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Abstract

Background: Glaucoma is the leading cause of irreversible blindness in the world. Estimated to affect 60 million
people worldwide, this figure is expected to rise to 80 million by 2020. Untreated, glaucoma leads to visual decay
and eventually to blindness, and can significantly reduce quality of life. First-line treatment in patients with primary
open-angle glaucoma and exfoliative glaucoma is topical medical therapy with ocular hypotensives as eye drops.
However, eye drops have several disadvantages including cost, possible local and systemic side effects, and adherence
and perseverance issues. Randomised controlled trials have demonstrated that selective laser trabeculoplasty is equally
as effective in lowering intraocular pressure as eye drops. However, the impact of these two treatment modalities from
the patient and economic perspectives has not been adequately determined. Thus, it remains unclear whether topical
medical therapy or selective laser trabeculoplasty should be recommended as first-line treatment for glaucoma.

Methods/Design: This protocol describes an international, multi-centre, randomised controlled trial to determine
the optimum first-line therapy for people with primary open-angle glaucoma and exfoliative glaucoma. This study
will compare the effect of selective laser trabeculoplasty and topical medication with respect to patients’ generic and
glaucoma-specific quality of life. The trial will also provide a detailed cost-effectiveness analysis and compare
the clinical effectiveness with respect to the degree of intraocular pressure lowering and rates of treatment failure.
Research coordinators in each centre will identify and recruit previously untreated patients with primary open-angle
glaucoma and exfoliative glaucoma. Those who meet the eligibility criteria will be invited to enter a randomised
controlled trial with either selective laser trabeculoplasty or topical ocular hypotensive therapy, according to a stepped
regimen. Outcome assessment will be measured at 6 weeks and at 6, 12, and 24 months post-treatment. Regular clinic
follow-ups will continue as clinically indicated between study outcome visits.

Discussion: The Glaucoma Initial Treatment Study is the first multi-centred RCT to determine the optimum first-line
therapy for people with glaucoma. Our trial will have an unprecedented capacity to meaningfully transform the
treatment and management of glaucoma in Australia and overseas.
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Background
Glaucoma is the leading cause of irreversible blindness
in the world [1]. Estimated to affect 60 million people
worldwide, this figure is expected to rise to 80 million
by 2020 [2]. Glaucoma represents a group of optic neu-
ropathies characterised by a progressive degeneration of
retinal ganglion cells and their axons resulting in struc-
tural changes of the optic nerve and retinal nerve fibre
layer with concomitant patterns of visual loss. Untreated,
glaucoma leads to visual decay and eventually to blind-
ness, although less severe glaucoma can also significantly
reduce quality of life (QoL) and cause economic burden
to both the individual and society [3–5].
The pathophysiology and factors contributing to the

onset and progression of glaucoma are not fully under-
stood. Reduction in intraocular pressure (IOP) is the
only modifiable risk factor known to delay glaucoma on-
set and progression [6]. IOP is regulated by a balance
between the rates of aqueous humour secretion by the
ciliary body epithelium and its drainage via the trabecu-
lar meshwork and uveoscleral outflow pathways. First-
line treatment in patients with glaucoma is topical med-
ical therapy with ocular hypotensives as eye drops. These
either increase the aqueous outflow (such as prostaglan-
din analogues) or reduce aqueous production (such as
beta-adrenergic antagonists). Topical medical therapy
effectively lowers the IOP [6] but has limitations and
disadvantages including cost, possible local and systemic
side effects, adherence and perseverance issues, physical
barriers to self-instillation (such as tremor or arthritis)
and the prospect of daily and often life-long commit-
ment to medications [7–21].
The use of laser trabeculoplasty to lower IOP has pro-

vided an alternative strategy to treat glaucoma. One of
the laser trabeculoplasty modalities is selective laser trabe-
culoplasty (SLT), which utilises a Q-switched, frequency-
doubled Nd:YAG (532 nm) laser. It lowers IOP in patients
with glaucoma by enhancing aqueous outflow through the
trabecular meshwork, but the exact mechanism under-
lying the effectiveness of SLT remains uncertain. SLT has
been shown to recruit monocytes to the trabecular
meshwork and induce disassembly of tight junctions in
Schlemm’s canal cells [22, 23]. In comparison with older
laser trabeculoplasty techniques, SLT induces less coagu-
lative damage and structural change to the meshwork and
is potentially repeatable [24]. However, the effect of SLT
diminishes over time and it may be associated with local
adverse effects such as post-laser inflammation and tem-
porary elevations in IOP.
Studies comparing these treatments have demonstrated

no significant differences between prostaglandin eye drops
and SLT in lowering IOP [25, 26], although one study
showed that the prostaglandin analogue latanoprost con-
trolled IOP fluctuations better than SLT [27]. From the

societal perspective, a published cost-analysis found SLT
to be less costly than most brand-name topical medica-
tions within 1 year and less costly than generic latanoprost
and generic timolol (beta-adrenergic antagonist) after 13
and 40 months, respectively [28].
Although these studies have indicated that SLT and

topical prostaglandins are equally effective in lowering
IOP, they were generally underpowered and did not
consider the impact of these two treatment modalities
from the patient and economic perspectives. Glaucoma
patients can experience reduced QoL due to associated
functional loss; emotional and social implications; and
the inconvenience, side effects and cost of treatment
[3, 4, 29–34]. Thus, it remains unclear whether topical
medical therapy or SLT should be recommended as
first-line treatment for glaucoma with corresponding
improvements in QoL and economic benefits.

Objectives and hypotheses
We are implementing a multi-centre randomised con-
trolled trial (RCT) to determine the optimal first-line
therapy for people with primary open-angle glaucoma
(POAG) and exfoliative glaucoma (XFG). Our primary
endpoint will be health-related QoL (HRQOL). This study
will evaluate treatment outcomes with respect to patient
QoL, provide a detailed economic effectiveness analysis,
and compare the clinical effectiveness in terms of the de-
gree of IOP lowering and rates of treatment failure.
We hypothesise that treatment with SLT, compared with

topical medication, will improve overall and glaucoma-
specific QoL parameters, show comparable IOP reduction
and demonstrate less ocular and systemic side effects, in-
cluding less frequent ocular surface disease. We postulate
that SLT treatment is more cost-effective than topical
medical therapy in the treatment of POAG and XFG.

Specific aims
Aim 1: Our first aim is to compare the effect of SLT and
topical medication on glaucoma-specific QoL at 6 weeks
and at 6, 12, and 24 months post-treatment (primary
outcome).
Aim 2: Our second aim is to quantify the cost-

effectiveness of SLT treatment compared with glaucoma
medication treatment.
Aim 3: Our third aim is to determine factors associ-

ated with treatment outcomes at 12 and 24 months post-
SLT, including the rate of IOP success, defined as >25 %
reduction in IOP from baseline measurements.
Aim 4: Our final aim is to assess the impact of SLT

and eye drops on safety, laser-linked complications, and
common side effects for glaucoma patients after the
initiation of treatment.

Lamoureux et al. Trials  (2015) 16:406 Page 2 of 10



Methods/Design
The Glaucoma Initial Treatment Study (GITS) is a multi-
centred, cluster randomised, controlled, clinical trial com-
paring two treatments for patients with POAG and XFG.
Treating investigators and patients are not masked to
treatment allocation due to the nature of the treat-
ments; however, the QoL questionnaire administrators
are masked to treatment allocation.

Inclusion and exclusion criteria
Inclusion criteria
Inclusion criteria are as follows:

1. 35 years of age and above.
2. Previously untreated patients with either POAG or

XFG that, in the investigator’s opinion, warrants
IOP-lowering treatment.

3. Visual field - mean deviation (MD) values between
0 and -12 dB at baseline in the study eye on the
Humphrey Visual Field Analyser.

4. Optic disc changes consistent with glaucoma
including rim loss, nerve fibre layer defects (NFLD),
and disc haemorrhages.

Exclusion criteria

1. History or evidence of glaucoma other than POAG
or XFG.

2. Advanced glaucomatous field loss with MD
> -12 dB.

3. History of use of topical or systemic ocular
hypotensive medication(s).

4. Previous intraocular surgery (including glaucoma
laser or glaucoma surgery), with the exception
of uncomplicated phacoemulsification that did
not require additional intervention for
complications.

5. Iridotrabecular drainage angle anomalies.
6. Evidence of moderate non-proliferative diabetic ret-

inopathy or worse, neovascularisation or rubeosis
iridis.

7. Current use of a systemic corticosteroid,
epinephrine or clonidine.

8. Patients, who in the opinion of the investigator, are
at high risk of suffering symptomatic vision loss
and/or may require glaucoma surgery within the
2-year follow-up to the study.

9. Patients who are pregnant or currently breastfeeding
and/or planning to become pregnant within the
study period.

10.Patients who have a condition or are in a situation,
which, in the investigator’s opinion may put them at
significant risk or may interfere significantly with the
patient’s participation in the study.

Written informed consent will be collected from each
participant prior to inclusion in the study.

Interventions
Patients will be randomised 1:1 to treatment with either
SLT or topical ocular hypotensive therapy, according to
a stepped regimen (Figs. 1 and 2). If both eyes meet the
inclusion criteria, the eye with the highest IOP will be
enrolled in the study. However, both eyes will receive
the same treatment initially. If both eyes have the same
level of IOP, it will be at the investigator’s discretion to
choose the study eye based on visual fields and optic
disc evaluation.

Selective laser trabeculoplasty
For patients assigned to the SLT treatment arm, a sin-
gle application of pilocarpine (1 %) and apraclonidine
(1 %) or brimonidine (0.2 % or 0.15 %) will be instilled
into the operative eye prior to the laser (Fig. 1). A fre-
quency doubled, q-switched Nd:YAG laser emitting at
532 nm with a pulse duration of 3 ns, a spot size of 400
μm, and pulse energies ranging from 0.2 to 1.7 mJ,
coupled to a slit lamp delivery system with a helium-
neon laser aiming system will be used in all cases. Any
mirrored gonioscopic lens that does not magnify is
acceptable for use during the procedure. The laser will
be focused on the trabecular meshwork using the HeNe
aiming beams and a single laser pulse will be delivered
at the 3 o’clock position. The laser energy will be
increased or reduced by 0.1-mJ increments until fine
‘champagne’ bubbles are generated. During laser appli-
cation, bubble formation will be monitored with each
pulse to avoid excessive bubble formation and to avoid
no observed response.
Initial 180° treatments of approximately 50 applica-

tions will be applied inferiorly from the 3 to 9 o’clock
position. The total number of pulses delivered and the
total amount of energy delivered will be recorded follow-
ing each treatment. Participants will return for review of
treatment response in 6 weeks from the baseline treat-
ment and will then follow a stepped regimen, depending
on their response to treatment. If a second SLT treat-
ment is required, it will be applied over 180° from the 9 to
3 o’clock positions (superiorly). Treatment changes may
also be initiated if there is an adverse event post-treatment
and if this is considered severe enough to warrant a
change in treatment.

Topical ocular hypotensive therapy
Patients randomised to the topical medication treatment
group will be initially prescribed, where possible, a pros-
taglandin analogue with one drop to be instilled in each
eye (or the study eye only if only one eye is enrolled)
once daily (Fig. 2). We will instruct patients on how and
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when to instil their drops and stress the importance of
adherence. Patients will return for review of treatment
response 6 weeks from the baseline initiation of treat-
ment and will follow a stepped regimen, depending on
their response. We will change treatment if there is an
adverse event that is considered severe enough to war-
rant such change or if there is progression in visual field
loss or optic disc changes. Treatment response will be
defined as follows:

1. Successful response ≥25 % IOP reduction compared
with baselines.

2. Partial response = 10-25 % IOP reduction compared
with baselines.

3. No response = ≤10 % IOP reduction compared with
baselines.

If patients have crossed over with both treatment regi-
mens, they will exit the trial with further management at
the discretion of the treating doctor (Figs. 1 and 2).
Based on the grading system developed by the Collab-

orative Initial Glaucoma Treatment Study (CIGTS) [35],
optic discs will be clinically analysed for the following
characteristics: (a) vertical and horizontal central cup to
disc ratio; (b) focal and diffuse thinning of neuro-retinal
rim; (c) presence of a disc haemorrhage; (d) nerve fibre

layer defects; and (e) extent of peripapillary atrophy. If a
change in treatment is deemed necessary and urgent, it
may be initiated by the site investigator although the im-
ages would be reviewed by the Optic Disc Outcomes
Committee (ODOC), masked to the treatment allocation
(and initially the temporal sequence of the photos) to
validate treatment change. For all disc changes consid-
ered non-urgent, these images will be referred to the
ODOC where it will be the final arbiter on the presence/
absence of optic disc changes and any alteration to treat-
ment regimens. Visual field progression will be defined
according to the following criteria identified by the
Glaucoma Progression Alert on the Humphrey Visual
Field result:

1. Possible progression = 3 or more points show
deterioration on at least 2 consecutive visits.

2. Likely Progression = 3 or more points show
deterioration on at least 3 consecutive visits.

3. No progression detected = none of the above
conditions is met.

At each visit, the patient’s visual field results will be
reviewed and evidence of progression will be initially
determined by the Guided Progression Analysis (GPA)
alert and the site investigator. If the alert message is that

Fig. 1 Selective laser trabeculoplasty (SLT) treatment regimen: participants will follow a stepped treatment regimen, depending on their response
to treatment. App=applications; BL=baseline; IOP=intraocular pressure; SLT=selective laser trabeculoplasty
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of ‘Possible Progression’, then the visual fields will be for-
warded to the Visual Field Outcomes Committee (VFOC),
masked to the treatment administered to the patient. This
committee will make the final determination on the pres-
ence/absence of progression and change to treatment regi-
mens. If, however, the alert message is that of ‘Likely
progression’, the investigator is permitted to change/alter
treatment and then refer the fields to the VFOC to con-
firm this progression.

Randomisation
Randomisation schedules developed by the Centre for Eye
Research Australia (CERA) Melbourne, (Coordinating
Centre), using a list of computer generated pseudo-random
numbers are designed to yield an assignment ratio of 1:1.
Randomisation, per person, will be stratified by clinical
centre and type of glaucoma. The randomization number
will be assigned to a patient sequentially according to the
order of enrolment within the stratum. The treatment as-
signment form, contained in an opaque envelope will be
filed in the patient’s ‘Unmasked study folder’ with the pa-
tient’s screening code completed on this form. Sites will
then scan a copy of the treatment assignment and email
this to the Coordinating Centre for its records. When the

number of envelopes on site reaches only four remaining,
the site will notify the Coordinating Centre, which will send
more envelopes containing treatment allocations.

Allocation concealment
Each study site will receive a block of sequentially num-
bered, sealed, and opaque envelopes containing treatment
allocation for either ‘SLT’ or ‘Drops’. Opaque envelopes
will be opened in order of sequence per site. A unique
study code will be assigned to each patient at randomisa-
tion, consisting of a three-digit randomisation number
along with the patient’s initials.

Outcome measures
Health-related QoL (HRQOL)
Considering (a) the substantial side effects of topical
medication(s) and poor adherence and (b) its consider-
able impact on daily living and QoL, HRQoL parameters
are our critical outcomes to determine the treatment of
choice for glaucoma. The primary patient-centred out-
come will be assessed by significant changes in two
glaucoma-specific scales and one generic HRQoL instru-
ment at 6 weeks and at 6, 12, and 24 months post-
treatment. These tools include the following:

Fig. 2 Topical medication treatment regimen: participants will follow a stepped treatment regimen, depending on their response
to treatment. BL=baseline; IOP=intraocular pressure; SLT=selective laser trabeculoplasty
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1. Glaucoma Outcome Assessment Tool (GOAT): We
have developed a glaucoma-specific QoL item bank,
GOAT, which contains 342 items across 10 specific
QoL domains [36]. An item bank is a pool of calibrated
items that measure a defined underlying trait such as
QoL and becomes operational by the use of computer
adaptive testing [37].

2. The Glau-QoL questionnaire: The Glau-QoL is a
comprehensive glaucoma-specific QoL instrument
and has been validated in patients with glaucoma [38].

3. The AQoL-7D: The AQoL-7D is a health-related
multi-attribute utility instrument to assess QoL
[39, 40]. This descriptive system comprises seven
domains describing QoL (including vision) with
levels of increasing severity. A scoring algorithm,
based on general population values for health states
defined by the descriptive system, is used to assign
utilities to each health state (domain) described by
the instrument and overall QoL. The AQoL-7D has
been used in several RCTs in Australia and its overall
and subscale measures have been found to be sensitive
to interventions [41–44]. All QoL outcome measures
will be interviewer-administered.

Clinical
Clinical secondary outcomes will be determined by the
success rates of IOP reduction (defined as >25 % fall in
IOP from baseline), changes in the visual field and optic
disc from baseline to 24 months. The times required to
reach these changes will be reported. Changes in the
optic nerve head will be based on rim thinning, haemor-
rhage, or an increase in cup to disc (C/D) ratio and vis-
ual field changes based on progression.

Statistical analysis plan
All data analyses will be conducted according to a pre-
specified analytical plan using Stata version 12.1.0 (Stata
Corp, College Station, TX). All hypothesis testing will be
performed at the 5 % two-sided significance level. Analyses
and data summaries will be carried out using the intention
to treat (ITT) population. The ITT population is defined as
all patients registered for active follow-up regardless of
non-adherence with the intervention. All patients will be
analysed according to the intervention that they were
randomised to. A per-protocol analysis will be considered if
there are a considerable number of protocol violators.

Baseline characteristics
Analyses will be performed for all variables at baseline
to detect potential bias in recruitment. Continuous vari-
ables will be reported using means ± standard deviations
(SD) or median (interquartile range (IQR)). For dichot-
omous/categorical variables, absolute numbers and per-
centages will be computed, together with their 95 %

confidence intervals (CI). The comparison of means will
be carried out using Student’s t test, the Mann-Whitney
test, analysis of variance or the Kruskall-Wallis test as
appropriate. The difference in proportions between the
two treatment groups will be carried out using Chi-
square statistics. These comparisons will be made by
assessing the prognostic relevance of the difference
observed, not through hypothesis testing. Baseline sum-
maries with respect to the main covariates will be
presented and discussed from a clinical point of view,
irrespective of whether a statistical test indicated a
‘statistically significant difference’ between treatment
groups. If we find a strong baseline imbalance in a vari-
able, we will include this variable as a covariate in a
sensitivity analysis to allow assessment of the robustness
of the conclusions drawn from the primary analysis.

Primary analysis
The primary analysis will be ITT analysis, which in-
cludes all randomised patients in the groups to which
they were randomly assigned, regardless of their adher-
ence with the entry criteria, the treatment they actually
received, and of subsequent withdrawal from treatment
or deviation from the protocol. The ITT analysis will
include all patients with 24-month GOAT, Glau-QoL,
and AQoL-7D data. The GOAT will be our main
primary outcome. The GOAT and Glau-QoL data will
initially undergo Rasch Analysis (a form of Item Re-
sponse Theory - IRT) using Winsteps software (version
3.90), Chicago, Illinois [45].
We will examine the missing data mechanism (probabil-

ity distribution of missingness) to determine whether it is
missing completely at random (MCAR), missing at
random (MCR) or missing not at random (NMAR). Since
patient-centred measurements will recur on the same
patients, longitudinal HRQoL data will be analysed using
multivariate generalised estimating equation (GEE) or
generalized linear mixed models (GLMMs). We will adjust
for pre-defined variables that we consider are associated
with the primary outcome (HRQoL) from the literature.
These include clinical variables (for example, baseline
glaucoma severity, visual field, visual acuity, optic disc
changes, duration of glaucoma), and sociodemographic
variables (for example, age, gender). Separate regressions
will be conducted for each QoL parameter. These models
take into account the correlation within observations on
the same subject and allow for inclusion of data on sub-
jects who have only partial follow-up without imputing
missing data. To handle multiplicity in the multiple re-
gression models, Bonferroni adjustment will be used.

Economic analysis
The purpose of the economic evaluation is to examine
the incremental cost-effectiveness of SLT relative to
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medical care. Costs will be quantified from the health
system perspective using an activity based costing ap-
proach. Sunk costs will be excluded from the analysis.
Effectiveness will be defined in terms of the AQoL-7D
utilities. Once costs and effectiveness are known for each
intervention arm at both baseline and follow-up, the ap-
proach for quantifying cost-effectiveness will follow that
described in the literature [46]. As is common practice,
incremental cost-effectiveness ratios will be compared
with common thresholds adopted by National Institute
for Health and Care Excellence (NICE) and World
Health Organisation (WHO) for what represents good
value for money. In addition to quantifying this ratio, we
will also conduct one-way and n-way sensitivity analyses
and produce cost effectiveness acceptability curves
(CEAC) to show the probability that SLT is cost-
effective for a range of monetary values that a decision-
maker might be willing to pay for a unit change in qual-
ity adjusted life year (QALYs). Finally, because much of
the costs of SLT are one-time fixed costs, and topical
medication(s) is a recurring cost, if the results show SLT
to be at least as effective as topical medication, the aver-
age time it takes for SLT to become a dominant strategy
will also be quantified. All analyses will be conducted
using TreeAge software.

Clinical efficacy
To assess clinical efficacy (IOP reduction success), Chi
square tests will be used and multivariable logistic re-
gression models with odds ratios (OR) and 95 % CI will
be built. Other analyses will be tailored to the nature of
the secondary outcome data. Numerical data (for ex-
ample, IOP and visual acuity) and dichotomous data
(presence/absence) will be analysed by the GEE. Survival
data (for example, time-to-VF (visual field) progression,
IOP becoming uncontrolled again) will be analysed using
survival analysis. Stepwise multiple regression analyses
for secondary outcomes will evaluate a similar set of po-
tential explanatory factors (covariates) in addition to
treatment assignment and those evaluated for the primary
analysis. Time-varying covariates will be used for analyses
evaluating repeated measures of the outcome, if appropri-
ate. Standard errors of estimates from log-linear models
will take account of possible over-dispersion with respect
to the assumed models.
To determine the impact of SLT (single or multiple

applications) on safety, surgical complications, and com-
mon side effects associated with glaucoma treatment,
Chi square tests will be used initially and regression
models with ORs and 95 % CI will be built. Where ap-
propriate, Poisson regression will be used to compare
event rates (for example, adverse events). To determine
the predictors of IOP reduction success, survival curves
will be constructed using the Kaplan-Meier method. Cox

proportional hazards method will be used to adjust for
confounders. Hazard ratios (HR) with 95 % CI will be
provided to estimate the relative risk.

Planned subgroup analyses
Analyses for the primary (HRQoL) and secondary out-
comes (clinical efficacy) will be stratified for baseline
types of glaucoma (POAG and XFG).

Sample size estimation
The sample size for the study is based on the primary out-
come measure of HRQoL at 24 months post-treatment.
Our hypothesis is that compared with topical medication,
SLT treatment will have a significantly greater positive im-
pact on HRQoL. Mean and standard deviations for the
pilot data of GOAT and previous work with the Glau-QoL
were used [36, 38]. To detect a 0.156 Logit difference (ef-
fect size of 0.3) on the Rasch-analysed GOAT and Glau-
QoL at 80 % power with a 5 % level of significance, 175
patients will be needed in each group. Similarly, the mean
and standard deviation values for the AQoL-7D were ob-
tained from the literature [39, 47]. To detect a 0.7 differ-
ence (effect size of 0.3) on the AQoL-7D between the two
groups at 24 months with 80 % power at 5 % level of
significance; 176 patients will be needed for each group.
Assuming an attrition rate of 15 % after 2 years, 193
patients will be enrolled in each group at baseline. Fur-
thermore, for Aim 3, the study will also have 79 % power
to detect a 10 % difference in ‘success rate’ of IOP (defined
as ≥25 % reduction in baseline IOP) in the SLT group
compared with topical medication using a two-sided log-
rank test at the 5 % significance level.

Side-effects reporting and quantification
Information about transient ocular discomfort and pain;
mild uveitis; IOP spikes; the presence/absence and sever-
ity of ocular surface disease (OSD) signs and symptoms;
anterior chamber reaction (cells and flare 1 hour post-
laser) and any other sight threatening and non-sight
threatening adverse events will be collected. IOP spikes
are defined as an elevation >30 mmHg or >30 % increase
within the first 4 weeks post-treatment. The presence or
absence of OSD signs and symptoms will be obtained
from the results of the biomicroscopy, in particular, con-
cerning whether any hyperaemia and/or superficial punc-
tate epitheliopathy is present and the extent of this and
also from the responses provided by participants to the
OSD Index Questionnaire. This questionnaire was devel-
oped by Allergan, Inc’s Outcomes Research Group to
provide a rapid assessment of the severity of symptoms of
OSD and their impact on vision-related function and has
been validated in English speaking subjects [48]. We
obtained permission to use this questionnaire.
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An adverse event (AE) is defined as any untoward
medical occurrence in a patient administered therapy
that does not necessarily have a causal relationship with
this treatment. An AE can therefore also be any
unfavourable and unintended sign (including an abnor-
mal laboratory finding), symptom, or disease temporally
associated with the use of a therapy, whether or not it is
related to the therapy itself. Any AE will be recorded on
the appropriate case report form. It will be graded by an
Investigator at each site for severity and relationship to
study treatment. An AE reporting system will be imple-
mented to ascertain the occurrence of both anticipated
and unanticipated AEs. When indicated, patients suffer-
ing AEs will be referred for appropriate ophthalmic or
medical care. Information regarding AEs (including
incidence, duration, seriousness, severity, relationship to
treatment, and action taken) will be recorded through-
out the 2 years of the study. If AEs occur, the first
concern will be the study participant’s safety. To de-
termine the relationship (if any) between an AE and the
study intervention, a causal relationship is deemed
present if a determination is made that there is a reason-
able possibility that the AE may have been caused by the
intervention.
Safety data will be compiled every 6 months by the

unmasked investigator and coordinator and submitted
to the Study Project Manager, who will, in turn, for-
ward it to the Data Safety Monitoring Committee
(DSMC) for review at 6-month intervals. All AEs that
are therapy related and unexpected will also be re-
ported to the site’s Human Research Ethics Committee
(HREC).
A serious AE (SAE) will be defined as any AE that

results in any of the following outcomes: death, a life-
threatening AE, inpatient hospitalization or prolongation
of existing hospitalization, a persistent or significant dis-
ability/incapacity, or a congenital anomaly/birth defect.
Important medical events that may not result in death,
be life threatening, or require hospitalization may be
considered SAE events when, based upon appropriate
medical judgment, they may jeopardise the patient and
may require medical or surgical intervention to prevent
one of the outcomes listed in this definition. Any SAE
occurring during the study period and for at least 28
days after the last administration of therapy will be re-
ported as soon as possible to the Study Project manager
and also recorded on the appropriate case report forms.
All participants with a SAE will be followed up and
the outcomes reported. For other SAEs, the governing
HREC will be notified as required by their regulations.
The investigator will supply the Project Manager and
the HREC with any additional requested information
(for example, autopsy reports and terminal medical
reports).

Ethical issues
Ethics committee approval
This study has been approved by the HREC of the Royal
Victorian Eye and Ear Hospital (Reference number 11/
1024H), Westmead Hospital (Reference number 2011/
10/4.1 (3391) AU RED HREC/11/WMEAD/229), the
Royal Australian and New Zealand College of Ophthal-
mologists (Reference number 34.11), the Health and Dis-
ability Ethics Committees of New Zealand (Reference
number 12/STH/13), the Southern Adelaide Clinical
Human Research Ethics Committee (Reference number
81.13) and National Research Ethics Services Cambridge
East (Reference number 13/EE/0204) the Australian Col-
lege of Optometry Human Research Ethics Committee
(Ref H13 002).

Discussion
Glaucoma has a substantial impact on QoL, with patients
experiencing difficulty participating in daily activities; and
poor emotional and social well-being. In addition, there
are issues associated with the inconvenience, side effects,
and costs of treatment [3, 4, 29–34]. At present, it remains
unclear whether topical medical therapy or SLT should be
recommended as first-line treatment for glaucoma from
patient-centred and economic perspectives. We hypothe-
sise that SLT treatment will demonstrate fewer ocular and
systemic side effects and is more cost-effective than top-
ical medical therapy in the treatment of POAG and XFG.
We will determine this through a multi-centre RCT.
Because our eligibility criteria stipulate that patients

must have previously untreated glaucoma, we recognise
that we may have difficulty meeting our recruitment tar-
gets at a single site. Moreover, the coordinating site,
namely the Royal Victorian Eye and Ear Hospital, is a
tertiary eye hospital which tends to treat patients with
advanced glaucoma with well-established treatment regi-
mens. Therefore, we are collaborating with multiple
sites, both nationally and internationally, to ensure that
we reach our desired sample size. This will require site-
specific ethics approval from all additional recruitment
sites and we are aware that this will increase the amount
of time required to set-up and commence the project.
Given that our primary outcome is HRQOL which is

assessed by three patient-reported outcome measures,
the interview schedule is likely to be quite intensive for
participants. In order to reduce participant burden and
avoid fatigue, which may compromise data quality, we
will ensure participants are offered regular breaks and
the required time to complete the interview. It is also pos-
sible that participants may drop out of the study due to
the high level of participation required, which is a threat
to external validity. Therefore, all recruiters, research
assistants, and study coordinators have been trained in
techniques to optimise retention rates. These include
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communication strategies to emphasise the benefits of
participation, neutralise ambivalence, and respond to
patient-centred needs; providing reimbursement for
travel expenses; being flexible in assessment times; de-
veloping rapport with participants and family members;
and maintaining a good tracking system to monitor
follow up throughout the study period [49, 50].
This is the first multi-centred RCT to address the is-

sues that have plagued the traditional management of
glaucoma using topical medication, and it has the poten-
tial to transform our current approach to glaucoma
management. The outcome of this trial will also have a
significant economic impact on the treatment of glau-
coma considering the considerable annual cost of glau-
coma in Australia [51]. If SLT proves to be cost effective,
multi-billion dollar savings could be achieved. Our trial
will therefore have an unprecedented capacity to mean-
ingfully change and transform the treatment and man-
agement of glaucoma in Australia and overseas.

Trial status
The GITS trial started January 2013 and is expected to
finish December 2016.

Abbreviations
AE: adverse event; AQOL-7D: Assessment of Quality of Life - 7 Dimensions;
CERA: Centre for Eye Research Australia; CI: confidence interval; CEAC: cost
effectiveness acceptability curves; CIGTS: Collaborative Initial Glaucoma
Treatment Study; DSMC: Data Safety Monitoring Committee; GEE: generalised
estimating equation; Glau-QoL: Glaucoma Quality of Life Questionnaire;
GLMM: generalised linear mixed models; GOAT: Glaucoma Outcome
Assessment Tool; GITS: Glaucoma Initial Treatment Study; GPA: Guided
Progression Analysis; HeNe: helium-neon laser; HREC: Human Research Ethics
Committee; HRQoL: Health-Related Quality of Life; IQR: interquartile range;
IRT: item response theory; ITT: intention to treat; IOP: intraocular pressure;
MD: mean deviation; NHMRC: National Health and Medical Research Council;
NICE: National Institute for Health and Care Excellence; NFLD: nerve fibre
layer defects; OSD: ocular surface disease; ODOC: Optic Disc Outcomes
Committee; OR: odds ratio; POAG: primary open angle glaucoma;
QALY: quality-adjusted life year; QoL: quality of life; RCT: randomised
controlled trial; SAE: serious adverse event; SD: standard deviation;
SLT: selective laser trabeculoplasty; VFOC: Visual Field Outcomes Committee;
WHO: World Health Organisation; XFG: exfoliative glaucoma.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
EL conceived of the study, and participated in its design and coordination
and helped to draft the manuscript. RM wrote the study protocol and
helped to draft the manuscript. MC coordinated the trial, wrote the study
protocol and helped to draft the manuscript. EKF contributed to the design
of patient-centred outcomes assessment and helped to draft the manuscript.
JX designed the statistical analysis plan, performed sample-size calculations
and drafted these sections. RC participated in the design and coordination of
the study. EF designed the economic analysis plan and drafted these sections.
IG participated in the design and coordination of the study. PH participated in
the design and coordination of the study. RT participated in the design and
coordination of the study. GSA participated in the design and coordination of
the study. KP participated in the design and coordination of the study. JC
conceived of the study, and participated in its design and coordination
and helped to draft the manuscript. All authors read and approved the
final manuscript.

Acknowledgements
This Randomised Controlled Trial is funded by a Project Grant from the
Australian National Health and Medical Research Council (NHMRC #1009844).
CERA receives operational infrastructure support from the Victorian
Government. First author ELL is funded by a NHMRC Research Fellowship
(#1045280). Co-author EKF is funded by an NHMRC Early Career Fellowship
(#1072987). Last author JC is funded by an NHMRC Practitioner Fellowship
(#529915) and by the Dorothy Adele Edols Charitable Trust.
The following Principle Investigators comprise ‘The Glaucoma Initial
Treatment Study (GITS) Group’: Dr Lance Liu, Dr Jonathan Ruddle, Dr Mark
Walland, Professor Anthony Wells, Dr David Manning, Associate Professor
Jamie Craig, Associate Professor Jonathan Jackson, Associate Professor Sushil
Vasudevan, Associate Professor Jemaima Che Hamzah, Professor Keith Martin,
Dr Andrew White. They approved the manuscript before submission.

Author details
1Centre for Eye Research Australia, University of Melbourne, the Royal
Victorian Eye and Ear Hospital, Melbourne 3002, Australia. 2Singapore Eye
Research Institute, Singapore National Eye Centre, Singapore, Singapore.
3Duke, Graduate Medical School, Singapore, Singapore. 4University of
Adelaide, North Terrace, Adelaide, South Australia, Australia. 5Discipline of
Ophthalmology, University of Sydney, Sydney, New South Wales, Australia.
6Glaucoma Unit, Sydney Eye Hospital, Sydney, New South Wales, Australia.
7Eye Associates, Sydney, New South Wales, Australia. 8Centre for Vision
Research, Department of Ophthalmology and Westmead Millennium
Institute, University of Sydney, Sydney, NSW, Australia. 9Queensland Eye
Institute, 149 Melbourne Street, South Brisbane, Queensland, Australia.
10University of Queensland, Brisbane, Queensland, Australia. 11Royal Victorian
Eye and Ear Hospital, Victoria, Australia. 12NH&MRC Centre for Clinical Eye
Research, Discipline of Optometry and Vision Science, Flinders University and
Flinders Medical Centre-Australia, Adelaide, Australia.

Received: 23 December 2014 Accepted: 24 August 2015

References
1. InFocus. Glaucoma is second leading cause of blindness globally. Bull World

Health Organ. 2004;82:887.
2. Quigley HA, Broman AT. The number of people with glaucoma worldwide

in 2010 and 2020. Br J Ophthalmol. 2006;90:262–7.
3. Chan EW, Chiang PP, Wong TY, Saw SM, Loon SC, Aung T, et al. Impact of

glaucoma severity and laterality on vision-specific functioning: the
Singapore Malay eye study. Invest Ophthalmol Vis Sci. 2013;54:1169–75.

4. Varma R, Lee PP, Goldberg I, Kotak S. An assessment of the health and
economic burdens of glaucoma. Am J Ophthalmol. 2011;152:515–22.

5. Zhou C, Qian S, Wu P, Qiu C. Anxiety and depression in Chinese patients
with glaucoma: sociodemographic, clinical, and self-reported correlates.
J Psychosom Res. 2013;75:75–82.

6. Boland MV, Quigley HA. Risk factors and open-angle glaucoma: concepts
and applications. J Glauc. 2007;16:406–18.

7. Olthoff CM, Schouten J, van de Borne B, Webers C. Noncompliance with
ocular hypotensive treatment in patients with glaucoma or ocular
hypertension: an evidence based review. Ophthalmology. 2005;112:953–61.

8. Nordstrom BL, Friedman D, Mozaffari E, Quigley H, Walker A. Persistence and
adherance with topical glaucoma therapy. Am J Ophthalmol. 2005;140:598–606.

9. Zhou Z, Althin R, Sforzolini B, Dhawan R. Persistency and treatment failure
in newly diagnosed open-angle glaucoma patients in the United Kingdom.
Br J Ophthalmol. 2004;88:1391–4.

10. Gurwitz JH, Glynn R, Monane M, Everitt D, Gilden D, Smith N, et al.
Treatment for Glaucoma: Adherance by the Elderly. Am J Pub Health.
1993;83:711–6.

11. Lindblom B, Nordmann J, Sellem E, Chen E, Gold R, Polland W, et al. A
multicentre, retrospective study of resource utilization and costs associated
with glaucoma management in France and Sweden. Acta Ophthalmol
Scand. 2006;84:74–83.

12. Cantor L, Katz L, Cheng J, Chen E, Tong K, Peabody J. Economic evaluation
of medication, laser trabeculoplasty and filtering surgeries in treating
patients with glaucoma in the US. Curr Med Res Opin. 2008;24:2905–18.

13. Miljanovic B, Dana R, Sullivan DA, Schaumberg D. Impact of dry eye syndrome
on vision-related quality of life. Am J Ophthalmol. 2007;143:409–15.

Lamoureux et al. Trials  (2015) 16:406 Page 9 of 10



14. Diggory P, Cassels-Brown A, Vail A, Abbey LM, Hillman JS. Avoiding
unsuspected respiratory side-effects of topical timolol with cardioselective
or sympathomimetic agents. Lancet. 1995;345:1604–6.

15. Fechtner RD, Godfrey DG, Budenz D, Stewart JA, Stewart WC, Jasek MC.
Prevalence of Ocular Surface Complaints in Patients with Glaucoma using
Topical Intraocular Pressure-Lowering Medications. Cornea. 2010;29:618–21.

16. Yee RW. The effect of drop vehicle on the efficacy and side effects of
topical glaucoma therapy: a review. Curr Opin Ophthalmol. 2007;18:134–9.

17. Leung EW, Medeiros FA, Weinreb RN. Prevalence of Ocular Surface Disease
in Glaucoma Patients. J Glauc. 2008;17:350–5.

18. Williams GO. Management of depression in the elderly. Prim Care.
1989;16:451–74.

19. Schmier JK, Covert DW, Rogin AL. Estimated first-year costs of prostaglandin
analogs with/without adjunctive therapy for glaucoma management: a
United States perspective. Curr Med Res Opin. 2007;23:2867–75.

20. Muller ME, van der Velde N, Krulder JWM, van der Cammen TJM. Syncope
and falls due to timolol eye drops. BMJ. 2006;332:960–1.

21. Baudouin C, deLunardo C. Short-term comparative study of topical 2 %
carteolol with and without benzalkonium chloride in healthy volunteers.
Br J Ophthalmol. 1998;82:39–42.

22. Alvarado JA, Iguchi R, Martinez J, Trivedi S, Shifera AS. Similar effects of
selective laser trabeculoplasty and prostaglandin analogs on the
permeability of cultured Schlemm canal cells. Am J Ophthalmol.
2010;150:254–64.

23. Alvarado JA, Katz LJ, Trivedi S, Shifera AS. Monocyte modulation of aqueous
outflow and recruitment to the trabecular meshwork following selective
laser trabeculoplasty. Arch Ophthalmol. 2010;128:731–7.

24. Kramer TR, Noecker RJ. Comparison of the morphologic changes after
selective laser trabeculoplasty and argon laser trabeculoplasty in human eye
bank eyes. Ophthalmology. 2001;108:773–9.

25. Lai JSM, Chua JKH, Tham CCY, Lam DSC. Five-year follow up of selective
laser trabeculoplasty in Chinese eyes. Clin Exp Ophthalmol. 2004;32:368–72.

26. Katz LJ, Steinmann WC, Kabir A, Molineaux J, Wizov SS, Marcellino G, et al.
Selective laser trabeculoplasty versus medical therapy as initial treatment of
glaucoma: A Prospective Randomized Trial. J Glauc. 2011;00:1–9.

27. Nagar M, Luhishi E, Shah N. Intraocular pressure control and fluctuation: the
effect of treatment with selective laser trabeculoplasty. Br J Ophthalmol.
2009;93:497–501.

28. Seider MI, Keenan JD, Han Y. Cost of Selective Laser Trabeculoplasty vs
Topical Medications for Glaucoma. Arch Ophthalmol. 2012;130:529–30.

29. Sawada H, Fukuchi T, Abe H. Evaluation of the relationship between quality
of vision and the visual function index in Japanese glaucoma patients.
Graefes Arch Clin Exp Ophthalmol. 2011;249:1721–27.

30. Iester M, Zingirian M. Quality of life in patients with early, moderate and
advanced glaucoma. Eye. 2002;16:44–9.

31. McKean-Cowdin R, Wang Y, Wu J, Azen SP, Varma R, Group LALES. Impact
of Visual Field Loss on Health-Related Quality of Life in Glaucoma: The Los
Angeles Latino Eye Study. Ophthalmology. 2007;115:941–8.

32. Mills RP, Janz NK, Wren PA, Guire KE, Group CS. Correlation of Visual Field
With Quality-of-Life Measures at Diagnosis in the Collaborative Initial
Glaucoma Treatment Study (CIGTS). J Glauc. 2001;10:192–8.

33. Noë G, Ferraro J, Lamoureux E, Rait J, Keeffe JE. Associations between
glaucomatous visual field loss and participation in activities of daily living.
Clin Experiment Ophthalmol. 2003;31:482–6.

34. Wandell PE, Lundstrom M, Brorsson B, Aberg H. Quality of life among
patients with glaucoma in Sweden. Acta Ophthalmol Scand. 1997;75:584–8.

35. Rn P, Feuer W, Schiffman J, Lichter P, Musch D. CIGTS Optic Disc Study
Group. Five-year follow-up optic disc findings of the Collaborative Initial
Glaucoma Treatment Study. Am J Ophthalmol. 2009;147:717–24.

36. Khadka J, McAlinden C, Craig JE, Fenwick EK, Lamoureux EL, Pesudovs K.
Identifying Content for the Glaucoma-specific Item Bank to Measure
Quality-of-life Parameters. J Glaucoma. 2015;24:12–9.

37. Cella D, Gershon R, Lai JS, Choi S. The futurue of outcomes measurement:
item banking, tailored short-forms, and computerized adaptive assessment.
Qual Life Res. 2007;16:133–41.

38. Bechetoille A, Arnould B, Bron A, Baudouin C, Renard JP, Sellem E, et al.
Measurement of health-related quality of life with glaucoma: validation of
the Glau-QoL 36-item questionnaire. Acta Ophthalmol Scand. 2008;86:71–80.

39. Misajon R, Hawthorne G, Richardson J, Barton J, Peacock S, Iezzi A, et al.
Vision and quality of life: the development of a utility measure. Invest
Ophthalmol Vis Sci. 2005;46:4007–15.

40. Richardson J, Iezzi I, Peacock S, Sinha K, Khan M, Misajon R, et al. Utility
Weights for the Vision-related Assessment of Quality of Life (AQoL)-7D
Instrument. Ophthalmic Epidemiol. 2012;19:172–82.

41. Vempati R, Bijlani RL, Deepak KK. The efficacy of a comprehensive lifestyle
modification programme based on yoga in the management of bronchial
asthma: a randomized controlled trial. BMC Pulm Med. 2009;9:37.

42. Sturm JW, Donnan GA, Dewey HM, Macdonell RA, Gilligan AK, Srikanth V,
et al. Quality of life after stroke: the North East Melbourne Stroke Incidence
Study (NEMESIS). Stroke. 2004;35:2340–5.

43. Weiss J, Shavin J, Davis MW. Overall results of the BEST study following
treatment of patients with mild to moderate acne. Cutis. 2003;71:10–7.

44. Tyedin K, Cumming TB, Bernhardt J. Quality of life: An important outcome
measure in a trial of very early mobilisation after stroke. Disabil Rehabil.
2009;32:875–84.

45. Linacre JM. A user’s guide to Winsteps: Rasch-Model Computer Program.
Chicago, Illinois: MESA Press; 2002.

46. Gold MR, Russell LB, Weinstein MC. Cost-effectiveness in Health and
Medicine. New York, NY: Oxford University Press; 1996.

47. Peacock S, Misajon R, Iezzi A, Richardson J, Hawthorne G, Keeffe J. Vision
and quality of life: development of methods for the VisQoL vision-related
utility instrument. Ophthalmic Epidemiol. 2008;15:218–23.

48. Walt J, Rowe M, Stern K. Evaluating the functional Impact of Dry Eye: The
Ocular Surface Disease Index. Drug Inf J. 1997;31:1436.

49. Fisher L, Hessler D, Naranjo D, Polonsky W. AASAP: a program to increase
recruitment and retention in clinical trials. Patient Educ Couns. 2012;86:372–7.

50. Coday M, Boutin-Foster C, Goldman Sher T, Tennant J, Greaney ML,
Saunders SD, et al. Strategies for retaining study participants in behavioral
intervention trials: retention experiences of the NIH Behavior Change
Consortium. Ann Behav Med. 2005;29(Suppl):55–65.

51. Access Economics Pty Limited: Tunnel Vision: the Economic Impact of
Primary Open Angle Glaucoma. Melbourne; 2008.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

Lamoureux et al. Trials  (2015) 16:406 Page 10 of 10



Minerva Access is the Institutional Repository of The University of Melbourne

Author/s:
Lamoureux, EL;Mcintosh, R;Constantinou, M;Fenwick, EK;Xie, J;Casson, R;Finkelstein,
E;Goldberg, I;Healey, P;Thomas, R;Ang, GS;Pesudovs, K;Crowston, J

Title:
Comparing the effectiveness of selective laser trabeculoplasty with topical medication as
initial treatment (the Glaucoma Initial Treatment Study): study protocol for a randomised
controlled trial

Date:
2015-09-11

Citation:
Lamoureux, E. L., Mcintosh, R., Constantinou, M., Fenwick, E. K., Xie, J., Casson, R.,
Finkelstein, E., Goldberg, I., Healey, P., Thomas, R., Ang, G. S., Pesudovs, K. & Crowston,
J. (2015). Comparing the effectiveness of selective laser trabeculoplasty with topical
medication as initial treatment (the Glaucoma Initial Treatment Study): study protocol for a
randomised controlled trial. TRIALS, 16 (1), https://doi.org/10.1186/s13063-015-0924-6.

Persistent Link:
http://hdl.handle.net/11343/257713

License:
CC BY

http://hdl.handle.net/11343/257713
CC%20BY

	Abstract
	Background
	Methods/Design
	Discussion
	Trial registration

	Background
	Objectives and hypotheses
	Specific aims

	Methods/Design
	Inclusion and exclusion criteria
	Inclusion criteria
	Exclusion criteria

	Interventions
	Selective laser trabeculoplasty
	Topical ocular hypotensive therapy
	Randomisation
	Allocation concealment
	Outcome measures
	Health-related QoL (HRQOL)
	Clinical

	Statistical analysis plan
	Baseline characteristics
	Primary analysis
	Economic analysis
	Clinical efficacy

	Planned subgroup analyses
	Sample size estimation
	Side-effects reporting and quantification
	Ethical issues
	Ethics committee approval


	Discussion
	Trial status
	Abbreviations
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References



