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Background: As there is close association between pupil response and accommodation 
during gaze fixation on an object at any distance, it is important to assess accommodative 
pupil response both in healthy children and in those with accommodative disorders. It is also 
important to assess relationships of characteristics of pupil response to accommodation 
and convergence with age and autonomic nervous system (ANS) tone. It is hypothesized 
that pupillography parameters can be regarded as objective criteria for assessing pupil 
response to accommodation and convergence, and serve as an important consideration in 
choosing the treatment method in patients with accommodative disorders.
Purpose: To assess pupil response to accommodation and convergence in healthy children 
and adolescents of various age groups and autonomic nervous system (ANS) tones.
Material and Methods: Pupil response to accommodation and convergence was studied 
in 269 systemically and ophthalmologically healthy children and adolescents (538 eyes) 
aged 6 to 18 years. Subjects were divided into three groups based on their age: group 1 
(6-9 years; 77 subjects), group 2 (10-14 years; 96 subjects), and group 3 (15-18 years; 
96 subjects). ANS tone was assessed using the Kerdo index. Pupillography studies were 
performed using an OK-2 pupillographer (Odesa, Ukraine). Pupil area, amplitude of 
change in pupil area, and duration of phases of change in pupil area were determined.
Results: We determined normative values for pupillographic characteristics for 6-9, 
10-14 and 15-18 years age groups with various ANS tones (increased parasympathetic, 
normal or increased sympathetic tone). In addition, we determined whether these 
characteristics depend on the child’s age and/or balance of autonomic innervation. There 
was pupillographic evidence that those with increased sympathetic tone had significantly 
greater pupil area and amplitude of changes in pupil area, and significantly shorter timing 
of changes in pupil size than those with normal ANS tone or increased parasympathetic 
tone. The fact that younger children (i.e., those aged 6-9 years) had slower pupil response 
to accommodation and lower amplitude of change in pupil area compared to older children 
and adolescents (i.e., those aged 10-18 years) may indicate a low level of structural and 
functional maturity of the accommodative and convergence system at this age.
Conclusion: The patterns of relationships revealed in the study provide grounds for 
regarding pupillography data as an objective criterion for assessing the pupil response 
to accommodation and convergence and the balance of ANS innervation in children and 
adolescents of various age groups.
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Introduction
Accommodation is the ability of the eye to adjust its 

refractive power to keep an object in focus at various 
distances [1]. The mechanism of accommodation is 
implemented through a number of structural-and-
functional components (the crystalline lens, ciliary muscle, 
and choroid) which are controlled by the sympathetic and 
parasympathetic compartments of the autonomic nervous 
system (ANS) in the process of accommodation.

Accommodation is closely associated with 
pupil response; both of them are components of the 
unconditioned reflex which is implemented through the 
activity of the accommodative and convergence system. 

The system provides simultaneous achievement of best-
corrected visual acuity, binocular vision, and correct 
position of the eyes focused on objects at any distance. 
Provision of increased focus for near vision is the main 
function of pupillary response which is a component of 
accommodative and convergence reflex, and is expressed 
through pupillary constriction that occurs when a person 
changes his gaze from far to near [1, 2, 3].

Knowledge of the state and response of the pupillary 
system is very important for determining a variety of the 
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the activity of the parasympathetic component increases, 
approaching its maximum by 20-24 years of age.

ANS tone was assessed using the ANS dysfunction 
questionnaire designed by Vein and the Kerdo index (KI) 
[16].

The subjects completed the questionnaire by answering 
either “Yes” of “No” to the questions regarding the function 
of their ANS, and a total score was computed by summing 
all positive answers. The total score for healthy individuals 
was 15 or less.

The Kerdo index (KI) comprising cardiovascular 
characteristics, blood pressure and cardiac frequency (or 
heart rate, beats/min), was used to determine whether 
sympathetic or parasympathetic ANS tone was apparent 
[16]. This study was performed with the patient sitting; 
heart rate (beats/min) was measured at the radial artery, and 
blood pressure measurements (mmHg) were performed in 
a standard manner.

Kerdo index (KI) was calculated with the following 
formula:

where D is diastolic blood pressure (mmHg) and P is 
heart rate (beats/min).

The Kerdo index value was used to make a conclusion 
on the balance of sympathetic and parasympathetic effects 
on the cardiovascular system. KI equals zero in normal 
autonomic nervous system tone, is negative in individuals 
with an increased parasympathetic tone, and positive in 
those with an increased sympathetic tone of the autonomic 
nervous system.

Pupillography studies were performed using an OK-2 
pupillographer (Ukraine) developed by the Filatov institute 
in cooperation with Om-Tekhnologiia (Odesa, Ukraine) 
[17].

Pupillometry studies of pupil response to 
accommodation and convergence were conducted using 
our methodology reported previously [17, 18]. Data were 
obtained in a dark clinic room throughout 9:00 AM – 11:00 
AM. In brief, each subject was adapted to a background 
illumination (10 lux; 15 minutes) and instructed regarding 
the pupillometry procedure prior to the start of the 
study session. Thereafter, he had a headpiece with IR 
video cameras put on, and the video recording was 
switched on. During video recording of pupil response to 
accommodation, a background illumination was 10 lux. The 
subject fixed his eyes on a test object located at a distance 
of 100 cm (relaxed accommodation and convergence), and 
shifted his gaze to a test object located at a distance of 
10 cm (strained accommodation and convergence). Video 
recording data were processed by software to produce a 
plot of changes in the pupil area for both eyes for the study 
protocol. In addition, direct and consensual pupil responses 
to light stimuli (50 lux light intensity; 12 s duration) at a 
background illumination of 10 lux were studied to compare 
pupillography indices for various types of pupil responses. 

disorders of the visual system, ANS and central nervous 
system (CNS). That is why pupillometry as an objective 
research technique is used to (1) diagnose conditions and 
disorders of the CNS, (2) identify functional impairments in 
persons with eye pathology, including glaucoma, diabetic 
retinopathy, pigmented retinitis, retinitis pigmentosa, 
strabismus, and amblyopia, and (3) assess individual’s 
capacity for visual work, etc. [4-14].

As there is close association between pupil response 
and accommodation during gaze fixation on an object 
at any distance, it is important to assess accommodative 
pupil response both in healthy children and in those with 
accommodative disorders. The prevalence of the latter was 
3.68 per 1000 children aged under 6 years, 35.57 per 1000 
children aged 7–14 years, and 84.86 per 1000 children aged 
15–17 years in Ukraine in 2018 [15]. It is also important to 
assess relationships of characteristics of pupil response to 
accommodation and convergence with age and ANS tone. 
It is hypothesized that pupillography parameters can be 
regarded as objective criteria for assessing pupil response 
to accommodation and convergence, and serve as an 
important consideration in choosing the treatment method 
in patients with accommodative disorders.

The purpose of the first stage of this study was to 
determine normative pupillography values. The purpose of 
the study was to assess pupil response to accommodation 
and convergence in healthy children and adolescents of 
various age groups and autonomic nervous system tones.

Material and Methods
Pupil response to accommodation was studied in 

269 healthy children and adolescents (538 eyes) aged 6 
to 18 years. All study subjects were systemically and 
ocularly healthy. Eye examination showed that children 
and adolescents had central eye fixation, binocular vision, 
mean visual acuity for near and distance of 1.02±0.02, and 
no pathological changes in the anterior eye, optic media 
or fundus. Refractive error was normal for age, and mean 
corneal refractive power was 42.83 ± 0.10 D. The mean 
axial length as measured by ultrasound biometry was 
23.4±0.25 mm.

Subjects were divided into three groups based on 
their age: group 1 (6-9 years; 77 subjects), group 2 (10-
14 years; 96 subjects), and group 3 (15-18 years; 96 
subjects). Group age ranges were selected based on 
previously reported findings on changes in the balance 
of autonomic pupil innervation in ontogenesis. Thus, 
Velkhover and colleagues [4] found that, in children, 
mydriasis begins progressing at the age of 2 months of 
their life, and this progression continues for 10 years at 
average, indicating that the sympathetic ANS develops at a 
higher rate than the parasympathetic ANS. Approximately 
at the age of 10-14 years, the sympathetic ANS activity 
approaches its maximum, and an approximate balance is 
achieved in reciprocal interaction between cholinergic 
(parasympathetic) and adrenergic (sympathetic) 
components of ANS innervation of the sphincter, and, 
probably, accommodative muscle [4, 5]. Subsequently, 

          D
KI = 1 – –––––
          P



ISSN 0030-0675. Journal of Ophthalmology (Ukraine) - 2020 - Number 2 (493) 

38   

The following pupil response characteristics were 
subjected to analysis: maximum pupil area (Smax, under 
relaxed accommodation), minimum pupil area (Smin, 
pupil constriction under strained accommodation or due 
to light effect), amplitude of change in pupil area (A), and 
duration of phases of change in pupil area (Phase II, pupil 
constriction latency; Phase III, active pupil constriction; 
Phase V, pupil re-dilation latency; and Phase VI, fast pupil 
re-dilation).

Statistical analyses were conducted using Statistica 
8 (StatSoft, Tulsa, OK, USA) and Microsoft Excel 2007 
software. Mean values, standard deviations (SD), and 
their 95% confidence intervals and significance values 
(p) were calculated. A two-way analysis of variance and 
Fischer’s F-test were used to determine the effect of the 
age and state of the ANS on pupillography indices. The 
level of significance p < 0.05 was assumed. The non-
parametric Spearmen test was used to calculate correlation 
coefficients; these were considered significant at p < 0.05 
[19, 20].

Results
At baseline, ANS balance was assessed using the Kerdo 

index. In children of 6-9 years, increased parasympathetic 
tone was the most common (43%), followed by increased 
sympathetic tone (35%) and normal ANS tone (22%). In 
children of 10-14 years, normal ANS tone was the most 
common (38%) followed by increased sympathetic tone 
(33%) and increased parasympathetic tone (38%). In 
adolescents of 15-18 years, increased parasympathetic 
tone was the most common (38%), followed by normal 
ANS tone (36%) and increased sympathetic tone (26%) 
(Table 1).

Table 2 presents values of pupil areas in accommodative 
pupil response for children of various ages and ANS 
tone. With a test object located at a distance of 100 cm, 
maximum pupil area (Smax) under relaxed accommodation 
significantly depended on the child’s age and ANS tone 
(F=13.75, p=0.0000). The greatest Smax values were found 
for children with increased sympathetic tone, and the 
lowest, for those with increased parasympathetic tone (p 
< 0.001). It should be noted with regard to distribution 
of Smax values that Smax did not depend on the age, with 
the mean value being 55.6 ± 13.3 mm2. In addition, 
among children with normal ANS tone, the Smax gradually 
increased with the age, from 22.3 ± 6.8 mm2 for children 
aged 6-9 years, to 39.0 ± 8.6 mm2 and 42.8 ± 5.7 mm2 for 
those aged 10-14 years and older 14 years, respectively. 
Moreover, children with increased parasympathetic tone 
exhibited almost equal levels of Smax, with the mean value 
being 25.8 ± 8.8 mm2.

With a test object located at a distance of 10 cm (i.e., 
under conditions of strained accommodation), minimum 
pupil area (Smin) also significantly depended on the child’s 
age and ANS tone (F=13.75, p=0.0000). The greatest 
Smin values were found for children with increased 
sympathetic tone, and the lowest, for those with increased 
parasympathetic tone (p < 0.001) (Table 2). It should be 

noted that Smin did not depend on the age among children 
with increased parasympathetic tone, with the mean value 
being 9.4 ± 1.1 mm2. Among children with normal ANS 
tone, those of 10-14 years exhibited the greatest mean Smin 
(16.7 ± 8.4 mm2), followed by adolescents of 15-18 years 
(11.8 ± 10.3 mm2) and children of 6-9 years (9.6 ± 5.3 
mm2). Children with increased sympathetic tone exhibited 
the same pattern, although with greater Smin values:  those 
aged 10-14 years exhibited the greatest mean Smin (27.6 
± 11.1 mm2), followed by adolescents aged 15-18 years 
(20.0 ± 9.9 mm2) and children aged 6-9 years (18.7 ± 9.7 
mm2).

The greatest values of amplitude of changes in pupil 
area (A) under  strained accommodation conditions were 
found for children with increased sympathetic tone, and 
the lowest, for those with increased parasympathetic tone 
(F=18.88, p=0.0000) (Table 2).

In general, the mean A value gradually increased with 
the age, especially for those with increased parasympathetic 
tone (from 11.8 ± 6.8 mm2 for children aged 6-9 years, 
to 13.8 ± 6.0 mm2 and 20.2±12.0 mm2 for those aged 10-
14 years and older 14 years, respectively) and those with 
normal ANS tone (from 12.8 ± 5.9 mm2 to 22.4 ± 8.0 mm2 
and 30.9 ± 9.8 mm2, respectively). There was, however, no 
significant difference in the percentage ratio of amplitude 
of change in pupil area (A) to baseline pupil area (Smax). In 
addition, the ratio varied from 48.9% to 72.2% depending 
on child’s age and ANS tone, with mean values of 59.8%, 
62.3% and 57.8% for the age groups of 6-9 years, 10-14 
years and 15-18 years, respectively.

The change in pupil diameter per diopter of 
accommodation was calculated for accommodative 
response based on the change in amplitude of pupil 
area. The eye is known to require 1.0 D and 10.0 D of 
accommodation during gaze fixation on an object located at 
100 cm and 10 cm, respectively [2]. That is, when a person 
changes his gaze from an object at 100 cm to that at 10 
cm, the accommodative and convergence system expends 
9.0 D. Therefore, the change in pupil area per diopter of 
accommodation is A/9 (mm2/D). The change in pupil area 
(and diameter) per diopter of accommodation significantly 
depended on the child’s age and ANS tone (Table 2), and 
its highest value, 3.25 ± 0.46 mm2/D (0.70 ± 0.11 mm/D) 
was found for children with increased sympathetic tone, 
followed by those with normal ANS tone, 2.44 ± 0.87 
mm2/D (0.57 ± 0.12 mm/D) and increased parasympathetic 
tone 1.46 ± 0.91 mm2/D (0.46 ± 0.12 mm/D) F=18.88, 
p=0.0000.

Table 3 presents timing data with regard to changes in 
pupil area during pupil response to accommodation and 
convergence.

Duration of Phase II (pupil constriction latency) 
depended on the child’s age and ANS tone (F=3.94, 
p=0.0037), although its values were unevenly distributed 
across the study sample, with mean value varying from 
0.27 ± 0.22 s to 0.56 ± 0.40 s for the groups  (Table 3). 
Phase III (active pupil constriction) was the longest for 
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children with increased parasympathetic tone (2.84 ± 0.93 
s), followed by those with normal ANS tone (2.40 ± 0.80 
s) and increased sympathetic tone (2.32 ± 0.65 s)  (F=3.57, 
p=0.007). In addition, children aged 6-9 years exhibited 
the longest Phase III values (2.92 ± 0.95 s), followed by 
children aged 10-14 years (2.48 ± 0.78 s) and adolescents 
aged 15-18 year (2.16 ± 0.69 s) (p = 0.0001). Durations of 
Phase V (pupil re-dilation latency) and Phase VI (fast pupil 
re-dilation) also depended on the child’s age and ANS tone 
(F=3.57, p=0.007 and F=8.62, p=0.0000, respectively), 
and these phases were longer for children with increased 
parasympathetic tone than for those with normal ANS tone 
and increased sympathetic tone (Table 3). It is noteworthy 
that a significant decrease in Phase 5 duration with age was 
observed in the presence of normal ANS tone or increased 
parasympathetic tone, but Phase 5 duration in the presence 
of increased sympathetic tone was approximately equally 
low among the three age groups. Compared to children 
with normal ANS tone or increased parasympathetic tone, 
those with increased sympathetic tone exhibited shorter 
Phase 5 and Phase 6 durations, and less variability in these 
durations with child’s age.

Overall, children with increased sympathetic tone 
exhibited the shortest Phase 2, Phase 3, Phase 5 and Phase 
6 durations, and the greatest amplitude of change in pupil 
area (A), whereas children with increased parasympathetic 
tone exhibited the longest Phase 2, Phase 3, Phase 5 and 
Phase 6 durations, and the least amplitude of change in 
pupil area (A).

There were positive correlations between the child’s 
age and both Smax (r=0.26) and А (r=0.30), (p < 0.05), and 
negative correlations between child’s age and durations 
of Phase 3 (r= -0.32), Phase 5 (r= -0.37), and Phase 6 
(r = -0.37) (p<0.05). In addition, there were positive 
correlations between the ANS tone and Smax (r=0.38), Smin 
(r=0.41), A (r=0.23), and duration of Phase 2 (r=0.14, 
p<0.05). This indicates that, compared to the age, the ANS 
tone exerts greater effect on pupil dimensions, and less 
effect on pupil constriction and re-dilation characteristics 
in healthy children and adolescents.

Therefore, for healthy children aged 5-18 years, there 
was pupillographic evidence that those with increased 
sympathetic tone had significantly greater pupil area and 
amplitude of changes in pupil area, and significantly 
shorter timing of changes in pupil size than those with 
normal ANS tone or increased parasympathetic tone. In 
addition, children with increased parasympathetic tone 
exhibited the lowest rate and amplitude of change in pupil 
area. The fact that younger children (i.e., aged 6-9 years) 
had slower pupil response and lower amplitude of change 
in pupil area compared to older children and adolescents 
(i.e., aged 10-18 years) may indicate a low level of 
structural and functional maturity of the accommodative 
and convergence system at this age.

We also conducted a comparative analysis of 
accommodative pupil response, direct pupil response 
and consensual pupil response characteristics for healthy 

children and adolescents (Figs. 1 and 2). There was no 
difference in pupillogram characteristics between direct 
pupil response and consensual pupil response. There was 
a difference in minimum pupil area (Smin), amplitude of 
change in pupil area (A) (Fig. 1 A,B), and, especially, 
durations of Phase II (pupil constriction latency) and Phase 
III (active pupil constriction) between accommodative 
pupil response and direct or consensual pupil response (p 
< 0.05) (Fig. 2 А, B). All the three types of pupil response 
were similar to each other with regard to Phase V (pupil 
re-dilation latency) and Phase VI (fast pupil re-dilation) 
(Fig. 2 C, D).

Discussion
This study for the first time reports the following 

normative indices of pupil response to accommodation and 
convergence which characterize pupil area and change in 
pupil area in strained accommodation for healthy children 
and adolescents of various age groups (6-9, 10-14 and 
15-18 years) and ANS tones: maximum pupil area (Smax), 
minimum pupil area (Smin), amplitude of change in pupil 
area (A), and duration of phases of change in pupil size 
(Phase II, pupil constriction latency; Phase III, active pupil 
constriction; Phase V, pupil re-dilation latency; and Phase 
VI, fast pupil re-dilation).

Previously, most studies have focused on assessment 
of static pupillography indices such as pupil diameter 
and pupil area. There is a limited number of studies 
focusing on dynamic pupillography parameters [4, 5, 
21-23], however, without consideration of the balance 
of autonomic innervation. There is, however, an opinion 
that some dynamic pupillography parameters (e.g., pupil 
constriction velocity) depend on the balance between 
sympathetic and parasympathetic tones. When there is 
such a balance, an increased sympathetic tone decreases 
the pupil constriction velocity, whereas an increased 
parasympathetic tone decreases the velocity.

Velkhover and colleagues [4, 5] measured pupil area in 
healthy individuals aged from birth to 80 years, and found 
that mean pupil area in the 6-9, 10-14, and 15-19 years age 
groups was 19.2 ± 0.29 mm2, 19.7 ± 0.29 mm2, and 16.46 
± 0.27 mm2, respectively. They explained such a pattern 
of pupil area value distribution by the features of ANS 
development in ontogenesis: before 10-14 years of age, the 
sympathetic component develops significantly faster than 
the parasympathetic component. At 10-14 years of age, 
sympathetic component activity achieves its maximum, 
with some balance between the two components. 
Thereafter and until 20-24 years of age, the activity of 
the parasympathetic component increases. Those authors, 
however, did not assess the relationship of pupil area with 
the balance of autonomic innervation.

Others [24-27] not only reported that age is a factor 
significantly influencing pupil characteristics, but also 
demonstrated that pupil size tends to decrease with age.

There is a limited number of studies [13, 28, 29] 
focusing on age-related changes in pupil response, 
including velocity of constriction and subsequent dilation 
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of the pupil. Thus, Tekin and colleagues [29] demonstrated 
that resting diameter, velocity of pupil contraction, and 
velocity of pupil dilation values were inversely and 
moderately correlated with age (p < 0.001, r = -0.63; 
p < 0.001, r = -0.47; and p < 0.001, r = -0.34, respectively), 
whereas latency of pupil contraction was positively and 
moderately correlated with age (p = 0.002, r = 0.29) in 
healthy individuals aged 6 to 70 years.

Volkova [30] has noted the effect of autonomic nervous 
system tone on pupil diameter and found that emmetropes 
with an increased sympathetic tone exhibited larger pupil 
diameter (5.17 mm) than those with normal ANS tone 
(4.33 mm) or those with an increased sympathetic tone 
(4.08 mm), which is confirmed by our findings. That 
author, however, did not report on pupil size for different 
age groups.

In the current study, the absolute value of amplitude 
of change in pupil area was substantially less in 
accommodative and convergence pupil response than in 
direct or consensual pupil response. The mean normalized 
value of amplitude of change in pupil area clearly tended 
to be less in accommodative pupil response (48.9% to 
66% in various age groups) than in pupil response to light 
stimulus (67.1%-83.6%), which indicated that (1) a pupil 
excursion in the former response is less than in the latter 
response, and (2) these two types of pupil response are 
definitely formed by the mechanisms differing from each 
other. We found no significant relationship between the 
normalized value of amplitude of change in pupil area and 
the age or balance of autonomic innervation. Our findings 
are similar to those reported by Tekin et al [29], who also 
found no significant effect of age on the amplitude of pupil 
contraction presented in percentage of the baseline pupil 
diameter.

Overall, in the current study, there was a similarity 
between direct and consensual pupil response in terms 
of all examined parameters, but the was a significant 
difference between accommodative response and direct 
or consensual pupil response in terms of the amplitude 
of change in pupil area (A) and duration of Phase II 
(pupil constriction latency) and Phase III (active pupil 
constriction); these phases were substantially longer in 
accommodative response than in direct or consensual 
pupil response. The revealed differences may indicate that 
pupil contraction mechanisms in accommodation and light 
stimulation of the pupil differ from each other.

Our findings somewhat correspond to those reported by 
Mathôt S. [23], with Phase II (pupil constriction latency) 
and Phase III (active pupil constriction) being substantially 
longer in accommodative pupil response (0.6 s and 0.6 s – 
2 s, respectively) than in pupil response to light stimuli (0.2 
s and 0.2 s – 1.5 s, respectively). That author, however, did 
not report on pupil constriction latency values for various 
age groups, and noted that the pupil near response (i.e., 
accommodative response) “is certainly the least studied, 
and perhaps the least understood of all pupil responses” 
[23].

Provision of increased focus for near vision is the 
main function of the accommodative pupil response which 
is a component of the accommodation and convergence 
reflex. It has been reported that the neural basis of the 
pupil response to accommodation is somewhat different 
from that of the pupil response to light stimuli, which may 
explain a difference in values of pupillography indices 
between these two responses. In particular, unlike the pupil 
light response, the pupil near response does not appear to 
be driven directly by a subcortical pathway, but rather by 
cortical projections to the Edinger-Westphal nucleus [31]. 
Which cortical areas are involved in the pupil near response 
is not entirely clear; however, there are projections from 
the frontal eye fields and parietal cortex to the Edinger-
Westphal nucleus that are involved in vergence movements 
[32]. Because of the strong association between vergence 
and the pupil response to accommodation, and the central 
role of the Edinger-Westphal nucleus in pupil constriction, 
it is possible that these projections also play a role in the 
accommodative pupil reflex [23].

We also calculated the change in absolute value of 
pupil area (A) per diopter of accommodation occurring 
when a person changes his gaze from an object at 100 cm 
to that at 10 cm, A/9 (mm2/D), and demonstrated that it 
significantly depended on the child’s age and ANS tone. 
Children with increased sympathetic tone had the largest 
mean change in absolute value of pupil diameter per 
diopter of accommodation (0.70 ± 0.11), followed by those 
with normal ANS tone (0.57 ± 0.12) and with increased 
parasympathetic tone (0.46 ± 0.12). 

The present findings are close to those reported by 
Kasthurirangan and colleagues [21] for a change in pupil 
diameter per diopter of accommodation in human subjects 
aged 14–45 years. They found that the mean change 
in pupil diameter per diopter of accommodation was 
0.58 mm/D (range, 0.20 to 0.76 mm/D). Those authors, 
however, did not report on whether the ANS tone had an 
effect on the amplitude of pupil response.

Conclusion
This study focused on healthy children and adolescents 

aged 6-18 years. We determined normative values for 
pupillographic characteristics for 6-9, 10-14 and 15-
18 years age groups with various ANS tones (increased 
parasympathetic, normal or increased sympathetic tone). 
In addition, we determined whether these characteristics 
depend on the child’s age and/or balance of autonomic 
innervation.

First, there was pupillographic evidence that those 
with increased sympathetic tone had significantly greater 
pupil area and amplitude of changes in pupil area, and 
significantly shorter timing of changes in pupil size than 
those with normal ANS tone or increased parasympathetic 
tone. 

Second, the fact that younger children (i.e., aged 6-9 
years) had slower pupil response to accommodation and 
lower amplitude of change in pupil area compared to older 
children and adolescents (i.e., aged 10-18 years) may 
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indicate a low level of structural and functional maturity 
of the accommodative and convergence system at this age.

Finally, the patterns of relationships revealed in the 
study provide grounds for regarding pupillography data 
as an objective criterion for assessing the pupil response 
to accommodation and convergence and the balance of 
ANS innervation in children and adolescents of various 
age groups.
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Age group 
(years) ANS tone n Phase II, s Phase III, s Phase V, s Phase VI, s

6-9

P 68 0.48±0.34 3.22±1.15 2.00±1.26 4.63±1.73

N 34 0.47±0.39 2.93±1.00 2.2±1.15 4.51±1.67

S 54 0.37±0.19 2.61±0.70 0.83±0.43 2.50±1.08

10-14

P 44 0.38±0.22  2.95±0.92 2.26±1.44 4.09±1.45

N 48 0.56±0.40 2.37±0.79 0.92±0.81 2.82±1.82

S 34 0.48±0.27 2.13±0.64 0.47±0.24 2.50±0.91

15-18

P 82 0.43±0.24    2.36±0.74 1.27±1.17 3.22±2.05

N 94 0.27±0.22 1.91±0.64 0.42±0.26 1.91±0.64

S 80 0.45±0.22 2.21±0.65 0.56±0.39 2.04±1.97

F внс*вік 
F = 3.94,  
p=0.0037

F = 3.95 
p=0.003

F = 3.57 
p=0.007

F = 8.62, 
p=0.0000

Table 3. Durations of Phase II (pupil constriction latency), Phase III (active pupil constriction) Phase V (pupil re-dilation latency) 
and Phase VI (fast pupil re-dilation) in pupil response to accommodation for healthy children and adolescents of various age 
groups and with various ANS tones (increased parasympathetic; normal ANS tone; or increased sympathetic tone) 

Age group, 
years ANS tone n Smax,  mm2

M±(SD)
Smin,  mm2

M±(SD)
A, mm2 АD / 9 

(mm/D)

M±(SD) % M±(SD)

6-9

P 68 21.1±6.4 9.2±5.3 11.8±6.8 55.9% 0.41±0.12

N 34 22.3±6.8 9.6±5.3 12.8±5.9 57.4% 0.43±0.11

S 54 55.0±14.6 18.7±9.7 36.3±9.7 66.0% 0.75±0.11

10-14

P 44 21.8±7.0 8.2±3.8 13.8±6.0 63.3% 0.45±0.10

N 48 39.0±8.6 16.7±8.4 22.4±8.0 57.4% 0.58±0.12

S 34 54.0±11.9 27.6±11.1 26.4±8.8 48.9% 0.64±0.11

15-18

P 82 30.0±10.9 10.0±6.2 20.2±12.0 67.3% 0.54±0.14

N 94 42.8±5.7 11.8±10.3 30.9±9.8 72.2% 0.69±0.12

S 80 57.7±13.5 20.0±9.9 33.8±10.1 58.6% 0.72±0.11

F ANS*age
F = 13.75 
p=0.0000

F = 13.75 
p=0.0000

F = 18.88 
p=0.0000 - F=18.88, 

p=0.0000

Table 2. Pupil area in relaxed accommodation (Smax), pupil area in strained accommodation (Smin), amplitude of change 
in pupil area (A) and change in pupil diameter per diopter of accommodation (АD / 9) for healthy children and adolescents of 
various age groups and with various ANS tones (increased parasympathetic; normal ANS tone; or increased sympathetic tone)

Age group, years
Increased 

parasympathetic 
tone

Normal 
ANS tone

Increased 
sympathetic tone Total

6-9 33 (43%) 17 (22%) 27 (35%) 77 (100%)

10-14 28 (29%) 36 (38%) 32 (33%) 96 (100%)

15-18 36 (38%) 35 (36%) 25 (26%) 96 (100%)

Total children  97 (36.1%)  88 (32.7%)  84 (31.2%) 269 (100%)

Table 1. Numbers and percentages of healthy children and adolescents with various ANS tones (increased parasympathetic; 
normal ANS tone; or increased sympathetic tone) as assessed by the Kerdo index among the age groups 

Note: P, increased parasympathetic tone; N, normal ANS tone; S, increased sympathetic tone; F, Fischer test

Note: P, increased parasympathetic tone; N, normal ANS tone; S, increased sympathetic tone; F, Fischer test
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Fig. 1. Smin , minimum pupil area (panel A)  and A, amplitude of change in pupil area (panel B) in accommodative, 
direct and consensual pupil responses to light stimuli for healthy children and adolescents of various age groups and 
with various ANS tones (increased parasympathetic; normal ANS tone; or increased sympathetic tone)

Table 4. Correlation coefficients (r) for associations of parameters of pupil response to accommodation with age or ANS tone 
for healthy children and adolescents

Factors
Parameters of pupil response to accommodation

Smax Smin A Phase II Phase III Phase V Phase VI

Age 0.26 - 0.30 - -0.32 -0.37 -0.37

ANS tone 0.38 0.41 0.23 0.14 - - -

Note: Smax, pupil area in relaxed accommodation;  Smin, pupil area in strained accommodation;  A, amplitude of change in pupil 
area; Phase II, pupil constriction latency; Phase III, active pupil constriction; Phase V, pupil re-dilation latency; Phase VI, fast 
pupil re-dilation
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Fig. 2. Phase II (pupil constriction latency; panel A), Phase III (active pupil constriction; panel B), Phase V (pupil 
re-dilation latency; panel C) and Phase VI (fast pupil re-dilation; panel D) in accommodative, direct and consensual 
pupil responses to light stimuli for healthy children and adolescents of various age groups and with various ANS 
tones (increased parasympathetic; normal ANS tone; or increased sympathetic tone)


