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Abstract

Aim: To study the influence of media opacity due to cataract on the development of axial length in paediatric
patients from North-East India, using optical biometry.

Method: This is a prospective, observational study, including consecutive patients attending the paediatric oph-
thalmology clinic, over a period of 1 year. Patients with other ocular and systemic diseases, unfit for optical biometry
measurements due to dense cataract, nystagmus and strabismus were excluded and rest divided into three groups
after proper age matching — 1. Group A (Bilateral cataract) 2. Group B (Unilateral cataract) 3. Group C (Bilateral normal).
The axial length of the various groups was analysed using independent sample test (for bilateral cataract group) and
paired t-test (for unilateral cataract group). Linear regression analysis between age and axial length was done.

Results: A total of 177 patients were included.80 cases in Group A (bilateral cataract), 18 cases in Group B (unilateral
cataract) and 79 in Group C (bilateral normal) The mean age of the patients in all the groups was 8.88 +3.51 years
(range: 1-17years). The bivariate analysis and simple linear regression revealed a statistically significant correlation
between age and AL in case of cataractous eyes. (Pearson’s coefficient: 0.341, p<0.001). The mean AL was significantly
longer (p=0.013) in the cataractous eyes (mean =23.38 +=2.08 mm) of Group A(bilateral cataract) in the 7-12years
age group as compared to the bilaterally normal eyes (mean AL=22.57 £ 0.70mm) of patients in the same age group
in Group C. The mean AL of cataractous eyes in group B (unilateral cataract) (mean =22.46 4 1.73 mm) as compared
to the fellow normal eyes, (mean =21.87 +0.97 mm) was not statistically significant.

Conclusion: Cataractous eyes have an abnormal axial length development. The influence of media opacity due to
cataract on development of axial length in paediatric eyes in the North-East Indian population is variable, in line with
global data on the same. Although there is some influence of media opacity, the exact nature is not clearly under-
stood and may have a crucial interaction with genetic and other environmental factors. Genetic testing integrated
with biometric analysis is recommended for further understanding of the ocular growth and development.
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Introduction
Paediatric cataract accounts for 7.4—15.3% of cases of
childhood blindness [1, 2]. Khanna et al. found amblyopia
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and amblyopia was more common in congenital than
developmental cataract (93% vs 14.9%, p <0.001) [3].

Uncertainty, regarding selection of appropriate intra-
ocular lens (IOL) power is a very important limitation [4,
5] that seriously compromises the visual outcome. The
unpredictable development of post-surgical axial growth
in children probably triggered by the media opacity at
the time of development may contribute to poor visual
outcome.

Various hypothesis have been postulated on the prob-
able factors regulating the growth of the axial length (AL)
of the eye though the exact nature is yet to be explained.
The current understanding is based on the observations
from avian [6] and primate models [7]. Two school of
thoughts exist on what plays a major role in determina-
tion of AL. One group believe it to be majorly guided
by the media opacity and another believe it to be due to
genetic factors [8].

The effect of the media opacity on the AL of the grow-
ing human eye has been studied by the various authors
[9-12]. A majority of these studies have used ultrasound
biometry for calculation of AL. In the present study, we
have studied the influence of media opacity due to cata-
ract on the development of axial length in paediatric eyes
in a north-east Indian population, with the help of opti-
cal biometry (Carl Zeiss Meditech IOL Master), for a
more accurate measurement of AL. The effects of media
opacity on the AL of the eye, has been studied and the
findings compared with current literature, so as to deter-
mine the predominant factor regulating eye growth. This
knowledge can assist in more reliable prediction of AL
and IOL power calculation for a more satisfactory visual
outcome in paediatric cataract patients.

Materials and methods

This was a prospective, observational study that was con-
ducted after obtaining approval from Sri Sankaradeva
Nethralaya Institutional Ethics Committee and it adhered
to the Declaration of Helsinki. All consecutive cases,
over a 1 year period, attending the paediatric outpatient
department (OPD) of the institute underwent a compre-
hensive ocular and systemic evaluation. Out of these, all
cases having central cortical, zonular or central lenticu-
lar opacity and in which the disc and retina were hazily
visible on direct ophthalmoscopic examination, with the
other eye normal, were labelled as unilateral cataract. An
emmetropic eye without any media opacity was consid-
ered as a normal eye. Bilateral cataract was labelled when
both eyes had a zonular, central cortical or central lentic-
ular opacity providing a hazy view of the disc and retina.
Subjects who were not willing to participate, those with
any other ocular disease, history of trauma, ocular sur-
gery or any systemic diseases were excluded. Situations
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wherein optical biometry was not possible such as cases
with dense cataract, nystagmus, strabismus or patients
uncooperative or unable to fixate for optical biometry
measurements were excluded from the study. Informed
consent was taken in all cases from the parents/guard-
ians of the patients. Patients up to the age of 17years
were included in the study. One hundred seventy seven
patients who fulfilled the inclusion criteria were further
divided into the following three groups: Group A — Bilat-
eral cataract, Group B — Unilateral cataract with normal
fellow eye and Group C — Bilateral normal eyes. Eighty
eyes out of 158 eyes in group A and 79 eyes in group C,
each, were selected by systematic sampling method.

The selected eyes in group A and C each, were fur-
ther divided into 3 age groups-1-6years, 7-12years and
13-17years for age-based analysis.

In all patients, non-contact biometry, working in the
principle of partial coherence interferometry (Carl Zeiss
Meditech IOL Master) was used to measure the AL. ?(the
distance from the corneal vertex to the retinal pigment
epithelium). Optical measurements were taken before
any ocular examination that required eye contact or
application of drops, was done. The machine was regu-
larly calibrated against the ultra-high resolution 40Mhz
Grieshaber system which is an internal algorithm to
maintain the accuracy of measurement within +0.02 mm
or better. The instrument table, the head rest, and the
IOL Master were adjusted before each measurement, to
ensure that the child was seated in a relaxed and stable
position. The measurement procedure was explained
and the requirement for the patient’s head to remain in
a fixed position with no unnecessary eye movements
was also pointed out. Before taking the measurements,
the patients were asked to blink and then to focus on the
fixation light. It was also reaffirmed whether the fixa-
tion light was visible to the patient. The AL, keratometry
readings and predicted IOL power calculation was meas-
ured for both the eyes in each subject. For each eye, five
biometric measurements were acquired and average of
these five readings were considered for the study.

The biometric data was collected and entered into
Microsoft Excel 2013 (Redmond, WA, USA). Descrip-
tive statistical methods, together with 95% confidence
interval (CI), were used to assess the characteristics such
as AL and age. Independent samples t-test was used for
analysis of AL between the bilateral cataractous and bilat-
eral normal eyes. For unilateral cataracts, a paired ¢-test
was used to compare AL of the cataractous eye with the
non-cataractous fellow eye. Pearson correlation between
attributes with scatter plot displaying regression line was
depicted. IBM SPSS 20 and JMP 10 of SAS 9.3 was used
in data processing.
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Table 1 Group-wise distribution of Patients

Group No. of eyes

A Bilateral Cataract 80
1-6years 24
7-12years 49
13-17years 07

B Normal + Cataract 18+ 18
Bilateral Normal (Control Group) 79
1-6years 16
7-12years 47
13-17years 07
Total 177

Results

A total of 177 patients were involved in the study.80
cases in Group A (bilateral cataract), 18 cases in Group
B (unilateral cataract) and 79 in Group C (no cataracts)
(Table 1). The mean age in Group A was 8.13+3.32years
(range: 1-16years). The mean age in Group B was
7.33+£3.71years (range: 2-17years). The mean age
in Group C was 9.98+3.35years (range: 3—16years).
The mean age of the patients in all the groups was
8.88 £ 3.51 years (range: 1-17 years).

Mean Axial length in Group A was 22.95+2.26 mm.
The mean axial length of the cataractous eyes in Group
B was 22.46 + 1.73 mm and that of the fellow normal eyes
was 21.87 +0.97 mm. In Group C, mean axial length was
of the cataractous eyes was 22.54 4+ 0.84 mm (Table 2).

Comparison between age and axial length (Fig. 1)
Simple linear regression analysis with age as an inde-
pendent variable demonstrated a positive significant

Table 2 Showing Mean Axial Length (AL) and Standard
Deviation (SD) values given Eye-wise for each group

Group AL

A Bilateral Cataract Mean 22.66
SD 324
n 80

B Normal + Cataract Mean (of cataractous  22.46
eye)
SD 1.73
n 18

C Bilateral Control Mean 22.54
SD 0.84
n 79
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effect of age on increase in axial length in cataractous
eyes in the study, as demonstrated by the equation below.

AL = 21.12 4 0.22 * age, R?> =0.116,P < 0.01

Scatter plot of axial length and age showed a statisti-
cally significant relationship,with a 0.22mm increase
in axial length per year. (Pearson’s correlation co-effi-
cient=0.341, p<0.001). (Fig. 1).

Comparison between the Cataractous eyes of group

a and Normal eyes of group C

Age group 0-6years (Table 3)

The difference in the AL between the cataractous eye of
Group A (22.10+2.60mm, n=24) and normal eyes of
Group C (n=16, mean AL=22.34+0.84mm) was not
statistically significant (P=0.72).

Age group 7-12years: (Table 4)
The difference in the AL between the cataractous eye of
Group A (23.38+2.08mm, n=49) and normal eyes of
Group C (n=47, mean AL=22.57 £ 0.70 mm) was statis-
tically significant (P=0.013).

Age group 13-17years (Table 5)

The difference in the AL between the cataractous eye of
Group A (22.87+1.58mm, #=07) and normal eyes of
Group C (n=16, mean AL=22.644+1.00mm) was not
statistically significant (P =0.68).

Unilateral versus Normal fellow eyes in unilateral cataract
group (Table 6)

The difference in the AL between the cataractous eyes
(mean AL=2246+1.73; n=18) and the fellow eyes
(mean AL=21.87£0.97 mm; n=18) was not statistically
significant (P=0.80).

Comparison between mean AL of unilateral versus bilateral
Cataractous eyes

The difference between the mean AL of Group A
(22.95+2.26 mm, n=280) and Group B cataractous eyes
(22.46+1.73; n=18) was not statistically significant.
(»p=0.39).

Discussion

Numerous factors determine how the axial growth of the
eye behaves in paediatric eyes. Some of the factors which
have been known to be associated are age, general health
and growth, clarity of ocular media. Even more factors
seem to come into play in cases of paediatric cataracts,
such as child’s age at surgery, aphakia, pseudophakia, cat-
aract laterality, and visual deprivation [13-15].
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Fig. 1 Bivariate Scatter Plot of Axial length (AL) (mm) and Age (Years). The scatter plot demonstrates the positive correlation of axial length with age
in cataractous eyes.y=AL; x: age

Table 3 Comparing AL differences between Group A (Bilateral Cataract) and Group C (Bilateral Control). Ages 1-6 (Years)

Group n Mean SD Mean Difference SE Difference p-value
Group A 24 22.10 2.26 —0.25 069 072
Group C 16 22.35 1.07

NS Not Significant p>.05, SE Standard Error

Table 4 Comparing AL differences between Group A (Bilateral Cataract) and Group C (Bilateral Control). Ages 7-12 (Years)

Group n Mean sD Mean Difference SE Difference p-value
Group A 49 2338 2.07 0.81 032 001°
Group C 47 22.57 0.70

S Significant p>.05, SE Standard Error

Table 5 Comparing AL differences between Group A (Bilateral Cataract) and Group C (Bilateral Control). Ages 13-17 (Years)

Group n Mean sD Mean Difference SE Difference p-value
Group A 07 2287 158 0.23 0.54 0.68"°
Group C 16 22.64 1.00

NS Significant p >.05, SE Standard Error
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Table 6 Comparing difference in AL between Cataractous and Normal Eyes of each patient in Group B

Eye Mean sD Mean Difference SE mean p-value
Cataractous eyes (n=18) 2246 173 0.59 135 0.08"°
Non- Cataract (n=18) 21.87 0.97

NS Not Significant p > 0.05; SE Standard Error

The theories explaining the regulation of ocular growth
are diverse. The key premise amongst them is that ocu-
lar growth has mainly two components-the active com-
ponent, governed by the retinal image formation and
the passive component, controlled by genetic factors [8].
How exactly they control the axial growth, and which
component plays a major role is yet unanswered.

The role of retinal image formation has been widely
studied in animal as well as human subjects. The concept
is that the degradation in quality of retinal image (form
deprivation) or the alteration in focal point of image
(lens defocus) provides a feedback for adjustment of AL
and mechanical modelling of the eye [16]. Media opacity
compromises the image quality on the retina and results
in form deprivation [17]. Large alteration of retinal image
quality due to congenital cataract [17, 18], corneal opac-
ity [9, 19], vitreous haemorrhage [20], ptosis [21], and
other ocular diseases [22] might influence the growth
pattern of the paediatric eye. Regarding lens defocus,
a number of studies have been conducted in animals as
well as humans. In avian experiments, increased AL has
been noted after myopic defocus [6]. In animal models,
Smith III et al. found a decrease in AL in 5 out of 8 mon-
keys with hyperopic defocus [7]. In humans, Nickla et al.
found variable change in the AL with hyperopic defo-
cus depending on the time of the day [23]. Read et al.
demonstrated that a short hyperopic defocus resulted
in an increase in the AL and in a study conducted by
Chakraborty et al., the eye undergoing myopic defocus,
developed increase in AL [16, 24].

Axial length is expected to increase with age. Our study,
too, found a significantly positive correlation between
age and axial length in cataractous eyes,(p <0.01),with an
increase in 0.22mm axial length for every 1 year of age.
The cataractous eyes seem abnormal to begin with, and
appear to not follow the expected amount of progres-
sion with age, as is reported in case of normal eyes [25].
Consecutive biometric measurements of each case would
provide the exact relationship and progression of devel-
opment with age and can be explored in further stud-
ies. Our study also demonstrates that the mean AL was
significantly longer (p=0.013) in the cataractous eyes
(mean=23.38+2.08 mm) of Group A in the 7-12years
age group as compared to the bilaterally normal eyes
(mean AL=22.57+0.70mm) of patients in the same

age group in Group C. In the age groups 1-6years and
13-17years, respectively, there was no statistically sig-
nificant difference in the axial lengths between Group A
and group C patients. The process of emmetropisation
is most active around the age of 8years [8] and that may
possibly indicate as to why there was a significant differ-
ence in the AL values among group A and group C eyes
in the age group of 7-12years. The difference could sig-
nify the deviation occurring in the process of emmetro-
pisation in the cataractous eyes owing to either media
opacity or genetic factors.

The cataractous eyes in group B
(mean=22.46+1.73mm) had a longer mean axial
length as compared to the fellow normal eyes,
(mean=21.87+0.97 mm) although it was again, not sta-
tistically significant.

A lesser amount of retinal form deprivation is expected
in a case of unilateral cataract, and a resultant reduced
feedback for AL growth as compared to bilateral cata-
ractous eyes. A larger mean AL was noted in the bilat-
eral cataractous group (22.95+2.26 mm, #=280) in our
study, in comparison to the mean AL in the unilateral
cataractous group (mean AL=22.46£0.97), but was not
statistically significant (p=0.07), again questioning the
influence of media opacity.

Other reports that have compared the AL of the cata-
ractous eye against the AL of the fellow normal eye have
also found variable results. Capozzi et al. (USG biom-
etry) found a shorter AL in cases of bilateral congenital
cataract and no change in cases of unilateral congenital
cataracts [26]. Trivedi et al. (Biometry method not men-
tioned) reported longer AL in case of bilateral congenital
cataract than those with unilateral cataract in paediatric
patients younger than 60 months of age and a shorter AL
when compared to unilateral cataract paediatric patients
older than 60 months of age [27]. In a study by Lambert
et al,, cases of unilateral congenital cataract had a shorter
AL in comparison to the fellow eye [28].

In the previously mentioned studies, Capozzi et al. uti-
lised an ultrasonographic biometer whereas the biometry
method was not mentioned by Trivedi et al. and Lambert
et al. Other studies comparing the biometry characteris-
tics in paediatric cataract cases have also employed the
ultrasonic biometer for axial length measurement [1, 7,
8, 26, 29]. This technique being a contact procedure, can



Bhattacharjee et al. BMC Ophthalmol (2021) 21:374

give falsely shorter axial length readings, especially in
pediatric patients because of lower corneal and scleral
rigidity [16, 30]. The procurement of inaccurate measure-
ments is also higher due to lack of cooperation in paedi-
atric patients [30]. Optical biometry technique, employed
in our study, has been shown to provide contact-free
measurements, observer independence and high repro-
ducibility and accuracy over conventional ultrasound
[31].

The fluctuating nature of the above findings points
towards another school of thought regarding the growth
of the eyeball- the vast universe of genetics. Physiologi-
cally, the eye at birth is hypermetropic; the AL grows
as the child ages so as to reach an emmetropic state.
Emmetropization harmonizes the globe elongation,
with the optical power of the cornea and lens to reduce
refractive error [32]. The genetic regulation of refrac-
tion may be via the control of the process of emmetro-
pisation, to result in proportionate growth of the various
components of refraction [33].

AL loci using gene-based tests have been identified and
suggest that the growth of different parts of the eyeball
are regulated by different gene expression. Some genes
such as ZC3H11A, GJD2, and LAMA?2 show constant
changes in expression in different eye sections in the
same direction while other genes like RSPO1, C3orf26,
and ZNRF3 show variable directions of differential
expression. Compensatory changes in corneal curvature
or optical power with axial growth in order to balance
their effect on spherical equivalent, maybe regulated by
genes such as PSPO1 [34-37]. Apart from the studies on
specific genes related to the axial growth of the eyeball,
strong evidence of genetic influence on the axial length
has also been demonstrated by studies in twins [38, 39].
Dirani et al. also showed high heritability for AL in which
90% of the variance was accounted to be due to additive
and dominant genetic effects [40].

The results of our study, along with the review of the
various studies which have been done previously, show
conflicting results regarding the influence of media
opacity on AL, suggesting that media opacity has some
influence overall, the exact nature of which is not clearly
understood and may have a crucial interaction with
genetic and other environmental factors.

To the best of our knowledge, this study is a first of its
kind from the North-Eastern part of the country. Future
studies incorporating both, refractive and genetic testing
of children with cataract are required. The duration and
entity of the visual deprivation and amblyopia may influ-
ence biometric parameters, and keeping in mind a ten-
dency for delayed presentation of pediatric cataracts to a
tertiary institution, a thorough effort was made to estab-
lish the age of onset in every case, although objective
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records were not available. Quantification of the amblyo-
pia and its influence on the axial length was beyond the
scope of this study. Only patients with visually signifi-
cant media opacity in whom optical biometry readings
were possible were included in the study, adding to its
limitation.

In conclusion, results of our study on the influence of
media opacity amongst the pediatric cataractous eyes
of North East India, re-iterate the variable, somewhat
transient and subordinate influence of media opacity on
the development of AL, consistent with multiple studies
reported from different parts of the world; and calls for
in-depth studies involving genetic analysis for exploring
the interaction of genetic factors in the proportionate
development of AL and the various refractory compo-
nents, which might help us understand this process bet-
ter in the future.
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