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Editorial

The importance of intraocular pressure (IOP) as a predictive factor for the onset and progression of glaucoma1–5 has been

unquestionably established. At the current time, IOP actually can only be ‘estimated’ in vivo and our measurement estimates

are subject to variability related not only to inherent inaccuracy of commonly available tonometric measurement devices, but also

to the circadian and long-term IOP fluctuation.6,7 The simple statement that ‘IOP is important’ is not enough. The more relevant

question is: which IOP parameter (peak, mean or fluctuation) matters the most?

Evidence from recent large retrospective8 and prospective9 cohort studies, supported by the Collaborative Initial Glaucoma

Treatment Study (CIGTS),10 has pointed towards a more prominent role of peak IOP. Given that the level of evidence currently

supports peak IOP as the most relevant IOP parameter for the prediction of visual field (VF) progression, it is important to focus

on how to detect these peaks. The aforementioned studies were based on clinic hour measurements, which are known to miss

over 60 % of the IOP peaks occurring over a 24-hour period.11 An alternative has been to perform measurements at different

times of the day to detect peaks and evaluate the efficacy of therapy. However, modified diurnal curves (usually performed

between 8 am and 4 pm) miss over 30 % of the IOP peaks.12 Full 24-hour diurnal curves are time-consuming, costly and often

unfeasible for most clinicians. New technologies allowing continuous IOP monitoring are yet to be validated, but are expected

to be expensive and impossible to perform on a large scale.13 The water-drinking test (WDT) was first described as a diagnostic

tool for glaucoma, being later abandoned due to its poor diagnostic accuracy.14 This test has gained significant interest in recent

years, since different studies have shown its use as a surrogate for detecting patients who have IOP peaks undetected during

regular clinic hours.

No longer used to diagnose glaucoma but rather to detect IOP peaks, the reliability and validity of the WDT has been confirmed

by studies from different groups of investigators.15–18 The ingestion of 800 to 1,000 ml of water stresses the outflow facility of

the eye’s drainage system19 and theoretically replicates what physiologically happens during the day.6 Hence, the IOP peaks

detected during the WDT correlate and agree with the peaks occurring outside clinic hours.15–17

The implications of having an inexpensive and safe tool for clinical practice are remarkable, starting with the prevention of peaks

that may be leading to progression. In fact, studies have already demonstrated that eyes with higher peaks during the WDT not only

have worse VF damage,20 but are also more likely to present progressive VF loss, despite similar mean IOP during clinic hours.21

In summary, we are now able to point to the IOP parameter that really matters in terms of glaucoma progression: the peak. In

addition, we have a valid, reliable and feasible tool to detect it: the WDT. Perhaps it is now time to translate this scientific

knowledge into reality and improve clinical care. n

Remo Susanna Jr is Director of the Glaucoma Service and Chairman of the Department of Ophthalmology and
Otorhinolaryngology at the University of São Paulo in Brazil. Dr Susanna is a member of, and has held office in, numerous
international ophthalmic societies. He was the founder of the Latin America Glaucoma Society and served as its president
from 2000 to 2008. He also served as governor of the Association of International Glaucoma Societies from 2001 to 2003.
He is President of the Pan America Glaucoma Society and Past President of the World Glaucoma Association. Dr Susanna
has authored and edited nine books, 32 book chapters and over 280 papers on glaucoma. He has served on the editorial
boards of three ophthalmic journals and is a reviewer for numerous journals including the British Journal of Ophthalmology
and Archives of Ophthalmology. 

This article is produced in collaboration with Gustavo de Moraes, Associate Professor of Ophthalmology at the New York
University School of Medicine, Edith C Blum Foundation Research Scientist, Einhorn Clinical Research Center, New York Eye
and Ear Infirmary, New York, NY, US.

1.     Gordon MO, Beiser JA, Brandt JD, et al., The
Ocular Hypertension Treatment Study: baseline
factors that predict the onset of primary 
open-angle glaucoma, Arch Ophthalmol,
2002;120:714–20.

2.     Leske MC, Heijl A, Hyman L, et al., EMGT Group.
Predictors of long-term progression in the early
manifest glaucoma trial, Ophthalmology,
2007;114:1965–72.

3.     AGIS Investigators, The Advanced Glaucoma
Intervention Study (AGIS): 7. The relationship

between control of intraocular pressure and 
visual field deterioration, Am J Ophthalmol,
2000;130:490–1.

4.     Musch DC, Gillespie BW, Lichter PR, et al., CIGTS
Study Investigators. Visual field progression in the
Collaborative Initial Glaucoma Treatment Study
the impact of treatment and other baseline 
factors, Ophthalmology, 2009;116:200–7.

5.     Miglior S, Torri V, Zeyen T, et al., Intercurrent 
factors associated with the development of 
open-angle glaucoma in the European glaucoma

prevention study, Am J Ophthalmol,
2007;144(2):266–75.

6.     Liu JH, Zhang X, Kripke DF, Weinreb RN, 
Twenty-four-hour intraocular pressure pattern
associated with early glaucomatous changes,
Invest Ophthalmol Vis Sci, 2003;44:1586–90.

7.     Sultan MB, Mansberger SL, Lee PP, Understanding
the importance of IOP variables in glaucoma: 
a systematic review, Surv Ophthalmol,
2009;54:643–62.

8.     De Moraes CG, Juthani VJ, Liebmann JM, et al.,

Susanna_foreword_A4 foreword 2011  09/08/2012  17:57  Page 144



Risk factors for visual field progression in treated
glaucoma, Arch Ophthalmol, 2011;129:562–8.

9.     Gardiner SK, Johnson CA, Demirel S, Factors 
predicting the rate of functional progression in early
and suspected glaucoma, Invest Ophthalmol Vis Sci, 
2012;53:3598–604.

10.   Musch DC, Gillespie BW, Niziol LM, et al., CIGTS
Study Group. Intraocular pressure control and 
long-term visual field loss in the Collaborative 
Initial Glaucoma Treatment Study, Ophthalmology,
2011;118:1766–73.

11.   Barkana Y, Anis S, Liebmann J, et al., Clinical utility
of intraocular pressure monitoring outside of 
normal office hours in patients with glaucoma, 
Arch Ophthalmol, 2006;124:793–7.

12.   Drance SM, Diurnal variation of intraocular pressure
in treated glaucoma, Significance in patients with
chronic simple glaucoma, Arch Ophthalmol,

1963;70:302–11.
13.   De Smedt S, Mermoud A, Schnyder C, 24-hour

intraocular pressure fluctuation monitoring using an
ocular telemetry sensor: tolerability and functionality
in healthy subjects, J Glaucoma, 2011 May 19 [Epub
ahead of print]. 

14.   Roth JA, Inadequate diagnostic value of the 
water-drinking test, Br J Ophthalmol, 1974;58:55–61.

15.   De Moraes CG, Furlanetto RL, Reis AS, et al.,
Agreement between stress intraocular pressure and
long-term intraocular pressure measurements in 
primary open angle glaucoma, Clin Experiment
Ophthalmol, 2009;37:270–4.

16.   Kumar RS, de Guzman MH, Ong PY, Goldberg I, 
Does peak intraocular pressure measured by water
drinking test reflect peak circadian levels? A pilot
study, Clin Experiment Ophthalmol, 2008;36:312–5.

17.   Vasconcelos-Moraes CG, Susanna R Jr, Correlation

between the water drinking test and modified 
diurnal tension curve in untreated glaucomatous
eyes, Clinics, 2008;63:433–6.

18.   Mansouri K, Orguel S, Mermoud A, et al., Quality of
diurnal intraocular pressure control in primary 
open-angle patients treated with latanoprost 
compared with surgically treated glaucoma patients:
a prospective trial, Br J Ophthalmol, 2008;92:332–6.

19.   Brubaker RF, Targeting outflow facility in glaucoma
management, Surv Ophthalmol, 2003;48:17–20.

20.   Susanna R Jr, Hatanaka M, Vessani RM, et al.,
Correlation of asymmetric glaucomatous visual 
field damage and water-drinking test response,
Invest Ophthalmol Vis Sci, 2006;47:641–4.

21.   Susanna R Jr, Vessani RM, Sakata L, et al., The 
relation between intraocular pressure peak in the
water drinking test and visual field progression in
glaucoma, Br J Ophthalmol, 2005;89:1298–301.

145 ©  T O U C H  B R I E F I N G S  2 0 1 2

Editorial

Susanna_foreword_A4 foreword 2011  09/08/2012  17:57  Page 145


