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Objective: To determine the relationship between the preoperative axial length and the myopic 

shift over 3 years after congenital cataract surgery with primary intraocular lens implantation 

and other related factors. 

Methods: In this retrospective cohort study, the axial length was measured and assigned into 

2 groups (.21.5 mm and 21.5 mm), visual axis obscuration, laterality of cataract, age of 

surgery and follow-up time were assessed and compared to the myopic shift.

Results: The mean myopic shift was 3.6 (standard deviation [SD]: 2.3) diopters (D) in all 

patients; 3.2 (3.3) and 3.9 (3.2) D for each group respectively (p=0.359). In unilateral cataracts 

the mean myopic shift was 6.3 D and in bilateral cases was 3.0 D (p=0.001). In bilateral cataracts, 

the shift was 2.6 D (SD: 2.0) and 3.4 D (SD: 1.8), respectively (p=0.098).

Conclusion: There was no relationship between the initial axial length and the myopic shift 

in all patients. Unilateral cataracts had a greater myopic shift over 3 years.
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Introduction
In children, 10%–38% of blindness is caused by congenital cataract.1,2 Primary 

intraocular lens (IOL) implantation with primary posterior capsulorhexis and anterior 

vitrectomy in pediatric cataract has been the choice of surgical procedure since quite 

some time now in patients aged ,2 years.3 However, the age at which IOL needs to 

be implanted is still debatable especially due to its complications.4

How the presence of cataract, surgical removal of it and insertion of an IOL 

(pseudophakia) may affect the ocular growth, and its subsequent refractive change is 

poorly understood.5 Several factors such as time of surgery, aphakia, pseudophakia, 

laterality, visual deprivation and axial length have been reported to influence axial 

growth and visual prognosis.6–8 Several studies show much variability on how axial 

growth behaves in pseudophakic children after surgery.9–15

Regarding refractive change, most patients report an expected myopic shift from 

around -2.00 to -6.00 diopters (D)9,12,16,17 due to increased axial growth during the first 

3 years of life.14 Although the factors that are related to this refractive change have 

not been evaluated in detail, some studies suggest that eyes with a longer axial length 
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would have less axial growth after surgery and therefore 

less myopic shift.18

It is necessary to obtain a final refractive objective that 

leads or brings the child closer to emmetropia (ideal oph-

thalmological condition without the use of spectacles) in 

adulthood; as the pseudophakic eye of a young child grows, 

we anticipate a large myopic shift, therefore, the selection 

of an IOL power that results in a large hyperopic error in the 

immediate postoperative period is recommended,9,19,20 for 

which, the child would need to wear spectacles, but there is 

no consensus on how hyperopic the IOL should be.

Therefore, the objective of this study was to evaluate 

the relationship between pre operative axial length and the 

myopic shift; this would be useful to determine the ideal 

pseudophakic refractive target and the final visual state that 

could bring closer to emmetropia in adulthood. The second-

ary end point was to identify other possible factors that could 

be associated with greater myopic shift.

Materials and methods
Design and subjects
An analytical retrospective cohort study was performed. The 

medical records of patients who underwent congenital cata-

ract surgery with IOL implantation in the pediatric ophthal-

mology service at the National Institute of Ophthalmology 

of Peru during the period of 2007–2011 were reviewed.

Patients younger than 4 years who underwent cataract 

surgery with primary IOL implantation, primary posterior 

capsulorhexis and anterior vitrectomy were included. Patients 

who had cataracts of another etiology or other associated 

ocular pathology (persistent hyperplastic primary vitreous, 

congenital glaucoma, microcornea and retinopathy of pre-

maturity) were excluded.

The data on the variables of interest was collected from 

the clinical records of the Institute. Prior to surgery, all 

patients underwent keratometry measurements using the 

Retinomax handheld system (Nikon Instruments, Melville, 

NY, USA), and A-Scan ultrasound and B ultrasonography 

(Aviso; Quantel Medical, Bozeman, MT, USA) for axial 

length measurement and evaluation of the posterior pole, 

respectively, were performed by a skilled ophthalmologist 

in the operating room under general anesthesia.

Information on immediate refraction (spherical equiva-

lent in diopters) was taken after surgery (1–5 months) and 

after 3 years, and then the myopic shift was calculated at 

this time. In addition, the mean myopic shift was corre-

lated with the following variables: axial length (major and 

minor equal to 21.5 mm), visual axis obscuration (present 

or absent), cataract laterality (unilateral or bilateral), time 

of surgery (#12 years and .12 years) and total follow-up 

time (months).

The population was divided into 2 groups: patients 

with an axial length of .21.5 (group 1) and patients with 

an axial length of #21.5 mm (group 2). The mean myopic 

shift was estimated to be 2.5 D (standard deviation [SD]: 2) 

and 3.8 D (SD: 2) in group 1 and group 2, respectively. 

With this, a sample size of 76 patients was estimated, 

with a power of 80%, a 95% confidence interval and a 5% 

error. The sample was randomly selected (probabilistic 

sampling), and the sample unit was the operated eyes of 

congenital cataract.

Surgical procedure and IOL selection
All patients underwent general anesthesia. A clear corneal 

2.75  mm incision and side port paracentesis were made. 

Ophthalmic viscoelastic device (OVD) (sodium chondroitin 

sulfate 4.0%–sodium hyaluronate 3.0% Viscoat; Alcon Labo-

ratories, Inc., Fort Worth, TX, USA) was injected into the 

anterior segment, and anterior continuous curvilinear capsul-

orrhexis was done. Hydrodissection was performed by inject-

ing balanced salt solution (BSS) through a 30-gauge cannula 

into the peripheral cortex, and then the lens was aspirated by 

phacoaspiration through clear corneal side ports with Infiniti 

Ozil IP Vision System (Alcon Laboratories, Inc.) followed 

by the implantation of a 1 piece foldable hydrophobic IOL 

AcrySof IQ® SN60WF (Alcon Laboratories, Inc.) into the 

bag. Before IOL placement, a primary posterior capsulor-

hexis was performed, and anterior vitrectomy through the 

pars plana/plicata was done at the end of the surgery. Side 

port wounds were hydrated with BSS, and the main wound 

was closed with 10–0 nylon suture.

The IOL power was calculated based on the Haigis-L 

formula targeting a 9 D undercorrection for infants 3–6 months 

of age, a 7 D undercorrection for infants 7–12 months of 

age, a 5 D undercorrection for infants 1–2 years of age, a 

4 D undercorrection for infants 2–3 years of age and a 3 D 

undercorrection for infants 3–4 years of age.

Statistics
The description of the results was made using mean value 

as a measure of central tendency and SD as a measure of 

dispersion. Categorical variables were described using fre-

quency and percentage measures. Student’s t-test was used 

to compare the mean values of the variables and a regression 

analysis was performed. All analyses were performed using 

STATA 12 (StataCorp LP, College Station, TX, USA).
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Ethical considerations
The study complied with the Declaration of Helsinki. The 

ethics committee of the National Institute of Ophthalmology 

approved the study, and patient consent to review their 

medical records was not required. Confidentiality of patient 

identity was ensured.

Results
The total population was 370 patients. Of these, 80% had 

a diagnosis of interest and only 26% met the inclusion 

criteria with a total of 76 eyes from 46 patients. Of the total, 

43.2% were male the mean age of surgery was 25.3 months 

(SD: 16.5  months). The mean preoperative axial length 

was 21.2 mm (SD: 2.4 mm) and 56.6% had an axial length 

of ,21 mm; the average of the first refraction achieved was 

3.3 D (SD: 3.2 D), in 4.7 months (SD: 5.9 months), and the 

mean IOL implanted was 24.0 D (SD: 5.79).

In addition, the mean total postoperative follow-up time 

was 39.7 months (SD: 14.1 months); bilateral cataract was 

present in 82.9% of patients and visual axis obscuration in 

42% (Table 1).

The mean myopic shift at 3  years in all patients was 

3.6 D (SD: 2.3 D), but in group 1 it was 3.2 D (SD: 3.3) 

and in group 2 it was 3.9 D (SD: 3.2) (p=0.359). In bilateral 

cataracts, this shift was 2.6 D (SD: 2.0) and 3.4 D (SD: 1.8), 

respectively, in each group (p=0.098) (Tables 2 and 3). The 

mean follow-up time in bilateral cataracts was 38.9 months 

(SD: 12.9 months) with a mean myopic shift of 3.0 D, and 

it was 43.6 months (SD: 19.2 months) in unilateral cataracts 

with a mean myopic shift of 6.3 D (p=0.001) (Table 2). In 

this type of cataract, a greater myopic shift was observed in 

both groups (6.7 D [SD: 6.7] and 6.1 D [SD: 6.3], p=0.882) 

with a mean follow up time of 43.6 (SD: 19.2) months.

It was observed that the myopic shift had a tendency 

to have a direct relationship with the time after the surgery 

being 1.95 D (at 1–2 years), 3.46 D (at 2–3 years) and 3.84 D 

(at 3 years) (Figure 1).

In the regression analysis, no relationship between the 

myopic shift and the initial axial length was found in all the 

patients (R2=0.03; p=0.13), but a tendency to show a negative 

correlation was seen (Figure 2).

Discussion
During development, the axial length is continuously increas-

ing being much more in the first years of life; it is believed 

that the presence of cataract, removal of it or presence of 

IOL would affect this growth. This study included congenital 

cataracts with no other associated pathology in children 

younger than 4 years, which would be the period of greater 

ocular growth. The reason for choosing an axial length of 

21.5 mm was because Hussain et al21 findings in apparently 

normal children were 20 mm at 12 months of age and 21 mm 

at 4 years; in addition to this, Apaza et al22 found an average 

axial length of 21.4 mm in children younger than 5 years 

with congenital cataract.

There was no statistically significant relationship between 

initial axial length and myopic shift at 3 years (3.2 [3.3] vs 

3.9 [3.2] p=0.359) in all patients; however, in the bilateral 

cataract group, there was a tendency of greater myopic shift 

with smaller axial lengths (2.6 [2.0] vs 3.4 [1.8] p=0.098); 

no studies have analyzed these 2 variables, but there are 

some studies that analyze the ocular growth after the surgery 

with great variability of results.9–15 This trend would be in 

agreement with what was found by Trivedi and Wilson,18 

Table 1 Baseline characteristics (n=76)

Frequency (%)

Time of surgery .12 months 52 (68.4)
Male 33 (43.2)
Right eye 37 (48.7)
Preoperative axial length #21.5 mm 43 (56.6)
Visual axis obscuration 32 (42.1)
Bilateral cataract 63 (82.9)

Table 2 Relationship between axial length and others factors 
associated with average myopic shift (diopters) in children with 
pseudophakia (n=76)

Mean (SD) p-value

Time of surgery (months) 0.988
12 months, n=24 (31.6%) 3.6 (2.4)
12 months, n=52 (68.4%) 3.6 (3.6)

Preoperative axial length (mm) 0.359
.21.5, n=33 (43.4%) 3.2 (3.3)
#21.5, n=43 (56.6%) 3.9 (3.2)

Visual axis obscuration 0.901
No, n=44 (57.9%) 3.5 (3.2)
Yes, n=32 (42.1%) 3.6 (3.4)

Laterality of the cataract 0.001
Bilateral, n=63 (82.9%) 3.0 (1.9)
Unilateral, n=13 (17.1%) 6.3 (6.2)

Table 3 Mean myopic shift in children with pseudophakia and 
bilateral cataracts (n=63)

Mean (SD) p-value

Time of surgery (months) 0.432
12 months, n=21 (33.3%) 3.3 (1.8)
12 months, n=42 (66.7%) 2.9 (2.0)

Preoperative axial length (mm) 0.098
.21.5, n=28 (44.4%) 2.6 (2.0)
#21.5, n=35 (55.6%) 3.4 (1.8)

Visual axis obscuration 0.763
No, n=35 (55.6%) 3.0 (2.0)
Yes, n=28 (44.4%) 3.1 (1.8)
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which suggested that eyes with a longer axial length would 

have less growth after surgery. However, many studies do 

not show any changes in axial growth after surgery. Griener 

et al23 found less axial growth. Hutchinson et al24 and Hussin 

and Markham14 did not find this relationship.

In our study, there was a significant relationship with 

the laterality of cataract and myopic shift, with unilateral 

cataracts being the group with the greatest myopic shift at 

3 years. This finding also coincides with those of Hoevenaars 

et al,25 Kora et al26 and Vasavada et al,27 who found greater 

axial growth in unilateral cataracts. Kim et al28 found a greater 

myopic change in amblyopic eyes.

There were no differences in relation to the time of the 

surgery; however, many authors show the greatest myopic 

shift in the first years of life. The studies carried out by 

Nischal et al,29 Crouch et al,17 Inatomi et al,12 Lambert 

et al15 and Hoevenaars et al25 showed that there is a greater 

myopic shift in patients younger than 2 years. In our study, 

the patients were ,4 years old, so there was no comparison 

with older patients; in addition, pathologies associated with 

other causes of opacity were excluded.

In this study, there was no relationship with visual axis 

obscuration since in all cases the visual axis was surgically 

cleared in the first months of being established. Some argue 

that the visual deprivation due to the visual axis obscura-

tion would increase myopic shift.27 Our mean myopic shift 

was 3.6 D at 3 years, and the results are similar to several 

studies.29 In addition, it was also observed that the longer the 

follow-up time, the myopic shift increased, being greater in 

the first 2–3 years of life and then decreasing after this age; 

this is also evident in other studies,17,29 since this is the age 

of greatest axial growth in the child.

It is important to note that this is the only study that has 

sought to relate preoperative axial length and myopic shift, 

and other variables such as unilaterality have been found to 

be related to greater myopic shift. This will help us get closer 

to having a better IOL prediction to place in these patients. 

This is a great strength of this study despite the variability in 

the refraction data due to the fact that it had several operators 

during its measurement and could have some influence in 

the final results of the study.

Conclusion
It is necessary to have tools that help us predict a better 

postoperative refraction and to choose an IOL, which could 

lead the child to emmetropia as close as possible.

There was no relationship between the myopic shift and 

the initial axial length in all the patients, but in the bilateral 

cataract group, a tendency to greater myopic shift with 

smaller axial lengths was found; hence, this variable should 

be investigated more in this group.

Finally, it was concluded that laterality is a useful variable in 

predicting myopic shift, and hence, a more hyperopic refractive 

target in children with unilateral cataracts is recommended.

Disclosure
The authors report no conflicts of interest in this work.
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