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Purpose: To evaluate if the addition of endoscopic cyclophotocoagulation (ECP) to uncom-
plicated phacoemulsification cataract extraction increases the risk of persistent anterior
uveitis (PAU) compared to phacoemulsification alone.

Patients and Methods: Retrospective analysis of patients who had either phacoemulsifica-
tion alone or combined with endoscopic cyclophotocoagulation from January 1, 2014 to
December 31, 2017. Visual acuity, intraocular pressure, presence of anterior chamber cells,
and steroid usage were analyzed pre- and post-operatively. Patient eyes with a history of
uveitis, autoimmune disease, complicated cataract surgery, combined surgery other than ECP,
and less than 3 months of follow-up were excluded.

Results: This study consisted of 4423 eyes from 2903 patients, meeting the inclusion criteria
(phacoemulsification only group n=4242 and phacoemulsification/ECP group n=181 eyes).
PAU developed in 14.9% in the phacoemulsification with ECP group compared to 1.7% who
had phacoemulsification alone. White patients had a 17.9 (95% CI: 7.8-41.1, p<0.0001)
increased odds of developing persistent anterior uveitis with a combined procedure compared
to phacoemulsification only, while Non-white patients had a 5.8 (95% CI: 2.8—-12.1, p<0.0001)
increased odds. Despite the higher odds ratio in White patients, this group had a significantly
lower rate of PAU compared to Non-white patients after phacoemulsification/ECP.
Conclusion: The addition of endoscopic cyclophotocoagulation to phacoemulsification
significantly increases the risk of developing PAU in the post-operative period compared
to phacoemulsification alone.

Keywords: minimally invasive glaucoma surgery, post-operative inflammation

Introduction

Endoscopic laser cyclophotocoagulation (ECP) decreases aqueous production via
direct ablation of the ciliary body. ECP is being increasingly used in combination
with cataract surgery in patients with mild to moderate glaucoma.' This combined
procedure is convenient for several reasons.” The ECP instrumentation is easily utilized
in conjunction with the clear-corneal approach used in modern cataract surgery.’ The
frequent coexistence of these two age-related eye diseases makes many patients
suitable for both procedures to achieve improved vision and IOP control.*> Studies
have shown that using phaco/ECP could reduce the intraocular pressure (IOP) by
17.6% to 46.9%, and decrease IOP-lowering medications by 21.9% to 79.7%.°
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Mild
uncomplicated phacoemulsification surgery and often

inflammation sometimes occurs following
resolves with post-operative topical steroids and/or non-

steroidal anti-inflammatory agents. However, some
patients, especially African Americans, develop a more
chronic or persistent anterior uveitis (PAU).”® Edminston
et al demonstrated that PAU has also been found to occur
after combined phaco/ECP, particularly in African
Americans.” However, the lack of a control group in this
study did not allow for the determination of the relative
contribution of the ECP to the development of PAU
regardless of race. Our objective in this study was to
understand if the addition of ECP to uncomplicated pha-
coemulsification surgery increases the risk of PAU com-
pared to phacoemulsification alone in patients without

other inflammatory diseases.

Patients and Methods

We performed a retrospective cohort study using a cataract
outcomes registry developed by our department at the
School of Medicine, University of Colorado. The study
received exempt approval from our Institutional Review
Board (COMIRB# 17-0629) and all research conformed
to the tenets of the Declaration of Helsinki. Information
from the cataract surgery patient records at our institution
was reviewed and abstracted by professional research
assistants. Data were entered into REDCap (Research
Electronic Data Capture). We collected data on demo-
graphics, medical history, pre- and post-operative medica-
tions, surgical complications, and pre- and post-operative
ophthalmic exams. Data acquired were kept anonymized
and the exempt status of the research approval did not
require a waiver of informed consent or documentation
of informed consent.

Patients who underwent phacoemulsification and intrao-
cular lens implantation with or without ECP, between
January 1, 2014 and December 31, 2017 were included.
We excluded patients with a history of systemic or ocular
inflammatory disease, surgery combined with another intrao-
cular procedure (eg minimally invasive glaucoma surgery,
vitrectomy), with any intraoperative complications such as
zonular dialysis, iris trauma, posterior capsular tear, retained
lens particles, vitreous loss, or choroidal hemorrhage. Eyes
without 3 months or more post-operative follow-up were
excluded. All study charts met the definition for PAU diag-
nosis. PAU was defined as an anterior chamber cell grade of
at least 0.5+ and/or steroid therapy for 3 months or more
post-operatively, with no other etiology found other than the

post-operative state, using the Standardization of Uveitis
Nomenclature (SUN) Working Group.'® If the patient had
another intraocular surgery in the 3-month post-operative
period (eg retinal detachment repair, IOL exchange, macular
hole repair, vitrectomy, epiretinal membrane peel, goniot-
omy) they were also excluded from the study (15 eyes in the
phaco alone and 3 eyes in the phaco/ECP group).

Phacoemulsification was performed using a clear cor-
neal approach. ECP was performed using a standard pro-
tocol treating 270 to 300 degrees of ciliary processes.'
A continuous duration of 0.25 W of laser energy was used
for each patient. Brand moxifloxacin was either injected
intracamerally or applied topically using a collagen shield
at the end of the procedure. The post-operative therapy
consisted of topical fluoroquinolone, nonsteroidal anti-
inflammatory agent, and corticosteroid. At week one the
topical antibiotic was discontinued. The corticosteroid was
either given as difluprednate 0.05% two times daily for 2
weeks or prednisolone acetate 1% four times daily for 1
week followed by a 3-week taper (per surgeon preference).
All the phaco/ECP patients received prednisolone acetate
1% and glaucoma medications were restarted according to
surgeon discretion. The use of topical steroids was
extended if persistent intraocular inflammation was
detected beyond the first post-operative month. Patients,
in whom macular pathology was suspected due to unex-
plained diminished visual acuity underwent optical coher-
ence tomography at the physician's discretion.

We collected data on: age, race/ethnicity, sex, surgical
complexity, duration of surgery, cumulative dissipated
energy (CDE), visual acuity (VA), intraocular pressure
(IOP), anterior chamber (AC) cell and corticosteroid regi-
men at post-operative month three. Self-reported race/eth-
nicity was defined as White, African American, Hispanic,
or other. The grade of AC cell was recorded by the
physician using the SUN Working Group criteria.'”

Statistical Analysis

Pre-operative, surgical, and post-operative characteristics were
compared for eyes that had undergone phacoemulsification
alone versus eyes that had phaco/ECP surgeries. Incidence of
PAU was determined for phacoemulsification alone versus
phaco/ECP stratified by race/ethnic group. Ocular character-
istics and PAU were analyzed using logistic regressions with
general estimating equations (GENMOD; SAS, Inc., Cary,
North Carolina) to account for the intrasubject correlation.
Visual acuity was converted to LogMAR to describe means
and standard deviations (SD). The odds ratios and 95%
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confidence intervals were used for measures of association
with ECP as the exposure and PAU as the outcome. Kaplan—
Meier survival curves between the two surgical groups were
compared for time to resolution and time to no topical steroid
therapy with the Log rank test. P values less than 0.05 were
deemed statistically significant. SAS version 9.4 software
(Cary, North Carolina) was used for the statistical analysis.

Results

We had 4423 eyes from 2903 patients that met the inclusion
criteria for our study. In total, 4242 eyes had phacoemulsi-
fication surgery only and 181 eyes had combined phaco/ECP
surgery. The clinical and demographic data of the study
population in each group are presented in Table 1.

We found a small but statistically significant difference
on comparison of pre-operative LogMAR between the pha-
coemulsification only and phaco/ECP groups (mean of 0.468
(SD 0.52) in phacoemulsification alone versus 0.341 (SD

phaco/ECP groups (p=0.568) (Table 2). At 3-month follow-
up, patients who developed PAU had a mean IOP of 14.2
mmHg (SD 3.2) in the phacoemulsification only and 16.0
mmHg (SD 5.8) in the phaco/ECP groups, which was not
statistically significantly different (p=0.104).

A total of 72 (1.7%) eyes developed PAU in the pha-
coemulsification only group, whereas a total of 27 (14.9%)
eyes met the criteria for PAU in the phaco/ECP group
(p <0.0001) (Table 3).

In stratified analysis, Non-whites had a 5.8 (95% CI:
2.8-12.1, p<0.0001) increased odds of developing PAU
following phaco/ECP compared to phacoemulsification
alone, and Whites had an even higher increased odds of
17.9 (95% CI: 7.8-41.1, p<0.0001) for developing PAU
after phaco/ECP. Despite the higher odds ratio in White

Table 2 Pre-Operative and Post-Operative Best-Corrected VA
and IOP by Type of Surgery

0.48) in phaco/ECP, p=0.040) and IOP (mean of 14.6 (SD PAU No PAU | p-value
3.0) in phacoemulsification alone versus 15.6 (SD 4.9) in Phaco Alone
phaco/ECP, p<0.0001). The LogMAR was not significantly Pre-operative Logmar, n 72 4164
different between patients with and without PAU at 3-month Mea’“ (SD) 0.543 (0.60) | 0466 (0.51) | 0211
follow-up in the phacoemulsification only (p=0.332) or Median 0301 0301
Post-op Logmar at mo 3, n | 70 3839
o ] o ) Mean (SD) 0.234 (0.28) | 0.205 (0.33) | 0.332
Table | Clinical and Demographic Characteristics of Eyes in the Median 0.176 0.097
Phaco Alone and Phaco/ECP Groups
Pre-operative IOP, n 72 4100
Phaco Alone Phaco/ECP p-value
Mean (SD) 15.0 3.1) 146 3.0) | 0327
Number of eyes 4242 181 Median 15.0 14.0
Gender Post-op IOP at mo 3, n 63 3458
Male 1790 (42.2%) 79 (43.6%) Mean (SD) 142 3.2) 133 27) | 0012
Female 2452 (57.8%) 102 (56.4%) 0.759 Median 14.0 13.0
Race/ethnicity Phaco/ECP
White 3140 (74.0%) 120 (66.3%) Reference
Non-white 1102 (26.0%) 61 (33.7%) 0.065 Pre-operative Logmar, n 27 154
African-American 349 (8.2%) 25 (13.8%) 0.021 Mean (SD) 0.390 (0.58) | 0.332 (0.47) | 0.571
Hispanic 340 (8.0%) 20 (11.0%) 0.158 Median 0.301 0.176
Other 413 (9.7%) 16 (8.8%) 0.970
Post-op Logmar at mo 3, n | 27 148
Age Mean (SD) 0.276 (0.61) | 0217 (0.42) | 0.568
Mean (SD) 69.9 (9.9) 71.1 (10.9) Median 0.097 0.097
Median 70.7 724 0.236
Pre-operative IOP, n 27 153
CDE 3917 9l Mean (SD) 15.7 (3.6) 15.5 (5.1) 0.866
Mean (SD) 82 (7.5) 5.0 (3.0) <0.0001 Median 16.0 14.0
Median 6.1 4.6
Post-op IOP at mo 3, n 27 137
Surgery length (mins.) 3856 178 Mean (SD) 160 (58) | 13337 |00l
Mean (SD) 19.2 (10.3) 26.2 (84) <0.0001 Median 140 13.0
Median 16 25

Note: Bolding represent major study groups.
Abbreviations: CDE, cumulative dissipated energy; SD, standard deviation.

Note: Bolding represents major study groups.
Abbreviations: VA, visual acuity; IOP, intraocular pressure; SD, standard deviation;
n, number of eyes.
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Table 3 PAU by Surgery Type and Race/Ethnicity for Study Eyes

Total Eyes PAU (n) Incidence PAU (%) Odds Ratio (95% CI) p-value
All racel/ethnicities
Phaco alone 4242 72 1.7% Reference <0.0001
Phaco/ECP 181 27 14.9% 10.2 (5.8-17.7)
White
Phaco alone 3140 23 0.7% Reference <0.0001
Phaco/ ECP 120 14 11.7% 17.9 (7.8-41.1)
Non-white
Phaco alone 1102 49 4.4% Reference <0.0001
Phaco/ECP 6l 13 21.3% 5.8 (2.8-12.1)
African-American
Phaco alone 349 43 12.3% Reference 0.025
Phaco/ECP 25 7 28.0% 2.8 (1.1-6.7)
Hispanic
Phaco alone 340 2 0.6% Reference 0.005
Phaco/ECP 20 2 10.0% 18.8 (2.4-146)
Other racel/ethnicity
Phaco alone 413 4 1.0% Reference <0.0001
Phaco/ECP 16 4 25.0% 34.1 (6.4-181)

Note: Bolding represents major study groups.
Abbreviation: PAU, persistent anterior uveitis.

patients, this group had a significantly lower rate of PAU
compared to Non-white patients after phaco/ECP. Age,
sex, and CDE were not significant risk factors for PAU.
As expected, the phaco/ECP cohort had a significantly
longer surgery length (26.2 + 8.4 minutes) in comparison
to the phacoemulsification alone group (19.2 £ 10.3).

The type of post-operative steroid used in the patients
who developed PAU after phacoemulsification was not
significantly different by race/ethnic group. Among
Whites, 17.4% received prednisolone drops, and 22.4%
of non-white patients received prednisolone drops
(p=0.652) as opposed to difluprednate. All patients after
phaco/ECP received prednisolone drops in the post-
operative period. No eye had granulomatous inflammation.
As expected, among eyes with PAU, 74.1% of the eyes in
the phaco/ECP group were on topical alpha-agonist and/or
prostaglandin analogue pre-operatively versus 9.0% of the
eyes in the phacoemulsification only group (p<0.0001).

Eighteen of the 72 eyes (25.0%) developed post-
operative CME in the phacoemulsification group. One
eye of the 27 (3.7%) in the phaco/ECP cohort developed
CME post-operatively.

We performed an analysis to compare the time to
resolution of PAU between phacoemulsification only

and phaco/ECP groups, and the results can be seen in
the Kaplan—Meier curves in Figures 1 and 2. No signifi-
cant differences were observed for the time to resolution
of AC cell (p=0.182) or the time until patients were
taken off topical steroids (p=0.187) between the two
groups. These findings did not change when the time to
resolution was compared for eyes using difluprednate
versus prednisolone drops in the post-operative period
in the PAU patients. Twenty-eight eyes (5 in the phaco/
ECP and 23 eyes in the phaco alone group) developed
chronic, non-resolving PAU beyond 1 year of follow-up.
Five eyes (3 patients) required the addition of IOP low-
ering medication. Twelve eyes (3 eyes in the phaco/ECP
and 10 eyes in the phaco alone group) had PAU still
present at 2-year follow-up with three eyes (2 patients)
requiring additional IOP lowering medication. We did
not find a detrimental effect on the best-corrected visual
acuity due to the persistent inflammation in the eyes with
PAU at one and 2-year follow-up.

Discussion

Our results showed that the addition of ECP significantly
increased the risk of developing PAU after phaco/ECP
surgery compared to phacoemulsification alone. We
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Figure | Product-limit survival estimates curve comparing time to resolution of anterior chamber (AC) cell between phaco only and phaco/ECP groups with PAU.
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Figure 2 Product-limit survival estimates curve comparing time until patients discontinued the topical steroid drops between phacoemulsification only and phaco/ECP

groups with PAU.

suspected this was likely the result of a combination of
the additional laser energy delivered into the eye and the

inflammatory destruction of ciliary processes triggering

a stronger inflammatory response. As expected, the addi-
tion of ECP resulted in a longer length of surgery com-
pared to phacoemulsification alone. While it was
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possible that the increased surgical duration could have
also contributed to the increased rates of PAU, it was
important to note that there was significantly less CDE
used in the phaco/ECP group. As previously reported the
higher CDE and duration of phacoemulsification alone
were not significant risk factors for PAU in patients
undergoing phacoemulsification only.” In our present
study, after adjustment for ECP, CDE and duration of
surgery were not associated with PAU.

We also found Non-white patients to have significantly
higher rates of PAU after phaco/ECP compared to White
patients but this study was underpowered to identify any
other role for racial risk factors. In an analysis of phaco/ECP
eyes only, there were significantly higher odds of PAU for
African American patients, OR=2.9 (1.0-8.6), p=0.048. This
was also true for the phacoemulsification alone group,
OR=19.0 (10.7-33.9). This finding supports Reddy et al’
report that PAU is more common after uncomplicated phacoe-
mulsification alone in African Americans. Edmiston et al
noted a significantly lower rate of PAU in Whites in compar-
ison to African Americans following phaco/ECP.” The etiol-
ogy of higher incidence of PAU in Non-white patients is
unclear, though it is possible that increased melanin in the
eyes might be a contributing factor. Greater absorption of laser
energy might be expected when there is more pigment, which
would suggest that ECP may cause ciliary body damage in
darkly pigmented patients. Melanin has also been shown to
possibly play a role in intraocular inflammation.'* The possi-
bility of post-ECP transient pigment dispersion masquerading
anterior uveitis could be considered, however, PAU is defined
as inflammation for at least 3 months. It is unlikely that
transient pigment dispersion from the ECP would persist this
long and it would not have prompted the use of topical
corticosteroids for such a prolonged time.

The complications of prolonged intraocular inflamma-
tion have been well described, but post-operative PAU in
this study did not affect the final visual outcome in most
patients. The majority of PAU patients had inflammation
that resolved entirely, with no significant differences in
time course to resolution between the phacoemulsification
alone or phaco/ECP groups. Interestingly, the Kaplan—
Meier survival curve in Figure 1 seemed to suggest that
the PAU resolved more quickly in the phaco/ECP cohort,
but this trend was not statistically significant. A subset of
patients did go on to have a chronic, non-resolving PAU
that required prolonged topical corticosteroid treatment
over a year, which could come with associated risks and
side effects.'*'* Some patients were also noted to have

visually significant post-operative CME, though this study
was not focused on comparing the relationship between
PAU and CME. Only one of the eyes which developed
PAU in the phaco/ECP group developed CME post-
operatively. This might be contributed to the relatively
low number of patients in this group. Berke et al compared
phaco/ECP to phaco alone and reported CME to be similar
(0.8% in the phaco/ECP and 0.7% in the phaco only
group).'>'® The ECP Study group demonstrated no differ-
ence in angiographic CME in eyes undergoing phaco-ECP
versus phaco alone (about 2%)."7

Our study has several limitations due to its retro-
spective design. The non-uniform immediate post-
operative corticosteroid regimen may have resulted in
some variability in post-operative inflammation; this
did not affect its duration. Inflammation was also treated
at the physician’s discretion, leading to some variability
in the length of steroid treatment, particularly in low-
grade inflammation. We also noted a decrease in the
number of ECP procedures performed in African
American patients at our institution in 2017, compared
to the prior years and thus our study was underpowered
to identify any racial/ethnic differences between African
Americans, Hispanics, and “other” races. Based on our
prior research showing the rates of PAU to be signifi-
cantly higher for African Americans undergoing ECP,
concern for causing PAU and the availability of other
minimally invasive glaucoma surgeries is likely the con-
tributing factor for this practice trend. In addition,
a significantly higher number of PAU patients were on
alpha-agonists and/or prostaglandin analogues pre-
operatively with the majority continuing these post-
operatively in the phaco/ECP cohort, which rarely may
cause uveitis.'® > However, we excluded patients with
prior uveitis and there are no published research data to
suggest these agents contribute to the development of
post-operative anterior uveitis.

In summary, there is a significantly higher risk of
persistent intraocular inflammation after phacoemulsifica-
tion surgery with concurrent endoscopic cyclophotocoagu-
lation. The acknowledgement of this additive risk may
suggest an alteration of the corticosteroid use when
patients undergo phaco/ECP, especially in Non-white
patients.
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