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ABSTRACT

Purpose: To determine the incidence of glaucoma following cataract surgery in children and to identify surgically modifiable risk
factors that may influence the development of glaucoma in these eyes.

Methods: All lensectomies performed in patients 18 years old or younger over a 7-year period (1995 through 2001) were
identified by conducting a database search. A retrospective chart review was performed for every patient identified. Data extraction
included patient’s age at surgery, intraocular lens implantation at cataract extraction, date of glaucoma onset, and length of follow-
up. Statistical methods included risk ratio calculations and Kaplan-Meier analyses for the “time to glaucoma” for eyes undergoing
lensectomy.

Results: We identified 116 eyes of 79 children in whom lensectomy was performed. The median age at cataract surgery was 178
days (~6 months). Mean follow-up time was 2.7 years. The overall incidence of glaucoma was 11%. Kaplan-Meier analysis
demonstrated that eyes operated on at less than 30 days of age were statistically more likely to develop glaucoma than eyes
operated on at age 30 days or older (P < .001). For those operated on at less than 30 days of age, the risk ratio was 11.8 for
subsequent glaucoma development compared with those operated on at 30 days of age or older. Forty-nine eyes (42%) had primary
intraocular lens implantation, and none of these developed glaucoma (P = .001).

Conclusions: Timing of surgery at less than 30 days of age and lack of implantation of an intraocular lens at lensectomy were both
associated with an increased risk of subsequent glaucoma. Knowledge of modifiable risk factors is essential to allow ophthalmic
surgeons to make cogent decisions regarding the care of children with cataracts.
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INTRODUCTION

Early detection and surgical treatment of pediatric cataracts have greatly improved the visual prognosis in children with this congenital
and/or developmental condition over the past several decades." Despite these advances, the development of subsequent glaucoma
remains one of the most frequent serious complications following lensectomy in children, with reported incidence rates varying
between 0 and 32% of eyes.”'® Aphakic glaucoma in infants and children may present early in the postoperative course after
lensectomy, or it may present years later. This condition can be difficult to manage, and parents should be counseled about the risk of
developing this complication and its consequences.

Reported risk factors for the development of pediatric aphakic glaucoma include ocular morphologic findings such as
microphthalmia, persistent hyperplastic primary vitreous, small corneal diameter, and type of cataract.>*” Other risk factors, relating to
the surgical procedure itself, have also been reported and include the timing of surgery (patient’s age at surgery)”®**'* and lack of
implantation of an intraocular lens.*!

Whereas the occurrence of glaucoma following cataract extraction has long been recognized,” the study of factors that are
modifiable by the ophthalmic surgeon deserves further evaluation. Knowledge of “best practices” has the potential to result in
improved visual outcomes for these children. We undertook this study to determine the overall incidence of glaucoma following
cataract surgery in a cohort of children, and to identify and quantify surgeon-modifiable risk factors that might influence the
development of glaucoma in these eyes.

METHODS

SUBJECTS

Approval of the Fairview University Medical Center Institutional Review Board was obtained before initiation of the study. All
cataract extractions performed in patients 18 years old or younger over a 7-year period from January 1995 through December 2001 by
surgeons in the Department of Ophthalmology at the University of Minnesota were identified by database search for all procedures
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with CPT codes 66840, 66850, 66983, 66984, and 66940. A chart review was performed for every case identified. Eyes with
traumatic cataract, preexisting glaucoma, and other serious ocular malformations, including anterior segment dysgenesis, Lowe
syndrome, and persistent fetal vasculature, were excluded.

Data extraction included patient age at surgery, intraocular lens implantation at cataract extraction, date of glaucoma onset, and
length of follow-up. We designated cases as having glaucoma on the basis of the attending ophthalmologist’s recorded decision to
start long-term glaucoma medications, perform glaucoma surgery, or refer to a glaucoma specialist.

SURGICAL TECHNIQUE

Lensectomies were performed through a standard limbal or pars plana incision. Posterior capsulotomies and anterior vitrectomies were
performed with automated vitrectomy instrumentation. Forty-nine eyes (42%) had intraocular lens implantation at the time of
lensectomy. Topical corticosteroids were routinely used postoperatively. For those without intraocular lens implantation, contact lens
fitting was usually performed 1 week postoperatively.

STATISTICAL ANALYSIS

The Kaplan-Meier method was used to evaluate the time to glaucoma for all eyes in the study. The analysis was also stratified by the
patient’s age at surgery (<30 days, >30 days) and intraocular lens implantation. These subgroups were compared using the log-rank
test, and a P value less than .05 was considered statistically significant. Risk ratios were calculated for the following variables: age at
surgery, gender, and intraocular lens implantation at the time of lensectomy. Only patients followed for more than 12 months were
included for calculation of risk ratios.

RESULTS

The data from 116 lensectomies in 79 patients were included in this study. All surgeries were performed for congenital or
developmental cataracts. Thirty-six patients (46%) were male, and the median age at cataract surgery was 178 days (~6 months).
Mean follow-up time was 2.7 years. Forty-nine eyes (42%) underwent primary intraocular lens implantation. Thirteen eyes developed
glaucoma, for an overall incidence of glaucoma of 11%.

Table 1 shows the clinical features of each of the 13 eyes that developed subsequent glaucoma. Ten of the 13 eyes with glaucoma

TABLE 1. CLINICAL FEATURES OF EYES THAT DEVELOPED SUBSEQUENT GLAUCOMA

EYE OD UNILATERAL TIMING OF 10L GLAUCOMA GLAUCOMA MOST RECENT

or ORBILATERAL LENSECTOMY ONSET SURGICAL VISUAL ACUITY
0s CATARACT (PATIENT’S (DAYS AFTER TREATMENT
AGE IN DAYYS) LENSECTOMY) (NO))
1* OS B 9 N 26 Y (2) 20/710 (OV)
2 oD U 17 N 82 Y (3) NA
3 (O] U 16 N 254 N Enucleated
4 oD B 18 N 1,871 Y (1) 20/20
5 oD U 19 N 90 Y (2) NA
6 oD U 20 N 148 Y (1) 20/200
7 oD U 21 N 50 N NA (phthisis)
8 oD U 23 N 1,942 N 20/25
9 oD B 26 N 56 N 20/360 (OV)
10* OD B 27 N 8 Y (3) 20/710 (OV)
11 (O] U 48 N 62 Y (3) 20/3000
12 0S U 213 N 183 Y (1) 20/125
13 OD U 503 N 1,308 N 20/125
B = bilateral OS = left eye
IOL = intraocular lens implantation at the time of lensectomy U = unilateral
N =no Y =yes
NA = not available
OD = right eye *Eyes 1 and 10 belong to same patient.

underwent lensectomy at less than 30 days of age. None had intraocular lens implantation at initial lensectomy. Eight of 13 eyes
required at least one glaucoma surgery, and of those, three required three glaucoma surgeries. (Glaucoma surgeries included
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trabeculotomies, goniotomies, trabeculectomies, and shunt procedures.) The final recorded visual acuity in eyes that developed
subsequent glaucoma ranged from 20/20 to no light perception (due to enucleation). Two eyes had final visual acuities better than
20/60, two eyes had visual acuities between 20/60 and 20/180, five eyes had visual acuities between 20/200 and 20/3000, three eyes
did not have vision recorded in the chart, and one eye was eventually enucleated.

In our series, the earliest diagnosis of glaucoma was 8 days after lensectomy (Table 1, eye 10); the latest diagnosis was made 1,942
days after surgery in the middle of the fifth year (Table 1, eye 8). The mean time between cataract surgery and the detection of
glaucoma was 468 days (~1 year, 3 months). The Kaplan-Meier curve of time to glaucoma for the overall pediatric lensectomy cohort
is shown in Figure 1. By 5 years after lensectomy, approximately 70% of the cohort remained “glaucoma-free.”
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FIGURE 1
Kaplan-Meier analysis of glaucoma incidence of
overall pediatric lensectomy cohort (n = 116 eyes).

TIMING OF LENSECTOMY

The timing of lensectomy in our series ranged from 4 days to 17.5 years of age. The median age at surgery was 21 days for those that
developed glaucoma and 208 days (~7 months) for those that did not develop glaucoma. All eyes that subsequently developed
glaucoma were operated on within the first 24 months of life. The number of eyes undergoing lensectomy, by month, for the first 2
years of life is shown in Figure 2. Of the eyes operated on during the first month of life, 42% (10 of 24) developed glaucoma.

Risk factor analysis is shown in Table 2. The total number of eyes with at least 1 year of follow-up was 86. Eyes that underwent

TABLE 2. RISK FACTOR ANALYSIS FOR GLAUCOMA DEVELOPMENT (N = 86)

RISK FACTOR CASES OF CASES RISK RATIO p*
GLAUCOMA WITHOUT
(N=13) GLAUCOMA
(N=73)
IOL implantation 0 (0%) 34 (46.6%) Undefined .001
Age at surgery (<30 days) 10 (76.9%) 9 (12.3%) 11.8 <.001
Gender 7 (53.8%) 34 (46.6%) 1.3 .629

IOL = intraocular lens.
P value was determined from the chi-square or Fisher’s exact test.
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lensectomy when the infant was less than 30 days of age were 11.8 times more likely to develop glaucoma than eyes that underwent
surgery when infants were more than 1 month of age (P < .001). The Kaplan-Meier analysis of glaucoma incidence stratified by
timing of surgery, shown in Figure 3, also showed a statistically significant difference in events (P <.001). By 5 years after surgery,
approximately one fourth of eyes operated on within the first month of life were “glaucoma-free.”
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FIGURE 3

Kaplan-Meier analysis of glaucoma incidence stratified by age at surgery (P value of
the log-rank test: <.001).

PRIMARY INTRAOCULAR LENS IMPLANTATION

Intraocular lens implantation at the time of lensectomy was performed in 49 eyes (42%). The median age at surgery for the
pseudophakic group was 4.53 years, with a range of 37 days to 17.5 years. No cases of lensectomy with primary intraocular lens
implantation developed glaucoma.

Sixty-seven eyes (58%) had no intraocular lens implanted at the time of lensectomy. The median age at surgery for the aphakic
group was 88 days (~3 months), with a range of 4 days to 6.1 years.

Risk factor analysis for primary intraocular lens implantation is shown in Table 2. In no cases of lensectomy with primary
intraocular lens implantation did glaucoma develop. Because of this, the risk ratio was undefined; however, intraocular lens
implantation appeared to have a protective effect (P = .001). Kaplan-Meier analysis showed a statistically significant difference in
glaucoma incidence by 5 years postoperatively (P = .002), as shown in Figure 4.

RELATIVE SIGNIFICANCE OF THE TREATMENT FACTORS

To determine which of the two factors, either timing of surgery or implantation of an intraocular lens, had more impact on the
occurrence of glaucoma, we separated the eyes into subgroups defined by these two variables. (A factorial analysis could not be
performed because no cases of glaucoma occurred in pseudophakic eyes.) Table 3 shows the subgroup analysis of the incidence of
glaucoma in aphakic eyes that underwent surgery at 30 days of age or older (9.1%) and in those that had surgery at less than 30 days
of age (39.1%). The rate of glaucoma in the subgroups was compared using the chi-square test and was statistically significantly
different between the subgroups (P = .016). Both treatment variables appeared to have a substantial effect, but timing of surgery
seemed to have a larger impact on glaucoma rates.
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FIGURE 4

Kaplan-Meier analysis of glaucoma incidence stratified by intraocular lens implantation at the time
of lensectomy (P value of the log-rank test: .002).

TABLE 3. SUBGROUP ANALYSIS FOR GLAUCOMA DEVELOPMENT: 10L
IMPLANTATION VERSUS TIMING OF SURGERY IN EYES THAT

DEVELOPED GLAUCOMA
SUBGROUP TREATMENT VARIABLES GLAUCOMA
INCIDENCE
1 IOL and age >30 days 0/49 (0%)
2* No IOL and age >30 days 4/44 (9.1%)
3* No IOL and age <30 days 9/23 (39.1%)

IOL = intraocular lens.
The pairwise comparison between subgroups 2 and 3 was statistically significant (P
value of the chi-square: .016).

DISCUSSION

The current study is a retrospective analysis of childhood cataract surgery performed at our institution over a 6-year period. It is
limited by variable follow-up of patients and incomplete data available in the medical records. Multiple surgeons performing
somewhat different lensectomy techniques may also compromise the data. Microphthalmia, microcornea, extent of pupillary dilation
at the time of surgery,™ type of cataract,” amount of residual lens tissue, and gonioscopic findings,? although previously reported to
be risk factors for glaucoma, were inconsistently documented in our medical records and thus were not included in our data collection.
Despite these limitations, our series represents one of the only studies to focus on surgeon-modifiable variables.

We analyzed our data to determine whether two treatment variables determined by the ophthalmologist’s treatment plan—timing
of surgery and intraocular lens implantation—showed statistical significance for the development of glaucoma. Both of these
modifiable factors showed significant impact on glaucoma incidence.
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The relative risk ratio for development of glaucoma in children undergoing surgery before the age of 1 month was 11.8. This
supports previously published reports showing a significantly higher rate of glaucoma in patients undergoing surgery at younger ages.
The series reported by Keech and coworkers in 1989 showed an overall glaucoma incidence of 11% and age less than 8 weeks to be a
significant risk factor. Magnusson and colleagues® reported a Swedish cohort with a 12% glaucoma incidence and age at lensectomy
of less than 10 days to be a significant risk factor. Early surgery was also shown to be a significant risk factor in a series reported by
Vishwanath and associates™ from the Great Ormond Street Hospital in London, leading them to pose the question, “Should we delay
congenital cataract surgery until four weeks old?” In contrast, Watts and coworkers,** using classification and regression trees
analysis, found a higher incidence of glaucoma among infants operated on between 13.5 days and 43 days of life than among those
operated on under 14 days of age. They concluded that the first 2 weeks of life were the most favorable time to perform lensectomy. In
our series, seven eyes were operated on during the first 2 weeks of life, one of which developed glaucoma, so our data do not confirm
a “safe window” with respect to glaucoma development within the first 2 weeks of life. Of the eyes that developed subsequent
glaucoma, however, 9 of 13 (69%) were operated on between 16 and 27 days of life Other studies reporting no association with age at
surgery included fewer patients who underwent early surgery or did not analyze data regarding timing of surgery.>**

Timing of surgery can have a major impact on long-term visual prognosis in eyes with congenital cataracts. Surgery performed
after 6 to 8 weeks of age may result in deprivation of visual stimuli and less favorable visual outcomes.?®?’ It is now generally
accepted practice that lensectomy in the pediatric population be performed as early as possible to maximize visual functioning and
minimize the effects of amblyopia and nystagmus. With the mounting evidence that timing the lensectomy within the first few weeks
of life may lead to a higher incidence of glaucoma, perhaps pediatric ophthalmologists should consider delaying surgery until 30 days
of life. A randomized, prospective study may be optimal to reduce the inherent biases of retrospective analyses and, may help to
determine if it is the timing of the surgery per se that leads to the increased rate of glaucoma, or if the increased rate of glaucoma is
due to intrinsic factors associated with eyes that are brought to surgery earlier.

Our study also demonstrated that primary intraocular lens implantation during lensectomy may be associated with a significantly
decreased risk of subsequent glaucoma development. Asrani and colleagues®® recently reported a retrospective analysis of two large
databases from multiple centers in the United States that suggested a reduced incidence of glaucoma in the primary pseudophakic eyes
(0.3%), compared with those that were left aphakic (11.3%). In contrast, Lambert and coworkers® compared outcomes in children
with and without primary intraocular lens implantation in lensectomies performed within the first 6 months of life. They found that the
intraocular lens group had higher rates of complications requiring reoperation, including two of 12 that required glaucoma surgery.
Our study lends more evidence to confirm Asrani and coworkers’ suggestions that primary intraocular lens implantation may be
protective for the development of glaucoma.

Possible biases that may confound the findings of our study include detection bias and selection bias. Infants are more likely to be
operated on earlier when their cataract is detected and referred earlier, such as when there is a family history of congenital cataract.
Are we preferentially selecting infants with worse disease or those that may have a known familial genetic predisposition for the group
that has a higher incidence of glaucoma? Do infants who are diagnosed earlier have more involvement of a single disease process that
involves the trabecular outflow channels and hence the higher rate of glaucoma? Although it is tempting to propose a single disease
entity that would account for both congenital cataract and glaucoma, other investigators have felt that the glaucoma appears to develop
only if, and after, lensectomy is performed.?®** Our study excluded eyes in which a diagnosis of glaucoma had been made prior to the
lensectomy and thus does not shed new light on this question.

The pathogenesis of pediatric aphakic glaucoma is not well understood. In very young, small eyes, with a smaller pupil, perhaps
the surgery is more difficult and may lead to more retained lens material and hence greater postoperative inflammation. The role of
postoperative use of corticosteroids should also be considered.™* The finding that aphakic glaucoma is detected, in some cases, years
after lensectomy and discontinuation of corticosteroids, with the intervening period documented by normal intraocular pressures and
no uveitis, would make this cause unlikely for most cases.

Perhaps the cause is some aspect of the actual surgery, in combination with an early period of sensitivity that lasts about 30 days. It
is possible that a structural change in the trabecular meshwork, or its supporting beams, may occur during the surgery or afterwards,
when the lens is removed. The lack of structural rigidity in very young eyes may lead to either collapse or stretching of the trabecular
meshwork during surgery, causing permanent physiologic damage or disrupted maturation of the meshwork. The role of the stretch of
the zonular fibers, and hence the ciliary processes, when an intraocular lens is inserted, and the lack thereof in aphakic eyes, should
also be considered. The role of vitreous chemical components has also been suggested.

In conclusion, we found that lensectomy performed during the first 30 days of life was associated with a higher risk of subsequent
glaucoma than surgery performed later. In our series, the implantation of an intraocular lens at the time of lensectomy was associated
with a lower rate of subsequent glaucoma. The independent contribution of each of these treatment variables could not be determined
in this study, but both factors appear to exert an effect. Although it may be tempting to delay cataract surgery until after 30 days of age
and to consider primarily implanting an intraocular lens in very young infants, prospective randomized studies will be needed to
corroborate or refute these findings and, may help to elucidate mechanisms of the pathogenesis of this challenging disease. Knowledge
of modifiable risk factors is essential to allow pediatric ophthalmic surgeons to make cogent decisions regarding the care of children
with cataracts.
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PEER DISCUSSION

DR M. EDWARD WILSON. The prognosis for a child born today with a congenital cataract is much improved because of
improvements in surgical treatment, earlier detection of the cataracts, and more successful treatment of associated amblyopia.
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However, the incidence of glaucoma after congenital cataract surgery has remained high, especially for the children with dense
cataracts present at birth who need surgical intervention early in life.

Dr Lawrence and co-workers have analyzed 116 eyes from 79 patients operated for childhood cataracts in the first 18 years of life.
While the overall incidence of glaucoma was 11%, the incidence among those children operated for truly congenital cataracts in the
first month of life was 38%. As pointed out by Dr Lawrence, 50 — 75% of these children may have developed glaucoma by 5 years
after surgery.

The most important question this paper asks is whether the glaucoma incidence can be reduced by altering something we, as
surgeons, do when we remove the congenital cataract. In the author’s series, surgery in the first 30 days of life was highly correlated
with glaucoma development. In my practice, | usually delay surgery until the 5" week of life based on work published by Birch and
co-workers * that documented no benefit to operating earlier than 6 weeks in unilateral congenital cataracts. Since this change in my
practice pattern, I have not seen a decrease in the incidence of aphakic glaucoma.

It has been suggested that intraocular lens implantation (IOL) may help decrease the incidence of glaucoma since none of the
implanted eyes developed glaucoma. However, there is no evidence that the IOL group is comparable, in this series, to the non-10L
group. Eyes at the highest risk for glaucoma were not selected to receive an IOL. If visually significant cataracts present at birth are
likely to both be operated early and left aphakic, these treatment choices will be highly correlated with glaucoma even if, in reality, it
is the mere existence of the severe cataract at birth that carries the risk.

Dr Rupal Trivedi and | recently presented an analysis of 561 eyes | had operated for childhood cataract using very similar exclusion
criteria applied in Dr Lawrence’s study (unpublished data presented at the 2005 annual meeting of the AAPQOS). We found 10 eyes
with glaucoma among the IOL group. All had been operated before 4.5 months of life. The incidence of glaucoma when surgery was
performed in the first 4.5 months of life was the same whether an IOL was implanted or not. Glaucoma developed in 24.3% (10 of 41)
in the IOL group and 19.6% (9 of 46) in the aphakic group. Also, for eyes having surgery in the first 4.5 months of life, microcornea
and microphthalmia were common but neither corneal diameter nor axial lengths were predictive of glaucoma.

Finding surgically modifiable risk factors is important. However, | suspect that neither a delay of the cataract surgery nor the
implantation of an 10L will lower the incidence of glaucoma in babies at the highest risk for this potentially blinding complication.
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DR DAN B JONES. Perhaps it is in the written manuscript, but | have not heard your definition of glaucoma and how it was
determined. How was the pressure measured and was any attention given to pachymetry in this group? In summarizing the 3 groups,
you had a total of 116 eyes and then discussed these by age group. You’ve got 37 patients who had bilateral cataracts and it may not
be fair to combine them in looking at group analysis. What happened in the children that had bilateral cataracts in terms of incidence
of glaucoma?

DR DOUGLAS R. ANDERSON. Might there be a correlation between implantation or non-implantation of an intraocular lens and
early surgery? Or are they independent factors? Then the question is whether or not we can do something to prevent glaucoma. The
two things that might be suggested are, do not operate before 30 days and be sure to place an intraocular lens. The problem with
concluding either from a retrospective study is that there must be some reason why the surgeon is reluctant to place a lens in an eye
when he does surgery on a very young infant, and if these features do correlate, it is difficult to conclude that which recommendation
(operate later, place a lens) is relevant; perhaps it is satisfactory to operate early if you place a lens, for example.

Another relationship that is difficult to discern from the available data is whether the decision not to place an intraocular lens
might be related to the nature of the eye or the nature of the cataract; and the features of the eye or cataract that lead to that decision
may correlate with a tendency to have glaucoma. The glaucoma was perhaps not the result of deciding not to place an intraocular
lens. The same might be said for early surgery, whether there was some reason the surgeon felt compelled to operate earlier than 30
days in some cases, and others were delayed to 6 weeks. The apparent urgency may reflect a different type of congenital defect, one
associated with glaucoma. In either case, it is interesting to contemplate that changing surgical habits (operate later, use a lens) might
help avoid glaucoma, but one would have to be prepared for possible disappointment, to find that such changes did not reduce the
incidence of glaucoma.

DR ELIAS I.TRABOULSI. My own data supports that implantation of an intraocular lens in infants less than 2 years of age may be
protective of glaucoma. We presented a poster at the American Association for Pediatric Ophthalmologists and Strabismus annual
meeting this year with about 20 eyes in each of two groups: with and without 10L; 6 eyes of those who did not have an IOL developed
glaucoma versus none in the group with an intraocular lens. However, this was a retrospective study and suffers from the same
deficiencies as the other studies. A current infantile aphakia treatment study is looking at the implantation of intraocular lenses in
unilateral cataracts under the age of 6 months in a prospective manner and hopefully will provide some of those answers. Additional
data from Europe in large numbers of patients also supports the fact that the implantation of an intraocular lens may be protective of
glaucoma. | agree with Dr Wilson that there is no rush in doing the surgery and | tend to delay surgery until into the second month.
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DR ALLAN J. FLACH. Did any of these children with the cataracts have a syndrome of any sort, such as rubella or galactosemia?
Could some of these have been traumatic? If any of these factors were present, could that have affected the tendency towards
glaucoma? Is there any explanation for the cataracts in your study?

DR MALCOLM R. ING. Was there a matching of the age, the range of age of implantation, and the mean age between the two
groups? Was the length of follow up similar between the two groups? How often should you measure the intraocular pressure in a
pediatric patient with or without an implant? What method would you use to measure the pressure? Are you satisfied with a Tonopen?
Will you do a full general anesthetic? Do you also have a category of ocular hypertension? | have noted that sometimes in a bilateral
case, one eye will show an elevation of the tension months or years ahead of the other one and this alerts me that that eye may be
going into glaucoma.

DR GERHARD W. CIBIS. How often should you measure intraocular pressures from a medical/legal perspective? When do you have
to consider anesthesia, etc? Another question relates to the pars plicata approach. You indicated that you could not report whether the
surgical approach was anterior or “pars plana.” Dr Gholam Peyman pointed out that the pars plana doesn’t develop until 6 years of
age, so you’re actually going through the pars plicata in these young patients. | have a personal bias in my practice that the pars plicata
is a better approach than an anterior approach in terms of less glaucoma, but I have no statistics at this time.

DR ROBERT N. WEINREB. | would like to suggest for consideration another modifiable risk factor: topical steroids. | assume that
you used glaucoma as a surrogate for intraocular pressure. Cursory observation of the data in the young group, the less-than-30-days-
old children, suggests a large humber who develop glaucoma rather rapidly, compared to the group that had the delayed surgery.
Might topical steroids have caused the increase in intraocular pressure? Might these young individuals be particularly sensitive to
intraocular pressure? It might be possible that the young individual is not only more sensitive with an immediate increase in
intraocular pressure but perhaps the trabecular meshwork cells can be damaged by topical steroids, and this is manifested as a late
pressure rise.

DR FREDERICK L. FERRIS. You present Kaplan-Meier curves, but the late 3-5 year rates are probably terribly unstable, because
one event was causing about a 10-15% change. Your rates to one, maybe two years, are probably fairly stable. Regarding the
intraocular lens issue, did you say that there was about a 9% risk in the older children without 10Ls compared with 0% for those with
IOLs? It wasn’t clear whether that was statistically significant; if it is not, I’m not sure you have grounds to say that IOL itself is
protective. There was also the issue of selection bias as to who is chosen for IOL versus who is not. This may have a lot more to do
with the apparent protection than the IOL itself. Did you look at factors associated with having an 10L or not?

DR ROBERT C. DREWS. Was the incidence of glaucoma with cataract before surgery really 0%?

DR ALBERT W. BIGLAN. The literature that encourages us to perform cataract surgery within the first weeks of life really needs to
be reevaluated. Perhaps we should wait as Dr Wilson has pointed out and as Stager’s paper (Birch EE, Stager, DR. Invest Ophthalmol
Vis Sci 1996; 37:1532 — 1538) and others to delaying the surgery until after 30 days following term delivery.

Measurement of central corneal thickness with pachymetry has become the standard for adult care. Pachymetry measurements of
the central corneal thickness in children should be included in the evaluations. The pachymetry that | have performed on my pediatric
aphakic patients indicates that these corneas are extremely thick, around 600 microns. Although Dr Evelyn Paysse has published some
data to the contrary, | have found that the normal eye, or the non-cataractous eye in the monocular cases, also shows a tendency
toward increased thickness. | would encourage you to add these measurements to your study if possible.

You have not described the type of glaucoma early in life. Is the mechanism angle-closure, or is it open angle? | will be anxious to
see the gonioscopy results in the written manuscript.

DR JOHN F. O’NEILL. In my experiences, there was a very significant relationship between unilateral cataracts, microphthalmia, and
the incidence of glaucoma, and | had not heard about these conditions in your presentation.

DR ROBERT L. STAMPER. Some care has to be exercised in interpreting pachymetry readings in these children, because the
surgical intervention of cataract surgery itself may influence the pachymetry reading. | suspect that the relationships that we found for
pachymetry and intraocular pressure as measured by some instrumentation in adults who have not had surgery, or perhaps, less
invasive surgery, may not be valid in these children who have had some pretty profound surgical manipulation.

DR MARY G. LAWRENCE. For the purposes of this study, we were only looking at post-operative glaucoma development. We did
not include any eyes that had glaucoma prior to lensectomy. Eyes were designated as having glaucoma based on information written
in the chart. This included eyes that were started on long-term glaucoma medicines, referred to a glaucoma specialist, or had glaucoma
surgery performed. If there was an immediate, short-lived, post-operative rise in intraocular pressure (I0OP), or if there was increased
IOP in the setting of concomitant steroid medication, the designation of glaucoma was not given.

We excluded all eyes with a syndrome such as Persistent Hyperplastic Primary Vitreous and Lowe Syndrome. However, we could
not be sure about microcornea or microphthalmia. In this retrospective study, not all patients had axial lengths evaluated and not all
patients had corneal diameters recorded. But, any eye with a documented recognized syndrome that may have been associated with
another type of glaucoma was excluded. Eyes with traumatic cataract were also excluded.

The disease process that causes bilateral cataracts may be completely different than the mechanism that causes a unilateral cataract.
Our study did not address these differences. This may need further evaluation.
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In answer to Dr Ferris’ question, IOL implantation, as a separate risk factor, was statistically significant. The largest bias in our
study was selection bias. Is the timing of surgery, per se, causing increased glaucoma or is it due to intrinsic factors associated with
eyes that are brought to surgery earlier? A retrospective study cannot really answer that question.

The median age of the pseudophakic group was 4. 5 years at the time of surgery, and the median age of the aphakic group was 88
days (about 3 months). There’s a big difference in those two groups. An NEI study with Dr Scott Lambert as the Principal
Investigator is looking at approximately 100 patients with unilateral cataracts over a 4-year time frame. | understand that they are not
looking specifically at timing of surgery, but are looking at IOL implantation.

Dr Cibis asked how often intraocular pressures should be taken in these patients. | am not a pediatric ophthalmologist but rather a
glaucoma specialist, so | would prefer intraocular pressure (IOP) be assessed more frequently than less frequently. In light of the
North American and European studies published over that past 10-15 years, showing that overall glaucoma incidence after pediatric
lensectomy ranges from about 10 to 20 percent, | might suggest that an IOP measurement be attempted at most visits after lensectomy
for the patient’s lifetime. Clinical standards for frequency of care, however, are best developed by a consensus of ophthalmologists
who routinely perform pediatric lensectomies. Please note that | did not perform any of the lensectomies, and | did not follow these
children post-operatively. Some were referred to me only when they developed more severe glaucoma.

Regarding the best device for the measurement of 10P, | think that, of the commonly available instruments, a Goldman tonometer
gives the most accurate IOP measurement. A Tonopen, however, is easier to use in some children, and also gives quite accurate data.
Dr Gail Summers, a member of our department and co-author of this paper, is highly accurate (to within a few millimeters mercury) in
performing digital palpation pressure on these small children. Because she is so accurate, palpation of the eye is probably all that is
needed in her patients. 1’d suggest taking IOP measurement using whatever is most accurate and expedient in your own practice
settings. Certainly, “something is better than nothing”.

To address the expert witness concerns, our study was aimed at starting to develop an evidence-based approach, so that we, as
surgeons, can make better decisions to maximize the long-term outcome for children with cataracts. As of now, we have
conscientiously evaluated a relatively large data set, and, with your help, are beginning to ask more questions. Our study adds to the
literature but is not definitive at this stage. Retrospective studies often raise questions that future prospective randomized clinical
trials can answer more authoritatively. It is our hope that this paper will spawn more studies that will corroborate or refute our
findings regarding surgeon modifiable variables.
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