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Abstract
Background Some pseudophakic patients implanted with a
monofocal intraocular lens (IOL) have good near visual acuity
(VA) with their distance correction. The objective was to eval-
uate the prevalence of pseudo-accommodation in children af-
ter bilateral cataract surgery, without amblyopia, and to define
its mechanisms.
Methods Observational study that took place in a pediatric
ophthalmology department, Paris, France. A total of 68 eyes
were included, 40 from 23 children and 28 from 14 adults,
with a corrected distance VA above 20/25 and a normal near
VA (20/25) with +3 addition. Pseudo-accommodation was
defined as a near VA better than 20/50 with the distance cor-
rection and without addition. Prevalence of pseudo-
accommodation was calculated in each group. In order to
de te rmine the poss ib le mechanisms of pseudo-
accommodation in children, we compared children with
pseudo-accommodation and adults without pseudo-
accommodation regarding several parameters: refraction, axi-
al length, corneal topography, aberrometry, pupillary diameter
and IOL shift after cyclopentolate instillation.
Results Among the children group, 36 (90 %) had pseudo-
accommodation versus 2 (7 %) in the adult group. We found
that spherical equivalent, implant power, corneal multifocality
and corneal higher-order aberrations (mainly coma and trefoil)
were significantly higher in the pseudo-accommodation
group, while pupil diameter and implant shift were not signif-
icantly different.

Conclusions Pseudo-accommodation has a high prevalence
among non-amblyopic pseudophakic children. Several possi-
ble mechanisms have been found to explain pseudo-
accommodation in children: a high power of the IOL and a
small axial length, maximizing the effect of the IOL shift,
corneal multifocality and corneal higher-order aberrations.
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Introduction

Some pseudophakic patients implanted with a monofocal in-
traocular lens (IOL) have good visual acuity (VA) at near and
far with their distance correction. This phenomenon has been
called Bpseudo-accommodation^ [1, 2]. The ocular parameters
described to explain this apparent accommodation include
astigmatism [3], pupil diameter [1, 4, 5], axial length [5],
corneal multifocality [2] and aberrations [6], and myopia in-
duced by the forward movement of the lens [5].

The importance of pseudo-accommodation decreases with
age [7] and only 9 % of adults implanted with a monofocal
lens have an uncorrected VA of 20/40 or better at distance and
near [4]. This phenomenon seems to be more frequent in chil-
dren, as shown in a recent study: 75 % of children who
underwent bilateral cataract surgery had VA near and at dis-
tance greater than 20/40 without correction [8]. However, no
study has tested the VAwith solely distance correction, which
seems interesting in order to assess the pseudophakic accom-
modation itself.

Furthermore, while mechanisms explaining the pseudo-
accommodation have been fairly well studied in adults, this
has not been the case in children [1–6].
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Our first objective was to study the prevalence of pseudo-
accommodation in pseudophakic children and pseudophakic
adults in order to confirm its high prevalence in children com-
pared to adults. The second objective was to understand the
possible mechanisms of pseudo-accommodation in children,
by comparing a children group with pseudo-accommodation
and an adult group without pseudo-accommodation according
to various clinical and paraclinical parameters.

Materials and methods

The study was retrospective and observational. It was ap-
proved by the institutional review board of our institution
(Comité de Protection des Personnes Pitié-Salpêtrière, notice
reference: CPP/132-13). Informed consent documents were
signed by the parents of each patient.

The pediatric population was selected from a cohort of 88
children who underwent bilateral congenital or juvenile cata-
ract surgery at the Fondation Ophtalmologique Adolphe de
Rothschild between 2001 and 2014. We chose to select only
bilateral cataracts in order to avoid as much as possible am-
blyopia, which is more common in unilateral cataracts [9–11].
The inclusion criteria were: children over 6 years at the time of
examination, with a bilateral cataract operated on at least
6 months previously, with a corrected distance VA over 20/
25 and a near VA of 20/25 with +3 addition. The surgery was
performed by one of three surgeons (PLM, CE, PD). It
consisted of clear corneal incision, anterior capsulorhexis, lens
aspiration, posterior capsulotomy, anterior vitrectomy and im-
plantation of an acrylic hydrophobic monofocal IOL in the
posterior chamber. The IOL model was the surgeon’s choice.
The power of the IOL was chosen after axial length (B-scan
ultrasound) and keratometry measurements (Retinomax,
Nikon®). The postoperative refractive target was hyperopia
until 4 years and emmetropia after this age [12]. SRK T and
Holladay formulas were used for IOL lens power calculation.
Exclusion criteria were: per-operative and post-operative
complications such as glaucoma, IOL shift, secondary prolif-
eration or retinal detachment. Post-traumatic cataracts, uveitic
cataracts and association with other ocular malformations (an-
terior segment dysgenesis, microphthalmia, persistent fetal
vasculature) were not included.

The adult population was selected from a cohort of 140
patients older than 60 who had undergone surgery for bilateral
age-related cataracts 6 to 12 months before. The intervention
consisted of a standard phacoemulsification and placement of
an acrylic hydrophobic monofocal IOL. Post-operative
corrected distance VA had to be greater than 20/25 and near
VA at 20/25.

For each patient included, medical history was noted as
follows: age at the time of the study, age at surgery, preoper-
ative axial length, preoperative mean keratometry (Km) and

power and type of IOL implanted. All patients had measures
of refraction (sphere, cylinder and spherical equivalent),
corrected distance VA, near VAwith distance correction, with
and without a +3 addition, and slit-lamp biomicroscopy. The
conditions of VA measurement were similar for all patients:
Distance correction was measured objectively with an
autorefractometer (Tonoref II®, Nidek) without dilatation.
We tried to improve visual acuity at distance by adding
+0.50 or −0.50. We kept the refraction corresponding to the
best visual acuity at distance. The test at near distance was
done with this same correction. The visual acuity at near dis-
tance was measured in the same conditions for all patients,
children and adults. The optotype test chosen was the
Parinaud scale, which is the most used text in France. The
reading distance was measured at each exam at 35 cm with a
ruler. Luminosity was the same. Those measures were per-
formed by two examiners aware of the study objective. A
series of additional tests was performed: axial length measure-
ment (AL-Scan®, Nidek), corneal topography (ORB-Scan
III®, Technolas), aberrometry (OPD-Scan II®, Nidek), pupil-
lary diameter measurement (OPD-Scan II®, Nidek) and spec-
tral domain optical coherence tomography (SD-OCT) of the
anterior segment measuring the anterior chamber depth (OCT-
Visante®, Zeiss). This measure was defined with a segment
perpendicular to the IOL, passing through its center, from the
anterior face of the IOL to the corneal endothelium. Three
drops of cyclopentolate 0.5 % (Skiacol®, Alcon
Laboratories) were then instilled into both eyes at 5-min inter-
vals. Forty-five minutes later, measurement of near VA with
distance correction was performed in the same conditions,
with and without addition and a new depth chamber measure-
ment with SD-OCTwas performed under cyclopentolate. The
shift of the implant between the two measurements was
calculated.

Pseudo-accommodation was defined by a near VA mea-
sured with distance correction without addition of 20/50 or
better. The 20/50 cut-off (P4 on scale) was chosen because
the characters in textbooks and other books for children are
equivalent to 20/80 or 20/100, but generally not less than 20/
50. This threshold permitted a child to read optotypes easily in
school books. The age of the children group was above
6 years, permitting assessment of the good feasibility of the
reading test. If the patient could not read better than 20/50, the
best near VA was measured. The group of children with
pseudo-accommodation and the group of adults without
pseudo-accommodation were compared on anamnestic fac-
tors (age, age at surgery, IOL power), spherical equivalent,
axial length, pupillary diameter, minimal, maximal and mean
keratometry (Kmin, Kmax, Km), multifocal corneal index
(SimK), and corneal wavefront aberrations: total aberrations
root mean square (RMS), higher order aberrations (HOAs)
RMS, coma RMS, trefoil RMS, spherical aberration RMS,
and Q factor. Results are given as mean ± standard deviation.
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Statistical analyses were based on the Levene test for normal-
ity and homogeneity of variance, and the nonparametric t test
(Wilcoxon test). p values less than 0.05 were considered as
significant.

Results

Patient characteristics

A total of 29 children were re-examined between November
2013 and March 2014. Twenty-three children (40 eyes) aged
9.8 ± 2.9 years fulfilled the study criteria and were included.
They had undergone bilateral congenital or juvenile cataract
surgery at the age of 3.6 ± 2.5 years. Distance VAwas 20/20 in
85 % of the eyes.

The adults group consisted of 28 eyes of 14 patients aged
75.3 ± 7.6, examined 6 to 12 months after cataract surgery.
Corrected distance VAwas 20/20 for 82 % of them.

Patient characteristics are summarized in Table 1.

Prevalence of pseudo-accommodation in each group

In children, 36 of 40 eyes (90 %) had near VA of 20/50 or
better with distance correction and without addition. After
cycloplegia with cyclopentolate, among these 36 eyes, 23
(64 %) could still read 20/50 or better without addition. For
the 4 eyes without pseudo-accommodation, near VA was 20/
63 or 20/80.

In adults, 2 of 28 eyes (7 %) had near VA of 20/50 or better
with distance correction and without addition. For the 26
others eyes, near VAwas less than 20/100.

Possible mechanisms of pseudo-accommodation
in children

The comparison of the two groups, Bwith pseudo-accommo-
dation^ (children, 36 eyes) and Bwithout pseudo-accommoda-
tion^ (adults, 26 eyes), exhibited several significant differ-
ences (Table 2).

The IOL power was significantly higher in the group with
pseudo-accommodation (25.0 ± 3.5 D) than in the group with-
out pseudo-accommodation (20.3 ± 3.6 D; p < 0.0001). The
axial length was lower in the group with pseudo-
accommodation (23.05 ± 1.21 mm) than in the group without
pseudo-accommodation (24.10 ± 1.93 mm; p = 0.01).
Furthermore, the type of IOL implanted was different:
SN60WF and Asphina 509 M, which are aspherical IOLs, in
adults, and SN60AT, SA60AT and MA60AC, which are
spherical IOLs, in children.

Concerning refractive parameters, spherical equivalent,
cylinder and sphere were significantly higher in absolute value
in the group with pseudo-accommodation (p < 0.001).
Astigmatism was within the rule in 72 % of eyes with
pseudo-accommodation and in 10 % of eyes without
pseudo-accommodation (p < 0.001). It was against the rule
in 8 % of eyes with pseudo-accommodation and in 46 % of
eyes without pseudo-accommodation (p < 0.05). Minimal and
mean keratometry were steeper in the group without pseudo-
accommodation (p = 0.007).

Concerning aberrometric parameters, SimK and Q factor,
two indexes of corneal multifocality, were higher in the group
with pseudo-accommodation (p < 0.007). In addition, the total
aberration RMS, as well as HOAs RMS, trefoil RMS and
coma RMS were significantly higher in the group with
pseudo-accommodation (p < 0.0001). There was no signifi-
cant difference concerning spherical aberration (Fig. 1).

Lastly, there was no significant difference for IOL shift and
pupil diameter.

Discussion

In our study, the prevalence of pseudo-accommodation was
higher in children than in adults. In the same conditions and
with the same corrected distance VA, only 7 % of adults had
pseudo-accommodation versus 90 % in children. Few data
exist on the prevalence of the phenomenon of pseudo-
accommodation in adults. Nanavaty et al. [4] mentioned a
prevalence of 9 % of patients with distance and near VA great-
er than or equal to 20/40 in a series of 100 patients implanted
with a monofocal lens. Concerning children, only Nihalani
et al. [8] studied the prevalence of the phenomenon. In their
study, among the children who underwent bilateral congenital
cataract surgery, 75 % had uncorrected distance and near VA
over 20/40. Several reasons can explain the higher prevalence

Table 1 Patients characteristics (IOL: intraocular lens)

Children Adults

Number of patients 23 14

Number of eyes 40 28

Mean age at study (years) 9.8 ± 2.9 75.3 ± 7.6

Mean age at surgery (years) 3.6 ± 2.5 74.3 ± 7.6

Mean preoperative axial length (mm) 20.9 ± 2.1 24.0 ± 1.9

Mean preoperative keratometry (D) 43.8 ± 2.2 44.8 ± 2.1

Type of IOL

SA60AT 31 eyes 0 eyes

SN60AT 6 eyes 0 eyes

MA60AC 3 eyes 0 eyes

SN60WF 0 eyes 23 eyes

Asphina 509 M 0 eyes 5 eyes

Mean power of IOL (D) 25.2 ± 3.6 20.4 ± 3.6
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of pseudo-accommodation in our study: amblyopia was ex-
cluded, 20/50 was chosen as cut-off and the testing conditions
were different as patients were corrected for distance vision.

Interestingly, some patients (64 %) kept their pseudo-
accommodation after cycloplegia. Pupillary diameter varia-
tions and IOL shift, therefore, cannot entirely explain their

capacity to see well at near distance. Others factors, such as
corneal multifocality or corneal aberrations, may play a role.

Comparing the two groups, Bwith pseudo-accommodation^
and Bwithout pseudo-accommodation^, we found several sta-
tistically significant factors, which may explain part of the
mechanism of pseudo-accommodation.

First, IOL power was significantly larger and axial length
smaller in the group with pseudo-accommodation. Yet, we
know that the effect of IOL shift on the amplitude of accom-
modation depends on the IOL power and axial length [5]. In
fact, for a given IOL shift, the greater the IOL power, the
greater the amplitude of pseudo-accommodation. Then,
even if IOL shift was not significantly different in the two
groups, a similar shift would produce a more accommoda-
tive effect with an IOL of 25D than with an IOL of 20D. We
canno t exc lude the fac t tha t some va lues were
underestimated by imperfect cooperation of the patient
when asked to look at near distances to measure the accom-
modative state, especially in children. We did not use pilo-
carpine for practical reasons because it would have required
a second visit. For the measurements, we chose to use the
anterior segment OCT, a non-contact method known as re-
liable for measuring the anterior chamber depth [13, 14].
Our results for the mean IOL shift between distance and

Table 2 Comparison between
the children group with pseudo-
accommodation and the adult
group without pseudo-
accommodation (BCVA: Best
corrected visual acuity; VA:
visual acuity, RMS: root mean
square, HOAs: higher-order
aberrations, SA: spherical
aberrations, IOL: intraocular lens,
K: Keratometry, NS: non-
significant)

Children with pseudo-
accommodation

Adults without pseudo-
accommodation

p

n 36 26

BCVA (logMAR) at distance 0.011 ± 0.03 0.004 ± 0.02 NS

VA at near without addition
(logMAR)

−0.44 ± 0.05 −0.82 ± 0.12 p < 0.0001

Age (years) 9.8 ± 3.0 75.8 ± 7.6 p < 0.0001

Age at surgery (years) 3.6 ± 2.6 74.9 ± 7.6 p < 0.0001

IOL power (D) 25.0 ± 3.5 20.3 ± 3.6 p < 0.0001

Sphere (D) −1.26 ± 2.60 0.08 ± 0.85 p = 0.01

Cylinder (D) −1.74 ± 0.82 −0.88 ± 0.43 p < 0.0001

Spherical equivalent (D) −2.11 ± 2.55 −0.36 ± 0.88 p = 0.001

Axial Lenght (mm) 23.05 ± 1.21 24.1 ± 1.9 p = 0.01

Kmax (D) 44.0 ± 2.25 44.9 ± 1.9 NS

Kmin (D) 42.1 ± 2.07 44.2 ± 2.0 p = 0.0002

Km (D) 43.06 ± 2.10 44.5 ± 1.9 p = 0.007

SimK (D) 1.83 ± 1.0 0.64 ± 0.46 p < 0.0001

Q Factor (D) −0.31 ± 0.26 −0.14 ± 0.150 p = 0.007

Total RMS (μm) 2.128 ± 1.291 0.923 ± 0.415 p < 0.0001

HOAs RMS (μm) 0.545 ± 0.253 0.328 ± 0.170 p = 0.0003

Coma RMS (μm) 0.268 ± 0.150 0.194 ± 0.135 p = 0.05

Trefoil RMS (μm) 0.372 ± 0.218 0.188 ± 0.130 p = 0.0003

SA RMS (μm) 0.151 ± 0.093 0.111 ± 0.074 NS

IOL shift (mm) 0.049 ± 0.045 0.032 ± 0.072 NS

Pupillary diameter (mm) 3.62 ± 0.81 3.35 ± 0.51 NS

Fig. 1 Corneal aberrations in the two groups (RMS: root mean square,
HOAs: higher-order aberrations, SA: spherical aberrations; * = p < 0.05;
*** = p < 0.001)
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near vision (41 ± 58 μm forward) were not different from
those found in the literature [15, 16]. Most authors agree
that this movement plays a minimal role in the pseudo-ac-
commodation, which is consistent with our results [17–19].
In children, only Lesiewska Junk et al. [20] were able to find
a positive correlation between the movement of the IOL and
the amplitude of pseudo-accommodation; however, anterior
chamber depth was measured by B ultrasound with the co-
operation of the child, without the use of cycloplegia.

We did not find any significant difference of pupil diame-
ter, but this is probably due to the age difference between both
groups, as there is an induced miosis with age [21]. However,
the reduction of pupil diameter for near vision is likely one of
the mechanisms of pseudo-accommodation, by creating an
increase of depth of focus, as shown by Nakazawa and
Ohtsuki [1]. Moreover, we found that 36 % of the children
who initially had pseudo-accommodation lost it after
cyclopentolate, maybe because of the induced pupillary
dilatation.

Lowmyopia with myopic astigmatism is known to provide
good distance and near vision [3, 22, 23]. Although significant
in our study, the differences found for spherical equivalent and
astigmatism appear to play a minor role in the mechanisms of
pseudo-accommodation, as patients were actually always test-
ed with their distance correction. We attribute these differ-
ences to significant confounding factors, since in early child-
hood surgery, emmetropia is rarely achieved postoperatively,
unlike in adults.

Finally, we showed that corneal multifocality was higher
in the group with pseudo-accommodation, when measured
with both Q factor and SimK. Corneal multifocality plays a
role in the mechanism of pseudo-accommodation, as al-
ready shown by Fukuyama et al. [2] Oshika et al. [6] also
found a significant correlation between apparent pseudo-
accommodation and corneal multifocality, determined via
topography by calculating the corneal refractive gradient
(difference between Kmin and Kmax).

We also studied the role of corneal aberrations in pseudo-
accommodation. Coma and trefoil were significantly higher
in the group with pseudo-accommodation, unlike corneal
spherical aberrations. Higher-order aberrations are known
to play a role in pseudo-accommodation [24, 25]. Oshika
et al. [6] also found a significant positive correlation be-
tween corneal coma aberration and pseudo-accommoda-
tion, but no correlation for spherical aberrations. Similarly,
for Nishi et al. [26], a significant number of total comas with
a low number of total spherical aberrations contribute to a
larger amplitude of pseudo-accommodation. We did not
find a significant difference for spherical aberration, maybe
because of the type of IOL used in each group. Indeed,
children received a spherical IOL and adults, an aspherical
IOL. This may have been a confounding factor for our result
concerning spherical aberration in each group.

The reason why coma and trefoil corneal aberrations ap-
pear to be more common in children than in adults after sur-
gery remains unclear. According to Brunette et al. [27], the
increase of corneal aberrations with age is not linear; the RMS
error as a function of age was modeled by a second-order
polynomial regression. It decreased progressively through
childhood, adolescence and early adulthood, reached a mini-
mum level during the fourth decade of life, then increased
progressively with age, until age 82 [3]. Corneal aberrations,
therefore, seem to be comparable in young children and senior
adults. Furthermore, it is known that corneal aberrations in-
crease after cataract surgery, due to keratotomy [28, 29]. Iseli
et al. [30] showed that after cataract surgery with implantation,
vertical and horizontal corneal coma and corneal spherical
aberrations were significantly increased compared to normal
eyes. However, because of a larger corneal incision and a
more flexible cornea than in adults, it can be assumed that
induced corneal aberrations are more important in children.
Thus, overall, higher-order corneal aberrations, especially co-
ma and trefoil, are more important in children after cataract
surgery and could contribute to their pseudo-accommodation.

We found several confounders and bias that may have in-
fluenced the results. First, prevalence results are likely to be
overestimated (90 %) in children because we chose to select
only patients with good visual acuity at near and distance.
Moreover, two examiners aware of the study objective, creat-
ing a measuring bias, performed visual acuity measurements.
Finally, values concerning possible mechanisms were com-
pared between the Bpseudo-accommodation^ group of chil-
dren and the Bnon-accommodation^ group of adults. The age
is a confounding factor. We couldn’t compare children with
pseudo-accommodation and without pseudo-accommodation
because of too small a sample in the group without pseudo-
accommodation.

Conclusion

Pseudo-accommodation in pseudophakic children has a re-
markably high prevalence among non-amblyopic
pseudophakic children. Several possible mechanisms contrib-
uting to pseudo-accommodation in children have been found:
a high power of the IOL and a small axial length, maximizing
the effect of the IOL shift, corneal multifocality and corneal
higher-order aberrations, mainly coma and trefoil.

These results suggest that the optical correction of a
pseudophakic child should be adapted to the degree of
pseudo-accommodation and may not always include a 3-
diopter addition, as is usually the case.

Several questions remain and would benefit from further
longitudinal studies: What is the benefit of monofocal IOL
compared with multifocal, and what will be the evolution of
this pseudo-accommodation with age?
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