http://www.diva-portal.org

This is the published version of a paper published in Acta Ophthalmologica.

Citation for the original published paper (version of record):
Linden, C., Heijl, A., Jóhannesson, G., Aspberg, J., Andersson Geimer, S. et al. (2018)
Initial intraocular pressure reduction by mono# versus multi#therapy in patients with
open#angle glaucoma: results from the Glaucoma Intensive Treatment Study
Acta Ophthalmologica, 96(6): 567-572
https://doi.org/10.1111/aos.13790

Access to the published version may require subscription.
N.B. When citing this work, cite the original published paper.

Permanent link to this version:
http://urn.kb.se/resolve?urn=urn:nbn:se:umu:diva-153137

Acta Ophthalmologica 2018

Initial intraocular pressure reduction by
mono- versus multi-therapy in patients with
open-angle glaucoma: results from the
Glaucoma Intensive Treatment Study
Christina Linden,1 Anders Heijl,2 Gauti J
ohannesson,1,3 Johan Aspberg,2 Sabina Andersson Geimer2
and Boel Bengtsson2
1

Department of Clinical Sciences, Ophthalmology, Ume
a University, Ume
a, Sweden
Department of Clinical Sciences in Malm€
o, Ophthalmology, Lund University, Malm€
o, Sweden
3
Wallenberg Centre for Molecular Medicine, Ume
a University, Ume
a, Sweden
2

ABSTRACT.
Purpose: To study newly diagnosed glaucoma patients given mono- or multi-therapy
regarding diﬀerences in initial intraocular pressure (IOP) reduction, target IOP levels
reached and inﬂuence of untreated baseline IOP on IOP reduction.
Methods: Patients newly diagnosed with manifest primary open-angle glaucoma and
included in the Glaucoma Intensive Treatment Study (GITS) were randomized to
immediate intensive treatment with any of three diﬀerent IOP-lowering substances
supplied in two bottles plus 360° laser trabeculoplasty or to conventional stepwise
treatment starting with a single-drug. Intraocular pressure reduction was analysed
1 month after initiation of treatment.
Results: One hundred eighteen patients (143 eyes) received mono-therapy and 122
patients (152 eyes) multi-therapy. Median baseline IOP was 24.0 (min: 9.7, max: 56.0)
mmHg in mono-therapy eyes and 24.0 (min: 12.3, max: 48.5) mmHg in multi-therapy
eyes (p = 0.56). After 1 month in the two groups, respectively, values for median IOP
reduction were 6.3 (range: 5.3–31.0) and 11.0 (range: 0.7–34.5) mmHg, and for mean
relative decline 26.8 (range: 32.0–55.4) and 46.0 (range: 4.6–81.6) % (p = 0.000). A
larger proportion of the multi-therapy patients reached each target IOP level
(p = 0.000). The higher the baseline IOP, the larger the observed pressure reduction,
considering both absolute and relative ﬁgures. The eﬀect was more pronounced in eyes
with multi-therapy than in those with mono-therapy (p = 0.000). For every mmHg
higher IOP at baseline, the IOP was reduced by an additional 0.56 (mono-therapy) or
0.84 (multi-therapy) mmHg.
Conclusion: Intensive treatment led to considerably greater IOP reduction than
mono-therapy. Among patients with IOP ≥30 mmHg at diagnosis an IOP of <16 was
reached in 2/3 of those with multi-therapy but in none with mono-therapy. The IOP
reduction was highly dependent on the untreated IOP level.
Key words: baseline pressure – intraocular pressure – multi-therapy – open-angle glaucoma –
target pressure – therapy
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Introduction
The Glaucoma Intensive Treatment
Study (GITS) is an ongoing project
focused on treatment of open-angle
glaucoma (OAG). The primary aim of
the GITS is to investigate whether visual
function and vision-related quality of
life (QoL) can be better preserved by
intensive initial treatment started at the
time of diagnosis than by the more
conventional stepwise approaches that
are commonly recommended in the
glaucoma guidelines, such as those
established by the European and the
Swedish Glaucoma Societies (Heijl
et al. 2012; European Glaucoma
Society 2014).
The most common strategy in modern glaucoma management is to set a
target intraocular pressure (IOP) for
each eye at the time of diagnosis. The
individual target IOP depends on several factors, including life expectancy,
stage of the glaucoma (damage),
untreated IOP levels and overall risk
proﬁle (European Glaucoma Society
2014). To reach the target IOP, current
glaucoma management generally recommends to start with medical monotherapy. Initially, an IOP of
<21 mmHg and a reduction of 20%
may be suﬃcient for patients with early
stages of glaucoma, whereas patients
with moderate damage may require an
IOP of <18 mmHg and a 30% decrease
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in IOP (European Glaucoma Society
2014). Even lower levels may be necessary in advanced stage glaucoma
(European Glaucoma Society 2014),
for which a reduction of 40–50% is
suggested (Konstas & Hollo 2016).
More than one drug is often needed
to reach even a fairly modest reduction
(Kass et al. 2002). If mono-therapy
fails, treatment is changed until the
target IOP is met, and this often entails
switching drug class, combining drugs,
or adding laser trabeculoplasty (LTP).
When the goal is achieved, the patient
follow-up includes relatively frequent
visits for 2–3 years, and the amount of
data collected during that period
should be suﬃcient to assess the rate
of progression (Chauhan et al. 2008a).
If the rate of progression is unacceptable, the target IOP is adjusted downwards and the treatment is increased.
Thereafter, the patient is again followed to determine whether the rate of
progression has been reduced to an
acceptable level.
We hypothesize that this conventional approach might result in unnecessary loss of visual function, simply
because it takes several years to determine the rate of progression. If modern
recommendations of frequent followup during the ﬁrst few years after
diagnosis are not complied with (Friedman et al. 2005; Quigley et al. 2007;
Linden et al. 2013), the time interval
needed to determine progression status
might easily exceed 2–3 years. Accordingly, it might be wiser to treat all
glaucoma patients more intensively as
the ﬁrst step. This issue is being investigated in the GITS by randomizing
patients either to the conventional
stepwise therapeutic approach or to
more intensive treatment from the time
of diagnosis. All eyes in the GITS
intensive treatment arm are immediately prescribed three IOP-reducing
agents from three diﬀerent drug classes
(provided in two bottles) and also
receive LTP 1 week later (B. Bengtsson, A. Heijl, G. Jóhanesson, S.
Andersson-Geimer, J. Aspberg, C.
Linden, in prep).
A prospective follow-up must be
conducted to determine whether a
more intensive approach such as the
method described here is preferable.
Therefore, the GITS protocol speciﬁes
that each patient should be followed up
for 5 years. In this early analysis, it is
possible to establish whether there are
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any clear diﬀerences in IOP reduction
between the two treatment approaches,
and it also provides the opportunity to
study the inﬂuence of pretreatment
IOP on the absolute and relative IOP
reduction for each treatment strategy.
Several large prospective randomized studies have found that the
risk of progression from ocular hypertension to manifest glaucoma, or of
damage in eyes with manifest glaucoma, is markedly decreased by as
much as 0–19% for each mmHg
reduction in IOP (Gordon et al.
2002; Heijl et al. 2002; Leske et al.
2003, 2007; Miglior et al. 2007; Chauhan et al. 2008b). A lower IOP is
likely to reduce the rate of progression and therefore also decrease the
risk of lifetime blindness or loss of
QoL.
Numerous comparisons of diﬀerent
types and diﬀerent combinations or
modalities of medical treatments for
OAG have been reported in the literature (Rolim de Moura et al. 2007; Vass
et al. 2007; Burr et al. 2012; Li et al.
2015, 2016). There is some evidence
that surgical intervention lowers IOP
more eﬀectively, but surgery is also
associated with more complications
(Burr et al. 2012), and thus it is relevant to search for more eﬃcient strategies for reducing IOP that can help
avoid having to resort to surgery. To
our knowledge, no studies focused on
IOP reduction have compared the
conventional approach of stepwise
treatment escalation with a more radical non-surgical approach such as that
used in the GITS. It is of interest to get
an idea of the IOP reduction achieved
with the conventional approach and
the more intensive approach. This early
report provides data on the initial
IOP response, target IOP levels
reached, and the inﬂuence of the
untreated pressure levels in eyes
included in the two treatment arms of
the GITS.

Materials and Methods
Detailed information about the study
design and procedures applied in the
GITS is provided in an accompanying
paper (Bengtsson et al. in prep.), which
also describes the baseline characteristics of the patients. The present investigation is registered in the European
Clinical Trials Database (EudraCT Ref.
no. 2013-002895-42). The GITS

protocol follows the tenets of the Declaration of Helsinki and has been
reviewed and approved by the Regional
Ethical Review Board at Lund University and by the Swedish Medical Product
Agency (Ref no. 5.1-2013-64667). All
patients signed written informed consent after receiving oral and written
information about the study.
Patients

Patients with newly diagnosed,
untreated glaucoma were recruited from
the primary care area of the hospitals in
the cities of Ume
a and Malm€
o, including
the surrounding towns. Glaucoma was
deﬁned as the presence of repeated glaucomatous visual ﬁeld defects (Humphrey
Visual Field Analyzer 30-2 SITA standard programme) with corresponding
disc and/or nerve ﬁbre layer defects.
Having undergone any previous eye
surgery, with the exception of uncomplicated cataract surgery, was an exclusion
criterion. Patients with advanced ﬁeld
loss were not eligible; the visual ﬁeld
index had to be ≥65% in both eyes. All
levels of untreated IOPs were allowed for
inclusion.
Between March 2013 and March
2017, 242 patients aged 40–78 years
and with newly detected manifest primary OAG (n = 173, 72%) or pseudoexfoliation glaucoma (n = 69, 28%)
in one or both eyes were enroled in the
GITS. Fifty-six patients (23%) contributed with both eyes that is a total of
298 eyes were included.
Treatment

Patients were randomized to either
immediate intensive treatment (multitherapy, 124 patients) or conventional
stepwise treatment starting with a single-drug (mono-therapy, 118 patients).
In the mono-therapy group, any IOPlowering single-drug eye drop registered in Sweden could be used. Multitherapy patients were given three different IOP-lowering substances as two
medications at the time of inclusion
and underwent 360° selective or argon
LTP 1 week later; any combination of
three IOP-lowering agents from three
diﬀerent drug classes was allowed.
Fixed dual combination was counted
as two diﬀerent drugs. Treatments
could be adjusted at any time if deemed
necessary by the ophthalmologist in
charge.

Acta Ophthalmologica 2018

Results

Tonometry and visits

Intraocular pressure was measured
once in each eye at every visit by
certiﬁed technicians. Tonometry was
performed in the sitting position using
a calibrated Goldmann applanation
tonometer. Patients made three visits
before randomization; two prestudy
visits and one baseline visit. The mean
of these three untreated readings was
used as the baseline IOP. Multi-therapy patients were scheduled for LTP
1 week after randomization. In both
treatment groups, the ﬁrst follow-up
visit was scheduled 1 month after the
last visit that is 1 month after baseline
for mono-therapy patients and
1 month after the LTP visit for multitherapy patients.

Statistical analyses

Analyses were based on eligible study
eyes. Descriptive data are presented as
mean and standard deviation (SD), or
median and range, as appropriate. In
statistical comparisons of the diﬀerence
between the two treatment groups,
mixed model analysis was used with
subjects as a random factor to adjust
for possible dependence between the
two eyes in the same subject. A generalized linear model was applied to test
the signiﬁcance of the eﬀect of
untreated initial IOP on the IOP reduction, adjusting for possible dependence
between the two eyes in the same
patient. A p value of <0.05 was considered statistically signiﬁcant. IBM
SPSS version 24.0 IBM (New York,
NY, USA) was used for data analysis.

Patients

Two patients in the multi-therapy group
withdrew from the study immediately
after randomization. Thus the analyses
in this report are based on 240 individuals: 118 patients (143 eyes) in the
mono-therapy group and 122 patients
(152 eyes) in the multi-therapy group,
with median ages of 68 (range: 46–78)
and 69 (range: 52–78) years, respectively. Forty-ﬁve per cent in each group
were women, representing 53 and 55
individuals in the mono-therapy and the
multi-therapy group, respectively.
Treatment

As reported in the accompanying paper,
the following treatments were applied in
the mono-therapy group: most (81%) of
patients received a prostaglandin analogue, 19% received timolol, and only
one patient was given dorzolamide. In the
multi-therapy group, the majority of the
patients were prescribed drug combinations comprising timolol + bimatoprost
and brinzolamide, or timolol + dorzolamide and latanoprost; all other possible
drug combinations were used by fewer
than ﬁve patients each.
IOP

Median baseline IOP was 24.0 (min: 9.7,
max: 56.0) mmHg in the eyes with
mono-therapy, and the mean for the
same group was 26.2 mmHg. Corresponding baseline values for the eyes
with multi-therapy were 24.0 (min: 12.3,
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max: 48.5) mmHg and 25.3 mmHg.
There was no signiﬁcant diﬀerence
between the two groups (p = 0.56). In
nine patients randomized to monotherapy, the treatment was intensiﬁed
at an extra visit attended before the 1month visit; for these nine subjects, the
IOP value from the extra visit (i.e. when
the patient was still on mono-therapy)
was used in the response assessment.
At the ﬁrst follow-up, the median
IOP was 18.0 (min: 8.0, max: 34.0)
mmHg in the eyes with mono-therapy
(mean 18.2 mmHg) and 12.0 (min: 6.0,
max: 28.0) mmHg (mean 12.8 mmHg)
in those with multi-therapy, and the
diﬀerence between the two groups was
highly signiﬁcant (p = 0.000).
The IOP reduction from baseline to
ﬁrst follow-up ranged from 5.3 to
31.0 mmHg in the eyes with monotherapy, with a median of 6.3 mmHg
and a mean of 7.7 (SD: 5.9) mmHg
(Fig. 1A). Corresponding changes in
the multi-therapy eyes ranged between
0.7 and 34.5 mmHg, with a median of
11.0 mmHg and a mean of 12.5 (SD:
7.4) mmHg (Fig. 1B). In the monotherapy group, the mean relative IOP
reduction from baseline to ﬁrst followup visit was 26.8% (range: 32.0–
55.4%; median 27.6%), and the corresponding value for the multi-therapy
patients was 46.0% (range 4.6–81.6%;
median 45.8%); the diﬀerence between
the two groups was highly signiﬁcant
(p = 0.000).
The absolute number and the proportion of patients reaching diﬀerent
target IOPs in the two treatment arms
are presented in Table 1. A signiﬁcantly
larger proportion of the multi-therapy
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Fig. 1. Change in intraocular pressure between baseline and 1-month visit in eyes randomized to mono-therapy (n = 143, A) or multi-therapy
(n = 152, B).
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Table 1. Absolute numbers and proportions of eyes reaching diﬀerent target IOPs in the two treatment arms.
Mono-therapy
n (%)

Multi-therapy
n (%)
Untreated IOP level

Untreated IOP level

Target IOP (mmHg)

All mono
n = 143

<21
n = 44

21 ≤ IOP ≤ 30
n = 64

≥30
n = 35

All multi
n = 152

<21
n = 51

21 ≤ IOP < 30
n = 64

≥30
n = 37

<21
<18
<16
<14
<12

104
70
37
18
5

40
36
24
15
5

53
29
13
3
0

11 (31)
5 (14)
0
0
0

147
140
120
102
58

51
51
49
47
26

61
58
47
36
22

35
31
24
19
10

(73)
(49)
(26)
(13)
(3)

(91)
(82)
(55)
(34)
(11)

(83)
(45)
(20)
(5)

(97)
(92)
(79)
(67)
(38)

(100)
(100)
(96)
(92)
(51)

(95)
(91)
(73)
(56)
(34)

(95)
(84)
(65)
(51)
(27)

The eyes in both treatment arms were divided into three groups with respect to untreated IOP level.
IOP = intraocular pressure.

patients reached each target level
(p = 0.000). Results were similar when
the patients were divided into three
groups with respect to their untreated
IOP level: low, intermediate or high
baseline IOP. In addition, even when
untreated baseline IOP was taken into
account, the proportion of patients
reaching each target level was always
signiﬁcantly greater for the multi-therapy subjects.
As illustrated in Fig. 2 the IOP
reduction was strongly dependent on
the baseline IOP. Pressure reduction
was larger in eyes with a higher baseline IOP than in those with a lower
baseline IOP. This was noted in both
treatment arms, although the eﬀect was
more pronounced in eyes on multitherapy (p = 0.000). For example, it is
expected that a pretreatment IOP of
15 mmHg will be lowered by

1.4 mmHg (9%) by mono-therapy
and by 3.7 mmHg (25%) by multitherapy. The corresponding ﬁgures for
a pretreatment IOP of 30 mmHg are
9.8 mmHg (33%) and 16.3 mmHg
(54%), and for a high pretreatment
IOP (50 mmHg) the reduction is estimated to 21 mmHg (42%) and
33.1 mmHg (66%). The slope of pressure-lowering versus baseline IOP was
0.56 (R2 = 0.66; p = 0.000) in the
mono-therapy
group
and
0.84
(R2 = 0.80; p = 0.000) in the multitherapy group, which means that for
every mmHg higher IOP at baseline,
the IOP was reduced by an additional
0.56 or 0.84 mmHg, respectively.

Discussion
Our results demonstrate that, compared to the mono-therapy, the initial

IOP reduction
(mmHg)

intensive treatment was considerably
and signiﬁcantly more eﬀective in
achieving overall IOP reduction in
OAG patients. Short-term mean IOP
reduction
among
multi-therapy
patients was about 5 mmHg greater
than in patients who received conventional treatment. The mean relative
reduction in IOP was 46% in the
experimental arm versus nearly 27%
in the conventional arm. In other
words, in the present study, the initial
target IOP level recommended for early
to moderate glaucoma was already
reached by mono-therapy, whereas
the advanced stage recommendation
was only fulﬁlled in the multi-therapy
arm (Konstas & Hollo 2016).
Prostaglandin analogues are the
most eﬃcacious topical glaucoma
drugs (van der Valk et al. 2009; Li
et al. 2016), with an estimated eﬀect of
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Fig. 2. Relationship between untreated intraocular pressure (IOP) and the reduction in IOP after 1 month of treatment in eyes receiving monotherapy (open circles) or multi-therapy (ﬁlled circles).
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approximately 30% when used as
mono-therapy (van der Valk et al.
2005). These agents are closely followed by beta-blockers, which result in
a predicted decline in IOP of about
27% (van der Valk et al. 2005). Considering that four-ﬁfths of the patients
in the mono-therapy arm in our study
received a prostaglandin, and the
remaining one-ﬁfth was given timolol,
the mean IOP reduction of 27% was
not unexpected.
The nearly 50% reduction in IOP in
the intensively treated patient group
was impressive and perhaps also surprising. No previous studies have
investigated the combination of multiple drugs and LTP. The Early Manifest
Glaucoma Trial applied a ﬁxed treatment protocol comprising only one
drug (betaxolol) and 360° LTP, which
led to an IOP reduction of 25% after
3 months (Heijl et al. 2002). Many
studies have assessed IOP reduction
after increasing drug treatment, especially regarding unﬁxed or ﬁxed combinations of two drugs. A review of
additivity to the IOP-reducing eﬀect of
prostaglandin analogues showed additional IOP reduction of less than 15%,
regardless of the type of agent (betablocker, topical carbonic anhydrase
inhibitor or alpha-agonist) that was
added (Tabet et al. 2008). Substantial
data on ﬁxed combination drug therapy indicate responses in the order of
28–35% (Cheng et al. 2012). Few randomized investigations have evaluated
the eﬀect of more than two substances.
In a 3-month study of ﬁxed combinations in a population with untreated
IOP slightly above 22 mmHg, the combination timolol 0.5%/brimonidine
0.2% lowered the IOP 18%, whereas
the triple therapy timolol 0.5%/brimonidine
0.2%/dorzolamid
2%
reached a reduction of 27% from
baseline (Baiza-Duran et al. 2012). In
another assessment in which the ﬁxed
combination brinzolamide 1%/brimonidine 0.2% was given together with
a prostaglandin analogue, the additional IOP reduction was 25% after
6 weeks (Fechtner et al. 2016). A similar study evaluated taﬂuprost plus the
ﬁxed combination dorzolamid/timolol
versus taﬂuprost alone in patients
insuﬃciently controlled with latanoprost, and the results showed that the
triple treatment provided a 22%
greater reduction in IOP compared to
latanoprost-treated baseline values

(Konstas et al. 2017). Thus it seems
that the IOP reduction in our multitherapy patients was at least as eﬃcient
as in previously published reports.
We also found that the absolute
decrease in IOP was highly dependent
on the baseline IOP, and this was more
pronounced in the intensive treatment
arm, where every mmHg of higher
untreated IOP was associated with
0.84 mmHg greater IOP reduction.
The corresponding estimate for the
mono-therapy patients was 0.56 mmHg
per mmHg higher baseline IOP. A
strong relationship between decreased
IOP and baseline IOP has been reported
for both LTP (Mao et al. 2008; Pillunat
et al. 2016) and medical treatment
(Heijl et al. 2011; Konstas et al. 2017).
In our study, a similar pattern was
detected, and the slope was considerably steeper in the intensive treatment
arm, indicating a larger IOP-reducing
eﬀect per mmHg untreated IOP than in
the conventional arm. Notably, both
the absolute IOP reduction and the
relative (%) reduction increased with
higher baseline IOP. One reason why
this strong dependence was so obvious
is probably that we used wide inclusion
criteria that allowed patients with a very
wide range of baseline IOPs to be
enroled in the trial.
Table 1 shows the number and proportion of eyes reaching diﬀerent target
IOPs. We assessed ﬁve arbitrarily
chosen target IOP levels that could
satisfactorily represent realistic, individually determined target IOPs. In
eyes with an untreated IOP of
≥30 mmHg in our study, 95% of those
assigned to multi-therapy reached a
level of <21 mmHg, whereas only 31%
of those randomized to mono-therapy
attained that level. Again considering
eyes with an untreated IOP of
≥30 mmHg but at a target IOP of
<16 mmHg, that level was reached in
65% of the multi-therapy eyes but in
none of the eyes in the mono-therapy
group. Hence even very ambitious
goals for IOP were met by a large
proportion of eyes given the intensive
treatment. Furthermore, only a small
proportion of patients with high IOPs
will reach a reasonable target IOP with
mono-therapy.
One strength of the current study
was that it included only previously
untreated patients with manifest OAG.
All the patients were naive to IOPlowering agents, and therefore no

biases in terms of responder or nonresponder were introduced. Another
advantage was the inclusion of the
whole spectrum of untreated IOP
levels, with no upper or lower limit.
This report conﬁrms that, compared
to mono-therapy, the described intensive multi-therapy leads to a considerably larger IOP reduction in treatmentna€ıve patients with OAG. It seems
apparent that a larger proportion of
patients will reach their target IOP
more rapidly with initial intensive
treatment than with conventional treatment. This observation is a prerequisite
for the GITS to be able to corroborate
or disprove the primary hypothesis of
the present investigation.
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