynAayis, Mionis.

The purpose of this study was to compare the distribu-
tions of saccade amplitude and fixation duration measured
during static and dynamic fixation tasks across five clinical
groups of children with and without ROP and to assess the
effect of removing blink-related events.

Material and Methods

This single-center observational study with prospec-
tive data collection was conducted at SI “The Filatov In-
stitute of Eye Diseases and Tissue Therapy of the National
Academy of Medical Sciences of Ukraine”. Eye move-
ment records of children aged 6 to 13 years were analyzed.
Numbers of participants with suitable data for each type of
analysis are presented in the Results and tables.

Participants were distributed into five groups: group 1
(EMMET group; full-term emmetropic children without
ophthalmological abnormalities); group 2 (MYOP group;
full-term mildly to moderately myopic children without
ocular comorbidity); group 3 (NROPP group; preterm
children without signs of ROP); group 4 (ROPLC group;
preterm children that have undergone LPC of the avascular
retina) and group 5 (ROPRG group; children with sponta-
neous ROP regression).

Inclusion criteria were the age between 6 and 14 years,
meeting the criteria for one of the five clinical groups,
the ability to understand and perform a visual task, and
informed consent from parents or legal guardians. Exclu-
sion criteria were acute eye disorders, marked nystagmus
or other conditions making stable gaze recording impossi-
ble, neurological or cognitive abnormalities preventing the
participant from being able to execute the task, impossibil-
ity to follow a standard eye-tracking calibration procedure,
or inadequate quality of eye-tracking record.
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This study was approved by the Bioethics Committee
of SI “The Filatov Institute of Eye Diseases and Tissue
Therapy of the National Academy of Medical Sciences of
Ukraine” (Meeting Minutes No.1 dated October 18, 2023),
and followed ethical standards as outlined in the Declara-
tion of Helsinki. Written informed consent was obtained
from parents or legal guardians. Participants’ data were
anonymized before analysis.

Eye movements were recorded at a sample rate of 2000
Hz using an EyeLink 1000 Plus® eye tracker (SR Re-
search Ltd., Ottawa, Canada). Eye positions were recorded
for both eyes simultaneously. The head was stabilized by
a chin and forehead rest. Participants followed a 9-point
eye-tracking calibration procedure before performing a tri-
al. [llumination level, brightness and contrast of the target,
distance to the screen and position of the screen were kept
constant for all participants.

In a static fixation task, a participant was asked to fix-
ate gaze on the immovable central stimulus (a round dot-
shaped target against a neutral background) for 10 sec-
onds. In a dynamic fixation task, the target was presented
sequentially at the center and at the right, at the left, above
and below at an angular distance of 12.5° from the central
position, for 5 seconds per position.

Gaze position data were decomposed into saccades,
fixations, and blinks using the built-in EyeLink algorithm.
Saccade amplitude and fixation duration data were ex-
ported from Data Viewer for Eyelink to the Web platform
IONDS (https://ionds.app/, algorithm v2) developed for
automated analysis of saccade and fixation data. The plat-
form categorized saccades by amplitude and fixations by
duration using predetermined thresholds uniform for all
participants. It calculated the count and proportion of fixa-
tions and saccades in respective classes for each child.

Saccades were categorized into five classes (<1°, 1-2°,
2-5°,5-10° and >10°. Saccades with amplitudes less than
one degree were defined as microsaccades. Extraction and
counts of fixations and saccades depend on the algorithm
and parameter settings [11, 12]. Fixations were catego-
rized into five classes (<100, 100-200, 200—400, 400—600
and >600 ms.

Saccades with a blink before, during or after the sac-
cade in question were identified by special markers provid-
ed by EyeLink software. Initially, the analysis of all events
meeting the inclusion criteria was conducted. Thereafter,
the analysis was repeated after removing the blink-related
events. In this way, we evaluated the extent to which blink-
ing could influence the collected data.

Before the analysis, record identifiers were checked for
consistency with the list of participants and records were
deduplicated. Only the records of the participants were left
for analysis. Events with no amplitude were removed. No
significant between-group differences were found with re-
gard to the duration of the available record as assessed by
the duration of the last fixation (p = 0.390 for the static
fixation task and p=0.899 for the dynamic fixation task).

Statistics. For each group, the proportion of saccades
or fixations of a specific category was calculated relative
to the total number of saccades or fixations in the group.
For example, the proportion of larger saccades (>5°) for
the group was determined as the number of these saccades
divided by the total number of saccades in the group. The
participant’s contribution to this proportion was propor-
tional to the number of his/her saccades.

In order to take into account several measurements for
a child, statistical procedures were carried out at the par-
ticipant level. To construct 95% confidence intervals (CIs),
data from the participants of each group were repeated-
ly resampled many times, allowing the same child to be
selected more than once (cluster bootstrap, 10000 repli-
cations). If a child was selected, all his/her events were
included in the set for analysis. Group assignments were
randomly shuffled to compare the groups (permutation
test, 100000 replications). Pairwise comparisons were per-
formed using the permutation test with 50000 replications
and Holm’s correction for 50 comparisons (correction was
not applied to the overall p).

Wilcoxon signed-rank test was used to compare char-
acteristics of the same child before and after the exclusion
of blink-related events. Statistical analysis was conducted
in Python, using pandas, NumPy and SciPy. All tests were
two-tailed and p < 0.05 was considered significant. A fixed
random seed was used to ensure reproducibility.

Results

The numbers of fixations and saccades analyzed were
1504 and 1552, respectively, for the static fixation task,
and 3078 and 3190, respectively, for the dynamic fixation
task (totally, 4582 and 4742, respectively). Median fixa-
tion count and median saccade count for a child were 13
and 12, respectively, for the static fixation task, and 25 and
25, respectively, for the dynamic fixation task.

Fixations and saccades were available for 113/126 chil-
dren and 119/126 children, respectively, for the static fixa-
tion task, and 118/123 and 123/123, respectively, for the
dynamic fixation task. Numbers of participants in groups
and numbers of events are presented in Tables 1 and 2.

Median proportions of blink-related events for fixa-
tions and saccades were 30.8% and 16.7%, respectively,
for the static fixation task, and 17.2% and 9.4%, respec-
tively, for the dynamic fixation task. Median proportions of
blink-related events in groups EMMET, MYOP, NROPP,
ROPLC, and ROPRG were 36.1%, 35.7%, 34.2%, 39.5%
and 35.8 %, respectively (p = 0.957), for static fixations,
23.8%, 19.5%, 20.3%, 23.6%, and 22.2 %, respectively
(p = 0.856), for static saccades, 26.5%, 17.9%, 18.9%,
25.7%, and 17.2% respectively (p = 0.126), for dynamic
fixations, and 15.6%, 10.3%, 10.9%, 13.2%, and 11.2%
(p = 0.322), respectively, for dynamic saccades, with no
significant between-group differences.

After the removal of blink-related events, the associa-
tion of saccade amplitude with peak velocity got stronger,
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Table 1. Saccade amplitude distribution expressed as proportion, percentage (95% ClI)

Static task
Class, ° EMMET MYOP NROPP ROPLC ROPRG p
n/N 171238 211235 33/ 431 23 /312 25 /324 —
iy 38.7 553 415 497 457 0133
[30.7:46.8] [46.3:64.3] [33.7:49.5] [41.3:58.8] [36.4:54.8] :
1_2 147 14.0 16.5 16.7 213 0247
[10.2:19.8] [9.6:18.9] [12.8:20.2] [12.7:20.4] [16.2:26.8] :
oo 13.9 11 13.7 138 14.2 .
[8.4:19.3] [6.5:15.9] [9.2:18.9] [9.5,18.4] [8.5:20.4] :
18.9 77 13.9 12.8 6.8
5-10 [13.7:24.4] [4.3:10.9] [9.7:18.4] [8.5:17.6] [3.7:9.9] 0.0028
o1 13.9 19 144 7.0 12.0 0251
2 [8.1:20.3] [6.8:17.7] [9.9;18.9] [3.5:10.4] [7.0:7.] :
328 19.6 283 19.9 18.8
25(sum) | 155 5.40.6] [13.2:26.1] [22.2:34.0] [14.1:25 4] [12.5:25.0] 0.0126

After the application of Holm’s correction for multiple comparisons, the only significant between-group difference for
saccades with amplitudes between 5° and 10° was that between the EMMET and ROPRG groups (p=0.014), but there
were no significant between-group differences for saccades with an amplitude >5°.

Dynamic task

Class, ° EMMET MYOP NROPP ROPLC ROPRG b
n/N 197483 23/ 453 34/912 23687 24 | 644 _
iy 383 36.0 355 336 349 0926
[31.5:43.4] [29.6:42.3] [31.3:39.9] [24.9:42.2] [28.6:41.4] :
o 16.1 19.0 173 19.8 200 0464
[13.3:18.8] [15.3:22.5] [14.6:20.1] [16.8:23.0] [16.2:23.8] :
143 121 13.1 17.2 141
25 [11.2:17.7] [8.2:16.9] [11.0:15.3] [13.7:20.8] [10.6:17.3] 0.285
8.1 53 9.2 9.6 8.8
5-10 [45:12.2] 2.9:8.0] [7.1:11.3] [5.8:14.0] [5.2:12.9] 0.545
10 232 276 249 19.8 221 0,050
2 [20.3:26.1] [24.5:30.9] [22.2:27.8] [16.5:23.6] [18.2:26.3] :
313 329 34.1 204 309
25 (sum) [26.5:36.4] [30.4:35.7] [30.5:37.8] [23.8:35.4] [24.8:37.6] 0.701

Note: ClI, confidence interval; EMMET, full-term emmetropic children; MYOP, full-term myopic children; n, number of children;
N, saccade count; NROPP, group of non-retinopathy of prematurity preterm children; ROP, retinopathy of prematurity; ROPLC,
group of preterm children that have undergone retinal laser photocoagulation; ROPRG, group of children with spontaneous
ROP regression. The proportions were calculated from the total count of saccades in the group before the removal of blink-
related events. P is a p-value for the overall comparison among five groups.

and Spearman correlation coefficient (p) increased from
0.612 to 0.923 for the static task and from 0.766 to 0.929
for the dynamic task (p < 0.001 for both comparisons).
For blink-related and non-blink-related events, median
peak velocity was 760 and 93 degree/s, respectively, in
the static task, and 699 and 128 degree/s, respectively, in
the dynamic task, and median saccade duration, 208 and
22 ms, respectively, in the static task, and 212 and 26
ms, respectively, in the dynamic task. The proportions of
blink-related and non-blink-related events in which peak
velocity exceeded 1000 degree/s were 23.4% and 0.1%,
respectively, for the static task, and 18.1% and 0.1%, re-
spectively, for the dynamic task.

Saccade amplitude distribution is presented in Table 1.

For the static task, the proportion of saccades with an
amplitude of 1° or less varied from 38.7 % in the EMMET
group to 55.3% in the MYOP group, with no significant
between-group differences (p = 0.133). For saccades of
amplitudes 1-2°, 2-5° and >10°, corresponding p-values
were 0.247, 0.951 and 0.251, respectively.

For saccades of amplitudes 5—10°, the overall p-value
was 0.0028. The proportions of these saccades for the EM-
MET, ROPLC, and ROPRG groups were 18.9%, 12.8%,
and 6.8%, respectively; the respective 95% Cls are pre-
sented in Table 1. The between-group difference for the
EMMET and ROPRG groups was 12.1 percentage points
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Table 2. Fixation duration distribution expressed as proportion, percentage (95% CI)

Static task
Class, ms EMMET MYOP NROPP ROPLC ROPRG P
n/N 15/ 205 20/ 252 34468 22/314 22265 —
<100 [2_15;'180_8] [5_1?2'2_7] [ _gfu] [4.5%'163.01 [2.85(9).2] 0.050
100-200 (108219 220) reozze | maswn | mazma | O
200-400 2 2?302;51 g ' 8.2&64.4] [25?3;;-305.9] ' 6.2;-320-9] [ 8.263;'283_7] 0.334
400-600 [5.0%'133.8] [7.;;1i 2.3] [9.;;31;.7] [8.113?1.573.6] [7-;%?1.7] 0.6%
2600 [31 _326;'412_5] [26.322;.319.3] [26?332;308_7] [29.356;;1?:1.5] [34?13(3;7.8] 0.443
Dynamic task
Class, ms EMMET MYOP NROPP ROPLC ROPRG P
n/N 18476 23476 33/ 921 23/670 21/535 —
<100 [6.;?1.1.7] [4.77;'181 4] [6.4?.102.1] [6.6%122.6] [4.88;'142.7] 0889
100-200 200274 (18.425.5 (198253 porz18) 191267 0920
200-400 03285 | (ororel | parors | prims | pesze | 02
400-600 [7.0%172.4] [7.0?'193.0] [8.213;11.?3.8] [10.173;'105.3] [9.1;215.1] 0.461
2600 er8a 284 126,035 e preuzs | 0%

Note: Cl, confidence interval; EMMET, full-term emmetropic children; MYOP, full-term myopic children; n, number
of children; N, fixation count; NROPP, group of non-retinopathy of prematurity preterm children; ROP, retinopathy of
prematurity; ROPLC, group of preterm children that have undergone retinal laser photocoagulation; ROPRG, group
of children with spontaneous ROP regression. The proportions were calculated from the total count of fixations in the
group before the removal of blink-related events. P is a p-value for the overall comparison among five groups.

(unadjusted p-value, 0.0003; adjusted p-value, 0.0032),
and EMMET and MYOP groups, 11.3 percentage points
(unadjusted p-value, 0.0016; adjusted p-value, 0.014).

Additionally, saccades with an amplitude of 5° or
greater were combined into one class (Table 1). Their pro-
portions were 32.8%, 28.3%, 19.9%, 19.6% and 18.8%
for the EMMET, NROPP, ROPLC, MYOP and ROPRG
groups, respectively (overall p = 0.0126). The between-
group difference for the EMMET and ROPRG groups
was 14.0 percentage points (unadjusted p-value, 0.0091),
and EMMET and ROPLC groups, 12.9 percentage points
(unadjusted p-value, 0.0107). However, no significant ad-
justed between-group difference was observed.

For the dynamic task, the p-value for saccades with an
amplitude of 5° or greater was 0.701, and for individual
classes varied from 0.050 to 0.926. The lowest p-value
was obtained for saccades with an amplitude of more than
10°, and the proportions of these saccades in the MYOP
and ROPRG groups were 27.6% and 19.8%, respectively
(unadjusted pairwise comparison, p = 0.0052; adjusted

pairwise comparison, p = 0.052). The proportions of sac-
cades with an amplitude of 1° or less in groups ranged be-
tween 34% and 38% in the dynamic task versus 39% and
55% in the static task, whereas the proportions of saccades
with amplitude of more than 10° ranged between 20% and
28% in the dynamic task versus 7% and 14% in the static
task. This is a descriptive comparison of different tasks.

With regard to fixation duration, for the static task
(Table 2), p-values of between-group differences varied
in the range 0.050-0.695, with the lowest value observed
for fixation duration of less than 100 ms. For the dynamic
task, there was no significant between-group difference
with regard to fixation duration (p = 0.060-0.920). The
proportion of fixations with duration longer than 600 ms
was 38.5% for the MYOP group (95% CI, 33.8-43.4) and
varied in the range 28.8-36.5% for other groups. The over-
all p-value was 0.060; the between-group difference for
the MYOP and ROPLC groups was 9.6 percentage points
(unadjusted p-value, 0.011).
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Median individual relative changes in saccade veloc-
ity and fixation frequency after exclusion of blink-related
events are presented in Figure 1. For the static and dy-
namic tasks, peak saccade velocity decreased by 40.9%
and 16.9%, respectively, fixation frequency, by 30.8% and
17.2%, respectively, and saccade frequency, by 16.7% and
9.4%, respectively (for all comparisons, p < 0.001). For
the static and dynamic tasks, median change in average
saccade amplitude was 0.0% and 0.0% (p = 0.89 and p =
0.25), respectively, and median change in average fixation
duration, 0.0% (p = 0.86) and +2.5% (p < 0.001), respec-
tively.

After the removal of blink-related events, the propor-
tions for larger saccades (>5°) in the static task were 32.4%,
20.0%, 29.8%, 18.8%, and 19.8 % (p =0.030), and for sac-
cades with an amplitude between 5° and 10°, 19.8%, 6.8%,
15.5%, 12.1%, and 7.5% (p = 0.0033), for the EMMET,
MYOP, NROPP, ROPLC, and ROPRG groups, respec-
tively. The largest proportions were still observed for the
EMMET group, but the complete sequence of groups has
somewhat changed. No significant difference was found
for saccades with an amplitude of 1° or less (p = 0.104).

The sequential leave-one-out analyses (119 replica-
tions) were conducted, by removing 1 participant at a
time, to assess how each individual participant affected
the combined result. With these analyses done, overall p-
value remained less than 0.05 in 100% of trials, and ranged
between 0.001 and 0.006 for saccades with an amplitude
5-10° and between 0.005 and 0.031 for saccades with an
amplitude 5° or greater. With a complete sample (n = 119
children), p-value was 0.0028 for saccades with an am-
plitude between 5° and 10°, and 0.0126 for those with an
amplitude of 5° or more.

With a threshold of at least 10 saccades (n = 83 chil-
dren), p-values were 0.003 and 0.028, respectively, and
with a threshold of at least 15 saccades (n = 40 children),

Fig. 1. Changes in characteristics after the
removal of blink-related events in static
and dynamic fixation tasks. Median indi-
vidual relative changes were calculated as
100 % (post-removal value — pre-removal
value) / pre-removal value. Negative val-
ues reflect a decrease in the characteris-
tic. Circles correspond to the static task
and squares to the dynamic task. Relative
changes expressed as percentage and
corresponding p-values are specified at
the right.

0.147 and 0.272, respectively. The loss of significance may
be due to the reduction in the sample size or change in the
sample composition. For saccades with an amplitude of 5°
or more, the calculation of ¥? while not taking into account
repeated trials yielded p = 0.00006; this is just a compari-
son with the main participant-level analysis (p = 0.0126).

Discussion

For the static task, we found significant between-group
differences for the proportion of saccades with amplitude
of 5° or greater, but not for the proportions of saccades of
other classes. This clarifies the description of the distribu-
tion of eye movements, but does not prove that the fixation
function was similar among all groups.

After correction for multiple comparisons, there were
significant differences between the EMMET and ROPRG
groups and between the EMMET and MYOP groups in
the proportion of saccades with amplitude between 5° and
10°. Consequently, this result cannot be considered specif-
ic for children with ROP. A class of larger saccades (>5°)
was additionally analyzed, and the overall between-group
difference for the five groups was significant (p = 0.0126);
however, the difference between any two groups was not
significant after Holm’s correction. Both these findings
should be interpreted within the context of these limita-
tions, rather than as definite evidence of a specific effect
of laser treatment.

Microperimetry studies in children with a history of
ROP reported contradictory results with regard to fixa-
tion stability [6, 7], but these studies differed, among
other things, in the composition of comparison groups.
Ozen and Idil [6] found no difference in fixation stabil-
ity among children without ROP, children with spontane-
ously resolved ROP and children who had laser treatment
for ROP. Unlu et al [7] found a significant difference in
fixation stability among the three groups (children who
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had received LPC for ROP in infancy, prematurely born
infants without any ROP diagnosis, and full-term controls)
and significantly eccentric fixation in laser-treated infants.
The authors of [6, 7] used outcome measures that directly
characterize fixation, whereas our analysis describes pro-
portions of saccades with different amplitudes.

In a study by Romero-Sanz et al [4], preterm children
exhibited significantly poorer fixation stability and lon-
ger saccadic reaction times than full-term controls. Simi-
lar differences were described in a multicenter study by
Vilella et al [5]. The last two studies are, however, related
to prematurity in general, and do not explain the cause of
a smaller proportion of larger saccades in our ROPRG and
MY OP groups than in the EMMET group of children.

Saccades of different amplitudes are involved in the
change in gaze direction [8, 9]. A small proportion of larg-
er saccades during the static task may have different expla-
nations. For example, the subject may less often require to
turn gaze back to the target or perform these movements
with smaller amplitude. In this work, slow drift was not
measured, nor was it determined whether each saccade
brought the gaze closer to the target. Therefore, the cause
of between-group differences cannot be determined from
the amplitude distribution alone, and these differences can-
not be interpreted as evidence of impaired corrective re-
fixational saccades from the amplitude distribution alone.

We found no between-group differences in the propor-
tion of larger saccades (>5°) in the dynamic task. This,
however, does not prove that the mechanisms of saccade
execution have been completely preserved. Static and dy-
namic tasks differ in record terms, and, in this study, the
results of performance of these tasks were analyzed sepa-
rately. Making up a conclusion that the detected feature is
specific to the static task only requires a direct statistical
comparison of the performance of the two tasks taking into
account repeated measurements.

Fixation stability and saccade response duration
change with age [14]. We did not take age into account in
our analysis because its contribution into between-group
differences is still unknown. Additionally, contribution to
the proportion of saccades of a particular class in the group
was greater of participants with a greater number of re-
corded events. The conclusions should be checked taking
into account the age and individual proportions of subjects.

The removal of blink-related events had different ef-
fects on different characteristics. It resulted in decreases
in peak velocity and movement frequency, but the median
change in average saccade amplitude was 0.0%. After this
removal, the overall between-group differences for larger
saccades in the static task were maintained. Additionally,
the positions of groups exchanged.

The increase in the strength of the association of sac-
cade amplitude with peak velocity is in agreement with
the effect of events with a blink before or after the event
in question on measurements. Re-analysis decreases the
probability that the result is explained by these events only.

They, however, can neither exclude other types of record-
ing errors nor confirm that any saccade left for analysis is
error free.

The relevant guideline [15] requires that a research in-
volving eye tracking should report data processing steps
and data loss. This is especially important for comparing
studies with regard to peak velocity and movement counts,
because these characteristics changed in the analysis after
the removal of blink-related events.

Study limitations and prospects for future research

The present study has several limitations. First, the
study had a single center design. Second, suitable records
were available not for all participants, and there was a dif-
ference between the fixation analysis sample count and
saccade analysis sample count. Third, because age was
not taken into account in the analysis, a proportion of be-
tween-group differences may be associated with the age
composition of the study sample. Finally, the comparison
of the ROPLC and ROPRG groups also does not allow us
to separate the effect of treatment from that of the specific
features of the ROP course.

We believe it is promising to validate the findings of
this study on the basis of individual proportions of sac-
cades, while taking age into account in the direct compari-
son of static task data and dynamic task data.

Therefore, in the static task, significant between-group
differences were found only in the proportion of larger
saccades, and saccades of amplitudes between 5° and 10°
were more common in full-term emmetropes (18.9%) than
in children with spontaneous ROP regression (6.8%) and
full-term myopes (7.7%). The overall unadjusted between-
group difference in the proportion of saccades >5° was sig-
nificant (p = 0.0126), but the difference between any two
groups was not significant after the correction for multiple
comparisons was applied. We found no between-group dif-
ferences in the proportion of saccades <1°, fixation dura-
tion or characteristics shown in the dynamic task. After the
removal of blink-related events, the overall between-group
differences for saccades >5° and those with an amplitude
between 5° and 10° in the static task were maintained, but
the peak velocity and movement frequency substantially
decreased. Association of the found features with ROP,
treatment for ROP, refractive errors and age require a sepa-
rate evaluation.
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