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RESUMO

O teste de sobrecarga hidrica (TSH) foi descrito pela primeira vez como uma ferramenta de diagnostico para o glaucoma,
sendo posteriormente abandonado devido sua baixa preciséo diagnéstica. Este teste tem ganhado significante interesse
nos ultimos anos, uma vez que diferentes estudos tém mostrado a sua utilizagdo como um substituto para a detecgéao
de pacientes com picos de PIO nao detectados durante o horario regular de expediente. De acordo com a literatura
revisada por pares, o pico de PIO detectado pelo TSH correlaciona-se positivamente com a gravidade de defeitos de
campo visual no glaucoma e podem ser preditivos para progressao de campo visual. Demonstrou-se que os picos de
PIO durante o TSH estéo correlacionados e de acordo com picos de PIO que normalmente ocorrem durante o dia. O
TSH também foi usado para avaliar a qualidade de diferentes opgdes clinicas e cirtrgicas no glaucoma. O principal objetivo
desta revisao € apresentar e discutir tais evidéncias e a aplicabilidade do TSH como uma ferramenta de avaliagao para a
doenga glaucomatosa.

ABSTRACT

Water-drinking test (WDT) was first described as a diagnostic tool for glaucoma; however, it was later abandoned because
of its poor diagnostic accuracy. This test has gained significant attention in recent years because different studies have
shown its use as a surrogate for detecting patients who have intraocular pressure (IOP) spikes not measured during
regular office hours. According to the peer-reviewed literature, IOP peaks detected by the WDT positively correlate with
the severity of visual field defects in glaucoma and may predict visual field progression. Furthermore, it was demonstrated
that IOP peaks detected by the WDT were correlated and in agreement with the IOP peaks that normally occurred during
the day. The WDT is also used to evaluate the quality of different clinical and surgical treatment options in glaucoma. The
main objective of this review was to present and discuss the evidence and applicability of the WDT as an assessment tool
for glaucoma.
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INTRODUCTION

Elevated intraocular pressure (IOP) is considered the main risk factor for the development and progression of glaucoma® 2 2, To date,
treatment options are mainly based on the reduction of IOP to a level at which no additional damage is expected to occur. This pressure
level, frequently referred to as the target IOP, is established on individual basis and is typically assessed by single office measurements
during working hours.

Despite maintaining apparently well-controlled IOP levels, some patients continue to develop glaucoma progression. Although some
authors state that this may be a result of IOP fluctuation* * ¢, recent studies have demonstrated that peak IOP is a better predictor
of glaucoma progression” & 2,

Twenty-four hour pressure monitoring could be considered the best way to assess the IOP profile and detect peaks during pressure.
However, this procedure is a time- and resource-consuming procedure and is not always feasible in routine practice. As an alternative,
many clinicians have frequently used the modified diurnal tension curve (MDTC), which consists of four to five IOP measurements that
are taken during office hours (from 8 am to 6 pm). However, as demonstrated by Drance!®, one-third of patients with IOP measurements
taken during office hours may present pressure peaks which would only be detected during a 24-h diurnal tension curve (OTC). According
to the results by Barkana et al.'!, a complete IOP evaluation over a 24-h period may reveal higher peaks than those revealed by
measurements taken during office hours in 62% of patients, resulting in a treatment change for 36% of the patients in their study sample.

In this context, the WDT has been proposed as a practical alternative for the evaluation of IOP profiles of patients with

glaucoma.

The WDT was first described a few decades ago for the diagnosis of open-angle glaucoma; however, it was later abandoned because
of its high level of false-positive and false-negative results'>'3 and lack of diagnostic value'. Recently, this test was revived for new
purposes: it has been used as a surrogate marker for outflow facility reserve and may be an indicator for the likelihood of progression'®,

These new concepts led to a growing interest in the test. The WDT has recently been the subject of three editorials in peer-reviewed
journals'“1819, In an editorial about publication and citation in ophthalmology, the authors stated that the WDT had experienced a major
and recent revival based on the fact that the 32 articles that included this test have been cited 10.26 times (range 10-49), which is a
mean citation count above the normal and expected mean'’.

In this low-cost and clinically-applicable examination, eligible patients (i.e., those who are not on fluid restriction because of systemic
conditions) are instructed not to drink during the 2-h period before the WDT. The patient’s baseline IOP is then measured and the patient
is required to drink 1000 of water in 5 min. Next, the IOP is measured three additional times at 15-min intervals?®. The baseline IOP is the
IOP value measured immediately before water ingestion. The maximum value of the three measurements is selected as the peak IOP
during the WDT. This increase in IOP is reversible and usually lasts for only a few minutes; furthermore, the WDT is not typically believed
to be harmful to patients. Research has shown that the peaks that were obtained by this test strongly correlated and were in agreement
with the IOP peaks that normally occurred during the day?-2223, Moreover, it may be observed that eyes with higher IOP peaks after water
ingestion may take longer to return to baseline IOP levels'!, which may reflect the status of the drainage system of the eye.

One direct comparison between the ingestion of 1000 mL (33.8 ounces) or 500 mL (16.9 ounces) of water demonstrated that the
latter failed to estimate the peak diurnal pressure®:. It has been suggested that the WDT may be performed with 800 mL (27.0
ounces) of water (R. Susanna Jr., personal communication), leading to similar results. Stamper et al. [Stamper R et al: The relationship
between progression of glaucoma and supine and WDT. World Glaucoma Congress, Boston MA, 2009 (P 282)] showed that the peak
of the WDT elicited when using 800 mL of water was significantly associated with the progression of open-angle glaucoma. It seems that
800 mL may be used instead of 1000 mL; however, further studies are necessary to evaluate results with this volume of water. Other
researchers have evaluated the use of 10 mL of water/kg of weight as the WDT study volume?®.

The mechanism of the IOP increase after a water overload remains unclear. A recent study suggested that it was caused, at least in
part, by the expansion of the choroidal tissue. The increase in choroidal volume would then be transmitted to the intraocular
compartments and to the anterior segment of the eye®®. Because an eye may display either a higher or lower IOP elevation depending
on the status of its outflow facility?’, WDT may function as a stress test for the evaluation of the aqueous humor outflow facility. This
finding was not supported by a study by Quigley?. The elevation of IOP has also been reported to be a consequence of an increase in
the episcleral venous pressure®,

Despite the lack of knowledge about the mechanism of the IOP increase during the test, several studies have shown the clinical
application and importance of the WDT in the management of primary open angle glaucoma. The WDT was used to compare the effects

of different clinical and surgical treatment modalities in glaucoma. Medically controlled patients with glaucoma have a greater IOP increase

2 e-Oftalmo.CBO: Rev. Dig. Oftalmol., Sao Paulo, 2015; 1 (2) Creative Commons Atribuicdo-NaoComercial 4.0 Internacional



http://creativecommons.org/licenses/by-nc/4.0/

with the WDT than patients who have undergone a filtration surgery such as trabeculectomy®® or deep sclerectomy®!, despite similar
mean IOPs at baseline. This behavior may be caused by the fact that filtering procedures facilitate aqueous humor outflow more effectively
than medical therapy. In a study where a 24-h DTC was performed in patients with maximum medical treatment and in patients who had
a trabeculectomy, 37% of patients in the medically-treated group showed IOP measurements of >18 mmHg, whereas none of the
surgically-treated patients showed such an increase®?. These results were parallel to the findings of Danesh-Meyer et al.*® who
demonstrated that 30% of patients under clinical treatment had an IOP that was >18 mmHg after the WDT compared to no such increase
in IOP in the trabeculectomy group.

The same rationale may be used to understand the application of the WDT to assess to the efficacy of different hypotensive
medications for glaucoma. In a comparison between latanoprost and the fixed combination of dorzolamide and timolol, patients who
received latanoprost showed significantly smaller elevations in their IOP levels following the WDT. The authors surmised that the
dampening effect on the IOP elevation in the latanoprost group was a result of this agent’s mechanism of action, i.e., an increase in
uveoscleral outflow®, Similarly, Vetrugno et al.3* demonstrated that prostaglandin analogues and alpha agonists, which improve outflow,
are associated with better |OP stabilization during a WDT in comparison to drugs that decreased aqueous humor production, such as -
blockers and carbonic anhydrase inhibitors. Drugs that show a similar mean IOP reduction but better ability to avoid IOP peaks may
have an additional benefit on glaucoma treatment.

The WDT may be used to assess the efficacy of an ocular hypotensive therapy or treatment. Malerbi et al.*® analyzed the results of
the mDTC and WDT in a series of 65 eyes of 65 patients who had achieved predetermined target I0Ps based on their levels of
glaucomatous damage (IOP <15 mmHg) at single office readings. mDTC revealed IOP measurements >18 mmHg in 13.8% of eyes, with
20 mmHg as the highest detected I0P. The WDT demonstrated that 33.8% of eyes presented with peaks >18 mmHg. Moreover, this
test even depicted IOP levels of >20 mmHg in 21.5% of the tested eyes.

In 101 patients with open-angle glaucoma and asymmetric visual field defects, the eyes that had worse mean deviation (MD) values
had higher IOP peaks after water ingestion in comparison with their contralateral eyes that had better visual fields despite similar mean
baseline I0Ps (Fig. 2). This study demonstrated a lower capacity of eyes with more significant damage due to glaucoma for controlling
pressure'®, An increase of 1 mmHg in the IOP is associated with a 10% increase in the relative risk for glaucoma conversion! and visual
field progression®<¢, Another study performed by the same group of investigators analyzed the IOP profile after WDT and concluded that
the mean IOP peak and the percentage of IOP variation during the test were significantly higher in patients with visual field progression
compared with patients who did not show visual field progression', despite the same baseline IOPs (Figs. 3 and 4).

Previous studies have also found a correlation between the WDT response and progressive damage. In a prospective study of 5,000
patients with open-angle glaucoma, Armaly et al.3” identified 5 of 26 potential risk factors that were significantly related to the development
of visual field defects: outflow facility, age, IOP, cup-to-disc ratio, and the change in IOP after water ingestion. In a sample of normotensive
glaucomatous patients evaluated by Yoshikawa et al.*8, the WDT was the main predictive test for glaucoma progression.

To be considered clinically applicable, a test must present reproducible results. When performed at the same time of the day on two
consecutive days, Hatanaka et al.*Y demonstrated that the IOP peaks during the WDT presented excellent reproducibility ICC = 0.79, p

< 0.001)%9, The IOP results were also similar when performed at 4 months apart at same time of the day=“.

CONCLUSION

There has been an increased value attributed to the occurrence of IOP peaks as risk factors for glaucoma progression®#!, and more
interest has been observed in establishing a target IOP peak or target IOP peak range pressure instead of a single target IOP. Therefore,
future studies regarding methods for better evaluation of the IOP profile over a 24-h period will be warranted. Special devices for
continuous IOP monitoring are currently under analysis. However, their practical use on a daily basis and in high-volume outpatient
settings over a short-term period is uncertain. The measurements given by the trigger, fish lens device, have not corresponded to the
IOP measured in mmHg and also can be influenced by central cornea thickness and hysteresis. Some side effects such as corneal

edema, hyperemia, and discomfort have also been associated with its use. Meanwhile, the WDT with reproducible and clinically significant
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results that have been validated several times by peer-reviewed studies can be an important tool for IOP profile assessment in glaucoma
management.

It is important to stress that the WDT cannot be used for the diagnosis of glaucoma, but can be used to assess the IOP profile of a
given patient. Thus, there are no positive or negative values for this test. The WDT may also be used as a stress test to evaluate the ability
of the eye to deal with transient IOP elevation and to assess the quality of hypotensive treatment. High IOP peaks during the WDT may
also be considered a risk factor for glaucomatous damage and progression.

The best practical way to assess if the IOP of a given patient is in the target peak range is to perform the WDT. It is also the

best way to compare the efficacy of hypotensive medications to dump IOP spikes.

FINANCIAL DISCLOSURE
The authors have no financial disclosures related to this article to declare.

REFERENCES

1 1 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(6):714-20.

2 1 The Advanced Glaucoma Intervention Study (AGIS): 7. The relationship between control of intraocular pressure and visual field deterioration. The AGIS Investigators.
Am J Ophthalmol. 2000;130(4):429-40.

31 1 Leske MC, Heijl A, Hyman L, Bengtsson B, Dong L, Yang Z. Predictors of long-term progression in the early manifest glaucoma trial. Ophthalmology.
2007;114(11):1965-72.

4 1 Asrani S, Zeimer R, Wilensky J, Gieser D, Vitale S, Lindenmuth K. Large diurnal fluctuations in intraocular pressure are an independent risk factor in patients with
glaucoma. J Glaucoma. 2000;9(2):134-42.

5 T Nouri-Mahdavi K, Hoffman D, Coleman AL, et al. Predictive factors for glaucomatous visual field progression in the Advanced Glaucoma Intervention Study.
Ophthalmology. 2004;111(9):1627-35.

6 T Caprioli J, Coleman AL. Intraocular pressure fluctuation a risk factor for visual field progression at low intraocular pressures in the advanced glaucoma intervention
study. Ophthalmology. 2008;115(7):1123-9.

7 ¥ Konstas AG, Quaranta L, Mikropoulos DG, et al. Peak intraocular pressure and glaucomatous progression in primary open-angle glaucoma. J Ocul Pharmacol
Ther. 2012;28(1):26-32.

8 1 1 De Moraes CG, Juthani VJ, Liebmann JM, Teng CC, Tello C, Susanna R, Jr., et al. Risk factors for visual field progression in treated glaucoma. Arch Ophthalmol.
2011;129(5):562-8.

9 1 Gardiner SK, Johnson CA, Demirel S. Factors predicting the rate of functional progression in early and suspected glaucoma. Invest Ophthalmol Vis Sci.
2012;53(7):3598-604.

10 ¥ Drance SM. Diumnal Variation of Intraocular Pressure in Treated Glaucoma. Significance in Patients with Chronic Simple Glaucoma. Arch Ophthalmol.
1963;70:302-11.

11 ¥ 4 Barkana Y, Anis S, Liebmann J, Tello C, Ritch R. Clinical utility of intraocular pressure monitoring outside of normal office hours in patients with glaucoma. Arch
Ophthalmol. 2006;124(6):793-7.

12 ¥ Rasmussen KE, Jorgensen HA. Diagnostic value of the water-drinking test in early detection of simple glaucoma. Acta Ophthalmol. 1976;54(2):160-6.
13 1 Roth JA. Inadequate diagnostic value of the water-drinking test. Br J Ophthalmol. 1974;58(1):55-61.
14 T Kronfeld PC. Water drinking and outflow facility. Invest Ophthalmol. 1975;14(1):49-52.

15 T 1 Susanna R, Jr., Vessani RM, Sakata L, Zacarias LC, Hatanaka M. The relation between intraocular pressure peak in the water drinking test and visual field
progression in glaucoma. Br J Ophthalmol. 2005;89(10):1298-301.

16 T 1 Susanna R, Jr., Hatanaka M, Vessani RM, Pinheiro A, Morita C. Correlation of asymmetric glaucomatous visual field damage and water-drinking test response.
Invest Ophthalmol Vis Sci. 2006;47(2):641-4.

17 T 1 Fan JC, McGhee CN. Publication and citation in ophthalmology: glaucoma and the water-provocation test-wring out the old and ring in the new? Clin
Experiment Ophthalmol. 2008;36(4):304-5.

18 T Danesh-Meyer HV. The water-drinking test: the elegance of simplicity. Clin Experiment Ophthalmol. 2008;36(4):301-3.

19 T Goldberg |, Clement Cl. The water drinking test. Am J Ophthalmol. 2010;150(4):447-9.

4 e-Oftalmo.CBO: Rev. Dig. Oftalmol., Sao Paulo, 2015; 1 (2) Creative Commons Atribuicdo-NaoComercial 4.0 Internacional



http://creativecommons.org/licenses/by-nc/4.0/

Susanna Jr R, Hatanaka M.

20 T Medeiros FA, Pinheiro A, Moura FC, Leal BC, Susanna R, Jr. Intraocular pressure fluctuations in medical versus surgically treated glaucomatous patients. J Ocul
Pharmacol Ther. 2002;18(6):489-98.

21 T Vasconcelos-Moraes CG, Susanna R, Jr. Correlation between the water drinking test and modified diurnal tension curve in untreated glaucomatous eyes. Clinics
(Sao Paulo). 2008;63(4):433-6.

22 1 De Moraes CG, Furlanetto RL, Reis AS, Vegini F, Cavalcanti NF, Susanna R, Jr. Agreement between stress intraocular pressure and long-term intraocular
pressure measurements in primary open angle glaucoma. Clin Experiment Ophthalmol. 2009;37(3):270-4.

23 ¥ Kumar RS, de Guzman MH, Ong PY, Goldberg |. Does peak intraocular pressure measured by water drinking test reflect peak circadian levels? A pilot study. Clin
Experiment Ophthalmol. 2008;36(4):312-5.

24 1 Kerr NM, Danesh-Meyer HV. Understanding the mechanism of the water drinking test: the role of fluid challenge volume in patients with medically controlled
primary open angle glaucoma. Clin Experiment Ophthalmol. 2010;38(1):4-9.25.

25 ¥ Kumar RS, de Guzman MH, Ong PY, Goldberg |. Does peak intraocular pressure measured by water drinking test reflect peak circadian levels? A pilot study. Clin
Experiment Ophthalmol. 2008;36(3):12-5.

26 1 De Moraes CG, Reis AS, Cavalcante AF, Sano ME, Susanna R, Jr. Choroidal expansion during the water drinking test. Graefes Arch Clin Exp Ophthalmol.
2009;247(3):385-9.

27 1 Brubaker RF. Importance of Outflow Facility. IGR. 2001;3:1.

28 ¥ Arora KS, Jefferys JL, Maul EA, Quigley HA. Choroidal thickness change after water drinking is greater in angle closure than in open angle eyes. Invest
Ophthalmol Vis Sci 2012;21(10):6393-402.

29 ¥ Diestelhorst, M., and Krieglstein, G.K. The effect ofwater-drinking test on aqueous humor dynamiucs in healthy volunteers. Graefe’s Arch. Clin. Exp. Ophthamol.
1994, 232 (3):145-147.

30 11 Danesh-Meyer HV, Papchenko T, Tan YW, Gamble GD. Medically controlled glaucoma patients show greater increase in intraocular pressure than surgically
controlled patients with the water drinking test. Ophthalmology. 2008;115(9):1566-70.

31 ¥ Guedes RA, Guedes VM, Chaoubah A. [Use of water drinking test after non-penetrating deep sclerectomy]. J Fr Ophtalmol. 2005;28(10):1076-80.

32 1 Konstas AG, Topouzis F, Leliopoulou O, et al. 24-hour intraocular pressure control with maximum medical therapy compared with surgery in patients with
advanced open-angle glaucoma. Ophthalmology. 2006;113(5):761-5.

33 1 Susanna R, Jr., Sheu WP. Comparison of latanoprost with fixed-combination dorzolamide and timolol in adult patients with elevated intraocular pressure: an
eight-week, randomized, open-label, parallel-group, multicenter study in Latin America. Clin Ther. 2004;26(5):755-68.

34 1 Vetrugno M, Sisto D, Trabucco T, et al. Water-drinking test in patients with primary open-angle glaucoma while treated with different topical medications. J Ocul
Pharmacol Ther. 2005;21(3):250-7.

35 ¥ Malerbi FK, Hatanaka M, Vessani RM, Susanna R, Jr. Intraocular pressure variability in patients who reached target intraocular pressure. Br J Ophthalmol.
2005;89(5):540-2.

36 1 Medeiros FA, Alencar LM, Sample PA, Zangwill LM, et al. The relationship between intraocular pressure reduction and rates of progressive visual field loss in eyes
with optic disc hemorrhage. Ophthalmology. 2010;117(11):2061-6

37 1 Armaly MF, Krueger DE, Maunder L, Becker B, Hetherington J, Jr., Kolker AE, et al. Biostatistical analysis of the collaborative glaucoma study. |. Summary report
of the risk factors for glaucomatous visual-field defects. Arch Ophthalmol. 1980;98(12):2163-71.

38 1 Yoshikawa K, Inoue T, Inoue Y. Normal tension glaucoma: the value of predictive tests. Acta Ophthalmol. 1993;71(4):463-70.

39 1 Babic M, De Moraes CG, Hatanaka M, Ju G, Susanna R Reproducibility of the water drinking test in treated glaucomatous patients. Clin Experiment Ophthalmol.
2014.

40 T 1 Hatanaka M, Alencar LM, De Moraes CG et al. Reproducibility of intraocular pressure peak and fluctuation of the water drinking test. Clin Experimental
Ophthalmol.2013;41(4):355-9.

41 T Gardiner SK, Johnson CA, Demirel S. Factors predicting the rate of functional progression in early and suspected glaucoma. Invest Ophthalmol Vis Sci.
2012;14(7):3598-604.

5  e-Oftaimo.CBO: Rev. Dig. Oftalmol., Sao Paulo, 2015; 1 (2) Creative Commons Atribuicdo-NaoComercial 4.0 Internacional


http://creativecommons.org/licenses/by-nc/4.0/
http://www.ncbi.nlm.nih.gov/pubmed/25214176

Remo Susanna Junior
http://orcid.org/0000-0001-9147-9528
http:// lattes.cnpg.br/7946044518329064

Marcelo Hatanaka

>
‘fx

Y

Patronos CBO 2015

@ssilor

AIGOI"I @ fohmsonafobmron  mpiL s

a Novartis company GENOM Vision Care s lante Sesior

T ORI 0T

6 e-Oftalmo.CBO: Rev. Dig. Oftalmol., Sao Paulo, 2015; 1 (2) Creative Commons Atribuicdo-NaoComercial 4.0 Internacional


http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0001-9147-9528
http://lattes.cnpq.br/7946044518329064

