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Factors Associated With Favorable Laser
Trabeculoplasty Response: IRIS Registry Analysis
TA C. CHANG, RICHARD K. PARRISH, DANIELLE FUJINO, SCOTT P. KELLY, AND ELIZABETH A. VANNER
� PURPOSE: We examined patients in a large clinical reg-
istry to assess factors associated with laser trabeculoplasty
(LTP) responses.
� DESIGN: Retrospective cohort study.
� METHODS: STUDY POPULATION: LTP patients in the
Intelligent Research in Sight (IRIS) Registry, 2013-
2018. OBSERVATION: IRIS Registry data were extracted
if the eye had a procedural code for LTP and a glaucoma
diagnosis. Eyes were excluded if LTP laterality or base-
line intraocular pressure (IOP) could not be determined.
Following LTP, ‘‘nonresponders’’ were those with
<20% IOP reduction after 8 weeks, while ‘‘responders’’
were those with ‡20% IOP reduction. MAIN OUTCOME

MEASURES: Proportion of responders, odds ratios (OR)
of pre-LTP factors associated with being a nonresponder.
� RESULTS: A total of 263,480 eyes were included, with
mean age 71.4 ± 11.7 years. Mean baseline IOP was 19.1
± 5.0 mm Hg, mean number of pre-LTP medications was
2.1 ± 1.5. Response rate was 36.9% overall and 68.8%
for those with baseline IOP >24 mm Hg. Higher base-
line IOPwas associated with reduced odds of nonresponse
(OR[ 0.60, P< .0001 for a 3 mmHg increase). Angle
recession, uveitis, and aphakia increased the odds of a
nonresponse (ORs 2.46, 1.50 (both P < .0001), and
1.55 (P [ .0259), respectively). In nonresponders
with at least 1 medication at baseline, 76.3% of eyes
had fewer medications postoperatively.
� CONCLUSIONS: Lower baseline IOP, angle recession,
uveitis, and aphakia were associated with increased odds
of nonresponse. Future studies that analyze LTP
responder survival and implementation lag would facili-
tate resource optimization in glaucoma therapy. (Am
J Ophthalmol 2021;223:149–158. � 2020 Elsevier
Inc. All rights reserved.)

L
ASER TRABECULOPLASTY (LTP) IS ONE OF THE MOST

frequently performed ophthalmic interventions. In
2014, it was performed in approximately 150,000 pa-

tients and comprised 40% of all glaucoma surgical inter-
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ventions.1 From prior studies of modestly sized cohorts,
LTP reduced mean intraocular pressure (IOP) 20% to
30% from baseline,2–5 and the efficacy was maintained in
about 80% of patients after 2 years.5 Reduction of IOP
occurred in approximately 80% of patients (responders),
with the remaining 20% (nonresponders) having little or
no treatment effect.6 To maximize LTP utility, the ability
to offer the procedure selectively to those who are likely
to respond would be crucial. Several factors have been
examined in modest-sized cohorts to predict LTP out-
comes, including baseline IOP, age, and prostaglandin
analogue therapy, although the findings were inconsis-
tent.7–15 As the use of LTP is likely to increase, the
characterization of its treatment effect is a priority to
determine which patients are most likely to benefit from
the procedure,1,16 and analysis of a larger cohort is needed
to assess these potential predictive factors.
The Intelligent Research in Sight (IRIS) Registry is an

electronic health record (EHR)-based clinical data registry.
As of January 1, 2019, 14,945 physicians (ophthalmologists
plus eligible clinicians) from 3,120 practices had signed up
for EHR integration, and the IRIS Registry database con-
tains 31.63 million visits representing 52.97 million unique
patients that captured fields including patient demo-
graphics, payer types, social history, ocular examination
laterality and values, diagnoses, procedures, and medica-
tions.17 Recently, analyses of the IRIS Registry have pro-
vided ‘‘real-world’’ clinical insight to several important
ophthalmologic diagnoses and treatments, including the
prevalence and treatment patterns of myopic choroidal
neovascularization, the incidence of post–cataract surgery
endophthalmitis, and outcomes of age-related macular
degeneration treatment, macular hole surgery, and stra-
bismus surgery.18–24 In this study, we analyzed a large
cohort of ophthalmic patients using the IRIS Registry to
assess potential predictive factors of LTP treatment
outcomes.
METHODS

THIS IS A RETROSPECTIVE COHORT STUDYING USING THE

IRIS Registry database. The study protocol was reviewed
and exempted by the Institutional Review Board of the
University of Miami Miller School of Medicine, as it did
not meet the criteria of research involving human subjects.
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FIGURE 1. Algorithm for defining treatment response groups. Following laser trabeculoplasty treatment, the treatment outcome will
be either nonresponder, responder, or response unknown. *Exclusion events are described in ‘‘Defining an ‘exclusion event’’’ in the
text. IOP [ intraocular pressure; TD [ treatment date.
� DATA SOURCE: The IRIS Registry data acquisition has
been described elsewhere (https://www.aao.org/iris-
registry/about).17 Study eyes met the following inclusion
and exclusion criteria: inclusion: (1) Current Procedural
Terminology (CPT) code for LTP (65855); (2) all entries
up to August 31, 2018; (3) eyes with a glaucoma or glau-
coma suspect diagnosis (Supplemental Table 1, available
at AJO.com) not excluded below; exclusion: (1) entries
without LTP laterality (coded as ‘‘unspecified’’) in a pa-
tient with 2 sighted eyes; (2) LTP eye that had angle-
closure International Classification of Diseases codes
(9th and 10th editions): 365.2X, H40.2X; (3) eyes with
no light perception; (4) eyes without visual acuity and/
or pretreatment baseline IOP measurements (defined
below) prior to LTP; (5) eyes that have reached an
‘‘exclusion event,’’ as defined below. All data referred to
below were for the study eyes, except as noted. Number
of medications refers to the number of topical or systemic
IOP-lowering agents, with fixed-dosed combination med-
ications counted based on their constituent agents. Med-
ications recorded in the IRIS Registry database are not
eye-specific, and every glaucoma medication for a patient
was attributed to the study eye.

� STUDY DEFINITIONS: Defining treatment groups. Each
study eye was classified into 1 of 2 groups based on the
sequence of LTP procedures. ‘‘Treatment’’ refers to the en-
tirety of the management protocol; ‘‘procedure’’ refers to
each individual LTP episode. In Group 1, ‘‘single LTP’’
was 1 LTP procedure without an additional LTP within
8 weeks. Treatment date (TD) was the date of the proced-
ure. In Group 2, ‘‘double LTP’’ was an initial LTP procedure
followed by 1 or more additional LTP procedures within
8 weeks. Dates of the first and last procedures were
recorded, as ‘‘early procedure date’’ (EPD) and ‘‘later pro-
cedure date’’ (LPD). LPD was designated as the TD.
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Defining intraocular pressure baseline and treatment
responses. Pretreatment baseline IOP was defined as fol-
lows: If 2 or more IOP measurements were available within
the 3 months prior to LTP TD (TD – 3 months), pretreat-
ment baseline IOP was the average of the immediate 2 (or
more, if these were all on the same day) measurements prior
to LTP (before LTP TD in ‘‘single LTP,’’ or before EPD in
‘‘double LTP’’). If only 1 IOP measurement was available
within TD – 3 months, then that single IOP measurement
was the pretreatment baseline IOP.
Following LTP treatment, some eyes had ‘‘response un-

known’’ if an exclusion event occurred prior to 8 weeks
following the LTP TD or if no IOP data were available be-
tween 8 weeks and 6months (inclusive) following LTP TD.
All other eyes were classified with a treatment outcome of
nonresponder or responder (Figure 1). Nonresponders were
eyes whose first day’s mean IOP measurement on or after
8 weeks post treatment was above 80% of the pretreatment
baseline IOP; responders were eyes whose first day’s mean
IOP measurement on or after 8 weeks post treatment was
at or below 80% of the pretreatment baseline IOP.
Some or many eyes with at least 1 pretreatment medica-

tion may have posttreatment IOP above 80% of the pre-
treatment IOP but requiring fewer medications.
Nevertheless, given that medication is not laterality or
dosage specific, classifying these eyes as nonresponders en-
sures a conservative assessment of LTP efficacy. The impact
of LTP on the number of medications in nonresponders was
analyzed.

Defining an ‘‘exclusion event’’. An exclusion event occurs
(and excludes an eye from analysis) on the first date
following LTP TD when (1) IOP-lowering medication
was added and/or (2) an IOP-lowering procedure (CPT
658XX, 661XX, 665XX, 666XX, 667XX) was performed
on the study eye (or if procedure laterality was
MARCH 2021OPHTHALMOLOGY
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FIGURE 2. Applying exclusion criteria to eyes with IRIS Reg-
istry database. CPT [ Current Procedural Terminology code;
IOP [ intraocular pressure; LTP [ laser trabeculoplasty;
NLP [ no light perception; VA [ visual acuity.
unspecified) and/or (3) cataract surgery (CPT 668XX,
6698X) was performed on the study eye (or if the
procedure laterality was unspecified) and/or (4) the end
of IRIS Registry follow-up was reached.

Given that medication is not laterality specific, to
exclude whenever medication was added ensured a conser-
vative assessment of LTP efficacy.

� STATISTICAL METHODS: Continuous data were summa-
rized as mean6 standard deviation (SD), while categorical
data are summarized with counts and/or percentages. Odds
ratios (ORs) were calculated using multivariable logistic
regression with the Generalized Estimating Equations
method to account for the correlation between 2 eyes of
a patient. All analyses were performed using SAS (SAS
Institute, Cary, North Carolina, USA) version 9.4. A P
value of <_ .050 was considered statistically significant,
and an OR >_ 1.5 or <_ 0.67 was considered clinically signif-
icant to avoid unnecessarily emphasizing weak (but statis-
tically significant) associations that are likely to result
from a large database.25,26
VOL. 223 FACTORS ASSOCIATED WITH FAVORABLE
RESULTS

� SEARCHALGORITHMRESULTSANDBASELINECHARAC-
TERISTICS: The initial CPT code search yielded 668,128
eyes. After applying the exclusion criteria, 380,957 eyes
were included for analysis (Figure 2). There were 117,477
eyes categorized as ‘‘response-unknown.’’ Of the remaining
263,480 eyes, 74.4% were aged >65 years (mean 71.4 6
11.7 years), 56.0% female, 64.8% white, 11.8% black,
97.1% single LTP. A total of 73.1% of diagnoses were pri-
mary open-angle glaucoma and 18.6% were glaucoma sus-
pect. Mean baseline pre-LTP IOP was 19.1 6 5.0 mm Hg;
mean number of pre-LTP medications was 2.16 1.5. Base-
line descriptive statistics of the sample may be found in
Table 1.

� LASER TRABECULOPLASTY RESPONSE RATE AND FAC-
TORS ASSOCIATED WITH RESPONDERS VS NONRE-
SPONDERS: Overall, there were 97,148 (36.9%)
responders and 166,332 (63.1%) nonresponders. The
main outcome IOP measurement occurred at a mean 6
SD of 104.14 6 36.44 days (median 98; minimum 56,
maximum 180, interquartile range 70-134 days). Among
those with baseline IOP >24 mm Hg (34,271, 13.0%),
68.8% were responders; with baseline IOP between 18
and 24 mm Hg (123,261, 46.8%), 42.4% were responders;
with baseline IOP <18 mm Hg (105,948, 40.2%), 20.1%
were responders. Angle recession, uveitis, and aphakia
significantly and relevantly increased the odds of a nonre-
sponse (ORs 2.46, 1.50 (both P < .0001), 1.55 (P ¼
.0259), respectively), while higher baseline IOP reduced
the odds of a nonresponse (OR ¼ 0.60 for a 3 mm Hg in-
crease), in multivariable analysis. Provider specialty, prior
surgeon LTP counts, and single vs double LTP were not
clinically significant factors. A complete list of the vari-
ables that were included in the multivariable model, along
with their ORs and P values, may be found in Table 2. Vari-
ables included in univariable modeling may be found in
Supplemental Table 2 (available at AJO.com).
Although these odds ratios were not within our chosen

clinically significant range, the following groups did have
increased odds of a nonresponse that might be important
to consider when selecting treatment: female patients
compared to male, OR ¼ 1.22; patients aged 18-39
compared to those aged 65-79, OR ¼ 1.29; patients with
diabetes compared to those without, OR ¼ 1.21; patients
with other glaucoma diagnoses compared to those who
were glaucoma suspect, OR ¼ 1.29; and patients who
were pseudophakic compared to those who were phakic,
OR ¼ 1.23. Also, the following groups had decreased
odds of a nonresponse that might be important to consider
when selecting treatment: patients with indeterminate
compared to those with mild glaucoma severity, OR ¼
0.83; patients with ‘‘Trauma/Other Eye Disorder’’ glaucoma
diagnoses compared to those who were glaucoma suspect,
OR ¼ 0.76; and patients with a 10-year increase in age
151LASER TRABECULOPLASTY RESPONSE

http://AJO.com


TABLE 1. Baseline Descriptive Statistics of the IRIS Registry Eyes in the Laser Trabeculoplasty Study

Categorical Variables and

Baseline Values N %

Age group (in years)a

18-39 2,968 1.1

40-64 63,322 24.0

65-79 127,298 48.3

80þ 68,802 26.1

Not recorded 1,090 0.4

Sexb

Male 81,992 43.8

Female 104,951 56.0

Not recorded 400 0.2

Raceb

Asian 4,066 2.2

Black 22,101 11.8

Not recorded 12,264 6.5

White 121,420 64.8

Hispanic 9,460 5.0

Other/multiracial 18,032 9.6

Insuranceb

Dual Medicaid & Medicare 23,813 12.7

Medicaid 3,970 2.1

Medicare Advantage 20,984 11.2

Medicare Fee-For-Service 84,065 44.9

Military 1,072 0.6

Other government 309 0.2

Private 38,600 20.6

Not recorded 14,530 7.8

Regiona

Midwest 61,358 23.3

Northeast 47,025 17.8

South 103,101 39.1

West 46,828 17.8

Not recorded 5,168 2.0

Diabetesb

Yes 36,127 19.3

Hypertensionb

Yes 5,432 2.9

LTP typea

Single 256,129 97.2

Double 7,351 2.8

Angle recessiona

Yes 560 0.2

Uveitisa

Yes 2,706 1.0

Glaucoma procedurea

Yes 5,214 2.0

Lens surgerya

Yes 19,011 7.2

Intravitreal injection/surgerya 6,479 2.5

Yes

Provider specialtya

Glaucoma 50,506 19.2

Cataract 116,531 44.2

Other 92,966 35.3

Continued on next page
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TABLE 1. Baseline Descriptive Statistics of the IRIS Registry Eyes in the Laser Trabeculoplasty Study (Continued )

Categorical Variables and

Baseline Values N %

Unknown 3,477 1.3

Provider laser trabeculoplasty counta

<_50 95,941 36.4

51-99 53,302 20.2

100-499 101,641 38.6

500þ 12,596 4.8

Glaucoma typea

Glaucoma suspect 49,054 18.6

Primary open-angle glaucoma 192,707 73.1

Trauma/other eye disorders 1,200 0.5

Inflammation/drugs 695 0.3

Other glaucoma 503 0.2

Unspecified glaucoma 19,321 7.3

Glaucoma severitya

Mild 47,165 17.9

Moderate 59,123 22.4

Severe 36,605 13.9

Indeterminate 6,355 2.4

Not recorded 45,354 17.2

Not applicable 68,878 26.1

Lens statusa

Phakic/cataract 91,505 34.7

Pesudophakia 21,319 8.1

Aphakia 733 0.3

Not recorded 149,923 56.9

Continuous Baseline Variables Mean (SD) Min-Max

Mean IOP (mm Hg)a 19.1 (5.0) 1-68

Mean logMAR visual acuitya 0.22 (0.28) -0.30-2.00

Number of glaucoma medication

categoriesa
2.1 (1.5) 0-7

Agea 71.4 (11.7) 18-99

IOP ¼ intraocular pressure; logMAR ¼ logarithm of the minimum angle of resolution; LTP ¼ laser trabeculoplasty; max ¼ maximum; min ¼
minimum; NPI ¼ National Provider Identifier; SD ¼ standard deviation.

aVariable is per eye (n ¼ 263,480).
bVariable is per patient (n ¼ 187,343).
compared to younger patients, OR ¼ 0.74. Of particular
note, these results indicate that there is a statistically signif-
icant increase in the odds of being a nonresponder for pa-
tients who were 18-39 years old compared to patients
who were 65-79 years old in addition to (ie, even when
adjusting for) a statistically significant linear effect of
greater age decreasing the odds of being a nonresponder.
Uncovering such complex associations is precisely the pur-
pose for which the IRIS Registry was created.

� CHANGES IN THENUMBEROFMEDICATIONS INNONRE-
SPONDERS: Out of the 380,957 eyes in the full cohort,
74,550 (19.6%) had zero pretreatment medications. In all
nonresponders with at least 1 medication at baseline
(139,337 of 166,332 nonresponders, 83.8%), 76.3% of
VOL. 223 FACTORS ASSOCIATED WITH FAVORABLE
eyes had fewer medications postoperatively (74.3% in base-
line IOP >24 mm Hg; 75.9% in baseline IOP between 18
and 24 mm Hg, and 76.9% in baseline IOP <18 mm Hg).
DISCUSSION

THE IRIS REGISTRY REPRESENTS A REAL-WORLD SAMPLING

of clinical data from across the United States, which pro-
vides a unique opportunity to assess medical resource utili-
zation by gauging treatment outcomes and practice
patterns in an ophthalmologic registry. In glaucoma treat-
ment, more than 50% of the total cost is attributed to med-
ications,27–30 with combination therapy costing more than
153LASER TRABECULOPLASTY RESPONSE



TABLE 2. Multivariable Model Results: Odds Ratios for Nonresponse from the IRIS Registry Database

Categorical Variables Reference Group Comparison Group Odds Ratio 95% CI for the Estimated Odds Ratio P Value

Sex Male Female 1.22 1.20 1.25 <.0001*

Sex Male Not recorded 0.60 0.49 0.72 <.0001*

Age group (years) 65-79 18-39 1.29 1.17 1.42 <.0001*

Age group (years) 65-79 40-64 1.06 1.03 1.09 .0001*

Age group (years) 65-79 80þ 0.93 0.91 0.96 <.0001*

Age group (years) 65-79 Not recorded 0.97 0.83 1.14 .7190

Region South Midwest 1.07 1.05 1.10 <.0001*

Region South Northeast 1.08 1.05 1.12 <.0001*

Region South West 0.92 0.82 1.04 .7261

Region South Unknown 1.00 0.97 1.02 .2032

Race White Black 0.91 0.85 0.98 <.0001*

Race White Asian 0.94 0.91 0.97 .0093*

Race White Multiple races/other 0.96 0.92 1.00 .9970

Race White Hispanic 1.00 0.97 1.03 .0616

Race White Not recorded 0.79 0.76 0.82 <.0001*

Insurance Private Dual insurance 0.93 0.89 0.96 .0001*

Insurance Private Medicaid 0.95 0.89 1.02 .1866

Insurance Private Medicare 0.90 0.86 0.93 .0027*

Insurance Private Medicare 0.95 0.93 0.98 <.0001*

Insurance Private Military 0.88 0.78 1.00 .0515

Insurance Private Other 0.98 0.78 1.23 .8660

Insurance Private Not recorded 1.11 1.06 1.16 <.0001*

Provider specialty Glaucoma Cataract 1.08 1.04 1.11 <.0001*

Provider specialty Glaucoma Other 0.98 0.95 1.00 .0938

Provider specialty Glaucoma Unknown 0.91 0.78 1.06 .2151

Glaucoma procedure No Yes 1.14 1.06 1.22 .0004*

Lens surgery No Yes 1.03 1.00 1.08 .0814

Intravitreal inj./surg. No Yes 1.03 0.97 1.09 .3723

Diabetes No Yes 1.21 1.18 1.24 <.0001*

Hypertension No Yes 0.89 0.84 0.94 <.0001*

Angle recession** No** Yes** 2.46** 1.80** 3.35** <.0001*,**

Uveitis** No** Yes** 1.50** 1.34** 1.68** <.0001*,**

Provider LTP count <50 51-99 0.92 0.90 0.95 .5816

Provider LTP count <50 100-499 1.19 1.13 1.25 <.0001*

Provider LTP count <50 500þ 0.99 0.97 1.02 <.0001*

Glaucoma severity Mild Moderate 0.89 0.84 0.96 <.0001*

Glaucoma severity Mild Severe 1.09 1.06 1.13 <.0001*

Glaucoma severity Mild Indeterminate 0.83 0.80 0.85 .0010*

Glaucoma severity Mild Not recorded No odds ratio estimated

Glaucoma severity Mild Not applicable 0.75 0.73 0.78 <.0001*

Glaucoma type Suspect POAG 0.93 0.77 1.12 <.0001*

Glaucoma type Suspect Trauma/OED 0.76 0.62 0.94 .0005*

Glaucoma type Suspect Inflammation/drugs 0.91 0.88 0.94 .4415

Glaucoma type Suspect Other glaucoma 1.29 1.12 1.49 .0105*

Glaucoma type Suspect Unspecified glaucoma 0.84 0.80 0.87 <.0001*

Lens status Phakic/cataract Pseudophakia 1.23 1.02 1.47 <.0001*

Lens status** Phakic/cataract** Aphakia** 1.55** 1.49** 1.61** .0259*,**

Lens status Phakic/cataract Not recorded 0.81 0.79 0.83 <.0001*

LTP type Single Double 1.05 0.99 1.11 .0900

Continued on next page
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TABLE 2. Multivariable Model Results: Odds Ratios for Nonresponse from the IRIS Registry Database (Continued )

Categorical Variables Reference Group Comparison Group Odds Ratio 95% CI for the Estimated Odds Ratio P Value

Continuous variables (increase for odds ratio)

Age at baseline 10-year increase in age 0.74 0.71 0.78 <.0001*

Mean baseline IOP** 3 mm Hg increase in BL IOP** 0.60** 0.59** 0.60** <.0001*,**

Mean BL logMAR VA 1-unit increase in logMAR VA 1.03 1.00 1.07 .0617

Glaucoma meds 1 additional glaucoma med cat 1.04 1.03 1.05 <.0001*

BL ¼ baseline; cat ¼ categories; CI ¼ confidence interval; Inj. ¼ injection; IOP ¼ intraocular pressure; LogMAR ¼ logarithm of the minimum

angle of resolution; LTP¼ laser trabeculoplasty; Meds¼medications categories; NPI¼National Provider Identifier; OED¼ other eye disorders;

POAG ¼ primary open-angle glaucoma; Surg. ¼ surgery; VA ¼ visual acuity.

Statistically significant P values are flagged with an asterisk (*). Possible clinically significant odds ratios are flagged with a double asterisks

(**).
monotherapy.27–29,31 Medication cost is also a major bar-
rier in therapy adherence,32,33 which in turn is a major fac-
tor in progressive glaucomatous damage.34–36 Thus, in
order to minimize the cost and maximize the treatment
outcomes in glaucoma management, finding strategies to
decrease medication dependence is key. Specifically,
office-based IOP-lowering procedures such as LTP are
highly relevant, given the rich evidence of safety and effi-
cacy.3,5,6,37–39 Several high-quality clinical studies have
shown LTP to be efficacious in eyes with high pressure,40

comparably efficacious to topical medications,37,41–43 and
it may be more cost-effective as the initial treatment of pri-
mary open-angle glaucoma compared to topical
medications.37,43,44

Ideally, an evidence-based, economically optimized
treatment algorithm for primary open-angle glaucoma
would involve offering an initial treatment such as LTP
(prior to medications) in eyes with high IOP, to reduce
IOP and to reduce or eliminate medication burden. How-
ever, the IRIS Registry data reflect some notable differ-
ences in the providers’ real-world practice results. The
overall LTP response rate of 36.9% in the IRIS Registry
is lower than that reported by prior studies,5,6 which is
likely owing to the lower mean baseline IOP of 19.1 6
5.0 mm Hg. Based on the IRIS Registry data capture strat-
egy, we cannot discount the possibility of over-representing
responders if IOP-lowering medications were added post-
LTP but were not recorded, and thus failed to exclude
eyes that were otherwise ‘‘response unknown.’’ Only 13%
of IRIS Registry study eyes had baseline IOP >24 mm
Hg, while approximately 40% had baseline IOP <18 mm
Hg. This suggests that IRIS Registry providers are more
likely to offer LTP when the IOP is not overtly elevated,
despite evidence showing high pretreatment IOP corre-
lating with high treatment success.38,45,46 The subset of
eyes in the IRIS Registry with baseline IOP >24 mm Hg
had a response rate of 68.8%, which is comparable to the
response rate (66%-82%) of several prior studies with
mean baseline IOP ranging between 23.9 and 26.8 mm
Hg.47–49 Angle recession, uveitis, and aphakia were
VOL. 223 FACTORS ASSOCIATED WITH FAVORABLE
significant predictors of LTP nonresponse, which is
consistent with previous studies.50–52 Provider status
(glaucoma specialist, nonglaucoma anterior segment
surgeon, and others) and experience (total number of
LTP performed in the 12 months preceding the study
date) did not significantly influence outcome, which
implies that the technical demands of LTP are modest,
and the outcomes are somewhat surgeon-independent, in
contrast to traditional glaucoma procedures such as trabe-
culectomy.53–55 In the IRIS Registry, 19.6% of study eyes
were medication-free at the time of treatment, while
80.4% of eyes had at least 1 IOP-lowering medication at
baseline. This suggests that LTP may be relatively underu-
tilized in medication-free patients. LTP has been shown to
be safe and efficacious as initial medical therapy,39,56 while
several studies that compared LTP to medication as initial
treatment showed comparable efficacies.37,42,44 Outcome
of the first major randomized clinical trial comparing
LTP and topical medication as initial treatment in primary
open-angle glaucoma, the Glaucoma Laser Trial (GLT),
was published in 1995. GLT authors reported that eyes
initially treated with laser had lower IOP and better visual
field and optic disc status than fellow eyes treated initially
with topical medication.42 In the 2 decades following the
GLT, LTP utilization increased between 2001 and 2006
(possibly owing to the introduction of selective laser trabe-
culoplasty over the traditional argon LTP) and decreased
between 2006 and 2012 (possibly attributed to a decline
in allowed Medicare charge for the procedure over the
same period),1,57 while the procedure’s safety and efficacy
as initial glaucoma therapy was confirmed in several addi-
tional trials.37,44,56

Nevertheless, the adaptation of LTP as initial treatment
in real-world practice remained uncertain despite its clear
efficacy.37,41,44 There are several potential barriers to the
implementation of LTP as initial therapy. At the physician
level, compared to LTP, initiating a topical medication has
the immediate advantages of treating both eyes at the same
time, lowering IOP in a matter of hours to days (rather than
weeks), shorter encounter time, and no postoperative
155LASER TRABECULOPLASTY RESPONSE



visits. In addition, while all providers are able to prescribe
medications, not all providers have the training and access
to the proper equipment to perform LTP. At the patient
level, any short-term aversion to risks associated with the
procedure (no matter how remote) may result in them
choosing a regimen (eg, topical medications) that is
considered ‘‘safer,’’ albeit less effective long term, when
both options are offered by the physician.58

Among nonresponders on at least 1 medication at base-
line, despite a lack of robust IOP reduction, approximately
75% of eyes had fewer medications postoperatively. In the
IRIS Registry cohort with baseline IOP <18 mm Hg, the
response rate of 20.1% is comparable to that of a cohort
of normal tension glaucoma patients (baseline IOP 14.3
6 3.4 mm Hg, mean 1.5 6 0.8 medications, postwashout
IOP 16.2 6 2.2 mm Hg), which had a response rate
(defined as >_20% reduction of IOP without the addition
of medications) of 22.0%.59 In both instances, there were
significant reductions in the number of medications despite
a modest IOP-lowering effect. While medication is not
captured in a laterality-specific fashion, for the IRIS-
captured data to reflect a decrease in medication, 1 of 3 sce-
narios must occur: (1) the medication was used only in the
LTP eye and is now discontinued; (2) the medication was
used in both eyes and is now discontinued in both the
LTP and non-LTP eyes; or (3) the medication was used
in the non-LTP eye only, and is now discontinued from
the non-LTP eye. There are no compelling reasons to asso-
ciate LTP in 1 eye with discontinuation of medication only
in the fellow eye; thus we believe this finding to be valid,
and the true effect (eg, medication discontinued in the
LTP eye but continued in the fellow eye) may perhaps be
even larger than reflected in our study. This suggests that
IRIS Registry providers may be offering LTP as a means
of reducing medication burden, which has potential cost-
saving implications. However, offering LTP as a means of
reducing medication burden is a distinct approach from of-
fering LTP as an initial therapy, and it was not possible to
categorize eyes based on the clinical objective of LTP treat-
ment. Therefore, we cannot determine to what extent
these results apply to using LTP as an initial or subsequent
glaucoma therapy. Based on these results, future IRIS Reg-
istry research might explore a more complex and nuanced
definition of a responder (including both IOP and medica-
tion reduction), but such an analysis was beyond the scope
of our original proposal. In aMarkov model of patients with
2medications, offering LTP decreased the 5-year treatment
cost by approximately 26% when compared to adding a
third medication.30 Hence, offering LTP in patients with
normal/borderline IOP can potentially achieve further
IOP lowering and decrease medication burden.
156 AMERICAN JOURNAL OF
This study has several notable limitations. First, we
excluded eyes with secondary open angle that were
miscoded as angle closure (previously closed angle that
had opened following peripheral iridotomy), and the find-
ings do not apply to this subset of diagnoses. Second, the
CPT code for LTP does not differentiate between argon
and selective laser trabeculoplasties, though prior studies
showed comparable efficacy between the 2 LTP subtypes.40

Third, the IRIS Registry data are an observational data
source derived from EHR and are not subjected to the
same rigorous validation as clinical trial data, and themedi-
cation laterality information is not available for detailed
analysis. However, the direct extraction of longitudinal
clinical information from the EHR at a scale that would
not be practical through other means makes IRIS Registry
the best large-scale real-world database for assessing
ophthalmology treatment outcomes and practice patterns.
Nevertheless, clinicians should recognized the limitations
of such registries, as information, selection, and confound-
ing biases are possible.26 Lastly, with a large database such
as the IRIS Registry, many statistically significant associa-
tions are weak, and subjective interpretation is required
to regard each statistically significant finding as being clin-
ically significant. We have arbitrarily defined OR >1.5 or
<0.67 as clinically significant in order not to emphasize
weak associations but have made available the entire
output of the univariable and multivariable analyses such
that the readers may draw their own conclusions. Factors
such as cost-benefit and/or risk-benefit ratios and physi-
cian/patient preference could be considered in defining
the ‘‘clinical significance’’ of statistically significant find-
ings. With the growing utilization of large database ana-
lyses, this interpretation issue is likely to persist. To
overcome it, a formalized, practical metric of clinical signif-
icance based on agreed-upon criteria would be vital.
In conclusion, this analysis of 380,957 eyes in the IRIS

Registry revealed a modest overall LTP response rate.
High baseline IOP is associated with being a responder,
while angle recession, uveitis, and aphakia increase the
odds of nonresponse. In order to optimize LTP utilization,
policy should encourage a strategy of offering LTP as initial
therapy, to patients with high baseline IOP, and as a means
of decreasing medication burden even when further IOP
lowering may not be required. It is possible that there are
unidentified barriers in the implementation of evidence-
based practices such as financial incentives, time, psycho-
logical/behavioral economic considerations, or a combina-
tion of these factors. Future studies that analyze LTP
responder survival and implementation lag and barriers of
clinical evidence would facilitate resource optimization
in glaucoma therapy.
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