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Abstract

Purpose—To determine whether diabetes mellitus is protective for nuclear sclerotic cataract at
baseline and 6 and 12 months after vitrectomy surgery.

Design—~Prospective interventional cohort study

Methods—~Phakic diabetic and non-diabetic patients undergoing vitrectomy surgery for a variety
of retinal conditions underwent Scheimpflug lens photography in the operated and fellow eye at
baseline and 6 and 12 months following vitrectomy surgery.

Results—Of 52 eyes included in the analysis, 23 eyes were from diabetic patients, 14 of which had
surgery for ischemic retinopathy. At baseline, eyes with ischemic diabetic retinopathy had less
nuclear sclerotic cataract than non-ischemic diabetic and non-diabetic eyes. This was true for eyes
undergoing vitrectomy surgery (p=0.0001) and for fellow eyes (p=0.003). After vitrectomy surgery,
non-ischemic diabetic eyes and non-diabetic eyes developed nuclear sclerotic cataract at the same
rate. Diabetic eyes with ischemic retinopathy showed no significant progression of nuclear
opacification and, therefore, had significantly less post-vitrectomy nuclear cataract at 6 months
(p<1x1076) and at 12 months (p<0.001) than non-diabetic or non-ischemic diabetic eyes.
Normalizing to baseline opacity and adjusting for age and other co-morbidities did not alter this
result.

Conclusions—Ischemic diabetic retinopathy, not just systemic diabetes mellitus, protected against
nuclear sclerotic cataract at baseline and following vitrectomy surgery. These findings are consistent
with the hypothesis that increased exposure to oxygen is responsible for nuclear cataract formation.

INTRODUCTION

With increasing age, the nucleus of the crystalline lens gradually increases in opacity and
hardness in all individuals.2=3 When nuclear opacities become visually significant they are
called nuclear sclerotic cataracts. In most western populations, nuclear sclerotic cataracts are
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the most common reason for cataract surgery. In the United States, cataract surgery is the most
often performed surgery at a total direct cost of more than 3 billion dollars per year.*

Epidemiologic studies in populations around the world have identified recurring risk factors
for nuclear cataracts including age, smoking, poorer nutrition, and living in a warmer climate.
5 Studies that measured the incidence of specific types of cataract between monozygotic and
dizygotic twins, showed that approximately one-third of the risk of nuclear cataracts can be
attributed to heredity.®: 7 Surprisingly, the biochemical links that connect environmental and
hereditary risk factors to nuclear cataracts are not well understood.

While much effort has been applied toward identifying risk factors for nuclear cataract, new
information is emerging about possible protective factors. The most provocative of these is the
presence of systemic diabetes mellitus. Two large epidemiologic studies revealed that diabetic
patients may have a lower risk of nuclear cataract. The Age- Related Eye Disease Study, which
examined 4477 individuals 60 to 80 years of age, found that moderate nuclear opacities were
less common in persons with diabetes mellitus (odds ratio, 0.68; 95% CI, 0.47-0.98).8 The
five-year follow-up results from the Reykjavik Eye Study confirmed that the incidence of
nuclear sclerotic cataract was significantly lower in diabetic than in non-diabetic individuals
(relative risk, 0.32; 95% Cl, 0.12-0.75; P < .01) (Sasaki K, et. al. IOVS 2006;47:ARVO E-
Abstract 4135.) A recent study suggested that systemic diabetes mellitus may protect against
post-vitrectomy nuclear sclerotic cataract. Smiddy and Feuer found that incident cataract
surgery for post vitrectomy nuclear cataract was lower in diabetic than in non-diabetic
individuals.® The case-control study used cataract extraction as a primary end point in patients
who had undergone vitrectomy for diabetic retinopathy, epiretinal membrane, or macular hole.
The cumulative cataract extraction rates for the three groups two years after vitrectomy were
15%, 66%, and 53%, respectively. After adjusting for age, the difference between diabetic
patients and the other two groups combined was highly significant (P < .006). A significant
weakness of this small, retrospective study was the use of cataract surgery as a surrogate for
visually significant cataract, since diabetic patients may have reason to delay or avoid
additional surgical procedures.

Nuclear sclerotic cataract is caused by oxidation of the proteins in the lens nucleus.19 In a study
of donor eyes, degeneration of the vitreous body was also associated with nuclear cataract,
independent of age.1! Vitrectomy surgery leads to nuclear cataract within two years in most
patients over 50. Since vitrectomy and vitreous degeneration increase fluid circulation in the
eye, it was suggested that oxidative damage in nuclear cataract is caused by molecular oxygen
from the retinal vasculature reaching the lens due to fluid circulation within the vitreous cavity.
12'1n 2006, we reported that vitreous oxygen tension was significantly lower in diabetic than
in non-diabetic patients.13 We postulated that lower oxygen in the vitreous might be responsible
for the lower prevalence and incidence of nuclear sclerotic cataract and a decreased incidence
of surgery for post-vitrectomy nuclear sclerotic cataract in diabetic patients.8:° The lower
oxygen tension found in the vitreous of diabetic patients may be a result of ischemic retinopathy
and associated small vessel disease within the vascularized tissues of the eye. Quantification
of the rate of cataract progression after vitrectomy in diabetic and non-diabetic patients could
help to test this possibility. Herein we used quantitative Scheimpflug photography to
prospectively document progression of nuclear sclerotic cataract from baseline to 6 and 12
months after vitrectomy surgery in patients with ischemic diabetic retinopathy, diabetes with
no retinopathy, and in non-diabetic patients.

In a single academic-based retina practice, patients who were undergoing vitreous surgery for
a variety of retinal conditions were asked to participate in the research study. Inclusion criteria
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were age 51 to 80 years, ability to provide informed consent, better than hand motion vision
in the fellow eye, and willingness to be followed for 1 year. Exclusion criteria were prior
cataract surgery, history of traumatic cataract, and prior vitrectomy surgery. Informed consent
was obtained by the surgeon (N.M.H.).

The following information was recorded for all patients: age, medical history, presence of
diabetes mellitus, surgical eye, diagnosis, presence or absence of ischemic diabetic retinopathy,
procedure performed, presence of panretinal photocoagulation (PRP) before vitrectomy, use
of intraocular gas tamponade, any intraoperative adverse events, such as lens damage, and any
deviations from the study protocol. A 5% dextrose solution was added to the vitrectomy
infusion fluid for all diabetic eyes. Otherwise, there were no differences in surgical technique
for diabetic or non-diabetic patients. For purposes of this study, “ischemic diabetic retinopathy”
was defined as eyes with proliferative diabetic retinopathy, diabetic vitreous hemorrhage, or
diabetic traction retinal detachment requiring vitrectomy surgery.

Prior to vitrectomy surgery, each patient underwent digital Scheimpflug lens photography.
While Scheimpflug technology has the ability to image cortical cataract, posterior subcapsular
cataract, and nuclear cataract, no patients in this study had significant cortical or posterior
subcapsular cataract at baseline or during follow-up. Only nuclear opacities progress after
vitrectomy surgery. Therefore, the primary endpoint of the study was nuclear sclerotic cataract
progression as measured by Scheimpflug photography at 6 and 12 months following vitrectomy
surgery. Scheimpflug photographs quantify the density of nuclear light scattering in pixel
intensity units. Lens images for both eyes were taken by the EAS-1000 anterior eye segment
analysis system (NIDEK EAS-1000, Japan). Lens images were taken at the same settings: slit
length 10 mm, flash power 150ws, and at 0 and 180 degrees. Images were acquired and analyzed
with the EAS-1000 analysis software (EAS_Win_Ver 123J). Nuclear opacity was quantified
using average light scattering per pixel on the central line between the anterior surface of adult
nucleus and central clear zone (a comparatively clear area at the center of the lens). (Figure 1)

Statistical analysis was performed using Student’s t test adjusted for multiple comparisons
(Bonferroni; GraphPad Software Inc). Multiple regression analysis was performed using
Rweb1.03 on the server at bayes.math.montana.edu and SPSS 14.0 (SigmaPlot). P values less
than 0.05 were considered significant.

Fifty-two patients were enrolled. Three patients were excluded from the analysis due to lens
trauma during surgery, poor cooperation with lens photography, or vasculopathy not related
to diabetes. For 46 patients, one eye was included in the study. For three patients both eyes
were included in the study. Therefore, 52 eyes were included in the final analysis. Table 1
shows the retinal diagnoses for the eyes that were included in the study. There were 23 eyes
from diabetic patients. Among them, 14 eyes had surgery for proliferative diabetic retinopathy.
Nine eyes from diabetic patients had surgery for retinal diseases not related to ischemic diabetic
retinopathy. Table 2 shows the number and age distribution of the patients in the study. Patients
undergoing vitrectomy surgery for complications of ischemic diabetic retinopathy were
significantly younger than the non-ischemic patients (non-diabetic patients and non-ischemic
diabetic patients) requiring vitrectomy (p=0.005).

Of 14 eyes with ischemic retinopathy, 13 patients had Scheimpflug photographs taken at 6
months. One patient was lost to follow-up and no eyes had cataract surgery. For this group of
eyes, 8 patients returned for follow up at 12 months. Two had cataract surgery and 6 had
Scheimpflug photographs. Four patients in the ischemic group were lost to follow-up and 2
were awaiting the 12 month time point. Therefore, of the 8 eyes for which follow-up was
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available at 12 months, 2 of 8 (25%) had cataract surgery (Fig. 2). Of the 38 eyes with non-
ischemic retinopathy, 26 eyes had Scheimpflug photographs taken at 6 months, 2 had cataract
surgery and 10 were lost to follow up. For the non-ischemic eyes at 12 months, 12 patients had
Scheimpflug photographs, 12 were lost to follow up and 14 had cataract surgery (Fig. 2).
Therefore, of the 26 eyes for which follow-up was available at 12 months, 14 of 26 (54%) had
cataract surgery (Fig. 2). Therefore, a smaller percentage of ischemic eyes had cataract surgery
at 6 and 12 months than non-ischemic eyes (Fig. 2). Due to the small sample size, this difference
was not statistically significant.

Scheimpflug photography was used to quantify nuclear opacity before and at 6 and 12 months
following vitrectomy. Figure 3 shows Scheimpflug images from the operated and un-operated
eyes of a non-diabetic patient, age 51, and from a diabetic patient with ischemic retinopathy,
age 56. In the non-diabetic patient, the eye undergoing vitrectomy surgery developed
significantly more nuclear light scatter than in the lens of the un-operated fellow eye. By
contrast, in the patient with ischemic diabetic retinopathy, the eye undergoing vitrectomy
surgery showed very little nuclear cataract progression compared to the lens in the fellow eye.

Non-ischemic eyes had similar progression of nuclear cataract after vitrectomy. Table 3 shows
the average nuclear light scattering units as measured by Scheimpflug photography before and
after vitrectomy in the non-diabetic eyes and the non-ischemic diabetic eyes undergoing
surgery for non-diabetes related conditions such as macular hole and macular pucker. There
was no statistically significant difference between these two groups. Therefore, for the purpose
of the analysis, non-diabetic and non-ischemic diabetic eyes were collectively grouped as “non-
ischemic” eyes for comparison to eyes with ischemic diabetic retinopathy.

Ischemic and non-ischemic eyes had different rates of cataract progression after vitrectomy.
Figure 4 shows the average nuclear light scattering before and after vitrectomy in the ischemic
eyes with diabetic retinopathy compared to the non-ischemic eyes. The fellow eyes are also
represented. At baseline (before vitrectomy), eyes with ischemic diabetic retinopathy had less
nuclear light scattering than non-ischemic eyes. This was true for eyes scheduled for vitrectomy
surgery (p=0.0001) as well as fellow eyes (p=0.003). At 6 and at 12 months after vitrectomy
surgery, eyes with ischemic retinopathy continued to have significantly lower nuclear opacity
than non-ischemic eyes (p<0.001 for both). In the fellow, un-operated eye the significant
difference in nuclear opacity remained at 6 and 12 months.

Patients entered the study with differing degrees of nuclear opacity. To minimize the impact
of baseline nuclear opacity on post-vitrectomy nuclear cataract formation and to better
represent the change in lens opacity, baseline light scattering intensity values for each lens
were normalized to a value of 1.0 (Fig. 5). For the eyes undergoing vitrectomy surgery, the
increase in nuclear light scattering was significantly greater in non-ischemic eyes than eyes
with ischemic diabetic retinopathy at 6 and 12 months (p=0.01 for both). Eyes with ischemic
diabetic retinopathy had slightly increased nuclear opacity at 6 months after vitrectomy,
although this difference was not present at the 12-month follow up. In this way, the lenses from
ischemic eyes that had vitrectomy closely resembled those from un-operated fellow eyes over
the 12 month period of this study.

In this prospective study, individual eyes were followed with Scheimpflug lens photographs
from baseline through 12 months after surgery. This allowed for a longitudinal assessment of
the progression of post-vitrectomy nuclear sclerotic cataracts (Table 4) For the 6 eyes with
ischemic retinopathy, there was no significant increase in light scattering intensity over the 12
month period. The lenses of the 12 non-ischemic eyes, developed significantly increased
average light scattering intensity 6 months and 12 months after vitrectomy (p<1x107°)..
Therefore, there was significant post-vitrectomy cataract progression in eyes with non-
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ischemic retinopathy. It is important to consider that, due to cataract surgery, opacity
measurements were not available for two eyes in the ischemic group and 14 eyes in the non-
ischemic group at the 12-month time point. Because cataract surgery would remove from
analysis the most severely affected eyes, the post-vitrectomy increase in nuclear opacity would
have been greater in both groups, but certainly more pronounced in the non-ischemic eyes.

Age isan important risk factor for nuclear cataract. Because the patients undergoing vitrectomy
surgery for ischemic diabetic retinopathy were significantly younger than patients undergoing
vitrectomy surgery for other diagnoses, multiple regression analysis was used to correct for
age and to identify other potential confounders. Table 5 shows that, after adjusting for age,
there was still a significant association between ischemic diabetic retinopathy and lower
nuclear opacity at baseline (p<0.01). Ischemia accounted for a mean, age-adjusted decrease in
11 pixel intensity units at baseline and was associated with significant age-adjusted protection
against post-vitrectomy cataract at 6 and 12 months after surgery. At 12 months, this difference
amounted to an average of 47 pixel intensity units after adjusting for age. Presumably, the
difference in opacity between ischemic and non-ischemic eyes would have been greater, had
the most severely-affected eyes not had cataract surgery. Gender, race, surgical eye, gauge of
surgery (i.e. 20, 23, 25 gauge vitrectomy), or use of intraocular gas tamponade were not
significantly associated with nuclear opacity after vitrectomy (not shown).

DISCUSSION

Itis well established that vitrectomy surgery causes an acceleration of nuclear sclerotic cataract
formation. In fact, within 2 years of vitrectomy surgery 60 to 98 percent of eyes will develop
post-vitrectomy nuclear sclerosis requiring cataract surgery.14=18 It has been suggested that
the presence of systemic diabetes mellitus may protect against the development of post-
vitrectomy nuclear cataract.? The present study suggests that, by itself, systemic diabetes
mellitus does not protect against post-vitrectomy nuclear cataract. Post-vitrectomy nuclear
cataracts progressed at the same rate in the eyes of patients with diabetes mellitus undergoing
vitrectomy surgery for non-ischemic retinal conditions, such as macular hole or macular
pucker, as the eyes of patients without diabetes mellitus undergoing vitrectomy surgery for
similar conditions. Importantly, this study indicates that ischemic retinopathy is the key factor
that protects against post-vitrectomy nuclear cataract in diabetics. Eyes of patients undergoing
vitrectomy surgery for ischemic diabetic retinopathy showed no significant change in nuclear
opacity after vitrectomy. This was reflected in the smaller percentage of ischemic eyes that
had cataract surgery. Differences in the nuclear opacity between these groups were highly
statistically significant at 6 and 12 months after vitrectomy surgery.

Another finding from this study is that ischemic diabetic retinopathy was associated with lower
nuclear sclerotic cataract at baseline. This finding was true for eyes undergoing vitrectomy
surgery and for fellow eyes.

Age is an important determinant of the rate of post-vitrectomy nuclear cataract formation. In
one study, the two-year incidence of post-vitrectomy nuclear sclerotic cataract for patients
under 50 years of age was 7%, compared to 79% for patients over 50 years of age.14 In the
present study, patients with ischemic diabetic retinopathy undergoing vitrectomy surgery were
significantly younger than patients without ischemic retinopathy undergoing vitrectomy
surgery. However, after adjusting for age, the differences between ischemic and non-ischemic
eye remained statistically significant: ischemic diabetic retinopathy protected against nuclear
cataract at baseline and after vitrectomy surgery.

There may be other confounding factors in the development of nuclear cataract. For example,
myopia is known to have a higher prevalence of nuclear cataract. Interestingly, it is known to
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also have a lower prevalence of diabetic retinopathy. While the mechanism by which myopia
increases the risk of nuclear cataract is not known with certainty, we have suggested that it is
related to the early vitreous degeneration that accompanies axial elongation.19 Similarly,
reduced severity of diabetic retinopathy is associated with PVD, which is also associated with
myopia. Both of these effects are related to the state of the vitreous. In our studies, the vitreous
was removed. The role of myopia in post-vitrectomy cataracts has not been studied; it could
be of some interest, but this would be unlikely to be important if the effect of myopia is primarily
due to the vitreous.

The findings of this study are consistent with our current understanding of post-vitrectomy
nuclear cataract formation and with the development of nuclear cataract in general. Nuclear
sclerotic cataract is caused by oxidation of the nuclear proteins at the center of the crystalline
lens.19 The source of oxidative damage is most likely molecular oxygen arising from the retinal
vasculature. In the normal, un-operated eye, molecular oxygen diffuses into the vitreous gel
from the retinal vasculature. Much of this oxygen is metabolized by the adjacent retinal
tissue20 and some is consumed by reacting with ascorbate in the vitreous gel.}2 This assures
that the crystalline lens remains in a low-oxygen environment, which is thought to be essential
for lens clarity.?! If the vitreous gel liquefies with age or is removed by vitrectomy surgery,
the vitreous fluid can circulate, delivering more oxygen to the lens.!! The liquefied vitreous
fluid also has a diminished capacity to consume oxygen.1? The net result is that more oxygen
is able to reach the lens, leading to increased oxidation of nuclear proteins and the increased
light scattering recognized clinically as nuclear sclerotic cataract.

Long-term systemic diabetes mellitus, when not adequately controlled, leads to diffuse small
vessel disease, often accounting for complications such as retinopathy, nephropathy, and
neuropathy. Therefore, ischemic diabetic retinopathy is likely to be an indicator or marker for
substantial, diffuse microvascular disease leading to lower perfusion and hypo-oxygenation of
ocular tissues. Supporting evidence for this hypothesis comes from a recent study in which
eyes of diabetic patients undergoing vitrectomy surgery for complications of diabetic
retinopathy were found to have significantly lower oxygen levels in the vitreous than non-
diabetic eyes undergoing vitrectomy surgery for other reasons.13 It remains possible that some
other aspect of ischemic diabetic retinopathy protects the lens from nuclear cataract. However,
lower oxygen in the vitreous of these patients is the explanation that is most consistent with
our understanding of the etiology of nuclear sclerotic cataract.

The strengths of this study are its prospective design and the use of digital Scheimpflug lens
photography to quantify the intensity of nuclear light scattering. The weaknesses of this study
include the relatively small number of patients involved and the substantial numbers of patients
lost to follow-up at 6 and 12 months. Many patients with non-ischemic retinopathy were lost
to follow-up because of incident cataract surgery. It was not deemed ethical to withhold routine
patient care (i.e. surgery for visually significant cataract) for the purpose of this study.

In conclusion, ischemic diabetic retinopathy, not just the presence of systemic diabetes
mellitus, was associated with decreased nuclear opacity in general and much slower
progression of nuclear sclerotic cataract following vitrectomy surgery. The findings are likely
due to the significant microvascular disease and subsequent relative hypoxia of vascularized
ocular tissues that can result from poorly controlled diabetes mellitus and the resulting decrease
in oxygen in the vitreous. The findings of this study help to explain the results of two large
epidemiologic studies that found diabetes mellitus to be protective against nuclear cataract and
the study in which diabetic patients required less frequent cataract surgery following vitrectomy
surgery. These results are consistent with our current understanding of the cause of nuclear
sclerotic cataract. Molecular oxygen from the vascularized tissues of the eye, if not adequately
metabolized by the vitreous gel or protective mechanisms within the lens itself, will lead to
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oxidative damage to the lens nucleus, an increase in light scattering, and the clinical scenario
recognized as nuclear sclerotic cataract. Finally, this study in which patients with ischemic
retinopathy developed less post-vitrectomy nuclear cataract suggests that reducing the amount
of molecular oxygen reaching the crystalline lens may be a successful strategy to prevent or
delay nuclear sclerotic cataract formation.
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Figure 1.

A Scheimpflug image showing the location at which nuclear opacity was measured. CCL:
central cortical line; CNL: central nuclear line; A: Peak of light scattering at the anterior border
of the adult nucleus; B: Central clear zone. EAS analysis method: the software automatically
sets up the central line on the slit image; point “0” is the anterior lens capsule. Points 1 and 2
are manually selected using the intensity plot. The average light scattering intensity per pixel
along CNL was used to quantify lens nuclear changes.
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Figure 2.

The percentage of patients having cataract surgery at 6 and 12 months after vitrectomy. The
solid line represents non-ischemic patients and the dotted line patients with ischemic diabetic
retinopathy.
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Figure 3.

Scheimpflug lens photos showing typical changes in nuclear opacity before and after
vitrectomy in non-ischemic eyes and eyes with ischemic diabetic retinopathy. The upper group
of images is from the eyes of a non-diabetic patient, age 51. The lower group of images is from
a diabetic patient with ischemic retinopathy, age 56. Left images are baseline photos taken
before vitrectomy. Right images were photos taken 12 months after vitrectomy. Pink areas
indicate the light scattering intensity along the anterior half of the central line.
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Figure 4.

Results of Scheimpflug photography: Average nuclear opacity measured in pixel intensity in
the ischemic DM and non-ischemic (diabetic and non-diabetic) eyes at baseline and at 6 and
12 months after vitrectomy.
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Figure 5.

The graph depicts the change in nuclear opacity from baseline to 6 and 12 months. To eliminate
the differences in NS cataract at baseline and to represent the amount of change in the lens, all
lens values at the baseline were set to 1.0.
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Ischemic Diabetic Retinopathy May Protect Against Nuclear Sclerotic Cataract: Patient Characteristics

Table 1

Reason for surgery Patients Surgicaleyes DM Ischemia
Proliferative diabetic retinopathy 14 14 14 Yes
Macular hole 17 20 5 No
Retinal detachment 3 3 0 No
Premacular fibrosis 12 12 3 No
Vitreous opacity 3 3 1 No
Total 49 52 23

aDM:diabetes mellitus
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Table 2

Page 15

Baseline and follow up information for ischemic and non-ischemic groups of patients. Numbers in parentheses

at 6 and 12 months follow up are the number with cataract surgery (10OL).

Age Number of Cases
(Years)
Baseline | 6M (IOL) | 12M (IOL)
Ischemic 50+6* 14 13(0) 8(2)
Non-ischemic | g54+7* 38 28 (2) 26 (14)
Total Patients 52 41 34

*
p=0.005

aM:months

bIOL:intraocuIar lens
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