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Purpose: Secondary glaucoma following childhood cataract surgery remains the most common complication in the paediatric 
population. This study aimed to determine the incidence, time to progression and risk factors associated with the development of 
secondary glaucoma following childhood cataract surgery in a paediatric population. Outcome measures were the detection of 
secondary glaucoma, postoperative time frame to development of glaucoma and risk factors in its development.
Patients and Methods: A retrospective case series was conducted between 2003 and 2017 at a tertiary children’s hospital in Sydney. 
The patient population included those 16 years or less of age who underwent congenital cataract extraction, with or without an 
intraocular lens implantation and who had been followed up for a minimum of six months following surgery. Patients were excluded if 
they had cataract aetiology other than congenital idiopathic cataract. Multivariate Cox Regression analysis was used to determine 
relevant risk factors.
Results: A total of 320 eyes in 216 patients were included in the study. Secondary glaucoma developed in 11.9% of eyes. In those that 
developed secondary glaucoma, the average time to onset from surgery was 3.2 years (median 2.75 years). The mean age of diagnosis 
of secondary glaucoma was 4.58 years (median 3.5 years, range 2.5 months to 13.23 years). Microcornea was the only adverse 
characteristic significantly associated with an increased risk of secondary glaucoma (HR 6.30, p 0.003).
Conclusion: Despite modern surgical techniques, glaucoma remains a significant long-term sequela in children following cataract 
surgery.
Keywords: secondary glaucoma, paediatric, childhood cataract surgery, glaucoma following cataract surgery

Introduction
Glaucoma following cataract surgery (GFCS, previously termed aphakic and/or pseudophakic glaucoma) remains the 
most common complication of cataract surgery in the paediatric population.1 The significance of the clinical problem has 
been recognised by the Childhood Glaucoma Research Network and the World Glaucoma Association who have 
allocated this form of secondary childhood glaucoma a separate classification category.2,3 A number of studies have 
investigated the incidence, risk factors and management options associated with secondary glaucoma in the post-cataract 
paediatric patient. The rate of secondary glaucoma varies widely, with a range reported between 2% and 59%4–18 

depending on criteria used to define glaucoma, the age range examined, laterality and surgical technique.
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Younger surgical age is a well-recognised predictor for development of secondary glaucoma with those operated on 
prior to the age of 9 months suggested to be up to 7.2 times more likely to develop secondary glaucoma.16,19 Other 
factors, both favourable and unfavourable, have been proposed. Inter-study variability exists for the protective associa-
tion of primary intraocular lens (IOL) implantation, as well as the increased risk for baseline characteristics such as 
microcornea, microphthalmos and persistent fetal vasculature (PFV).6,7,20–22

GFCS remains insidious in onset and continues to present well after initial surgery. It is difficult to manage, often 
requiring multiple treatment regimens over time.6,8,13,23 For these reasons, surveillance following childhood cataract 
surgery occurring early and being lifelong, is a consistently drawn conclusion within the literature.

Proposed mechanisms in the pathogenesis of GFCS include trabecular meshwork obstruction by various mechanisms, 
post-operative steroid use, a reduction in the diameter of Schlemm’s canal and anterior chamber angle 
narrowing.4,5,8,12,18,24–26 Late-stage open-angle glaucoma now accounts for the vast majority of cases in both aphakic 
and pseudophakic patients,1,4,6,11,27 with the introduction of modern surgical techniques greatly reducing the rate of angle 
closure glaucoma.11,28

The aim of this study was to determine the incidence, time to progression and risk factors associated with the 
development of GFCS in a real-world paediatric clinic setting.

Patients and Methods
A retrospective case series was carried out from the Children’s Hospital at Westmead a tertiary ophthalmology 
department in Australia. It reviewed outcomes from a multi-surgeon, paediatric cataract cohort undergoing unilateral 
or bilateral surgery between 2003 and 2017. The study was conducted in accordance with the recommendations of the 
Declaration of Helsinki and was approved by the Sydney Children’s Hospital Network Human Research Ethics 
Committee. The approval was for the review of nominated medical records, with patient consent waived due to review 
of patient notes only, with no contact with patients, parents/guardians or other family members, as part of the approval 
adhered to.

Medical records of patients aged 16 years or younger who had congenital cataract extraction, with or without an 
intraocular lens implantation, and who had been followed up for a minimum of six months following surgery, were 
included. Patients were excluded if they had cataract aetiology other than congenital idiopathic cataract, other ocular 
pathology associated with glaucoma, retinopathy of prematurity, congenital glaucoma and prior ocular surgery outside of 
cataract extraction. Follow-up data was obtained from The Children’s Hospital at Westmead and correspondence from 
associated treating ophthalmologists.

Consecutive patient records with the appropriate inclusion criteria were identified and files reviewed for data 
including gender, date of birth, eye(s) operated on, date of surgery, last date of follow-up, family history, microcornea, 
persistent fetal vasculature (PFV), genetic or syndromic anomalies, primary capsulotomy with anterior vitrectomy and 
secondary membrane management. Cases were also separated into refractive outcome, defined as aphakic, primary 
intraocular lens (IOL) implantation or secondary IOL implantation. Information regarding the morphological classifica-
tion of the cataracts was not consistently reported and therefore excluded from the analysis.

The primary outcome measure was incidence of glaucoma following cataract surgery, sub-categorised into glaucoma 
and glaucoma suspect. Secondary outcome measures were time to develop secondary glaucoma, measured from the 
surgical procedure to diagnosis; and identifiable risk factors in the development of secondary glaucoma. For secondary 
outcome measures, secondary glaucoma was considered in isolation of glaucoma suspect, as the date of diagnosis of 
glaucoma suspect was often difficult to determine from file review.

Definitions
Patients were defined as glaucoma or glaucoma suspect by the Childhood Glaucoma Research Network (CGRN) criteria 
where possible.29 However, there were several patients included in the study who had been diagnosed prior to these 
criteria being developed in 2013, and were therefore diagnosed on the basis of the clinician’s decision to treat. Most 
diagnoses of glaucoma suspect were based on review of the patient file, with the patient meeting CGRN criteria.29 

A glaucoma-related adverse event was defined as the occurrence of either glaucoma or glaucoma suspect.
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Technical Aspects
Intraocular pressure (IOP) was measured in outpatient clinic using an iCare tonometer (iCare tonometer Helsinki, 
Finland) or in the operating theatre at anaesthetic induction with a Perkins hand-held tonometer (Clement Clark, Haag- 
Streit, Essex, UK). Ten surgeons operated on patients over this time period. The type of surgery was categorised as either 
primary lensectomy, primary IOL implantation or secondary IOL implantation. If a patient did not develop glaucoma 
between initial lens extraction and secondary IOL implantation and had cataract surgery equal or greater than 6 months 
after primary lensectomy, the patient was included in the secondary IOL implantation category.

Statistical Analysis
Statistical analysis was undertaken using Statistical Package for the Social Sciences (SPSS) software. Descriptive 
statistics were determined for the baseline characteristics of participants with occurrence of both glaucoma and glaucoma 
suspect (see Table 1). Cox Proportional Hazards Regression modelling was employed to investigate joint effects of 
variables on the time to development of secondary glaucoma. Univariate and bivariate models were built, with variables 

Table 1 Baseline Characteristics and Occurrence of Glaucoma

Total Glaucoma 
Suspect

Glaucoma

Eyes 320 30 (9%) 38 (12%)

Gender

Male 164 (51%) 19 (12%) 21 (13%)

Female 156 (49%) 11 (7%) 17 (11%)

Eye

Right 161 (50%) 15 (9%) 20 (12%)

Left 159 (50%) 15 (9%) 18 (11%)

Laterality

Bilateral 219 (68%) 18 (8%) 26 (12%)

Unilateral 101 (32%) 12 (12%) 12 (12%)

Optical status

Primary lensectomy 96 (30%) 9 (9%) 22 (23%)

Primary IOL 138 (43%) 13 (9%) 1 (1%)

Secondary IOL 86 (27%) 8 (9%) 15 (17%)

Posterior capsulotomy and anterior 
vitrectomy

84 (26%) 8 (10%) 16 (19%)

Risk factors

Persistent Fetal Vasculature 26 (8%) 2 (8%) 7 (27%)

Microphthalmia 37 (12%) 2 (5%) 14 (38%)

Microcornea 12 (4%) 0 6 (50%)

Genetic association or syndromic Disease 54 (17%) 5 (9%) 10 (19%)

Family history 10 (3%) 2 (20%) 4 (40%)

Secondary membrane treatment 79 (25%) 10 (13%) 3 (4%)
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considered significant not only by their p-value but by the −2logL value. Inclusion in the multivariate Cox regression 
model from the bivariate model was based on the Akaike Information Criterion value.30 All models considered glaucoma 
as a binary outcome, with glaucoma suspect and no glaucoma considered the same. Potential predictors were considered 
statistically significant in the multivariate model if the p-value was <0.05.

Results
A total of 320 eyes in 216 patients were included in the study. Baseline characteristics of the patient cohort along with 
occurrence of glaucoma-related adverse events are outlined in Table 1.

A glaucoma-related adverse event occurred in 21.3% of eyes, with secondary glaucoma developing in 11.9% (38/320) 
of eyes and glaucoma suspect in 9.4% (30/320) of eyes. In those that developed secondary glaucoma, the average time to 
onset from surgery was 3.2 years (median 2.75 years, range 1 month – 13.08 years). The mean age of diagnosis of 
secondary glaucoma was 4.58 years (median 3.5 years, range 2.5 months to 13.23 years). The mean age of surgery for the 
cohort was 3.88 years (range 9 days – 16.83 years), with 1.34 years (range 9 days – 6.64 years) for glaucoma and 2.74 
years (range 19.8 days – 9.09 years) for glaucoma suspect. The mean follow-up time between surgery and final 
examination was 5.67 years (range 7 months – 11.42 years) for glaucoma and 4.21 years (range 7 months – 10.66 
years) for glaucoma suspect. The average time of follow-up for those patients who did not develop a glaucoma-related 
adverse event was 3.41 years (range 5 months – 13.91 years).

For bilateral cataract cases, glaucoma-related events occurred in 20.1% of eyes and in unilateral cases 23.8% of eyes. 
The mean age at cataract surgery was 4.46 years (range 9 days – 16.87 years) for all bilateral cases and 2.59 years (range 
16.8 days – 15.12 years) for all unilateral cases. In those patients who developed secondary glaucoma, the average age at 
cataract surgery was younger for bilateral cases at 1.22 years (range 9 days – 6.64 years), compared to 1.59 years (range 
19.8 days – 5.70 years) for unilateral cases.

There were 79 eyes (24.7%) that required secondary membrane management following their surgery and of these, 
16.5% developed a glaucoma-related adverse event. The incidence of glaucoma-related adverse events for patients who 
had other potential risk factors, for example persistent fetal vasculature, is listed in Table 1.

Incidence of glaucoma in patients with lensectomy only was 22.9% compared to 0.7% and 17.4% for primary and 
secondary intraocular lens insertion, respectively. The mean age at surgery for aphakic patients was 12.76 months (range 
9 days to 15.2 years), compared to 5.79 years (range 21.6 days to 16.35 years) for primary IOL implantation and 3.93 
years (range 17.7 days to 16.35 years) for secondary IOL implantation (range 19.8 days −16.87 years). The incidence of 
glaucoma-related events in these patients stratified for age groups of 0–3 months, 3–6 months, 6–12 months, 12–24 
months, 24–60 months and over 60 months is outlined in Table 2.

Table 3 outlines the univariate Cox proportional hazards analysis, which assessed potential risk factors and baseline 
characteristics in the development of secondary glaucoma only. The time to develop for “glaucoma suspect” patients was 
considered with no glaucoma, as the date of diagnosis for glaucoma suspect was often difficult to determine from patient 
file review. From the bivariate model, significant risk factors for entry into the multivariate model included age at surgery 
(continuous), surgery type, microcornea, microphthalmos, PFV and surgical technique. Multivariate analysis (Table 4) 
demonstrated that primary IOL implantation was a significant predictor in reducing the risk of secondary glaucoma (HR 
0.10, p 0.036). Microcornea was the only adverse characteristic significantly associated with an increased risk (HR 6.30, 

Table 2 Optical Status and Secondary Glaucoma Incidence Stratified by Age

Number of Patients Developing 
Secondary Glaucoma

Age at Cataract Surgery (Range in Months)

< 3 3–6 6–12 12–24 24–60 >60

Primary lensectomy 20 (33%) 2 (13%) – – – –

Primary IOL – – 1 (14%) – – –

Secondary IOL 1 (20%) – – 2 (13%) 10 (23%) 2 (11%)
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p 0.003). Age at surgery was found to be a significant risk factor in the univariate model, however an association was not 
demonstrated in the multivariate model (HR 0.97, p 0.131).

Discussion
Reporting the incidence and time to develop GFCS remains paramount as the management of this complication is challenging 
and often requires more than one form of treatment.23 Literature suggests that in post-operative aphakic glaucoma, surgery is 
needed in up to 83% of patients and between 50% and 70% of these will require more than one surgical procedure.6,11,14,23 

Patients reported to be at greater risk of developing glaucoma post-operatively include those with microcornea, microphthal-
mos and PFV.6,8,12,17,21,22,27 The protective value of primary IOL implantation remains uncertain, and whether a particular 
patient group benefits more from this procedure is still under investigation. Several studies suggest that the original convention 
of reserving primary IOL implantation for older and less complex patients remains favourable among clinicians.1,7,22,31–33

In this retrospective case series, an incidence of secondary glaucoma of 11.9% was found, after an average follow-up time 
between surgery and final examination of 5.67 years. Our results are consistent with other studies of a similar surveillance 
period. After 4.8 years of follow-up in the Infant Aphakia Treatment Study (IATS), the rate of secondary glaucoma was 17%.6 

In a large meta-analysis of 470 eyes, an incidence of 17% was also demonstrated, with a median follow-up of 6 years for the 

Table 4 Multivariate Cox Regression Analysis

Predictor Hazard Ratio (95% CI) P value

Primary IOL 0.10 (0.01–0.86) 0.036

Secondary IOL 1.72 (0.72–4.0) 0.212

Persistent fetal vasculature 1.98 (0.77–5.1) 0.154

Microcornea 6.30 (1.8–21.5) 0.003

Microphthalmos 1.34 (0.59–3.0) 0.479

Posterior capsulotomy and anterior vitrectomy 1.03 (0.42–2.5) 0.954

Age at cataract surgery (continuous) 0.99 (0.97–1.00) 0.131

Table 3 Univariate Cox Regression Analysis

Predictor Hazard Ratio (95% CI) P value

Gender female 0.81 (0.4–1.5) 0.522
Family history 2.2 (0.8–6.3) 0.134

Microcornea 7.2 (2.9–18) <0.001

PFV 3.3 (1.4–7.6) 0.005

Secondary membrane surgery 0.25 (0.08–0.8) 0.020

Microphthalmos 3.6 (1.9–7.2) <0.001

Surgery Type (ref=aphakia) 0.005
(i) Primary IOL 0.035 (0.005–0.27) 0.001

(ii) Secondary IOL 0.77 (0.4–1.5) 0.454

Posterior capsulotomy and anterior vitrectomy 3.01 (1.4–6.4) 0.004

Genetic association or yndromic disease 2.0 (0.9–4.1) 0.069

Age at cataract surgery - continuous 0.97 (0.96–0.99) 0.001
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total cohort and 4.3 years in those who developed glaucoma7. These studies were performed in unilateral, and both unilateral 
with bilateral cohorts respectively. A study performed in a group of patients at the same hospital as our study, over a twenty- 
year period prior, found a glaucoma incidence of 13.4% (Swamy et al).8 In that study, an IOP greater than 26mmHg was used 
to define glaucoma, consistent with other research at the time. In 2013, the CGRN reached consensus on a new classification 
system for glaucoma and glaucoma suspect, allowing for greater consistency in diagnosis. Some studies continue to use 
arbitrary figures for IOP to define glaucoma, such as 25mmHg or 26mmHg.8,11 Our study applied this new criterion where 
possible; however, clinician’s decision to treat was still applicable to most patients, given our study investigated patient 
interactions between 2003 and 2017. This notwithstanding, our study has aimed to provide results that can be measured against 
other studies in which the new standardised criteria have been applied.

The mean time to develop secondary glaucoma in our study was 3.2 years after initial cataract surgery with the last 
case being diagnosed 13.08 years following surgery. Swamy et al, in a cohort of patients twenty years prior, found an 
average of 4.9 years to develop glaucoma, while other studies have reported varying average time to progression of 
glaucoma of 1.34 years to 6.6 years.6–9,11 The variation that exists in the literature is likely due to differences in 
surveillance protocol, improved diagnostic techniques or differences in the baseline characteristics of the cohort being 
examined. It highlights the need for both early and ongoing surveillance of patients post-operatively. With standardised 
criteria being developed in the last decade, there may be potential to identify patients earlier than before, particularly the 
group that convert from glaucoma suspect to glaucoma.

Our study used age at time of cataract surgery as a continuous variable as it was a more appropriate fit for the model. 
Some studies have chosen a specific age to dichotomize results. The IATS at ten-year follow-up found younger age at 
surgery to be the strongest risk factor for secondary glaucoma, and used a cut-off of 48 days of age at surgery.34 Chak 
et al found that younger age at detection of cataract rather than surgery to be the only factor independently associated 
with the development of secondary glaucoma.9 In our study, age at the time of surgery was found in the univariate 
modelling to be associated with the development of secondary glaucoma, however in the multivariate model it was not 
shown to be a statistically significant predictor (p-value 0.138).

Many studies have investigated whether the placement of a primary IOL is protective, compared to lensectomy only or 
secondary IOL implantation.1,6–9,18,35 Postulated mechanisms conferring protection include both a mechanical occlusion by 
the implanted IOL from toxic metabolites entering the anterior chamber, as well as a structural support of the IOL to the 
trabecular meshwork.22,31,36,37 The IATS found after both 5 and 10 years of follow-up that a primary IOL did not reduce the 
risk of developing glaucoma-related adverse events in patients with unilateral cataract.6,34 However, this study only looked at 
unilateral cases and only in children operated on between one and six months of age. Zhang et al did demonstrate a protective 
effect of IOL placement compared to aphakia and secondary IOL implantation in a meta-analysis of 892 eyes of patients under 
the age of two, however this reduced risk was only present in bilateral cases.1 In a large meta-analysis, Matafski et al found the 
placement of a primary IOL reduced the risk of glaucoma in both unilateral and bilateral groups.7 Our multivariate analysis 
suggests a reduction in occurrence of secondary glaucoma with placement of primary IOL (HR 0.1, p 0.03), in a patient cohort 
of both unilateral and bilateral cases. The overall incidence of secondary glaucoma for patients across all age groups with 
primary IOL placement was 0.7%. However, it is important to note that prevalence of surgery type (lensectomy, primary IOL 
and secondary IOL) differs greatly according to age. We attempted to minimise possible bias through collinearity modelling 
which demonstrated little correlation between variables, such as age and surgery type. Current literature refers to primary IOL 
implantation being acceptable and safe in children above the age of two.1,27,31 In our series, most of the children receiving 
a primary IOL placement were over the age of two, suggesting a tendency to follow previous convention and apply lensectomy 
in younger patients and insert a primary IOL in older and less complex patients.

Our study results suggest that there is a six-fold increase in risk of developing secondary glaucoma if microcornea is 
present (HR 6.3, p 0.003), with 6 of the 12 patients with microcornea developing this complication. Daniel et al clustered 
microcornea, microphthalmos and PFV together and found a higher incidence of secondary glaucoma in these patients at 
28%, with those operated on at a later age less at risk.38 Matalaia et al found a rate of 10.6% of secondary glaucoma in 
those with microcornea, with incidence not significantly different between early and late age at surgery.39 The IATS 
found smaller corneal diameter to be an independent risk factor for all glaucoma-related adverse events,6,34 as did Swamy 
et al in 2007.8 Praveen et al suggest that both ciliary body architecture and aqueous outflow mechanisms are altered in 
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microcornea and therefore they are more prone to secondary glaucoma.40 The same authors suggest that eyes with 
microcornea be operated on after three months of age to prevent excessive inflammation that may contribute to the 
increased prevalence of secondary glaucoma in this group. Contrary to this, Trivedi et al failed to find an association 
between corneal diameter and age and suggested that those eyes operated on earlier in life have smaller corneal diameters 
and therefore the risk of glaucoma in this group may be due to age rather than microcornea.35

Other potential predictors reported in the literature as being significant in the development of secondary glaucoma 
following congenital cataract surgery include secondary membrane surgery, persistent fetal vasculature, microphthalmos 
and primary capsulotomy with anterior vitrectomy.6,8,12,21,27,31,41–43 These risk factors demonstrated significance in our 
univariate analysis but failed to show an association in the multivariate analysis.

The retrospective and non-randomised nature of the design of our study could be considered a weakness although it 
would be difficult to conduct a prospective study in this context. The minimum six-month period for follow-up of our 
patients could be considered a limitation, given the mean time to diagnosis was over three years; however, this timeframe 
is consistent with previous studies. Our research adopted the standardised definition of glaucoma where possible, whereas 
other studies have used IOP alone without consideration of other features of glaucoma such as corneal diameter or axial 
length. We considered glaucoma and glaucoma suspect separately for part of the analysis, where prior studies have not 
included the latter. The strengths of the study were the length of follow-up time and the large sample size.

The results of our study highlight that with modern surgical techniques, the occurrence of secondary glaucoma 
remains a common complication with a rate consistent with both existing literature, as well as incidence within the same 
hospital over the twenty-year time-frame prior to ours. Risk factors in its development, within our patient cohort, were 
limited to those with microcornea. Our results reflect a more favourable long-term outcome in patients with primary 
intraocular lens implantation; however, majority of those receiving a primary IOL were over two years of age.
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