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Abstract

Purpose To determine the effect of oral

acetazolamide on lowering the peak and

duration of intraocular pressure (IOP) rise

in glaucoma and glaucoma suspect

patients, following intravitreal injection of

ranibizumab for neovascular age-related

macular degeneration.

Methods The study was an open-label,

parallel, randomised, controlled trial

(EudraCT Number: 2010-023037-35).

Twenty-four glaucoma or glaucoma suspect

patients received either 500 mg acetazolamide

or no treatment 60–90 min before 0.5 mg

ranibizumab. The primary outcome measure

was the difference in IOP immediately after

injection (T0) and 5, 10, and 30 min following

injection. ANCOVA was used to compare

groups, adjusting for baseline IOP. The study

was powered to detect a 9-mm Hg difference

at T0.

Results The IOP at T0 was 2.3 mm Hg

higher in the non-treated group (mean

44.5 mm Hg, range (19–86 mm Hg)) compared

with the treated group (mean 42.2 mm Hg,

range (25–58 mm Hg)), but was not

statistically significant after adjusting for

baseline IOP (P¼ 0.440). At 30 min, IOP was

4.9 mm Hg higher in the non-treated group

(mean 20.6 mm Hg, range (11–46 mm Hg))

compared with the treated group (mean

15.7 mm Hg, range (8–21 mm Hg)). This

was statistically significant after adjusting

for baseline IOP (P¼ 0.013).

Conclusions Although the primary end

points were not reached, 500 mg oral

acetazolamide, 60–90 min before intravitreal

injection, results in a statistically significant

reduction in IOP at 3O min post injection.

Prophylactic treatment may be considered

as an option to minimise neuro-retinal rim

damage in high-risk glaucoma patients

who are most vulnerable to IOP spikes and

undergoing repeated intravitreal injections

of ranibizumab.
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Introduction

Neovascular age-related macular degeneration

(nAMD) is characterised by the abnormal

proliferation of blood vessels at the macula that

leak and haemorrhage, often leading to severe

loss of central vision. Vascular endothelial

growth factor A (VEGF-A) is a key cytokine that

promotes angiogenesis and vascular
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permeability, and treatment with anti-VEGF therapy

leads to preservation of vision.1

Ranibizumab is a recombinant, humanized

monoclonal antibody that is administered by intravitreal

injection. It binds and neutralizes all active forms of

VEGF-A but only has a short duration of clinical effect

(of B30 days).1 Regular treatment is required to maintain

disease stability, with treatment providing disease

suppression rather than cure in the majority of

patients.1,2 In routine clinical practice the mean number

of injections is B6.0 in year 1 and 3.5 in year 2.3 In the

Seven-Up study, an observation of the 4 years

following on from landmark clinical studies, a mean

of approximately two anti-VEGF injections per year

was reported.4

Several studies report the extent and duration of

intraocular pressure (IOP) elevation following intravitreal

injections and most conclude that there is an immediate

pressure rise with a slow normalisation of IOP to

o30 mm Hg within the subsequent 30 min.5,6 Debate exists

as to whether patients with glaucoma, a condition

characterised by peripheral visual field loss and raised IOP,

have a different pattern of pressure rise.5,7,8

IOP spikes and sustained IOP elevation cause

progression of glaucoma. Frenkel et al9 studied

prophylactic medication to prevent IOP rise in patients

undergoing intravitreal therapy and concluded that

they are essentially ineffective, but to the best of our

knowledge no study has investigated prophylactic

treatment in exclusively glaucoma or glaucoma

suspect patients.

The aim of this study is to determine the effect of

oral acetazolamide on lowering the peak and duration of

IOP rise in glaucoma and glaucoma suspect patients,

following an injection of ranibizumab for nAMD.

Materials and methods

Patients with a pre-existing diagnosis of glaucoma or

glaucoma suspect undergoing routine ranibizumab

intravitreal injections for nAMD in a dedicated

treatment clinic were identified. Participants meeting

the criteria outlined in Table 1 were randomised to

receive, 60–90 min prior to injection, either 500 mg oral

acetazolamide or no acetazolamide at a ratio of 1 : 1. The

schedule was generated using randomisation software

and the allocations were placed in opaque, sequentially

numbered envelopes that were sealed. The sequence and

envelopes were prepared by a member of staff with no

involvement in the study. The randomisation envelopes

were held in the Pharmacy department and opened by

the trial pharmacist.

Ranibizumab (0.5 mg/0.05 ml) was administered

using a 30-gauge needle following The Royal College

of Ophthalmologists Guidelines for Intravitreal

Injections Procedure 2009 (http://www.rcophth.ac.uk/

page.asp?section=451&sectionTitle=Clinical+Guidelines).

IOP was measured before treatment (Baseline, TB)

immediately after injection (T0) with the patient supine,

and at 5 min (T5), 10 min (T10) and 30 min (T30) with

the patient upright. A calibrated handheld Tono-Pen

(Medtronic Xomed Ophthalmics Inc., Minneapolis, MN,

USA) was used for IOP measurements and the reading

was validated by a second observer.

Statistical analysis plan

The primary end points were change in IOP from

baseline to T0, T5, T10, and T30. Sample size calculation

was based on a eye pressure difference of 9 mm Hg

between the intervention and non-treated groups at T0.

A total of 24 patients (12 in each arm) were required

to provide 80% power at the 5% significance level.

Baseline observations of age, sex, race, existing

ocular glaucoma and treatments were summarised

using means (standard deviations), medians

(inter-quartile ranges), and proportions (percentage).

The study was analysed using Intention to Treat analysis

(ITT). For the primary analysis, repeated-measure

ANOVA was used to compare IOP over time, and

ANCOVA was used to compare the IOP between the

two groups at each time point. These analyses were

adjusted for baseline IOP (TB). A P-value of o0.05

was considered to indicate statistical significance.

All analyses were undertaken on SPSS version 18.0

(IBM, Portsmouth, UK).

Statement of ethics

We certify that all applicable institutional and

governmental regulations concerning the ethical use

Table 1 Inclusion and exclusion criteria for enrolment into
the study

Inclusion criteria
Patients with nAMD requiring ranibizumab injections.
Glaucoma or glaucoma suspect.
Able to give written informed consent.

Exclusion criteria
Baseline pre-injection IOP of 30 mm Hg or higher.
Known allergy to sulphur/sulphonamide-containing
drugs or acetazolamide.
Severe kidney or liver disease/dysfunction.
Adrenal gland failure.
Hyperchloremic acidosis.
Hepatic cirrhosis.
Pregnancy/pre-menopausal.
Concomitant use of other oral carbonic anhydrase inhibitors.
Enrolment in a pre-existing clinical trial.
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of human volunteers were followed in this research

in accordance with the Declaration of Helsinki

(EudraCT number: 2010-023037-35).

Results

Twenty-four participants gave consent to participate,

were randomised, and completed the study. The

two groups appeared to be well balanced for

baseline characteristics (Table 2).

Repeated-ANOVA measurements showed a

reduction in IOP from T0 to T30 (Po0.001). There was

no difference in this reduction between the treated

and untreated groups (P¼ 0.459, Figure 1 and Table 3).

For ANCOVA analysis, no adjustments for co-variates

were made. No significant differences between the

groups were observed at T0, T5, or T10 (Table 4);

however, at T30 a difference of 5.5 mm Hg was observed

(SD 0.1, 95% CI 1.3–9.8, P¼ 0.013). No adverse events

were reported.

Discussion

This study demonstrates that transient IOP elevations in

glaucoma and glaucoma suspect patients immediately

after intravitreal injection of ranibizumab are common

and can be substantial. This magnitude of elevation has

been noticed in patients previously;5,10,11 however,

glaucoma patients have not been specifically studied.

This is the only study the authors are aware of that has

a randomised control study design. The results of this

study allow future planning of larger randomised

controlled trials.

While randomisation determined which of the

participants were assigned to the treatment vs control

groups, it could be argued that the end baseline

characteristic profile of the two groups was asymmetrical

in terms of co-medications, glaucoma pathology subsets,

and baseline IOP. The investigators appreciate that

these factors may influence the results, mindful that

the numbers in question are small and should be

interpreted as such.

Although the baseline spread of different glaucoma

pathologies is presented in Table 2, owing to the small

numbers involved no subgroup analysis was carried

out. The investigators acknowledge that the different

glaucoma pathologies may well have individual

influence on IOP trends following intravitreal injections.

The inclusion of three patients with functioning

trabeculectomies may also confound the results as these

patients have ancillary drains and may no longer be as

susceptible to IOP rises. The investigators concur that

the grouping of patients controlled on different IOP-

lowering regimes also does not make provision for

differences in IOP responses following intravitreal

injections, which may be a confounding factor in

interpreting results. Further studies of all these

subgroups are required to investigate this further.

Now that a mean reduction in IOP has been established,

in future, larger studies powered to this figure and

using single pathologies can be performed.

Debate continues as to whether glaucoma patients

behave differently. In a study of 213 consecutive

injections, in 120 eyes of 112 patients, Kim et al5 noted a

mean IOP immediately post injection of 44 mm Hg

(range 4–87 mm Hg); however, by 30 min all patients had

IOP o30 mm Hg. Twenty of these 112 patients had

pre-existing glaucoma. They noted that these eyes took

significantly longer to achieve an IOP of o30 mm Hg.

In the non-treated arm of our study, we demonstrated an

almost identical increase in IOP immediately post

injections and that not all had an IOP of o30 mm Hg by

Table 2 Baseline characteristics of study participants in the
acetazolamide-treated and non-treated groups

No
acetazolamide

(12)

Acetazolamide
(12)

Total

Age
Mean (SD) 84.9 (7.4) 80.8 (4.6) 82.9 (6.4)

Gender
Male 5 (42%) 9 (75%) 14 (58%)

Female 7 (58%) 3 (25%) 10 (42%)

Ethnic group
Caucasian 12 (100%) 12 (100%) 24 (100%)

Eye injected with ranibizumab during study
Right eye 7 (58%) 6 (50%) 13 (54%)

Left eye 5 (42%) 6 (50%) 11 (46%)

Type of glaucoma or suspected glaucoma
Normal tension

glaucoma

0 (0%) 2 (17%) 2 (8%)

Primary/chronic

open angle glaucoma

10 (83%) 8 (67%) 18 (75%)

Angle closure

glaucoma

1 (8%) 0 (0%) 1 (4%)

Glaucoma suspect 1 (8%) 2 (17%) 3 (13%)

Trabeculectomy
No 11 (92%) 10 (83%) 21 (88%)

Yes 1 (8%) 2 (17%) 3 (12%)

Cataract surgery
No 6 (50%) 7 (58%) 13 (54%)

Yes 6 (50%) 5 (42%) 11 (46%)

Number of concomitant medications for glaucoma
0 1 (8%) 2 (17%) 3 (13%)

1 7 (58%) 5 (42%) 12 (50%)

2 4 (33%) 5 (42%) 9 (38%)
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30 min. In contrast, a study of intravitreal pegatanib

injections showed no statistical significance between the

two groups at any time interval, but this study had only 9

glaucoma patients out of 22 and there was no clarity from

the series as to which of the patients received

prophylactic glaucoma medications.8

Many studies have looked at prevention of IOP spike

in the non-glaucoma population. Frenkel et al9 report

post-injection spikes, in glaucoma and non-glaucoma

eyes, after intravitreal injection of pegatanib,

ranibizumab, or bevacizumab. Prophylaxis included up

to two topical medications or one topical combined with

oral acetazolamide. Topical IOP-lowering medications

administered 1 h before injection included timolol

maleate, brimonidine tartrate, apraclonidine

hydrochloride, and brinzolamide. Oral acetazolamide

(500 mg) was administered 2 h before injection.

They conclude that the routine use of IOP-lowering

medications (topical and oral) is essentially ineffective

and the immediate IOP spike after injection is

more related to a sheer volume-mediated effect.9

A prospective double-blind placebo controlled study

by Theoulakis et al12 concluded that use of Combigan

(brimonidine 0.2% and timolol 0.5%) twice a day on the

day before and on the day of the intravitreal injection of

ranibizumab is a safe and effective prophylaxis to reduce

acute IOP spikes in the post-injection period. In this

series the IOP was measured before injection and again at

5, 10, 15, and 60 min, crucially missing the high IOP spike

immediately after injection.12

We know that other factors can also contribute to acute

IOP elevations. These include sheer volume increase

inside the eye, which is in turn related to vitreous reflux

and needle bore size,5 as well as the actual volume

injected.5,13 This study found no significant reduction in

IOP immediately after injection between the control vs

treatment group, which further supports the idea of a

sheer volume-related pressure effect immediately after

injection. Measurement of the IOP just before injection,

although not done in this study, may have been useful

to confirm the efficacy of pre-injection acetazolamide

administered 60–90 min earlier in the treatment arm.

Shorter axial length can also contribute to acute IOP

elevations.13 A positive correlation has been found

between rigidity coefficient and age,14 which suggests

that a similar volume injected into an older more

rigid eye might induce a higher IOP.13

Although worth considering, the phakic status

and status of vitreous/posterior hyaloid face were

not evaluated in this study.

Conclusion

Intravitreal injections are now one of the commonest

procedures performed in ophthalmology in a population

with a mean age of 80 years with a significant prevalence

of glaucomatous optic neuropathy. Protecting patients

with pre-existing central visual loss due to nAMD from

inadvertent acceleration of peripheral visual loss due to

progression of glaucoma is an important consideration.

Figure 1 Intraocular pressure (mm Hg, y axis) at time points
post ranibizumab injection (TB, T0, T5, T10, T30 in minutes,
x axis). Error bars (±SD).

Table 3 Intraocular pressure (mm Hg) pre- and
post-ranibizumab injection

Mean (SD) Range 95% CI

Baseline (TB)
No acetazolamide 15.1 (5.5) (8–26) 12.0, 18.2
Acetazolamide 15.8 (4.8) (8–26) 13.1, 18.4

Post ranibizumab injection at 0min (mmHg)
No acetazolamide 44.5 (19.8) (19–86) 33.3, 55.7
Acetazolamide 42.2 (10.2) (25–58) 36.4, 48.0

Post ranibizumab injection at 5min (mmHg)
No acetazolamide 31.4 (14.4) (13–65) 23.3, 39.6
Acetazolamide 27.1 (10.0) (14–48) 21.4, 32.7

Post ranibizumab injection at 10min (mmHg)
No acetazolamide 24.5 (11.7) (10–50) 17.9, 31.1
Acetazolamide 21.3 (7.0) (10–35) 17.4, 25.3

Post ranibizumab injection at 30min (mmHg)
No acetazolamide 20.6 (9.5) (11–46) 15.2, 25.9
Acetazolamide 15.7 (4.3) (8–21) 13.3, 18.2

Table 4 Change in IOP from baseline

Absolute change from TB Difference between groups adjusting
for baseline Mean (SD) (95% CI)

ANCOVA
P-value

No acetazolamide (SD) Acetazolamide (SD)

Change from TB to T0 29.4 (16.1) 26.4 (8.2) 3.8 (0.4) (� 6.2, 13.7) 0.440
Change from TB to T5 16.3 (10.0) 11.3 (9.7) 5.4 (0.2) (� 2.7, 13.5) 0.183
Change from TB to T10 9.4 (8.5) 5.6 (6.0) 4.0 (0.2) (� 2.3, 10.3) 0.201
Change from TB to T30 5.5 (5.4) 0.00 (4.4) 5.5 (0.1) (1.3, 9.8) 0.013
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This study has specifically addressed the prevention

of IOP rise in glaucoma or glaucoma suspect patients.

Although we demonstrate no statistically significant

reduction in elevation of IOP at T0, T5, and T10 minutes,

there was a reduction at T30 minutes (20.6 vs

15.8 mm Hg), when prophylactic acetazolamide was

used 60–90 min before intravitreal ranibizumab injection.

Although this is a statistically significant difference, the

clinical significance requires further investigation and

understanding of the influences of IOP elevations. The

investigators advocate that further functional visual field

and retinal nerve fibre layer studies are required. It can

be argued that this modest reduction in IOP may not be

clinically significant in all but those patients with the

most vulnerable retinal nerve fibre layers. Equally,

caution must be given to the use of acetazolamide

because of its side effects such as renal impairment.

Further studies of medication that have less chance of

systemic side effects are required so as to better inform

future practice as well as conserve limited resources in

this ever-expanding treatment group.

Summary

What was known before
K Transient IOP spikes and sustained elevation occur

following intravitreal injection therapies.

K Glaucoma patient subgroups are small in the reported
literature, but normalisation of IOP in these eyes is slower
when compared to normal eyes.

K IOP spikes may cause further retinal nerve fibre layer loss
in some glaucoma patients.

What this study adds

K This is the first study on IOP trends after intravitreal
injection of ranibizumab within a glaucoma and
glaucoma suspect cohort.

K It involves a robust open-label, randomised clinical trial
of investigational medicinal product (acetazolamide) in
this setting.

K This study raises the question of the role of IOP-lowering
medication, specifically acetazolamide, in this subgroup
of vulnerable patients.
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